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Partial hepatectomy promotes pancreatic regeneration
through HGF/Gab1 pathway in db/db mice
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Abstract: Both the liver and the pancreas of terrestrial vertebrates are developed from endodermal epithelial cells
in the embryonic foregut. Some studies showed that there was an interaction between liver and pancreas regenera-
tion. In the present study, we first examined the effects of partial hepatectomy on -cell mass, insulin and pancreas
weight. Partial hepatectomy significantly improved B-cell proliferation, insulin secretion and pancreas growth. Next,
we measured the changes of fasting plasma glucose (FPG) and blood glucose inoral glucose tolerance test (OGTT) in
the presence of partial hepatectomy. The results suggested that partial hepatectomy significantly improve carbohy-
drate metabolism, indicated by the decrease of FPG level and blood glucose in OGTT. The serum hepatocyte growth
factor (HGF) in mice gradually increased after partial hepatectomy. The pancreatic HGF expression and Grb2 as-
sociated binder 1 (Gabl) activation were also dramatically increased by partial hepatectomy. To further identify the
role of HGF and Gab1, we treated mice with PHA-665752, a specific inhibitor of c-Met, the HGF receptor, and found
that the ratio of B-cells to non-f3 endocrine cells, insulin secretion and pancreas weight and Gab1 activation were
all decreased by PHA-665752. Furthermore, PHA-665752 significantly increased the FPG levels and blood glucose
levels in OGTT compared to Hepatectomy group. These results revealed a positive effect of partial hepatectomy on
pancreatic regeneration and a novel mechanism involving HGF/Gab1 signaling.
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Introduction

Diabetes mellitus (DM) is defined as a state of
abnormality in carbohydrate and lipid metabo-
lism due to defects in secretion (beta cell dys-
function) or action of insulin (insulin resistance),
which is characterized by debilitating persistent
excess of glucose in circulating blood (hypergly-
cemia) [1]. As a result of the modern lifestyle,
there are currently 382 million DM patients
worldwide and the number is still rapidly mount-
ing. By the year 2035, it may reach 592 million
[2]. In China, there are over 30 million DM
patients. Diabetes has become the third larg-
est non-communicable disease after cardio-
vascular disease and tumor and a worldwide
public health problem that seriously threatens
human health.

In DM patients, the loss of pancreatic beta (B)
cells and their dysfunction leads to the impaired

proliferation and regeneration capacity of B
cells. As a result, a cure for insulin-dependent
diabetes requires the reconstitution of a func-
tional B-cell mass by in situ regeneration [3].
The regeneration and stimulatory mechanisms
of new B cell formation are important in the
treatment of B cell deficiency in diabetes [4].
Pancreas regeneration has been observed in
mammals. This limited ability of regeneration of
pancreas makeit has the potential to maintain
or increase B-cells, mainly under physiological
stimuli such as pregnancy [5] or injury (partial
pancreatectomy) [6]. However, under normal
circumstance, the limited regeneration capaci-
ty of pancreas could not meet compensate the
loss of B cells in DM patients [7].

