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Abstract

AIM: To investigate the role of hepatopoietin Cn (HPPCn)
in apoptosis of hepatocellular carcinoma (HCC) cells and
its mechanism.

METHODS: Two human HCC cell lines, SMMC7721
and HepG2, were used in this study. Immunostaining,
Western blotting and enzyme linked immunosorbent
assay were conducted to identify the expression of
HPPCn and the existence of an autocrine loop of HPPCn/
HPPCn receptor in SMMC7721 and HepG2. Apoptotic
cells were detected using fluorescein isothiocyanate
(FITC)-conjugated Annexin V and propidium iodide.
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RESULTS: The HPPCn was highly expressed in human
HCC cells and secreted into culture medium (CM).
FITC-labeled recombinant human protein (rhHPPCn)
could specifically bind to its receptor on HepaG2 cells.
Treatment with 400 ng/mL rhHPPCn dramatically
increased the viability of HCC-derived cells from 48.1%
and 36.9% to 85.6% and 88.4%, respectively (P <
0.05). HPPCn silenced by small-interfering RNA reduced
the expression and secretion of HPPCn and increased
the apoptosis induced by trichostatin A. Additionally,
HPPCn could up-regulate the expression of myeloid cell
leukemia-1 (Mcl-1) in HCC cells via mitogen-activated
protein kinase (MAPK) and sphingosine kinase-1.

CONCLUSION: HPPCn is a novel hepatic growth factor
that can be secreted to CM and suppresses apoptosis
of HCC cells by up-regulating Mcl-1 expression.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) represents the fifth-
most prevalent malignant disease affecting humans
worldwide with an increasing incidence!. There is
evidence that the protumorigenic growth factor signaling
is dysregulated in human HCC affecting different
signaling systems, such as insulin-like growth factor,
hepatocyte-growth factor (HGF), transforming-growth
factor o, (TGF-a)/epidermal-growth factor (EGF), and
TGE-pY.

Hepatopoietin Cn (HPPCn) is a novel hepatic
growth factor derived from a hepatocyte-stimulating
substance, which was first reported by LaBrecque in
1975%% 1t has been shown that the HPPCn mRNA level
increases in partially hepatectomized mice following
liver injury®. Recombinant human protein (thHPPCn)
specifically stimulates cell proliferation in primary
cultures of hepatocytes and HCC-derived cell lines
(HepG2, SMMC7721) in vitro as well as liver regeneration
following partial hepatectomy 7 vivo. In addition,
rhHPPCn can protect hepatocytes against ethanol-
induced injury[(’].

Investigations of HPPCn have been mainly restricted
to its remarkable activity in stimulating liver regeneration.
However, its mechanism and potential effect on HCC
are unclear. In this study, HPPCn was highly expressed
in cytoplasm and nuclei of human HCC cells and
secreted into the culture medium (CM), and fluorescein
isothiocyanate (FITC)-labeled thHPPCn could specifically
bind to its receptor on HepaG2 cells, suggesting that
there is an autoctine loop of HPPCn/HPPCn receptor
in HCC-derived cell lines. Furthermore, exogenous
rhHPPCn suppressed trichostatin A (TSA)-induced
apoptosis of HCC cells and up-regulated myeloid cell
leukemia-1 (Mcl-1) expression in HCC-derived cells zia the
mitogen-activated protein kinase (MAPK) or sphingosine
kinase-1 (SPK1).

MATERIALS AND METHODS

Cell lines and cell culture

Two human HCC cell lines, SMMC7721 and HepG2,
were used in this study. Cells were cultured in Roswell
Park Memorial Institute (RPMI) 1640 medium (Sigma,
Saint Louis, MO, USA) supplemented with 10% fetal
calf serum, 2 mmol/L glutamine, 100 U/mL penicillin,
and 100 mg/mL streptomycin.

