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PCDH10 gene inhibits cell proliferation and induces cell apoptosis
by inhibiting the PI3K/Akt signaling pathway
in hepatocellular carcinoma cells
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Abstract. Protocadherinl0 (PCDHI10), a member of the
non-clustered protocadherin (PCDH) family, functions as a
tumor-suppressor gene in many cancers. Previous studies have
demonstrated that the expression of PCDH10 was noticeably
downregulated in the tissue and cells of hepatocellular carci-
noma (HCC), when compared to those in normal liver tissue.
The decreased PCDHI10 expression in HCC was correlated
with the aberrant methylation status of PCDHI10 promoter.
However, the biological functions and molecular mechanism
of PCDHI10 in HCC have yet to be elucidated. The aim of
the present study was to identify the biological function and
mechanisms of PCDH10 in HCC. Quantitative real-time poly-
merase chain reaction was used to detect the expression of
PCDHI0 in HCC cells with decreased expression of PCDH10
which were transfected with plasmid pcDNA3.1-PCDHI10 or
pcDNA3.1-vector using Lipofectamine 2000. The biological
effects of PCDH10 in HCC cells were detected by CCK-8,
colony formation and flow cytometric assays. Western blot
and co-immunoprecipitation (Co-IP) assays were performed
to explore the mechanism of PCDH10 in HCC cells. PCDH10
expression was downregulated in the HCC cells (HepG2,
HuH7, HuH1, and SNU387) when compared to the normal
liver cells (L02). Upregulation of PCDHI10 inhibited cell
proliferation and induced cell apoptosis in the HCC cells.
More importantly, we revealed that PCDH10 inhibited the
PI3K/Akt signaling pathway thus carrying out its suppres-
sive function in HCC. This study provides insights into the
tumorigenesis and progression of HCC, and puts forward the
novel hypothesis that PCDH10 could be a new biomarker for
HCC, or that combined with other molecular markers could
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increase the specificity and sensitivity of diagnostic tests for
HCC. Restoration of PCDH10 could be a valuable therapeutic
target for HCC.

Introduction

Hepatocellular carcinoma (HCC), a primary malignancy of the
liver, is one of the most prevalent cancers, with an increasing
incidence and mortality rate around the world (1,2). The
most effective therapy is liver resection or transplantation for
patients with early-stage disease, however, most patients are
diagnosed in later or inoperable stages (3). Although the diag-
nosis and therapies for HCC have advanced in recent years,
the prognosis for HCC patients remains poor (4,5). Therefore,
it is imperative to clarify the molecular mechanisms under-
lying HCC, and to discover valuable diagnostic and prognostic
biomarkers for HCC. Furthermore, new therapeutic agents to
treat this malignancy must be explored.

Cadherin is a calcium-dependent adhesion protein that
is a member of a large family of cell adhesion molecules.
Cadherins have been identified by the presence of extracellular
cadherin repeats of about 110 amino acid residues, and can be
classified into: the classical cadherins, desmosomal cadherins,
and protocadherins (PCDHs) (6,7). PCDHs are predominantly
expressed in the nervous system, and are reported to participate
in the circuit formation and maintenance of the brain (8,9).
However, in past decades accumulating evidence has revealed
that PCDH family members act as tumor-suppressor genes in
multiple carcinomas (10-14).

The protocadherinl0 (PCDHI10) gene is located on human
chromosome 4q28.3. The PCDHI10 protein belongs to the
PCDH subfamily, and is expressed on the plasma membrane.
Previous research regarding PCDHI10 focused on neuronal
diseases, such as autism (15). However, recent studies have
demonstrated that PCDHI10 is frequently downregulated
by promoter DNA methylation, and functions as a tumor-
suppressor gene in gastric, colorectal and lung cancer, as well
as in many other carcinomas (16-19). Previous studies have
indicated that the expression of PCDH10 was notably down-
regulated in HCC tissue and cells, compared to that in normal
liver tissue (20). Furthermore, decreased PCDHI10 expression
was found to correlate with the methylation status of the
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PCDHI10 promoter (20). However, the biological functions
and mechanism of PCDHI10 in HCC have yet to be elucidated.
Therefore, the aim of the present study was to identify the
biological function and molecular mechanism of PCDH10
in HCC, thus aiding the discovery of valuable diagnostic and
prognostic biomarkers for HCC, as well as the development of
new therapeutic agents to treat this malignancy.

