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SUMMARY. Several members of protocadherins have been
found involved in human carcinogenesis, but little is
known about PCDH20 in HCC. Here in this study, using
quantitative real-time RT-PCR assay, we demonstrated the
downregulation of PCDH20 expression in 6 of 7 HCC cell
lines tested. Similarly, PCDH20 expression in primary HCC
tissues was also significantly downregulated in comparison
with that in either disease-free normal liver tissues or the
adjacent nontumour liver tissues (P < 0.001, respectively).
Among HCC tumour tissues studied, about 48% (51/107)
of them showed reduced PCDH20 mRNA level. Further sta-
tistic analysis revealed that the reduced PCDH20 mRNA
level in tumour tissues was much more common in youn-
ger patients group (aged <50 years) than that in older
group (=50 years) (60% vs 33%, P = 0.0303). Loss of het-
erozygosity (LOH) and promoter hypermethylation analysis
revealed that deletion and/or aberrant epigenetic modula-

tion of PCDH20 gene account for its downregulation, at
least in a fraction of tumour specimens. Moreover, ectopic
expression of PCDH20 in HCC cells significantly suppressed
cell proliferation, clonogenicity, migration and tumour for-
mation. Notably, we proved for the first time that, via acti-
vating GSK-3B, PCDH20 could inhibit Wnt/B-catenin
signalling pathway. Furthermore, our data suggest that
PCDH20 may conduct its Wnt/B-catenin signalling antago-
nizing function through suppressing Akt and Erk activities
and promoting GSK-3 signalling activities. However, the
detailed mechanism remained undiscovered. In conclusion,
our data here strongly suggested that PCDH20 may act as
a candidate tumour suppressor in HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a primary malignancy
of the liver, and its incidence is rising in China and around
the world [1]. Although the main etiologies of HCC are
now well defined, the molecular mechanisms involved in
tumour initiation and progression have yet to be fully
characterized [2]. It is known that chronic HBV and HCV
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infection causes persistent liver inflammation, regeneration
and cirrhosis, increasing cellular turnover, and as a conse-
quence, inducing malignant transformation [3]. During the
initiation and progression of hepatocarcinogenesis, multiple
genetic and epigenetic events accumulated, leading to de-
regulated expression of various genes [4-6].

The cadherin superfamily is known as a large family of
calcium-dependent adhesion molecules which plays an
important role in the adhesion and communication
between adjacent cells [7]. Cadherins have been identified
by the presence of extracellular cadherin repeats of about
110 amino acid residues and can be classified into at least
three subfamilies based on shared properties and sequence
similarity: the classical cadherins, desmosomal cadherins
and protocadherins (PCDHs) [8]. PCDHs constitute the
largest subgroup (about 80 members) of the cadherin
superfamily [7,9,10]. They are characterized by seven
extracellular domains, a single transmembrane region and
distinct cytoplasmic portions [9,11]. In addition to the cell-
to-cell adhesion activity, PCDHs are thought to have other

© 2014 The Authors. Journal of Viral Hepatitis Published by John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 License,
which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and

no modifications or adaptations are made.



202 ] Lvet al.

important activities as well, although the major functions
of each have not been well elucidated [8,12]. Several mem-
bers of the PCDH family such as PCDHS, PCDH10, PCDH24
and PCDH17 have been suggested to be involved in the
carcinogenesis of breast cancer, nasopharyngeal carcinoma,
colon cancer and oesophageal squamous cell carcinoma,
through their overexpression or inactivation. However, the
association between PCDH proteins and the pathogenesis of
many other cancers remains unclear [13-16].

PCDH20 is a novel protocadherin which is expressed
predominantly in nervous system [17,18]. Like other mem-
bers of PCDHs, PCDH20 has also attracted attention for
their implications in the neurological disorders and tumo-
urigenesis, but little is known about their functions and
intracellular signal transduction. It has been reported that
PCDH20 was frequently silenced by promoter methylation
in non-small cell lung cancers [19]. Restoration of
PCDH20 expression in NSCLC cells reduced cell numbers
in colony formation and anchorage-independent assays
[19]. These results suggest that epigenetic silencing of
PCDH20 may be a factor in the carcinogenesis of NSCLC.
We have previously performed a 2-Mb array-based CGH
analysis for copy number aberrations in 25 paired HCC tis-
sues and their corresponding nontumour tissues [20].
Based on these aCGH data, we identified the LOH status of
PCDH20 (13g21.2) in three HCC tissues. The deletion of
PCDH20 suggests the possibility of PCDH20 acting as a
candidate tumour-suppressor gene in HCC development.