Antibodies and other reagents

Recombinant human HPPCn and anti-HPPCn sera were
produced as previously described”. Primary antibodies,
including those against Mcl-1, phos-Erk1/2 (tyr204),
phos-Stat3, non-activated Erk1/2, or Stat3, were
obtained from Santa Cruz Company (Santa Cruz, CA,
USA). Other reagents used in this study were monoclonal
anti-mouse/goat/rabbit peroxidase conjugate (Sigma,
St. Louis, MO), enhanced chemiluminescence (ECL)
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kit, and 3, 3’, 5, 5” tetramethylbenzidine (TMB) substrate
(Biozol, Eching, Germany).

Immune staining

Liver tissue samples were fixed with 4% (w/v) freshly
prepared paraformaldehyde and cut into 4 pm-thick
sections with a vibratome (Leica VT1000S; Germany).
Non-specific protein binding sites were blocked using 2%
bovine serum albumin in phosphate-buffered saline (PBS)
for 1 h, and anti-HPPCn serum in a blocking solution
was incubated overnight at 4°C in a humidified chamber.
The sections were incubated with peroxidase-labeled
secondary antibody, treated with 3,3’-diaminobenzidine
and hydrogen peroxide, and observed under a microscope.

Enzyme linked immunosorbent assay (ELISA)

Cells (2 X 10° were seeded in a 75 cm” tissue culture
flask, cultured for 8 h, washed 3 times with a serum-
free medium, and cultured for an additional 30 h in
10 mL of a serum-free medium. The supernatant
liquid was used as a conditioned medium. To prepare
a concentrated conditioned medium, the CM was
concentrated to a final volume of 1 mL by ultra-filtration
(Millipore, USA) with a 5000-MW-cut-off'".

In order to detect HPPCn protein in CM, 100 pL
of the harvested CM was dispensed in a 96-well ELISA
plate and incubated overnight at 4°C. The ELISA plate
was washed 3 times with PBS, incubated for 2 h with
an anti-HPPCn antibody, washed with PBS and then
with secondary antibody, incubated for 2 h followed
by an additional 15 min in a TMB-substrate. Color
intensity was measured with an ELISA-Reader (Dynatech
Laboratories, Frankfurt, Germany).

Western blotting

Protein samples were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred to a
nitrocellulose membrane. The nitrocellulose membrane
was blocked with a 5% solution of non-fat milk in TBS
containing 0.1% Tween 20 (TBST), incubated with
primary antibody in 5% bovine serum albumin containing
TBST at 4°C overnight, washed 3 times with TBST and
incubated with secondary antibody in 5% milk containing
TBST. After washed 5 times with TBST, the membrane
was developed using the ECL method.

Cell-binding assay

FITC-labeled thHPPCn was prepared by incubating FITC
(Sigma, St. Louis, MO) with recombinant protein (1/20,
w/w) in a borate buffer (0.05 mol/L Na2B+O7, pH 9.3) at
4°C for 12 h, followed by purification through a Sephadex
G-25 column, according to its manufacturer’s instructions
(Pharmacia Biotech, Alameda, CA) B,

For the analysis of thHPPCn binding to HepG2,
cells (2 X 10°-4 x 10°) were stained with FTTC-labeled
thHPPCn in RPMI with 1% BSA for 30 min at 37°C,
washed with PBS containing 1% BSA to remove unbound
proteins, resuspended and analyzed by flow cytometry
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using a FACScan flow cytometer (Becton Dickinson,
Mountain View, CA, USA). Cells on the flow cytometer
were gated by forward »s side scatter to eliminate dead
cells.

Apoptosis assay

Apoptotic cells were detected using FITC-conjugated
Annexin V (Caltag Laboratories, Burlingame, CA, USA)
and propidium iodide (PI). Cells were washed twice with
cold PBS and resuspended in an Annexin V-binding
buffer containing 10 mmol/L 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES), 140 mmol/L
NaCl, and 5 mmol/L CaClz at a concentration of 1 X
10° cells/mL. The suspension (100 pL containing 1 X
10° cells), 5 uL. of Annexin V-FITC and 10 pL of PI
were added into a 5-mL culture tube. The tube was gently
vibrated and incubated for 15 min in the dark at room
temperature. After a binding buffer (400 ul) was added
into the tube, the cells were analyzed by flow cytometry.