Materials and methods

Cell culture and transfection. HCC cell lines (HepG2, HuH7,
HuH1 and SNU387) and a normal liver cell line (L0O2) were
purchased from the American Type Culture Collection (ATCC;
Mannasas, VA, USA). The cells were cultured in Dulbecco's
modified Eagle's medium (DMEM; Hyclone Laboratories,
Inc., Logan, UT, USA) with 10% fetal bovine serum (FBS;
Gibco, Grand Island, NY, USA). All the cells were maintained
at 37°C in an incubator with 95% air and 5% CO,.

The plasmid pcDNA3.1-PCDH10 and pcDNA3.1-vector
were purchased from GeneChem Co., Ltd. (Shanghai,
China). The transfection was performed in 6-well plates.
Cells (HepG2 and HuH7) were seeded into 6-well plates
and allowed to culture overnight. The wells were then filled
with 1 ml of fresh, serum-free medium after washing the
cells twice with serum-free medium. Four micrograms of
plasmid (pcDNA3.1-PCDH10 or pcDNA3.1-vector) and 5 ul
of Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) were
diluted in 500 ul of serum-free medium respectively, and
allowed to incubate for 5 min at room temperature. Following
this, plasmid and Lipofectamine 2000 diluent were mixed
and incubated for 20 min at room temperature, then 1 ml of
the aforementioned mixture was added to each well. Renewal
of the medium with 2 ml of fresh medium with 10% FBS
was conducted after culturing 4 h at 37°C. The efficiency of
transfection was detected with RT-qPCR and western blotting
assays.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). TRIzol (Invitrogen) was used to isolate the total
RNA from cells. The concentration and purity of total RNA
were assessed, with absorbance ratio OD(260)/0D(280) values
with a purity range of 1.8-2.0. Total RNA was reverse-tran-
scribed into cDNA using the GoScript reverse transcription kit
(Promega, Madison, WI, USA). RT-qPCR amplification
primers that were synthesized by Takara Bio (Dalian, China)
are as follows: target gene PCDHI10 forward, 5'-ACTGCTAT
CAGGTATGCCTG-3' and reverse, 5-GTCTGTCAACTAGA
TAGCTG-3'; internal control B-actin forward, 5'-CTCCATC
CTGGCCTCGCTGT-3' and reverse, 5'-GCTGTCACCTT
CACCGTTCC-3'. RT-qPCR was performed with the SYBR®
Premix ExTaq™ II (Tli RNaseH Plus; Takara Biotechnology
Co., Ltd.) and according to the manufacturer's protocol on the
Light-cycler 480® Il real-time PCR system (Roche Diagnostics,
Basel, Switzerland). The 224 method was used to determine
the relative quantitation of gene expression levels.

Western blot assay. Cells were scraped and collected after
washing with phosphate-buffered saline (PBS). RIPA lysate
buffer (Beyotime Institute of Biotechnology, Shanghai, China)
was used to extract total protein, and the concentration of the

YE and GONG: PCDH10 SUPPRESSES HCC VIA INHIBITION OF THE PI3K/AKT SIGNALING PATHWAY

protein was assessed using a BCA kit (Beyotime Institute of
Biotechnology). Proteins were separated by polyacrylamide
gel electrophoresis, transferred onto polyvinylidene fluoride
(PVDF) membranes (Beyotime Institute of Biotechnology),
blocked with 5% skim milk for 2 h at room temperature, and
then incubated with primary antibodies for PCDH10 [mouse
anti-human monoclonal antibody (Abnova, Taipei, Taiwan)]
and P-actin [mouse anti-human monoclonal antibody (Cell
Signaling Technology, Inc., Danvers, MA, USA)] at 4°C over-
night. Subsequently, the membranes were washed with TBST
buffer three times, and then incubated with the secondary
antibodies (goat anti-mouse; Cell Signaling Technology) with
horseradish peroxidase (HRP) for 2 h at room temperature.
The blots were washed again and detected with BeyoECL Plus
kits (Beyotime Institute of Biotechnology). Fusion software
was used to analyze the results.