This study was designed to examine the biological function
and molecular mechanism of PCDH20 in HCC using comple-
mentary in vitro and in vivo approaches. We show herein that
expression of PCDH20 mRNA is downregulated in HCC cell
lines and HCC tumour tissues. Ectopic expression of PCDH20
in HCC cell lines led to inactivation of Wnt signalling path-
way and significant repression of cell growth, migration and
colony formation. Our data disclose an important PCDH20-
mediated inactivation of Wnt signalling that suppresses
hepatocarcinogenesis and tumour progression.

MATERIALS AND METHODS

Clinical samples

Hepatocellular carcinoma tumour tissues and paired nontu-
mour tissues were collected from 107 patients with HCC at
Henan Province Oncology Hospital (Zhengzhou, China)
from 2008 to 2012. The patient’s age ranged from 34 to
76 years (51.25 4+ 9.91 years old). After resection, tumour
tissues and the surrounding nontumour tissues were rou-
tinely fixed for clinical histological evaluation and the
remained tissues were snap-frozen in liquid nitrogen and
stored for future use. All histological slides were diagnosed
by two pathologists independently.

Our investigation was conducted according to the princi-
ples expressed in the Declaration of Helsinki. This study

protocol was approved by the Ethics Committee of Peking
University Health Science Center. Written informed consents
were obtained from each participant involved in our study.

Cell lines and cell culture

HEK 293T cell line and human liver cancer cell lines
(Huh-7, SNU-449, SNU-182, SNU-387, PLC/PRF/5 and
Hep3B) were obtained from ATCC and stored in our labo-
ratory. HEK 293T, Hep3B and Huh-7 cells were main-
tained in Dulbecco’s modified Eagle Medium supplemented
with 10% foetal bovine serum (Gibco, Carlsbad, CA, USA).
SNU-449, SNU-182, SNU-387, SMMC-7721 and PLC/PRF/
5 cells were maintained in RPMI-1640 medium supple-
mented with 10% foetal bovine serum (Gibco). All cell lines
were maintained in a humidified incubator containing 5%
CO, at 37 °C.

Loss of Heterozygosity (LOH) analysis

The SNP assay was used to detect the potential LOH in
HCC tissues as described previously [20]. In brief, 10
SNP sites (rs3829388, rs3812872, rs35945287, rs3812873,
rs9539157, rs9570571, rs79312776, rs3812874, rs3812875
and rs3812876) within exon 1 and exon 2 of PCDH20
were selected to analyse the allelic imbalance. The two ex-
ons were amplified by four independent PCRs, and the PCR
products were directly sequenced to determine the allelo-
type at each locus. The primers used for PCR were shown
in Table S1. Through comparing the electrophograms of
the heterozygote SNP sites between tumour and adjacent
nontumour tissues, LOH was defined by quantitatively cal-
culating the LOH index.

Quantitative real-time reverse transcription-PCR

Quantitative real-time reverse transcription-PCR (qRT-PCR)
was performed as described previously [21]. In brief, 3 pg
of total RNA was reversely transcribed using Reverse Tran-
scription kit (Fermentas, Vilnius, Lithuania) and assayed
for gene expression by SYBR Green technology using a
Light Cycler 480Il Real-Time PCR System (Roche, India-
napolis, IN, USA). The primers used for qRT-PCR were
shown in Table S1.