Liver and pancreas both play a pivotal role in
the metabolism of the human body. They are
connected by the portal vein system and are
both derived from the intestinal endoderm. It
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has been found that the removal of any part of
the organ can affect the size and function of
the other organ [8]. But the effects of partial
hepatectomy on pancreatic regeneration have
not been well studied. It is known that some
regulatory factors play a regulatory role in both
the liver and pancreas regeneration [9].
Hepatocyte growth factor (HGF) is a polypep-
tide growth factor that belongs to the plasmino-
gen family. It is originally identified and cloned
as a potent mitogen for mature hepatocytes
[10]. HGF is mainly expressed in the liver matrix,
but can also be found in lung, spleen, placenta,
brain and other tissues. Some studies have
revealed the possible effects of HGF on pancre-
atic regeneration. lIzumida et al found that the
induction of the c-Met/HGF signaling pathway
following bone marrow transplantation pro-
motes pancreatic regeneration in diabetic rats
[11]. A study of Li et al revealed the involvement
of HGF-mediated signaling in differentiation of
pancreatic ductal epithelial cells into insulin-
producing cells [12]. The Grb2 associated bind-
er 1 (Gabl) is a member of the Gab scaffolding
protein family which plays a central role in the
intracellular signaling cascades of many extra-
cellular stimuli like growth hormones [13]. A
study has shown that Gabl activation plays a
central role in HGF's ability to stimulate intra-
cellular transduction cascades in pancreatic
acinar cells and this action likely plays a key
role in HGF’s ability to alter pancreatic growth/
regeneration [14]. However, the interaction of
HGF and Gab1 in the effects of partial hepatec-
tomyon pancreatic regeneration has not been
explored yet. Hence, in the present study, we
used db/db mice to study the effects of partial
hepatectomyon pancreatic regeneration, and
then examined the involvement of HGF/Gabl
pathway.

Materials and methods
Animals and treatments

Male C57BL/KsJ) db/db mice, whose weight
ranged between 40-50 g, were purchased from
the Shanghai Laboratory Animal Center and
used in this study. Mice were housed in a stan-
dard animal room under controlled tempera-
ture (24°C) and humidity (55%) as well as a
12-h light/12-h dark cycle and were provided
with adlibitum rodent chow. The experimental
procedures were approved by the Institute Re-
search Ethics Committee of Fudan University.
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All animals received humane care according to
the criteria outlined in the “Guide for the Care
and Use of Laboratory Animals” prepared by
the National Academy of Sciences and pub-
lished by the National Institutes of Health. Mice
were randomly divided into three groups:
Control group; Sham group (undergoing sham
operation); Hepatectomy group (undergoing
partial hepatectomyoperation). Detailed surgi-
cal procedures were described earlier [15].
After the wounds were sutured, animals were
kept on a warming mat to avoid hypothermia.
For the mice in Hepatectomy + PHA group, after
the surgery, mice were given intravenous tail
vein injections of the c-met inhibitor PHA-
665752 (Pfizer) at a dosage of 20 mg/kg/day
in a volume of 150 ul every subsequent 24 h
until sacrifice.

Determination of 3-cell/non-3 endocrine cell
ratio, plasma insulin and pancreas weight
change

10 sections (at least 200 pym apart) were immu-
nostained with insulin and counterstained with
DAPI. Sections were examined using a confocal
microscope (Al; Nikon) connected to a com-
puter with NIS elements software (Nikon).
Images (4%, spanning the entire tissue for each
slide) were acquired using an X-Y motorized
microscope with resolution sufficient to identify
single B-cells, and “stitched together” using the
MetaMorph software program (V.7; Molecular
Devices). Insulin staining in each section was
calculated by MetaMorph, and then checked
manually to remove irrelevant spots or to add
B-cells that stained weakly. MetaMorph quanti-
fied total tissue area (based on measurement
of DAPI-stained area) and insulin-positive area
(based on measurement of glucagon/soma-
tostatin/c-peptide cocktail-positive area) to
generate B-cell/non-B endocrine cell ratio. For
the measurement of insulin, plasma was evalu-
ated using a radioimmunoassay kit (Diagnostics
Products Corporation, Los Angeles, CA). The
mice were euthanized at 4 weeks post-opera-
tion, then pancreases were carefully excised
and weighed and used to calculate the Panc/
body weight.

