











Figure 3: The effects of Pinin on clonogenicity and proliferation in HCC cells. a, ¢. shRNA-mediated silencing of Pinin
expression in human HCC cell lines. Western blot and q-RT-PCR detected the expression of Pinin in SNU449 and BEL7402 cells. b, d.
Cells with or without knockdown of Pinin were cultured for the days as indicated and cell growth was evaluated by trypan blue staining
(n=3, mean + SD, t-test, *P<0.05, **P<0.01 vs. sARNA CTR). e, f. Colony formation assay was used to measure the clonogenicity of
SNU449 and BEL7402 cells with or without knockdown of Pinin. Cells were grown in the same condition. All dishes were fixed, stained
and photographed at the same time. The number of untreated cells were set as 100% (n=3, mean + SD, #-test, **P<0.01 vs. shRNA CTR). g,
h. SNU449 and BEL7402 cells with or without knockdown of Pinin were stained with EQU. The nuclei were also stained by Hoechst 33342.
The percentage of cell proliferation was expressed as the ratio of EQU positive cells to total Hoechst 33342 positive cells. The number of
untreated cells were set as 100% (n=3, mean + SD, -test, **P<0.01 vs. sARNA CTR). i-k. Colony formation assay was used to measure the
clonogenicity of SNU449 and BEL7402 cells with or without overexpression of Pinin. Cells were grown in the same condition. All dishes
were fixed, stained and photographed at the same time. Western blot detected the protein level of Pinin using the antibodies as indicated.
The number of untreated cells was set as 100%. (n=3, mean + SD, #-test, *P<0.05 vs. pCDH-flag).
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Figure 4: Pinin inhibits glucose deprivation—induced apoptosis in HCC cells. a. SNU449 and BEL7402 cells were cultured
with or without glucose deprivation for the indicated periods. Cell lysates were separated by SDS-PAGE and analyzed by western blot with
indicated antibodies. GAPDH was used as the loading control. b. SNU449 and BEL7402 cells with or without knockdown of Pinin were
cultured in present of glucose or not for 24 h. GAPDH was used as the loading control. ¢, d. The percentage of cell apoptosis was analyzed
by flow cytometry analysis. (n=3, mean + SD, #-test, **P<0.01, ***P<0.001 vs. shRNA CTR). e. Cell viability was determined by CCKS8
assay.(n=3, mean + SD, t-test, **P<0.01, ***P<0.001 vs. shRNA CTR). f. SNU449 and BEL7402 cells with or without overexpression
of Pinin were cultured in present of glucose or not for 24 h. Cell lysates were then subjected to western blot analysis with the antibodies
indicated. GAPDH was detected as the loading control. g, h. The percentage of cell apoptosis was analyzed by flow cytometry analysis.
(n=3, mean + SD, t-test, ¥**P<0.01, ***P<0.001 vs. pCDH-flag).
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Figure 5: Effects of ERK inactivation on Pinin modulated HCC apoptosis during glucose deprivation. a. SNU449 and
BEL7402 cells with or without knockdown of Pinin were cultured in present of glucose or not for the indicated periods. Cell lysates were
analyzed with the indicated antibodies. GAPDH was detected as the loading control. b. Quantification of pERK levels relative to GAPDH is
shown. ¢. Pinin was overexpressed in SNU449 and BEL7402 cells and then the cells were cultured in present of glucose or not for 24 h. Cell
lysates were analyzed with the antibodies indicated. GAPDH was detected as the loading control. d. Pinin was overexpressed in SNU449
and BEL7402 cells and then the cells were cultured in present of glucose or not for 24h with or without U0126 treatment. Cell lysates were
analyzed with the antibodies indicated. GAPDH was detected as the loading control. e-h. The percentage of cell apoptosis was analyzed by