Methylation assay

The quantificational methylated DNA analysis was per-
formed by combined DNA methylation-sensitive and meth-
ylation-dependent restriction endonuclease digestion,
followed by subsequent PCR assay as
described previously [21]. The primers used for quantita-
tive PCR were shown in Table S1. For determination of a
specimen’s CGI hypermethylation status, the cut-off value
was set at 10%, similar to our previous reports [21].

quantitative
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Plasmid construction

Plasmids expressing C-terminally His-tagged PCDH20
(pIRES2-EGFP-PCDH20) were constructed by cloning the
full-length coding sequence of PCDH20 into the eukaryotic
expression vector pIRES2-EGFP (Clontech, Palo Alto, CA,
USA). The sequence of the plasmid recombinant was veri-
fied by DNA sequencing and Western blot assay.

Western blot assay

Proteins were extracted from cells and tissues using lysis
buffer (Applygen, Beijing, China). The protein lysates were
loaded into 10% or 12% sodium dodecyl sulphate-poly-
acrylamide gels, and transferred onto polyvinylidene fluo-
ride (PVDF) membranes (Millipore, Billerica, MA, USA).
After blocking with 5% fat-free dried milk in phosphate-
buffered saline (PBS), membranes were incubated with pri-
mary antibodies overnight at 4 °C and then with second-
ary antibodies for 2 h in room temperature. Band signals
were visualized by Odyssey Imager (LI-COR Biosciences,
Lincoln, NE, USA). The antibodies used in Western blot
analysis are listed in Table S2.

Luciferase reporter assay

Cells were transiently transfected with TOP FLASH plas-
mids bearing an optimal TCF-binding site and phRL-TK
Renilla control plasmid (Promega, Madison, WI, USA). To
determine Wnt activity in response to PCDH20, TOP-
transfected cells were co-transfected with a constitutively
active P-catenin mutant (CA-B-catenin) [22], together
with or without PCDH20. Reporter activity was assayed
using the Dual Luciferase Assay System (Promega).
Results were normalized to total protein amounts and Re-
nilla values of each sample. The reporter assay results
represent the average of three independent transfection
experiments.

Cell proliferation and cell cycle analysis

Cell proliferation was measured using the 3-(4,5-dim-
ethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
method. Cells (2000 per well) were allowed to grow in 96-
well plates. MTT solution was added into each well at a
final concentration of 5 pg/mL and then remained in cul-
ture for four hours before measurement. Cell proliferation
was measured every 24 h by reading the absorbance at
570 nm using a microplate reader (Perkin Elmer, Framing-
ham, MA, USA).

For cell cycle analysis, 1 x 10° cells were harvested
and fixed with 70% ethanol at 4 °C overnight. The fixed
cells were rinsed twice with PBS and resuspended in
500 pL. PBS containing 50 pug/mL RNaseA (Sigma, St.
Louis, MO, USA), then incubated at 37 °C for 30 min.
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The DNA content was stained in PI solution (50 pg/mL)
and was then measured by flow cytometry (FACS Caliber;
Becton Dickinson, Mountain View, CA, USA), and the
percentage of cells in GO/G1, S and G2/M phase were
calculated by the ModFit program (Becton Dickinson),
respectively.

Soft agar assay

Soft agar assay was performed using a soft agar kit (Gen-
Med Scientifics, Inc, Arlington, MA, USA) in 6-well plates.
Cells (4000 per well) were suspended in top agar and incu-
bated for 2-3 weeks in a humidified incubator at 37 °C
with 5% CO, until the visible colony was formed. Colonies
were counted under a microscope. The experiment was
performed in triplicate.

Tumourigenicity assay in nude mice

2 x 107 Cells were suspended in 100 pl. PBS and then
injected subcutaneously into either side of the posterior
flank of the same male BALB/c nude mouse at age of 5—
6 week. Five mice were used. Tumour growth was moni-
tored for 5 weeks. Tumour volume (V) was observed by
measuring the length (L) and width (W) with calipers and
calculated with the formula (L x W?) x 0.5. All animal
experiments were performed according to the ethical guide-
lines of the Ethics Committees of Peking University Health
Science Center for animal experiment.