Measurement of plasma glucose and serum
HGF

For fasting plasma glucose (FPG), blood was
collected from the tail in conscious animals
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Figure 1. Effects of partial hepatectomy on B-cell mass, insulin and pancreas weight. A: Shows the ratio of B-cells to
non-B endocrine cells; B: Shows the changes in insulin secretion; C: Shows the changes in pancreas weight. All the
samples were taken 4 weeks post-surgery. Values were expressed as Mean + SEM. #P<0.05 compared to Sham.

after fasting overnight. Samples were centri-
fuged and plasma glucose analyzed using the
glucose oxidase method (Roche/Hitachi 917,
Roche Diagnostic, Mannheim, Germany). For
oral glucose tolerance test (OGTT), after 12-14
hours of fasting, glucose load (2 g/kg body
weight) was administered orally. Glucose levels
were measured from tail bleed with a glucome-
ter (Roche; Milpitas, CA, USA) at O, 10, 20, 30,
40, 60, 80 and 100 min after glucose adminis-
tration. Serum HGF was measured by ELISA
similarly to the method described by Xie et al
[16].

Western blotting

First, protein was extracted from pancreatic tis-
sues and measured with the Bio-Rad Protein
Assay Kit (Bio-Rad, USA). It was separated by
10% SDS-PAGE gel and transferred to PVDF
membranes (Millipore, Germany). The mem-
brane was blocked and incubated with specific
primary antibodies, then incubated with sec-
ondary antibodies labeled with horseradish
peroxidase (HRP) and detected by chemilumi-
nescence (Thermo, USA). B-actin was used as
protein loading control. Primary antibodies
against HGF, pGab1, Gab1, B-actin and the cor-
responding secondary antibodies were pur-
chased from Santa (Santa Cruz, USA).

Statistical analyses
Data were expressed as mean = SE, which
were analyzed statistically with the software

SPSS 17.0 (SPSS, USA). Statistical analysis was
performed using ANOVA when appropriate, fol-
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lowed by unpaired Student’s t-test. P<0.05 was
considered statistically significant.

Results

Effects of partial hepatectomy on (-cell mass,
insulin and pancreas weight

Animals were sacrificed 4 weeks post-surgery.
Pancreases were carefully excised, weighed,
and subjected to insulin immunohistochemical
staining to observe the morphological changes.
As shown in Figure 1A, the ratio of B-cells to
non-B endocrine cells also did not differ signifi-
cantly between Control and Sham group, but
was notably higher in Hepatectomy group (p<
0.05 between Sham and Hepatectomy).
Meanwhile, insulin secretion in Hepatectomy
group was significantly higher than Control and
Sham group (Figure 1B). Pancreas weight,
expressed as g per 100 g body weight, was
much higher in Hepatectomy group (Figure 1C).

Effects of partial hepatectomy on FPG and
blood glucose in OGTT in db/db mice

FPG in db/db mice was evaluated weekly for
one week before surgery, the day at surgery
and for four weeks after surgery. Figure 2A
shows the time course of FPG levels. The AUC
of FPG level of each group is shown in Figure
2B. The AUC in Hepatectomy group was signifi-
cantly lower than Sham group (P<0.05 com-
pared to Sham). Figure 2C and 2D show the
time course of blood glucose in OGTT and their
AUCs. When the tests began, there was no sig-
nificant difference between the blood glucose

IntJ Clin Exp Med 2017;10(5):7725-7733
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Figure 2. Effects of partial hepatectomy on FPG and blood glucose in OGTT. A: Shows the time course of FPG chang-
es from two weeks pre-surgery to four weeks post-surgery. Mice were fasted overnight and then blood glucose levels
were measured. B: Shows the AUC of FPG. C: Shows the blood glucose in OGTT. Mice were fasted overnight and then
orally administered glucose (2 g/kg body weight). D: Shows the AUC of blood glucose. Values were expressed as

Mean + SEM. #P<0.05 compared to Sham.

levels in Control, Sham, and Hepatectomy
group. However, the blood glucose levels in
Hepatectomy group were significantly lower
than Control and Sham group after the tests
began. The AUC of glucose in Hepatectomy
group was significantly lower than Sham group
(P<0.05 compared to Sham).