Cell proliferation assay. Cell Counting Kit-8 (CCK-8;
Dojindo) was used to evaluate cell proliferation. Cells (HepG2
and HuH7) were seeded in a 96-well plate with a density of
5x10° cells/well, allowed to culture for 24 h, and then trans-
fected with plasmid pcDNA3.1-PCDHI10 or pcDNA3.1-vector
as previously described. According to the manufacturer's
protocol, the CCK-8 reagent was added to each plate at 0,
24,48 and 72 h after transfection. Subsequently, the reaction
was incubated for 2 h in the incubator, and then the OD was
detected at 450 nm generating a cell proliferation curve.

Clone formation assay. Cells (HepG2 and HuH7) were
seeded in a 6-well plate and transfected with plasmid
pcDNA3.1-PCDHI10 or pcDNA3.1-vector. Approximately 48 h
post-transfection, all cells were collected and counted, seeded
in a 6-well plate at a density of 1x10* cells/well, and cultured
under selectiong by G418 (0.6 mg/ml) for more than 2 weeks.
The surviving clones (=50 cells) were counted after fixation
with paraformaldehyde and staining with Gentian violet.

Flow cytometric assays of the cell cycle and cell apop-
tosis. For the cell cycle assay, HepG2 and HuH7 cells were
seeded into 6-well plates and transfected with plasmid
pcDNA3.1-PCDHI10 or pcDNA3.1-vector. After incubation
with transfection media for 24 h, the cells were washed with
PBS, digested by trypsin without EDTA, then collected and
fixed in precooling 70% ethanol overnight at 4°C. The cells
were then washed with precooling PBS and then stained with
propidium iodide (PI) 50mg/ml for 30 min at 4°C in dark. Elite
ESP flow cytometry was performed to assay the cell-cycle
profiles. Data were analyzed with CELL Quest software (BD
Biosciences, San Jose, CA).

The apoptosis of HepG2 and HuH7 cells was assessed by
flow cytometry, combined with Annexin V-FITC/PI staining.
The cells were transfected as previously described, and 48 h
after transfection the cells were gently collected, and then
incubated with Annexin V-fluorescein isothiocynate and PI
at room temperature. The samples were evaluated by flow
cytometry immediately.

Molecular mechanism of PCDHI0 in HCC cells. PCDHIO0 plays
an important role in cell-cell signal conduction, and previous
studies have demonstrated that PCDH10 could regulate pathways



ONCOLOGY REPORTS 37: 3167-3174, 2017

1.4
1.2
1.04
0.8+ *
0.6+

0.4 x --
0.2

n
=iy Ll L) T

L T
& 8 A N A
S R4

Relative expression of PCDH10

Figure 1. PCDH10 expression in HCC cells (HepG2, HuH7, HuH1 and
SNU387) and normal liver cells (L02) detected with RT-qPCR. “P<0.05
compared to normal liver cells (L02). PCDH10, protocadherinl10; RT-qPCR,
reverse transcription-quantitative polymerase chain reaction.
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Figure 2. PCDHIO expression is significantly increased in cells transfected
with PCDHI10. (A) PCDHI0 expression was assessed with RT-qPCR.
(B and C) PCDHI10 expression was assessed with western blot analysis and
quantitative analysis. PCDHI10: cells transfected with plasmid PCDHI10;
vector: cells transfected with the plasmid vector, "P<0.05, “P<0.01 compared
to the vector. PCDHI10, protocadherinl0; RT-qPCR, reverse transcrip-
tion-quantitative polymerase chain reaction.

relating to tumorigenesis and tumor progression (27,28). In this
study, we observed a difference of phenotype in HCC cells
after overexpression of PCDHI10. Therefore, we speculated
that the signaling pathway could regulate cell proliferation
and cell apoptosis. Western blot analyses were performed to
detect the target proteins. The western blot analysis method
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was aforementioned. Briefly, 48-72 h post-transfection, total
proteins were extracted, separated by polyacrylamide gel
electrophoresis, and then transferred to PVDF membranes.
The membranes were blocked with 5% skim milk and then
incubated with primary antibodies for p-AKT, p-MDM?2,
pS3, p-GSK-3p and p21 (Abcam, Cambridge, MA, USA)
and caspase-3, Bax, Bcl-2 and cyclin D1 (Cell Signaling
Technology, Inc.) overnight at 4°C. Membranes were then
incubated with HRP-conjugated secondary antibodies, and
then the blots were visualized with BeyoECL Plus Kkits.