Scratch-wound-healing assay

Cells were seeded into a 12-well plate to form a conflu-
ent monolayer on the following day. The cell layers were
carefully wounded using a sterile 20-ul. tip to create a
straight ‘scratch’. After PBS washing to discard the fallen
cells by scratching, the plate was added with medium
and incubated until scratch disappeared. Images of the
wound monolayer were acquired on a phase contrast
microscope linked to a charge-coupled device camera,
and the wound area was measured using CT-AS soft-
ware (Nikon, Tokyo, Japan) to count the number of pix-
els after the photographs had been converted to TIFF
images.

Transwell assay

Cell migration was performed using transwell chambers
(24-well) with 8.0-um-pore membranes purchased from
Corning (New York, NY, USA). The bottom chambers were
filled with RPMI-1640 containing 10% FBS. The upper
chambers were filled with 2 x 10* cells with FBS-free
RPMI-1640 and incubated at 37 °C. After incubation for
48 h, nonmigratory cells in the top of the transwell were
removed with a cotton swab. The cells migrated to the bot-
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tom side of the membrane were fixed by methanol, stained
with 5% crystal violet and counted under a light micro-
scope (Olympus, Lake Success, NY, USA). Cells from at
least six random fields were counted, and mean =+ stan-
dard deviation values were calculated for the graphic pre-
sentations.

Statistical analysis

Student’s t-test and Wilcoxon rank test were used for sta-
tistical analysis with SAS software (version 9.1, SAS Insti-
tute, Cary, NC, USA). P < 0.05 was considered statistically
significant.
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RESULTS

Identification of PCDH20 deletion in HCC

Using array-based comparative genomic hybridization
(aCGH), we have previously examined the copy number
abnormalities in 25 HCC tissues. Loss of 13g21.2 where
PCDH20 located was found in three tumour tissues (Table
S3). Concordantly, the LOH status of PCDH20 in these
three tumour tissues was confirmed by allelotyping using
SNP assay. In addition, direct sequencing of PCDH20 ex-
ons in these three tumour tissues and seven HCC cell lines
identified no mutation. As LOH is the most common
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Fig. 1 Expression and methylation analysis of PCDH20 in HCC cell lines and tumour tissues. (a) Relative mRNA level of
PCDH20 in normal tissues and seven HCC cell lines (mean 4+ SD; n = 3). (b) Expression of PCDH20 in 107 pairs of HCC
and adjacent nontumour tissues as detected by real-time RT-PCR. The line in the grouped column scatter represented
mean values of PCDH20 mRNA. (c) Expression level of PCDH20 in six pairs of HCC and adjacent nontumour tissues as
detected by Western blot assay: a-tubulin was used as loading control. (d) The promoter methylation status of PCDH20 in
HCC cell lines detected by quantificational methylation assay. (e) The expression of PCDH20 in HCC cells after treated by
5 uM of 5-Aza for 4-7 days (mean + SD; n = 3). The PCDH20 expression level in mock cells was set as 1 (arbitrary unit).
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genetic alteration for tumour-suppressor gene in human
cancers, the loss of PCDH20 in HCC suggests that PCDH20
may be a candidate TSG involved in hepatocarcinogenesis.

Reduced expression of PCDH20 in HCC

To investigate whether PCDH20 was aberrantly expressed
in HCC, we first examined PCDH20 mRNA level in an
array of HCC cell lines using real-time PCR. Compared to
the tumour-free liver tissues, reduced PCDH20 mRNA level
was found in six (SNU-182, SNU-387, Huh-7, PLC/PRF/5,
SMMC-7721 and SNU-449) of seven HCC cell lines
(Fig. 1a). More importantly, we found that PCDH20
expression was significantly downregulated in 48% (51/
107) of human HCC tumour tissues when compared to the

Table 1 Correlation between PCDH20 mRNA level and
clinicopathologic characteristics

PCDH20 downregulation in
tumour tissues

Characteristics Yes (n = 51) No (n = 56) P value
Gender
Male 37 35 0.2707
Female 14 21
Age
<50 27 18 0.0303
>50 24 38
Portal vein invasion
Present 12 12 0.6205
Absent 39 43
N/A 0 1
Tumour size
>5 cm 35 34 0.4897
<5 cm 15 20
N/A 1 2
Tumour encapsulation
Complete 41 35 0.0803
Incomplete 7 18
N/A 3 3
Intrahepatic dissemination
Present 23 19 0.2605
Absent 27 37
N/A 1 0
Abdominal dropsy
Present 10 6 0.1997
Absent 41 50
Fibrosis stage
[-IIT 35 40 0.1072
IV-VI 16 16

N/A, not available. The number of patients was not identi-
cal in all features because of clinical data absence. Values
in bold indicate significant P-value of <0.05.