flow cytometry analysis in SNU449 and BEL7402 cells. (n=3, mean = SD, t-test, **P<0.01 vs. pPCDH-flag).
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hepatocellular carcinoma. Subsequently, loss and gain
of expression approaches were applied to modulate
Pinin expression levels in SNU449 and BEL7402 cells.
By series of functional assays, we identified Pinin as an
oncogenic proteinin HCC cells as efficient knockdown
of Pinin expression resulted in a significant reduction
in proliferation, colony formation and DNA synthesis
of HCC cells. On the contrary, when we overexpressed
exogenous Pinin, the ability of HCC cells to form colonies
was greatly promoted. Of note, Shi and colleagues
demonstrated that Pinin acted as a tumor suppressor due
to low expression in renal carcinoma. Overexpression of
Pinin impaired J82 and EcR-293 cell growth in soft agar
[22]. These controversial observations might be due to
that Pinin regulates different downstream factors and the
various genetic backgrounds between renal carcinoma and
HCC.

Owing to the high rate of glycolysis and inadequate
vascularization, HCC usually grows under conditions
constantly depleted of oxygen and crucial nutrients,
particularly glucose [23]. Considering the critical role of
glucose in tumor metabolism, we further investigated the
involvement of Pinin in survival and apoptosis of HCC
cells under glucose deprived conditions. We performed
experiments to evaluate the influence of Pinin on GD-
induced cell apoptosis. Our data indicated that GD
treatment effectively induced apoptosis in HCC cells,
which may be explained by reduction in cell viability,
with similar phenomena previously observed in breast
cancer, colon cancer and ovarian cancer [24-26].
Furthermore, HCC cells with decreased Pinin expression
exhibited a moderate increase in apoptosis rate in culture
condition with normal glucose (25 mM). Consistently,
significantly elevated apoptosis was triggered by GD in
Pinin depleted HCC cells, suggesting an important role of
Pinin in regulating GD induced apoptosis of HCC cells.
Conversely, exogenous overexpression of Pinin was able
to competently antagonize GD-induced apoptosis. These
results demonstrated the important role of Pinin in the
regulation of cell apoptosis in HCC, especially under
GD condition. Recently, Steve Leu reported that Pinin
regulated alternative splicing of BCL-xL [19], a key pro or
anti-apoptotic factor in MCF7 cells and loss of Pinin might
lead to cell apoptosis. However, we were unable to detect
the altered BCL-xL expression in HCC after modulating
Pinin expression (data not shown), indicating that other
molecules or signaling pathways may contribute to Pinin’s
effects. Indeed, the phosphorylation status of ERK1/2 that
are key molecules in MAPK pathway and well known for
the growth promotion and anti-apoptotic effects in HCC,
was associated with Pinin expression in GD treated HCC
cells [27]. It was clear that ERK activation gradually
disappeared with GD treatment in 24 h. However, in
Pinin depleted cells this effect was further accelerated as
it was shown that ERK phosphorylation reduced more
rapidly at 12 h after GD treatment. On the contrary, Pinin

overexpression partially maintained ERK activation,
such effect was totally blocked by U0126, a MEK
inhibitor, indicating Pinin might function at the upstream
of MEK1/2. Activation of ERK was involved in many
cellular processes including acceleration of HCC cell
growth or resistance to metabolic stress induced apoptosis.
Thus, Pinin promotes HCC cell growth and inhibits GD
induced apoptosis via ERK pathway activation.

In summary, for the first time, we report that
high expression of Pinin was associated with HCC
development and identified the oncogenic role of Pinin in
promoting growth, inhibiting apoptosis of HCC cells in
GD condition through maintaining ERK phosphorylation
and suppressing PARP cleavage. we propose that Pinin
might be a valuable parameter in evaluating HCC risk and
a novel therapeutic target for HCC treatment.