To further explore how PCDHI0 affects signaling
pathways, we performed co-immunoprecipitation (Co-IP)
assays to detect the molecules interacting with PCDH10.
Co-IP assays were performed with the Co-IP kit (Life
Technologies, Carlsbad, CA, USA) according to the manufac-
turer's protocol. HepG2 cells were transfected with plasmid
pcDNA3.1-PCDH10. Approximately 48 h post-transfection,
total proteins were extracted from the cells, and a PCDH10-
antibody, a phosphoinositide 3-kinase (PI3K) p85-antibody
[mouse monoclonal antibody (Abcam)] and a control mouse
antibody 1gG (Abcam) were used to perform immunopre-
cipitations. Samples were analyzed by western blot analysis as
aforementioned.

Statistical analysis. Data are presented as the mean + SD
from independent triplicate experiments, and analyzed with
Student's t-test. P<0.05 was considered to indicate a statisti-
cally significant result. All data analysis was performed with
SPSS version 18.0 (IBM, Armonk, NY, USA).

Results

PCDH 10 expression is dysregulated in HCC cells. We used
RT-qPCR to detect the expression of PCDHI10 in HCC cells
and normal liver cells. The expression of PCDH10 was signifi-
cantly less in the HCC cells when compared to that in the
normal liver cells (L02) (P<0.05; Fig. 1).

Efficiency of transfection in HCC cells, HepG2 and
HuH7. HepG2 and HuH7 were transfected with plasmid
pcDNA3.1-PCDHI10 or pcDNA3.1-vector. Approximately 48 h
later, the total RNA and proteins were extracted, and RT-qPCR
and western blot analysis assays were used to assess the effi-
ciency of transfection. The results indicated that PCDHI10
expression was increased in the cells transfected with plasmid
pcDNA3.1-PCDH10 when compared to that in the cells trans-
fected with the pcDNA3.1-vector (P<0.05; Fig. 2).

PCDH 10 inhibits cell proliferation of HCC. To assess the
influence of PCDHI10 on cell proliferation in HCC, the CCK-8
assay was performed. Cells were transfected with plasmid
PCDHIO0 or vector and monitored for proliferation. The prolif-
eration ability of the PCDH10-transfected cells was lower than
that of the vector-transfected cells at 24, 48 and 72 h (P<0.05;
Fig. 3).

PCDH 10 inhibits clone formation in HCC cells. The clone
formation assay was performed to evaluate the suppressive effect
of PCDHI10 in HCC cells. As we expected, there was a strong
decrease in the number of clones, and a significant decrease in
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Figure 3. Effect of PCDH10 on cell proliferation in HCC. PCDHI10: cells transfected with plasmid PCDHI10; vector: cells transfected with the plasmid vector,
“P<0.05 compared to the vector. PCDH10, protocadherin10; HCC, hepatocellular carcinoma.
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Figure 4. Effect of PCDHI10 on cell clone formation in HCC. (A) PCDHI10
significantly inhibits cell clone formation in HCC cells. (B) The quantita-
tive analysis of the clone formation assay. PCDHI10: cells transfected with
plasmid PCDHI10; vector: cells transfected with the plasmid vector, "P<0.05
compared to the vector. PCDH10, protocadherin10; HCC, hepatocellular
carcinoma.

the size of cells transfected with PCDH10 when compared to
the cells transfected with the vector (P<0.05; Fig. 4).