RNA interference

Small interfering RNA (siRNA) for human HPPCn was
synthesized by Shanghai Gene Chemical Company (Shang-
hai, China). The sequences employed in silencing human
HPPCn ate sense: 5-CGAACCUCACGCAUCUAAATT-3'
and antisense: 5-UUUAGAUGCGUGAGGUUCGGA-3.
The sequences employed for non-silencing human HPPCn
are sense: 5-UUCUCCGAACGUGUCACGUTT-3' and
antisense: 5~ACGUGACACGUUCGGAGAATT-3". The
HepG2 and SMMC7721 cells were transfected with siR-
NA using 1,2-dimyristyloxypropyl-3-dimethyl-hydroxy
ethyl ammonium bromide-cholesterol (Invitrogen, San
Diego, CA, USA) as recommended by its manufacturer.

Sphingosine (Sph) kinase activity assay

Cells were lysed by freeze-thawing (3 times). The lysates
wete cleared by centrifugation at 12000 g for 30 min at 4°C.
The protein concentration of cell lysates was measured
by bicinchoninic acid assay (Pierce, Rockford, IL, USA).
The SPK activity was assayed by incubating the cell
lysates with Sph (Sigma, St Louis, MO, USA) and P_ATP
(10 uCi, 50 mmol/L) for 30 min at 37°C. The products
were separated by thin-layer chromatography on silica
gel GO0 (Merck KGaA, Darmstadt, Germany) using
1-butanol/methanol/acetic acid/water (80:20:10:20) and
observed by autoradiography'"”.

Statistics analysis

Results were presented as mean = SD of three indepen-
dent experiments. The data were analyzed by unpaired
Student’s 7 test using SPSS version 10.0 (SPSS Inc, USA).
P < 0.05 was considered statistically significant.

RESULTS

HPPCn acted as an autocrine factor for HCC cells in vitro
Sequence analysis revealed that HPPCn was a nuclear
factor and a member of the leucine-rich acidic nuclear
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protein family. Since extracellular HPPCn can act as an
autocrine factor for HCC cells i vitro, we studied its
production, secretion, and mechanism of action. The
intracellular localization of HPPCn was observed in
human HCC cells with immune staining (Figure 1A).
The HCC cells (HepG2 and SMMC7721) were strongly
stained for HPPCn and the staining was mostly restricted
to nuclei and cytoplasm. However, in primarily cultured
hepatocytes, the HPPCn staining was weak and mainly
restricted to cytoplasm of HCC cells. To determine
whether HPPCn is secreted by HCC cells, we analyzed
their CM by ELISA and Western blotting, which showed
that HPPCn protein was released into CM by HepG2 and
SMMC7721 (Figure 1B). The kinetics of HPPCn secretion
by HCC cells is shown in Figure 1C. The HPPCn
secretion, first detected at 6 h following culture, increased
even at 18 and 30 h following culture, suggesting that
brefeldin A and monensin, inhibitors of the endoplasmic
reticulum (ER)-Golgi pathway, do not affect the HPPCn
secretion. The secretion of HPPCn triggered by ATP
is negligible"*"”. To eliminate the possibility of its leakage
(as opposed to secretion) from HCC cells, we assessed
the cellular damage with trypan blue staining, which
showed that over 99% of the cells were still alive (data
not shown), indicating that accumulation of HPPCn in
the CM of those cells is caused by its secretion rather
by its leakage from HCC cells. To test the binding of
HPPCn to HCC cells, HepG2 cells were incubated with
different concentrations of FITC-labeled thHPPCn and
cytochrome C (Cyt-C) at 37°C for 1 h and analyzed by
flow cytometry. Fluorescence was found in membrane
of HepG2 cells incubated with FITC-labeled HPPCn
(Figure 1D) but not in membrane of those incubated with
Cyt-C control (results not shown). Furthermore, HCC
cells binding to FITC-labeled HPPCn and the density
of the bound thHPPCn tended to reach a plateau when
the concentration of FITC-labeled HPPCn was higher
than 400 ng/mL (Figure 1D), indicating that the binding
of HCC cells to FITC-labeled HPPCn is saturated. In
addition, we assessed the reversibility of bound HPPCn
with a competitive inhibition curve (Figure 1D), which
showed that approximately 30% of HCC cells were
bound to FITC-labeled HPPCn following incubation in
the presence of 100 ng/mL of unlabeled HPPCn and
approximately 10% of HCC cells were bound to FITC-
labeled HPPCn when the concentration of unlabeled
thHPPCn was higher than 800 ng/ml., indicating that
HCC cells can express and secrete HPPCn and HPPCn
can bind to HCC cells in a specific, saturated, and
reversible manner and that an autoctine loop of HPPCn/
HPPCn receptor is existed in HCC cells.