Effects of partial hepatectomy on serum HGF
and pancreatic HGF and Gab1 activation

To examine the possible role of HGF and Gab1,
we measured the serum HGF and pancreatic
HGF and Gabl expression after partial hepa-
tectomy. Figure 3A shows the time course of
serum HGF changes. Day O was the day when
partial hepatectomy was done. It shows that
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the serum HGF in mice gradually increased
after partial hepatectomy and reached the
peak on Day 11. Figure 3B-D shows the pan-
creatic HGF and Gabl expression on Day 11.
The expression of HGF in Hepatectomy group
was about 4 times higher than the Control or
Sham group (P<0.05 compared to Sham). The
Gabl phosphorylation was about 6 times high-
er than the Control or Sham group (P<0.05
compared to Sham).

Effects of PHA-665752 on B-cell mass, insulin,
pancreas weight and Gab1 activation

PHA-665752 is a specific inhibitor of c-Met, the

HGF receptor. We treated mice with PHA-
665752, and then examine the changes of

Int J Clin Exp Med 2017;10(5):7725-7733
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Figure 3. Effects of partial hepatectomy on serum HGF and pancreatic HGF and Gab1 activation. A: Shows the time
course of serum HGF post-surgery (Day 0). B-D: Show pancreatic HGF and Gabl expression. The samples were
taken on Day 11. Values were expressed as Mean + SEM. #P<0.05 compared to Sham.

B-cell mass, insulin, pancreas weight and Gabl
activation after the HGF signaling was blocked.
As shown in Figure 4A-C, The ratio of B-cells to
non-B endocrine cells, insulin secretion and
pancreas weight were all decreased by PHA-
665752 compared to Hepatectomy group
(P<0.05 compared to Sham). As shown in
Figure 4D, the ratio of pGabl/Gabl was de-
creased in Hepatectomy + PHA group, indicat-
ing that the treatment of PHA-665752 signifi-
cantly inhibited the Gab1 activation.

Effects of PHA-665752 on FPG and blood
glucose in OGTT in db/db mice

To evaluate the effect of PHA-665752 on pan-
creas function, we measured the FPG blood
glucose in OGTT in db/db mice after partial
hepatectomy. Figure 5A and 5B show that the
FPG levels was significantly increased by PHA-
665752 compared to Hepatectomy group
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(P<0.05). Figure 5C and 5D show that the blood
glucose levels in Hepatectomy + PHA group
were significantly higher than Hepatectomy
group (P<0.05).

Discussion

Both the liver and the pancreas of terrestrial
vertebrates are developed from endodermal
epithelial cells in the embryonic foregut. Liver is
generated by epithelial hyperplasia from the
forelimb end of the ventral wall and abdominal
midline [17, 18]. The pancreas is also derived
from the ventral wall of the foregut endoderm
and the anterior midline cells of the anterior gut
in the region adjacent and caudal to the lateral
side of the liver [19]. Surgical resection or toxic
damage can cause rapid and extensive liver
cell proliferation. Resection of more than 50%
of the rat liver can induce rapid regeneration of
liver stem cells, and restore the original size of

IntJ Clin Exp Med 2017;10(5):7725-7733
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Figure 4. Effects of PHA-665752 on B-cell mass, insulin, pancreas weight and Gab1 activation. A: Shows the ratio
of B-cells to non-B endocrine cells; B: Shows the changes in insulin secretion; C: Shows the changes in pancreas
weight. All the samples were taken 4 weeks post-surgery. D: Shows the change in Gab1 activation. Values were
expressed as Mean + SEM. ¥P<0.05 compared to Hepatectomy.

the liver in 10-14 days. The pancreas consists
of exocrine and endocrine parts, which are
involved in the digestion of nutrients and blood
sugar regulation, respectively. The regenerative
capacity of pancreatic beta cells is limited com-
pared to that of hepatocytes, especially in
adults. Limited regenerative capacity of the
pancreatic endocrine may be associated with
limited cellular capacity of the pancreas for
compensation for B cell loss [20]. However, in
the present study, we first examined the effects
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of partial hepatectomy on B-cell mass, insulin
and pancreas weight. The treatment of partial
hepatectomy significantly improved B-cell pro-
liferation, insulin secretion and pancreas gro-
wth. Next, we measured the changes of FPG
and blood glucose in OGTT in the presence of
partial hepatectomy. The results suggested
that partial hepatectomy significantly improve
carbohydrate metabolism, indicated by the
decrease of FPG level and blood glucose in
OGTT.