PCDH20 inhibits Wnt/ -catenin pathway in HCC 205

adjacent nontumour tissues (P < 0.001) (Fig. 1b). Similar
trend was also observed at the protein level by Western
blot assay (Fig. 1c). The clinicopathologic significance eval-
uation of PCDH20 downregulation in patients with HCC
revealed that downregulation of PCDH20 was much more
common among patients younger than 50 years old, in
comparison with the elderly patient groups (>50 years)
(60.0% vs 33.3%, P = 0.0303) (Table 1).

Promoter methylation of PCDH20 in HCC

Hypermethylation of the CpG-rich region between —290
and +156 around exon 1 of PCDH20 has been reported
accounting for the expressional suppression of PCDH20 in
NSCLC [19]. Therefore, we performed quantificational DNA
methylation analysis at the same region of PCDH20 using
DNA specimens from HCC cells and tumour tissues. As
shown in Figs 1d, 2, HCC cell lines (SMMC-7721 and
SNU-387) were tested positive of hypermethylation, when
methylation intensity value >10% was used as the thresh-
old value to define the presence of hypermethylation, as
previously reported [21]. The methylation status that
silencing the expression of PCDH20 in SMMC-7721 and
SNU-387 was confirmed, as treatment with DNA methyl-
transferase inhibitor 5-Aza markedly enhanced PCDH20
expression in these two cell lines. In contrast, treatment
with 5-Aza could not increase the PCDH20 expression in
SNU-182, Hep3B, PLC/PRF/5, Huh-7 and SNU-449 cell
lines which have no detectable hypermethylation in their
PCDH20 CpG-rich region (Fig le). These data suggested
that hypermethylation of PCDH20 promoter may be a
mechanism leading to the silencing of PCDH20 in some
liver cancers. However, when primary HCC tissues were
analysed, only 7 in 66 cases (10.6%) showed PCDH20
CpG-rich region hypermethylation.

PCDH20 inhibits Wnt/ -catenin signalling pathway in
HCC cells

It has been reported that some members of PCDHs super-
family such as PCDH24, PCDHGA and PCDHGC3 could
regulate canonical Wnt signalling [23-25]. To explore
the possible involvement of PCDH20 in regulating Wnt/
B-catenin signalling pathway, TOP FLASH reporter assay
was conducted firstly in HEK 293T and then in PCDH20
downregulated HCC cell lines SNU-182, SNU-387, Huh-7,
PLC/PRF/5, SMMC-7721 and SNU-449. As shown in Fig-
ure 2a, ectopic expression of PCDH20 could inhibit the
transcription activity of p-catenin/TCF in HEK 293T,
Huh-7 and SNU-449 cells, but not in SNU-182, SNU-
387, PLC/PRF/5 and SMMC-7721 cells. We then mea-
sured the expression changes of typical Wnt signalling
transcriptional target genes in HEK 293T, Huh-7 and
SNU-449 cells. Consistent with the results of TOP FLASH
reporter assay, Western blotting assay showed that ecto-
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Fig. 2 Ectopic expression of PCDH20 inhibits Wnt/j3-
catenin signalling pathway in HCC cells (a) A TCF
luciferase reporter assay was performed using TOP FLASH
(the wild-type TCF reporter) in HEK 293T cells and six
HCC cell lines (Huh-7, SNU-449, SMMC-7721, SNU-387,
PLC/PRF/5 and SNU-182). Experiments were performed in
triplicate, and the results are presented as the mean + SD.
(b) Western blot analysis was used to analyse Wnt/f3-
catenin signalling targeted protein levels in HEK 293T,
SNU-449 and Huh-7 cells that were transfected with
PCDH20 or control plasmids. a-tubulin was used as
loading control.

pic PCDH20 expression markedly reduced B-catenin pro-
tein level, along with the repressed expression of c-myc
and cyclin D1, as compared with vector-only transfected
control (Fig. 2b).