HPPCn suppressed apoptosis of HCC cells

HPPCn showed its effect on TSA-induced apoptosis
of HCC cells. TSA was initially characterized by an
anti-fungal drug and strongly inhibited TSA activity at
nanomolar level'”. Tt has been demonstrated that TSA
induces apoptosis of human HCC cell lines (HepG2,
Hep3B, and Huh-7) by inducing acetylation of p53 and
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Figure 1 Hepatopoietin Cn (HPPCn) acting as an autocrine factor for hepatocellular carcinoma (HCC) cells in vitro. A: Immunohistochemistry showing staining
with anti-HPPCn antibody in primarily cultured hepatocytes and HCC cells; B: Western blotting and enzyme-linked immunosorbent assay (ELISA) showing the secretion
of HPPCn into culture medium (CM) of HCC-derived cells; C: ELISA showing the kinetics of HPPCn secretion from HCC cells; D: Binding of HPPCn to HCC cells.

histones (H2A, H2B, H3, and H4)'""", and inhibits
HGPF-induced invasion of HepG2 cells but does not
affect increased phosphorylation of Erk and Akt in
HGF-treated HepG2 cells"”.

The viability of HepG2, SMMC7721 and LO2 cells
was 48.11%, 36.9% and 31.9%, respectively, 24 h after
treatment with 300 nmol/L of TSA (Figure 2A), and
increased to 85.6% and 88.4%, respectively, in HCC-
derived cells after treatment with 400 ng/mL thHPPCn
(P < 0.02). In normal hepatocytes, the protective effect
of HPPCn was moderate. HPPCn silenced by small-
interfering RNA reduced the expression and secretion of
HPPCn (Figure 2B and C) and enhanced TSA-induced
apoptosis of HCC cells (Figure 2D), indicating that exog-
enous HPPCn suppresses apoptosis of HCC cells while
HPPCn silenced by siRNA increases the apoptosis of
HCC cells.

HPPCn induced Mcl-1 expression in HCC cells via SPK/
S1P and MEK/ERK pathways

It has been recently demonstrated that Mcl-1, an anti-
apoptotic member of the Bcl-2 protein family that
interferes with mitochondrial activation, plays a role in
the survival of HCC cells™. The specific up-regulation
of Mcl-1 expression in HCC cells could inhibit HCC
cell apoptosis induced by chemotherapeutic drugs
including histone deacetylase inhibitors”". However,
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Mcl-1 knockdown significantly augments the apoptosis
sensitivity of HCC cells toward chemotherapy in
combination with PI3K inhibitors”™>*”. In addition, certain
growth factors (such as HGF and EGF) can induce Mcl-1
expression in HCC cells by activating the PI3K/Akt and
MEK/ERK pathways”*.