MATERIALS AND METHODS

Cell culture and reagents

BEL7402, SNU449, HepG2 cells were obtained
from the American Type Culture Collection (Manassas,
VA). BEL7402, HepG2, and LO2 cells were grown
in Dulbecco’s modified Eagle’s medium (DMEM),
supplemented with 10% fetal bovine serum (FBS), 50 U/
ml penicillin, and 50 pg/ml streptomycin. SNU449 cells
were grown in PRMI 1640 medium, supplemented with
10% fetal bovine serum (FBS), 50 U/ml penicillin, and 50
pg/ml streptomycin. The cells were maintained at 37°C
under 5% CO, in humidified air. The following antibodies
were used in this study: anti-Pinin (protein tech, 18266-
1-AP), anti-GAPDH (Santa Cruz Biotechnology, SC-
32233), anti-ERK (Cell Signaling, 4372S), anti-phospho-
ERK1/2 (Cell Signaling, 4370S), anti-PARP (Santa Cruz
Biotechnology, SC-8007), and anti-Flag M2 (Sigma,
F1804). U0126 (Cell Signaling, 9903) was selected as the
MAPK/ERK inhibitor.

Western blot analysis

Total protein extracted from HCC tissues and HCC
cells were used for immunoblotting. In brief, cell lysates
were clarified by centrifugation at 9,000 g for 10 min, and
then the supernatant was collected. Protein concentration
was determined using BCA Protein Assay Kit (Pierce,
U.S.A). Total protein (30-60 pg) was separated on an 8%
or 10% SDS-PAGE mini-gel, followed by transfering
to a nitrocellulose (NC) membrane. After blocking with
TTBS (50 mM Tris-HCI, 0.15 M NaCl, 0.1% Tween-20,
pH 7.5) containing 5% fat-free dry milk overnight at
4°C, the membrane was incubated with antibodies and
an enhanced chemiluminescence (ECL) detection system
(Amersham) was used to visualize the expression of these
target proteins. Three samples from each group were
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analyzed and the results were quantified using the Gel-Pro
4.0 analyzer software.

Lentivirus transfection

The lentiviral transduction particles for shRNA-
mediated knockdown of Pinin were purchased from Sigma
(Shanghai, China). The shRNA sequences targeting Pinin
were 5’-GCAGCAGAAGATTTCTTGATA-3’ (BEL7402)
and 5’-GCATCGAATTTGCAGAACAAA-3’ (SNU449).
The shRNA was cloned using the PLKO.1 vector. Stable
knockdown cells were established as previously described
[28]. The primers 5’-ATGGCGGTCGCCGTGAGAAC-3’
and 5’-TTAACGCCTTTTGTCTTTCCTGTC-3* were
used to generate plasmids encoding full-length Pinin. Pinin
cDNA was then amplified by RT-PCR using total RNA from
BEL7402 cells. To generate lentivirus expressing Pinin,
HEK 293T cells grown on a 6 cm dish were transfected with
2 ug pCDH-Flag-Pinin or control vector, 1.5 ug psPax2,
and 0.5 ug pMD2G. 24 h after the transfection, cells were
cultured with DMEM containing 10% FBS for an additional
24 h. The culture medium containing lentiviral particles was
centrifuged at 1,000 g for 5 min. Viral particles collected in
the supernatant were used for infection. In order to establish
the stable cell line, the puromycin was used as a selection
marker for the infected cells. The expression efficiency was
evaluated by western blot analysis.

Cell viability assay and colony formation assay

Cell viability was detected by CCK8 assay. Cells
were plated in 96-well plates at a density of 5,000 cells
in 100 pl medium per well 24 h before the experiment.
The cells were cultured in DMEM without glucose for
24 h, cell viability was examined by CCKS8 assay. For
colony formation assay, BEL7402 and SNU449 cells were
trypsinized and 1,000 or 750 viable cells were subcultured
in 6-well plates (in triplicate). Cells were allowed to
adhere and colonize for 14 days. To visualize colonies,
media was removed and cells were fixed in 96% ethanol
for 10 min and stained with crystal violet staining solution.

Detection of apoptosis

SNU449 and BEL7402 cells were seeded in 6-well
culture plates (1.5x10° cells/well) and incubated for 24 h
at 37 °C. Next, the cells were cultured in DMEM without
glucose for 24 h, followed by incubation with Annexin V
(Ax)-FITC and PI (10 pg/mL) at room temperature for
15 min. Finally, fluorescent intensities were determined
by fluorescence activated cell sorting (FACS) using a
FACSCantolI (BD, Franklin Lakes, NJ, USA).