PCDH20 inhibits Wnt signalling pathway through
antagonizing ERK and Akt-mediated activation of
GSK-3f

It is known that phosphorylation of B-catenin by GSK-3 ini-
tiates its degradation by a multiprotein ‘destruction complex’
[22]; therefore, we examined whether PCDH20 reduced
B-catenin protein level via activation of GSK-3p. As shown
in Figure 3a, the level of phospho-GSK-3p (Ser9) (inactiva-
tion form of GSK-3B) in PCDH20 overexpressing cells

was much less than that detected in controls. Accordantly,
pretreatment of cells with GSK-3f inhibitor lithium chloride
(LiCl) could reverse the PCDH20-mediated B-catenin downre-
gulation, accompanied with the increase of c-myc and cyclin
D1 levels. These results suggest that PCDH20 may inhibit j3-
catenin through activation of GSK-3.

We then investigated which signal pathway is involved
in PCDH20-mediated activation of GSK-3B. It is well
known that Erk and Akt can phosphorylate GSK-3p at
the Ser9 residue and inactivate its kinase activation
[26,27]. To elucidate whether Erk and Akt are responsi-
ble for PCDH20-mediated activation of GSK-3B, we
detected the level change of activated Akt and Erk first
in HEK 293T cells transfected with PCDH20-expressing
plasmid. We found that ectopic expression of PCDH20
could down-regulate p-Akt (Ser473) and p-Erk (Thr202/
Tyr204) when compared with vector-transfected control
(Fig. 3a,b). Moreover, the involvement of Akt and Erk in
PCDH20-induced GSK-3p activation and consequently
Wnt signalling pathway inactivation was supported by
the following experiments: constitutively, active form of
H-Ras (H-Ras-V12) could activate both Akt and Erk,
while co-transfecting PCDH20 with H-Ras-V12 could par-
tially block Akt and Erk, and subsequent Wnt signalling
pathway activation induced by H-Ras-V12 in HEK 293T
cells (Fig. 3b lane 3 vs lane 5). Similarly, co-transfected
Akt-myr (a constitutively active Akt mutant) with
PCDH20 could also antagonize the active Akt-induced
GSK-3p inactivation and Wnt/B-catenin signalling path-
way activation (Fig. 3b, lane 4 vs lane 6). Furthermore,
the ectopic PCDH20 expression caused decrease of p-Akt
(Ser473) and p-Erk (Thr202/Tyr204) in Huh-7 and
SNU-449 HCC cell lines confirmed the phenomena seen
in HEK 293T cell (Fig. 3c). These findings demon-
strate that the effect of PCDH20 on GSK-3B and Wnt/f-
catenin signalling pathway is associated with Akt and
Erk activities.

PCDH20 suppresses HCC cell growth in vitro and in vivo

To further investigate the potential tumour-suppressor role
of PCDH20, SNU-449 cell was chosen for the generation of
stable transfected cell lines with ectopic PCDH20 expres-
sion. After G418 selection, we established SNU-449 stable
clones with high PCDH20 expression which was confirmed
by qRT-PCR and Western blot assay (Fig. 4a). When com-
pared to cells transfected with empty vector, PCDH20-over-
expressed SNU-449 cells showed a significant decrease of
cell growth measured by MTT (P < 0.05, Fig. 4b). Consis-
tently, flow cytometry analysis showed that PCDH20 over-
expression increased cells in GO/G1 phase (55.5% vs
70.0%) and decreased the cells in S phase (27.6% vs
15.2%) (Fig. 4c). In addition, soft agar clonogenic assay
showed that ectopic expression of PCDH20 reduced SUN-
449 cells clonogenic growth, with the colony formation
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plasmids. Western blot analysis pathway (‘+' indicates treatment for 24 h before harvested). HEK 293T, Huh-7 and SNU-
449 cells were transfected with total 4 ug plasmid in a 35-mm dish, and cells were harvested 48 h after transfection. (b)
Western blot analysis was used to prove the PCDH20 antagonized Wnt/B-catenin signalling pathway by inhibiting Erk, Akt
pathway in HEK 293T cells. GAPDH was used as loading control. (c) Western blot analysis of Erk, Akt and GSK-3f3 in
Huh-7 and SNU-449 cells transfected with PCDH20 plasmids.