PCDHIO0 arrests the cell cycle at the GI phase and induces
cell apoptosis in HCC. Cell proliferation and clone formation
assays were performed and it was determined that PCDHI10
could inhibit HCC cell growth. In order to further understand
how PCDHIO restricts cell growth, we used flow cytometry
to analyze the cell cycle and cell apoptosis. The results indi-

cated that in cells transfected with PCDH10, the number of
cells in the Gl phase was increased, and the number of cells
in the G2 phase were decreased, as compared to the control
groups transfected with the vector (P<0.05; Fig. 5). Notably,
flow cytometry combined with Annexin V-FITC/PI staining
was used to assess cell apoptosis, and these results indicated
that cell apoptosis was markedly increased in the cells trans-
fected with PCDH10, when compared to the control groups
(P<0.05; Fig. 6).

PCDHI10 alters the PI3K/Akt signaling pathway in HCC cells.
Dysregulation of the PI3K/Akt signaling pathway is impli-
cated in a number of human diseases, including cancer. The
PI3K/Akt pathway can promote cell proliferation and inhibit
cell apoptosis via a series of complicated phosphorylation
reactions. In this study, western blot analyses were performed
to detect changes in the PI3K/Akt signaling pathway after
transfecting PCDH10 into HepG2 HCC cells. We demon-
strated that the protein levels of p-Akt, p-MDM2, p-GSK-3p,
Bcl-2, and cyclin D1 were decreased, while caspase-3, p53,
p21, and Bax were increased, in cells transfected with PCDH10
as compared to the control groups (P<0.05; Fig. 7A and B).
Our results suggested that the Akt signaling pathway was
impaired. To explore how PCDHI0 regulates the pathway, we
hypothesized that PCDHI10 could affect the proteins upstream
of Akt. Fortunately, the Co-IP assay demonstrated interaction
between PCDHI10 and PI3K (Fig. 7C). These results indicate
that PCDHI10 inhibits cell proliferation and induces cell apop-
tosis via suppression of the PI3K/Akt signaling pathway in
HCC cells (Fig. 7D).

Discussion

PCDHI10 belongs to the PCDH family, a subfamily of
the cadherin superfamily. This family member contains
6 extracellular cadherin domains, a transmembrane
domain, and a cytoplasmic tail differing from those of the
classical cadherins. The encoded protein of PCDHIO is a
cadherin-related neuronal receptor thought to function in
the establishment of specific cell-cell connections in the
brain. Although PCDHI10 is mainly expressed in the brain, it
can be found in other organs, and a multitude of epigenetic
studies have found that the PCDH10 promoter has high DNA
methylation, which results in silencing of gene expression
in many tumors. The methylation status of PCDH10 could
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Figure 5. Effect of PCDHI0 on the cell cycle. (A and C) PCDHIO0 arrested the cell cycle at the G1 phase in HepG2 and HuH7 cells as assessed with flow
cytometry. (B and D) The quantitative analysis of the cell cycle assay in HepG2 and HuH7 cells. PCDHIO0: cells transfected with plasmid PCDH10; vector:
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predict the prognosis of cancers (21-23). Further studies have
demonstrated that re-expression of PCDHI10 inhibited cellular
proliferation, invasion ability, and increased cell apoptosis
in multiple cancers (19,22,24). These studies demonstrated
that PCDHI10 plays an important role in tumorigenesis and

tumor development. Previous studies demonstrated that the
expression of PCDHI10 was notably downregulated in HCC
tissues and cells when compared to normal liver tissue, and
decreased PCDHI10 expression in HCC was correlated with
the methylation status of the PCDH10 promoter (20). However,
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the role of PCDH10 in HCC has not yet been elucidated. In
this study, we restored PCDH10 expression in HCC cells and
observed that PCDHI10 inhibited cell growth of HCC. This
effect occured through cell cycle arrest at the G1 phase and
induction of apoptosis of HCC cells. When we assessed the
expression levels of the cell cycle-related protein cyclin D1
and the apoptosis-related protein caspase-3, the amount of
cyclin D1 protein was decreased and the amount of caspase-3
protein was increased. This indicates that PCDHI10 inhibits
HCC cellular proliferation via cell cycle arrest and induction
of apoptosis. Combined with results from previous studies, we
propose that PCDHIO is a tumor-suppressor gene frequently
downregulated with promoter methylation in HCC, which is
consistent with the role of PCDHI10 in other cancers.