RNA extraction and real-time PCR

Human Hepatocellular carcinoma samples were
obtained from The Second Affiliated Hospital of Dalian

Medical University under the strict guidance of ethical
committee. After frozen tissue samples were powdered in
liquid nitrogen, Trizol was added to extract RNA. RNA
quality was examined by gel electrophoresis and only
paired RNA with high quality was used for following
analyses.

One microgram of total RNA was used to
synthesize ¢cDNA by using the PrimeScript™ RT
reagent kit (Takara, DRRO37A) according to the
manufacturer’s instructions. Real-time PCR was
performed using SYBR premix EX Taq (TaKaRa) and
ROX, and analyzed with Stratagene Mx3000p (Agilent
Technologies). Real-time PCR primer sequences were
as follows: Actin 5’-CTCCATCCTGGCCTCGCTGT-3’
and  5’-GCTGTCACCTTCACCGTTCC-3’.  Pinin
5’-GGAGGTAGAGGACGTGGTAG-3’ and 5’-TTCCT
GGCGTGATTCTCTTC-3".

Tissue microarrays and immunohistochemistry

HCC tissue microarrays were purchased from
Shanghai Outdo Biotech (Shanghai, China) and it
contained 95 HCC tissues and their corresponding
adjacent non-malignant normal tissues. Carcinoma tissue
samples and the corresponding adjacent tissue samples
were obtained in the files of Taizhou Hospital of Zhejiang
Province from 2001 to 2005. The characteristics of the
patients and their tumors were collected though review
of medical records and pathologic reports. Informed
consent with approval of the ethics committee of Taizhou
Hospital of Zhejiang Province was obtained. All patients
had negative histories of exposure to either chemotherapy
or radiotherapy before surgery, and there was no co-
occurrence of other diagnosed cancers.

Tissue samples were processed according to
routine procedures. In brief, the paraffin embedded
hepatocellular carcinoma tissue samples and the
corresponding adjacent tissue samples were cut at 4
pm and mounted on glass slides. Then, the slides were
deparaffinized, hydrated, and incubated in 3% H202 and
microwaved to blockendogenous peroxidase activity.
After 20 minutes to expose antigen hidden inside the
tissue due to formalin fixation at room temperature, to
inhibit non-specific antigen— antibody reactions possible
in immunohistochemical staining, protein blocker was
used for 5 minutes and the slides were washed thoroughly
with PBS buffer. Then the slides were incubated overnight
with the primary antibodies against Pinin (1:200, rabbit
polyclonal antibody) at 4 centigrade. Biotinylated goat
anti-rabbit secondary antibody (1:200) was applied for 20
minutes at room temperature, followed by further washing
with buffer to remove unbound antibody. A complex of
avidin with horseradish peroxidase was then applied for 20
minutes at room temperature. For color development, the
slides were stained with 3,3’diaminobenzidine, then were
counterstained with hematoxylin.
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The immunostaining analysis of Pinin protein
expression was assessed based on these tissue microarrays.
The extent of the staining was used as criteria of
evaluation. For each tissue sample, protein expression was
scored according to the staining color: negative staining
(no yellow), low staining (light yellow), moderate or high
staining (yellowish brown or brown).

EdU assay

The EdU incorporation assay was performed with
an EdU Assay Kit (Guangzhou RIBOBIO, Guangzhou,
China) according to the manufacturer’s instructions.
Briefly, the BEL7402 and SNU449 cells were incubated
with DMEM containing 50 mM EdU for 2 h. The nuclei
were also stained with Hoechst 33342 (Sigma, St Louis,
MO, USA), and the images were acquired with an
Olympus DP71X microscope (Olympus, Tokyo, Japan).

Statistical analysis

Data were expressed as the mean £+ SD and analyzed
using unpaired 2-sided student 7 test. Statistical analysis
was performed using SPSS 18.0. P values <0.05 were
considered statistically significant and indicated as
follows: *P<0.05, **P<0.01, ***P<0.001.
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