In order to test whether HPPCn influences Mcl-1
expression in HCC cells, HepG2 cells were treated
with thHPPCn at different concentrations for different
periods of time. HPPCn induced Mcl-1 expression
in a dose- and time-dependent manner (Figure 3A).
Furthermore, treatment with thHPPCn activated the
SPK, Stat3, and ERK pathways in HepG2 cells (Figure 4).
Thereafter, we determined if the blockage of these
pathways can inhibit HPPCn-induced Mcl-1 expression.
Cells were pre-incubated with LY294002, PD98059
AG490, or DMS for 1 h, and treated with HPPCn for
an additional 3 h. Kinase inhibited by specific inhibitors
abrogated the effect of HPPCn on Mcl-1 expression
(Figure 3B), demonstrating that HPPCn can activate the
signaling pathways involved in survival of HCC cells and
up-regulate Mcl-1 expression via the MAPK and SPK
pathways in HCC-derived cells.

DISCUSSION

HPPCn is a novel hepatic growth factor with a specific
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Figure 2 HPPCn suppressing apoptosis of HCC-derived cells. A: Flow cytometry showing dose-dependent suppressing activity of recombinant human protein
(rhHPPCn) on apoptosis of HCC cells incubated with 300 nmol/L trichostatin A (TSA) for 24 h prior to treatment with indicated concentrations of rhHPPCn; B: Western
blotting showing hybridization to anti-HPPCn antibody and anti-GAPDH in HepG2 and SMMC7721 transfected with specific SIRNA; C: ELISA showing the secretion of
HPPCn into CM of HepG2 and SMMC7721; D: Flow cytometry showing the percentages of apoptotic cells incubated with 300 nmol/L TSA for 24 h prior to transfection
with specific sIRNA for an indicated period of time. The data are expressed as mean + SD of 3 independent experiments. °P < 0.05, °P < 0.01 vs group without
HPPCn/siHPPCn treatment. N.C.: Negative control.
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proliferation stimulating activity and suppresses apoptosis potential nuclear localization sequences and immune
of HCC cells as an autocrine factor. In this study, the staining suggested that HPPCn was a nuclear factor and
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Figure 4 Effects of rhHPPCn on the activities of SPK (A), Jak-Stat3 (B), and Erk1/2 (C). HepG2 cells were treated for 30 min with the indicated concentration of
rhHPPCn and 200 ng/mL rhHPPCn for the indicated periods of time. The phosphorylation of Stat3 and Erk1/2 were determined by Western blotting with antibodies
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localized in nuclei of HCC cells. ELASA and Western
blotting showed that the secretion of HPPCn into CM
was not influenced by brefeldin A or monensin, two
inhibitors of ER-Golgi pathway. Furthermore, FITC-
labeled thHPPCn binding to HCC cells was specific,
saturated and reversible, suggesting that HPPCn acts as
an autocrine growth factor in HCC cells 7# vitro.

It has been reported there are some autocrine loops
in HCC cells, such as basic fibroblast growth factor
(bFGF)/flg, TGF-a./erbB2** and augmenter of liver
regeneration (ALR)". However, the action of bFGF and
TGF-q, is neither hepatocyte-specific nor liver-specific. It
has been shown that ALR protects hepatocytes in Eck’s
fistula but not cultured hepatocytes and hepatic cell lines
against atrophylzg’mj. Thus, identification of HPPCn
autocrine mechanism in HCC cells might elucidate the
pivotal process of hepatic carcinogenesis.