PCDHs have been identified as regulators of other
molecules. PCDHs lack a cytoplasmic f-catenin binding
site present in classical cadherins. The cytoplasmic domains
of non-clustered PCDHs are different from each other, and
their homology ranges from low to moderate (7,9). Therefore,
non-clustered PCDHs could act as regulators via interaction
with a variety of intracellular binding partners. It has been
reported that PCDH10/OL-PC interacts with Nck-associated
protein 1 (Napl)/ WAVEI and that the PCDH10/Napl/WAVEI1
complex affects actin assembly and subsequently regulates cell
migration (25,26). Recent studies demonstrated that PCDH10
is involved in some signaling pathways, including the nuclear
factor-xB signaling pathway and the Wnt/B-catenin/BCL-9
signaling pathway (27,28). These results demonstrate that
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PCDHIO carries out the suppressive function via interference
with the signaling pathways that are involved in malignancy.

The Akt signaling pathway has become a major focal
point because of its critical role in the regulation of diverse
cellular functions including metabolism, growth, prolif-
eration, survival, transcription, and protein synthesis.
Dysregulation of the Akt signaling pathway can result in
many diseases, including cancers (29). It is well known that
the Akt signaling pathway is activated by receptor tyrosine
kinases, integrins, B and T cell receptors, cytokine receptors,
G-protein-coupled receptors, and other stimuli that induce
production of phosphatidylinositol (3,4,5)-trisphosphates
(PIP3) by PI3K, and PIP3 via PDK1 phosphorylating Akt at
Thr308 leading to partial activation of Akt. Activated Akt
contributes to cell proliferation via phosphorylation of the
CDK inhibitor p21, or by inhibiting the activity of GSK-3f3 by
phosphorylation, and GSK-3f can regulate cyclin DI prote-
olysis and subcellular localization. Akt inhibits cell apoptosis
through the phosphorylation of the downstream molecule
MDM2. Phosphorylation of MDM?2 mediates ubiquitination
and degradation of p53, a well-known molecule with various
biological functions (30,31). In our study, we demonstrated
that PCDHI0 inhibited HCC cell proliferation and increased
cell apoptosis, and in view of the research on PCDHI10 in
other tumors (19,28), we put forward the hypothesis that
PCDHI10 may regulate the Akt signaling pathway in HCC.
We detected the Akt signaling pathway and found that the
protein levels of p-Akt, p-MDM2, Bcl-2 and cyclin DI were
decreased while p53, p-GSK3p, p21, Bax and caspase-3 were
increased in cells transfected with PCDH10 when compared
to the control groups. This evidence indicates that PCDH10
can inhibite the Akt signaling pathway in HCC.

To illuminate the mechanism by which PCDHI10 regu-
lates the Akt signaling pathway, we detected the level of
PI3K, a key upstream molecule of Akt. However, we found
that the protein level of PI3K exhibited no significant change
after PCDHI10 overexpression (data not shown). The Co-IP
assays demonstrated that there was an interaction between
PCDHI10 and PI3K. As previously described, PI3K, a
phosphoinositide-kinase, catalyzes the production of phospha-
tidylinositol (3,4,5)-triphosphate (PIP3) which is necessary
for the activation of Akt, and this phosphorylation event is
triggered by growth factors and hormones. We inferred that
PCDHIO acts as a competitive substrate binding with PI3K to
obstruct the catalytic reaction of PIP3 synthesis. Consequently,
the activation of Akt is inhibited.

In summary, in the present sutdy, we explored the function
and mechanism of PCDHI10 in HCC cells. Our results indi-
cated that PCDHI10 can inhibit cell proliferation and induce
cell apoptosis by negative regulation of the PI3K/Akt signaling
pathway. Combined with the results of previous research, we
conclude that PCDHI1O0 acts as a tumor-suppressor gene in
HCC by inhibiting the PI3K/Akt signaling pathway. This helps
us to better understand the tumorigenesis and progression of
HCC. Notably, these experiments provide novel insights and
put forward the hypothesis that PCDH10 could be a new
biomarker for HCC, or could possibly be used with other
molecular markers to increase the specificity and sensitivity of
diagnostic tests for HCC. Finally, restoration of PCDH10 could
be a potentially valuable therapeutic target for HCC therapy.
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