Int J Clin Exp Med 2017;10(5):7725-7733
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Figure 5. Effects of PHA-665752 on FPG and blood glucose in OGTT in db/db mice. A and B: Show the time course
of FPG changes from two weeks pre-surgery to four weeks post-surgery and the AUC of FPG. C and D: Show the
blood glucose in OGTT and the AUC of blood glucose. Values were expressed as Mean + SEM. 4P<0.05 compared

to Hepatectomy.

Some studies showed that there was an inter-
action between liver and pancreas regenera-
tion. Oval cells with the characteristics of liver
appear in the pancreas after partial removal of
acinar cells [9]. After transplantation, the pan-
creas-derived “oval cells” can differentiate into
functional liver cells and bile duct cells [21]. Itis
shown that liver cells and pancreas cells have
the possibility of mutual transformation. Liver
cells may have functions of pancreatic endo-
crine cell through gene transformation [22].
When the liver is regenerated, some inducing
factors were greatly increased and may simul-
taneously induce pancreatic B cell regenera-
tion. HGF in plasma is increased by 10-20%
after partial hepatectomy [23]. Portal vein
injection HGF can cause liver cells proliferation
and hepatomegaly [24]. HGF receptor is acti-
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vated in within 30-60 min after partial hepatec-
tomy [25] and the block of it is accompanied by
reduced or absent liver regeneration [26]. In
the present study, we measured the serum HGF
and pancreatic HGF and Gabl expression after
partial hepatectomy. It shows that serum HGF
in mice gradually increased after partial hepa-
tectomy and reached the peak on Day 11. The
pancreatic HGF expression and Gabl activa-
tion were also dramatically increased by partial
hepatectomy.

To further identify the role of HGF and Gab1, we
treated mice with PHA-665752, a specific inhi-
bitor of c-Met, the HGF receptor, and found that
the ratio of B-cells to non-B endocrine cells,
insulin secretion and pancreas weight and
Gabl activation were all decreased by PHA-

IntJ Clin Exp Med 2017;10(5):7725-7733



Partial hepatectomy promotes pancreatic regeneration

665752. Furthermore, PHA-665752 signifi-
cantly increased the FPG levels and blood glu-
cose levels in OGTT compared to Hepatectomy
group. These results revealed a positive effect
of partial hepatectomy on pancreatic regenera-
tion and a novel mechanism involving HGF/
Gabl signaling. The scaffolding/adapter pro-
tein, Gabl, is a key signaling molecule for
numerous stimuli including growth factors and
G protein-coupled-receptors. The interaction
between HGF and Gabl has been demonstrat-
ed in many studies. Hoffmann et al showed that
HGF induced c-Met and Gabl tyrosine phos-
phorylation [27]. A more specific study demon-
strated that HGF stimulated a 3-fold increase in
membrane Gablassociation with c-Met, Grb2,
SHP2, PI3K, Shc, Crk isoforms and CrkL. It
showed that Gabl activation plays a central
role in HGF’s ability to stimulate intracellular
transduction cascades in pancreatic acinar
cells and this action likely plays a key role in
HGF’s ability to alter pancreatic cell function
(i.e., growth/regeneration) [14], which is consis-
tent with our results in the present study. These
findings demonstrated that partial hepatecto-
my in db/db mice produced pancreatic islet
regeneration through HGF/Gab1 signaling path-
way. This study provides evidence of a novel
mechanism by which diabetes remission
induced by pancreatic islet regeneration after
partial hepatectomy in db/db mice.