It is interesting to note that HPPCn resembles HCC-
derived growth factor (HDGF) and high-mobility group
box 1 protein (HMGB1). Extracellular HDGF can
stimulate the proliferation of cultured hepatoma cells,
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fibroblasts, smooth muscle cells, and endothelial cells.
However, it has been reported that nuclear localization
is a prerequisite for the mitogenic activity of intracellular
HDGEP"", Similarly, as a nuclear protein, HMGB1
promotes the interaction between DNA and other
proteins, and regulates several families of DNA-binding
proteins. It has been reported that HMGBI1 relocalizes
in LPS-activated monocytes from nuclei to secretory
organelles, and activates endothelial cells, promotes
angiogenesis, and initiates inflammation as a cytokinem’m.
Another similarity between HPPCn, HMGBI1, and
HDGEF is their secondary structure. Motifs within their
N-terminal domains, referred to as LRR, HMG box, and
HATH, are involved in protein-protein interaction. In
addition, these proteins contain 2 or 3 nuclear localization
sequences but lack of any signal peptide-like hydrophobic
region, indicating that HPPCn is a bifunctional nuclear
protein and acts as a growth factor for cells™*.

HPPCn activates signaling pathways involved in
survival of HCC cells and up-regulates Mcl-1 expression
via MAPK, SPK1 in HCC cells. It has been recently
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demonstrated that Mcl-1, an anti-apoptotic member
of the Bcl-2 protein family which interferes with
mitochondrial activation, plays a role in the survival of
HCC cells. Furthermore, some growth factors, including
HGF and EGFE, induce Mcl-1 expression in HCC cells
by activating the PI3K/Akt and MEK/ERK pathways
contributing to the poor prognosis of HCC patients,
suggesting that Mcl-1 is one of the important molecules
involved in HPPCn action.

In conclusion, HPPCn is a novel hepatic growth factor
that can be secreted to CM and suppresses apoptosis of
HCC cells by up-regulating Mcl-1expression.
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There is evidence that protumorigenic growth factor signaling is dysregulated
in human hepatocellular carcinoma (HCC) affecting different signaling systems
such as insulin-like growth factor, hepatocyte-growth factor, transforming-
growth factor o, (TGF-a)/epidermal-growth factor, and TGF-f3.

Research frontiers

Hepatopoietin Cn (HPPCn) is a novel hepatic growth factor derived from
a hepatocyte-stimulating substance (HSS). Recombinant human protein
(rhHPPCn) specifically stimulates cell proliferation in primary culture of
hepatocytes and HCC-derived cell lines (HepG2, SMMC7721) in vitro as well
as liver regeneration following partial hepatectomy in vivo. In addition, rhHPPCn
has been demonstrated to be capable of protecting hepatocytes against
ethanol-induced injury.

Innovations and breakthroughs

In this study, HPPCn was highly expressed in cytoplasm and nuclei of human
HCC cells and secreted into the culture medium. Fluorescin isothiocyante-
labeled rhHPPCn could specifically bind to its receptor on HepaG2 cells,
suggesting that an autocrine loop of HPPCn/HPPCn receptor is existed in
HCC-derived cell lines. Exogenous rhHPPCn suppressed trichostatin A-induced
apoptosis of HCC cells. Moreover, HPPCn up-regulated the expression of
myeloid cell leukemia-1 (Mcl-1) in HCC-derived cells via the mitogen-activated
protein kinase or sphingosine kinase-1.

Applications

The mechanism of HPPCn underlying liver regeneration the authors observed
in this contributes to the diagnosis and treatment of liver diseases.

Terminology

HSS: A hepatic stimulator substance isolated from rat liver and human fetal liver
can increase synthesis of hepatic DNA in vivo and in vitro as shown by 3H-TdR
incorporation. However, its composition still remains unknown.

Peer review

The manuscript written by Chang et al describes autocrine growth of human
HCC cells inhibited by HPPCn. The study showed that HPPCn could suppress
apoptosis of HCC cells by up-regulating the expression of Mcl-1 and by
activating the PI3K/AKT and MEK/ERK pathways, suggesting that HPPCn plays
an important role in the hepatocarcinogenesis. The data are interesting and the
experiments are well organized.
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