rates dropped from mock cells’ 23.4 + 4.5% to ectopic
PCDH20-expressing  cells’ 5.6 + 1.59% (P < 0.05)
(Fig. 4d). Furthermore, nude mice were used to examine
whether PCDH20 affected HCC cell growth in vivo. As
shown in Figure 4e.f, the tumour size of PCDH20-overex-
pressed SNU-449 cells in nude mice decreased to approxi-
mately one-tenth of the controls (440.4 + 196.6 mm® vs
36.6 £ 33.1 mm>, P = 0.036). Taken together, these find-
ings demonstrate that PCDH20 could induce HCC cell cycle
arrest at G1/S transit and inhibit HCC cell proliferation,
clonogenic growth and tumourigenesis.

PCDH20 suppresses HCC cell migration in vitro

Cadherins, including protocadherins coordinate cell polar-
ity, enable cells to stick to each other to make cells clingy
[28]. Therefore, it is reasonable to investigate whether
PCDH20 exerted influence on HCC cell migration. Results
of transwell chamber assay and wound-healing assay
showed that ectopic expression of PCDH20 in SUN-449
cells remarkably suppressed its migration ability (Fig. 5a,
b). These results suggested that PCDH20 may inhibit
metastasis in HCC cancer by impeding cell migration.
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Fig. 4 The effect of PCDH20 on HCC cell growth in vitro and in vivo. (a) After selected by G418 for three weeks, the
expression level of PCDH20 in stably transfected cell clones was measured by quantitative RT-PCR and Western blot assay,
respectively. (b) The growth rate of SNU-449 cells with stable expression of PCDH20 and vector control was measured
using MTT assay according to the number of days (d) in culture. Values are presented as the mean + SD of three
independent experiments. *P < 0.05. (c) Cell cycle of SNU-449 cells with ectopic PCDH20 expression was analysed by flow
cytometry. (d) Colony formation was measured by soft agar assay. Representative images of colony formed in soft agar and

the histograms of relative percentage of colony numbers of the indicated clones were shown. (

e, ) Effect of PCDH20 on

tumourigenicity in nude mice xenograft model. Tumour volume was measured and plotted as mean + SD. The curve of

tumour growth was shown (n = 5/group).

DISCUSSION

At present, although the involvements of PCDHs in the
pathogenesis of tumour are relatively well established, the
endeavours to understand the molecular functions of
PCDH in tumour are still in its infancy and more detailed
mechanism exploring is required at cellular and molecular
levels [17]. This study provides direct evidence for the
tumour-suppressing role of PCDH20 in HCC. Our results
suggest that PCDH20 induces FErks and Akt-mediated

activation of GSK-3, which in turn inhibits Wnt/B-catenin
signalling and leads to inhibition of HCC growth and
migration.

PCDH20, also known as PCDH13, is located at 13q21.2
and belongs to the ¢ subgroup of nonclustered protocadherin
gene family [17]. Till now, only one paper has discussed
the function of PCDH20 in carcinogenesis [19]. PCDH20
was frequently silenced by promoter methylation in
NSCLC cancers, suggested that it might function as a can-
didate tumour suppressor [19]. However, the expression
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Fig. 5 Effects of PCDH20 on HCC cell migration. (a) Transwell migration was carried out in 24-well modified Boyden
chambers. Columns, means cells passed the membrane; bars, SD. P < 0.05 vs mock-transfected control at 48 h (Student’s
t-test). (b) The cell motility was determined by wound-healing assay. The wound width at O h, 12 h, 24 h, 36 h and 48 h
was measured, and 0 h was arbitrarily assigned as 1.0. *P < 0.05.

pattern and functions of PCDH20 in the progression of
HCC remain elusive. In this study, we detected PCDH20
mRNA level in 107 paired human HCC tumour tissues
and eight human HCC cancer cell lines. The results
showed that PCDH20 had a higher probability of being
downregulated in HCC tissues (51 of 107 tissues, 48%).
Downregulation of PCDH20 was also observed in 6 of 7
HCC cell lines compared with the normal liver tissues. Our
data clearly demonstrate that expression of PCDH20 is fre-
quently decreased in human HCC. Moreover, further sta-
tistical analysis revealed that reduced expression of
PCDH20 was significantly associated with younger age at
diagnosis of patients with HCC. Whether it implicates an
early onset of carcinogenesis should be an interesting
question.