Disclosure of conflict of interest
None.

Address correspondence to: Yiming Li, Department
of Endocrinology, Huashan Hospital, Fudan Uni-
versity, 12 Middle Urumgi Road, Jing’an District,
Shanghai 200040, China. Tel: (86) 021-52887021,;
Fax: (86) 021-52887021; E-mail: ymli_huashan@
sina.com

References

[1] Banerjee M, Vats P. Reactive metabolites and
antioxidant gene polymorphisms in type 2 dia-
betes mellitus. Indian J Hum Genet 2014; 20:
10-19.

[2] Ley SH, Hamdy O, Mohan V, Hu FB. Prevention
and management of type 2 diabetes: dietary
components and nutritional strategies. Lancet
2014; 383: 1999-2007.

[3] Pagliuca FW, Millman JR, Gurtler M, Segel M,
Van Dervort A, Ryu JH, Peterson QP, Greiner D,
Melton DA. Generation of functional human
pancreatic beta cells in vitro. Cell 2014; 159:
428-439.

7732

(4]

(5]

(7]

(8]

(10]

(11]

[12]

[14]

(15]

(16]

Desgraz R, Bonal C, Herrera PL. beta-cell re-
generation: the pancreatic intrinsic faculty.
Trends Endocrinol Metab 2011; 22: 34-43.
Butler PC, Meier JJ, Butler AE, Bhushan A. The
replication of beta cells in normal physiology,
in disease and for therapy. Nat Clin Pract Endo-
crinol Metab 2007; 3: 758-768.

Dor Y, Brown J, Martinez Ol, Melton DA. Adult
pancreatic beta-cells are formed by self-dupli-
cation rather than stem-cell differentiation.
Nature 2004; 429: 41-46.

Nishio J, Gaglia JL, Turvey SE, Campbell C, Be-
noist C, Mathis D. Islet recovery and reversal of
murine type 1 diabetes in the absence of any
infused spleen cell contribution. Science
2006; 311: 1775-1778.

Reddy JK, Rao MS, Yeldandi AV, Tan XD, Dwive-
di RS. Pancreatic hepatocytes. An in vivo mod-
el for cell lineage in pancreas of adult rat. Dig
Dis Sci 1991; 36: 502-509.

Dabeva MD, Hwang SG, Vasa SR, Hurston E,
Novikoff PM, Hixson DC, Gupta S, Shafritz DA.
Differentiation of pancreatic epithelial progeni-
tor cells into hepatocytes following transplan-
tation into rat liver. Proc Natl Acad Sci U S A
1997; 94: 7356-7361.

Nakamura T, Sakai K, Matsumoto K. Hepato-
cyte growth factor twenty years on: much more
than a growth factor. J Gastroenterol Hepatol
2011; 26 Suppl 1: 188-202.

Ilzumida Y, Aoki T, Yasuda D, Koizumi T, Sug-
anuma C, Saito K, Murai N, Shimizu Y, Hayashi
K, Odaira M, Kusano T, Kushima M, Kudano M.
Hepatocyte growth factor is constitutively pro-
duced by donor-derived bone marrow cells and
promotes regeneration of pancreatic beta-
cells. Biochem Biophys Res Commun 2005;
333:273-282.

Li XY, Zhan XR, Lu C, Liu XM, Wang XC. Mecha-
nisms of hepatocyte growth factor-mediated
signaling in differentiation of pancreatic ductal
epithelial cells into insulin-producing cells. Bio-
chem Biophys Res Commun 2010; 398: 389-
394.

Holgado-Madruga M, Emlet DR, Moscatello
DK, Godwin AK, Wong AJ. A Grb2-associated
docking protein in EGF- and insulin-receptor
signalling. Nature 1996; 379: 560-564.
Hoffmann KM, Tapia JA, Jensen RT. Activation
of Gab1 in pancreatic acinar cells: effects of
gastrointestinal growth factors/hormones on
stimulation, phosphospecific phosphorylation,
translocation and interaction with downstream
signaling molecules. Cell Signal 2006; 18:
942-954.