Increased DNA methylation in the promoter region of
genes is well established as a common epigenetic mecha-
nism for the silencing of tumour-suppressor genes in cancer
cells [29]. Aberrant hypermethylation status (about 54%) of
PCDH20 promoter was reported in primary NSCLC tissues
[19]. In this study, we examined whether transcriptional
silencing of PCDH20 was due to the promoter hypermethy-
lation. We found that two (SNU-387 and SMMC-7721) of
the five PCDH20 downregulated HCC cell lines showed
hypermethylation in PCDH20 promoter. The downregula-
tion of PCDH20 in these two cell lines could be reversed by
5-Aza treatment, indicating that promoter methylation is
one of the mechanisms for PCDH20'’s inactivation in HCC.
In addition, we also found that PCDH20 was downregulated
in four HCC cell lines (SNU-182, Huh-7, SNU-449 and PLC/

PRL/5) without detectable PCDH20 promoter hypermethy-
lation. When we examined the promoter hypermethylation
in 66 primary HCC tissues, only seven tumour specimens
(10.6%) were PCDH20 CpG-enriched region hypermethylat-
ed. As the frequency of the silencing of PCDH20 mRNA
expression in primary HCC tissues and cell lines was higher
than that expected from the methylation and gene loss,
other mechanisms including transcription regulation and/or
post-translational modification may contribute to the down-
regulation of PCDH20 in HCC.

Wnt signalling plays a key role in the embryonic devel-
opment of multicellular animals, and aberrant alterations
of Wnt signalling pathway are the most common events
associated with human carcinogenesis [30]. It has been
reported that some protocadherins such as PCDHGA,
PCDH24 and PCDHGC3 can affect the expression of some
downstream targets of Wnt signalling pathway and growth
properties [23-25]. In this study, we are the first to dem-
onstrate that PCDH20 suppresses the canonical Wnt/f-
catenin signalling in HEK 293T and two HCC cell lines
Huh-7 and SNU-449 via suppressing the kinase activities
of Akt and Erks, consequently unable their abilities to inac-
tive GSK-3P. As expected, the main target of Wnt/f-cate-
nin signalling, c-myc, cyclin D1 and B-catenin was also
downregulated in PCDH20-overexpressed cells. The down-
regulation of cyclin D1 and c-myc induced by PCDH20
provided a possible role of PCDH20 to cause HCC cell G1-
phase arrest and decrease tumourigenicity of HCC cells. It
has been reported that PCDHs could act as a regulator via
interaction with a variety of intracellular binding partners
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[8], and further studies should be conducted to determine
which intracellular molecule(s) mediating the inactivation
of Akt and Erks activities induced by PCDH20.

In consistent with above-suggested mechanisms, re-
expression of this gene in HCC cell lines in vitro and in vivo
further confirmed the tumour-suppressive function of
PCDH20 in HCC. We demonstrated that restoration of
PCDH20 expression could decrease cell proliferation, clono-
genicity in soft agar and tumour growth in nude mice. In
addition, flow cytometry analysis showed a PCDH re-
expression inducing G1 arrest in HCC cancer cell. All these
observations strongly suggest that PCDH20 acts as a can-
didate tumour-suppressor gene in HCC. The same observa-
tions that ectopic expression of PCDH20 inhibited colony
formation are also identified in NSCLC cells by anchorage-
independent assays [19]. In addition, we observed that re-
expression of PCDH20 induced inhibition of cell migration
and invasion. Different from classic cadherins, it is known
that PCDHs are not just function as a regulator of cell—cell
adhesive proteins and their heterophilic interactions with
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