Greene AK, Puder M. Partial hepatectomy in
the mouse: technique and perioperative man-
agement. J Invest Surg 2003; 16: 99-102.

Xie Q, Bradley R, Kang L, Koeman J, Ascierto
ML, Worschech A, De Giorgi V, Wang E, Kefene

Int J Clin Exp Med 2017;10(5):7725-7733


mailto:ymli_huashan@sina.com
mailto:ymli_huashan@sina.com

(17]

(18]

[19]

[20]

[21]

[22]

7733

Partial hepatectomy promotes pancreatic regeneration

L, SuY, Essenburg C, Kaufman DW, DeKoning
T, Enter MA, O’'Rourke TJ, Marincola FM, Vande
Woude GF. Hepatocyte growth factor (HGF) au-
tocrine activation predicts sensitivity to MET
inhibition in glioblastoma. Proc Natl Acad Sci U
S A2012; 109: 570-575.

Chalmers AD, Slack JM. The Xenopus tadpole
gut: fate maps and morphogenetic move-
ments. Development 2000; 127: 381-392.
Tremblay KD, Zaret KS. Distinct populations of
endoderm cells converge to generate the em-
bryonic liver bud and ventral foregut tissues.
Dev Biol 2005; 280: 87-99.

Field HA, Dong PD, Beis D, Stainier DY. Forma-
tion of the digestive system in zebrafish. Il
Pancreas morphogenesis. Dev Biol 2003; 261:
197-208.

Stanger BZ, Tanaka AJ, Melton DA. Organ size
is limited by the number of embryonic progeni-
tor cells in the pancreas but not the liver. Na-
ture 2007; 445: 886-891.

Slack JM. Metaplasia and transdifferentiation:
from pure biology to the clinic. Nat Rev Mol Cell
Biol 2007; 8: 369-378.

Kojima H, Fujimiya M, Matsumura K, Younan P,
Imaeda H, Maeda M, Chan L. NeuroD-betacel-
lulin gene therapy induces islet neogenesis in
the liver and reverses diabetes in mice. Nat
Med 2003; 9: 596-603.

(23]

[24]

[25]

[26]

(27]

Block GD, Locker J, Bowen WC, Petersen BE,
Katyal S, Strom SC, Riley T, Howard TA, Micha-
lopoulos GK. Population expansion, clonal
growth, and specific differentiation patterns in
primary cultures of hepatocytes induced by
HGF/SF, EGF and TGF alpha in a chemically de-
fined (HGM) medium. J Cell Biol 1996; 132:
1133-1149.

Patijn GA, Lieber A, Schowalter DB, Schwall R,
Kay MA. Hepatocyte growth factor induces he-
patocyte proliferation in vivo and allows for ef-
ficient retroviral-mediated gene transfer in
mice. Hepatology 1998; 28: 707-716.

Stolz DB, Mars WM, Petersen BE, Kim TH, Mi-
chalopoulos GK. Growth factor signal trans-
duction immediately after two-thirds partial
hepatectomy in the rat. Cancer Res 1999; 59:
3954-3960.

Borowiak M, Garratt AN, Wustefeld T, Strehle
M, Trautwein C, Birchmeier C. Met provides es-
sential signals for liver regeneration. Proc Natl
Acad Sci U S A 2004; 101: 10608-10613.
Hoffmann KM, Tapia JA, Berna MJ, Thill M,
Braunschweig T, Mantey SA, Moody TW, Jen-
sen RT. Gastrointestinal hormones cause rapid
c-Met receptor down-regulation by a novel
mechanism involving clathrin-mediated endo-
cytosis and a lysosome-dependent mecha-
nism. J Biol Chem 2006; 281: 37705-37719.

IntJ Clin Exp Med 2017;10(5):7725-7733



