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Silencing of the HCCR2 Gene Induces Apoptosis
and Suppresses the Aggressive Phenotype
of Hepatocellular Carcinoma Cells in Culture
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Abstract
Background The human cervical cancer oncogene HCCR-2 is overexpressed in various malignant tumors and cell lines, and
might function as a negative regulator of the p53 tumor suppressor. Here, we used RNA interference strategies to evaluate
the role of HCCR-2 in liver cancer, and to explore its potential therapeutic effect.
Methods Changes of HepG2 cells stably transfected by an HCCR-2 RNA interference vector were detected by real-time
PCR, MTT staining, plate colony formation, flow cytometry, and cell migration experiments. Apoptosis-related protein Bcl-2
and Bax levels were measured by Western blot.
Results Our results showed that of the three siRNA-expressing vectors, siRNA-H3 had a suppressive effect on the expression
of HCCR-2 mRNA, interfering with proliferation and migration of HCCR-2. Moreover, the apoptotic rate also increased, and
cells transfected by siRNA-H3 were blocked in the G0/G1 stage. Plate colony formation experiments demonstrated that the
single cell clone formation capacity of HepG2-H3 cells was clearly lower than that of HepG2 and HepG2-N cells. Western blot
results indicated that the expression of Bcl-2 was inhibited, and the expression of Bax was increased.
Conclusions In summary, RNAi targeting HCCR-2 could be an effective means for suppressing malignant features of
hepatocellular carcinoma cells.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
neoplasm worldwide, with over half a million new cases
per year,1 and the third most common cancer killer.2,3 Asia
has a disproportionately large share of the world's HCC,
mainly because of the endemicity of hepatitis B and C

viruses, infections which can lead to liver cirrhosis and an
increased risk of HCC.4 Although surgery (partial hepatec-
tomy or total hepatectomy with orthotopic liver transplan-
tation) can be curative for localized small liver tumors,
therapeutic options for patients with advanced or metastatic
HCC are limited, and survival in surgically incurable HCC
patients has not increased significantly over the past
30 years.5 Many chemotherapeutic agents have been tested
in HCC, with reported response rates ranging between 10%
and 15%, but no survival advantage has been demonstrated.
Most of the patients with advanced cancer have poor
prognoses due to high rates of recurrence and metastasis.
Invasion and metastasis are fundamental properties of HCC
cells. Therefore, to improve the overall long-term survival
of patients with HCC, more active treatment of recurrence
and metastases is necessary.

Adhesion to an appropriate extracellular matrix is
important for normal cells to survive, and detachment from
such supportive matrices usually triggers a specific type of

Jun Guo and Liuqin Yang contributed equally to this work.

J. Guo : L. Yang :Y. Zhang : J. Wang : S. Wan : S. Xia : S. Yang :
R. Wang :D. Fang (*)
Department of Gastroenterology, Southwest Hospital,
The Third Military Medical University,
Chongqing 400038, China
e-mail: fangdianchun@hotmail.com

J Gastrointest Surg (2011) 15:1807–1813
DOI 10.1007/s11605-011-1633-4



apoptosis termed anoikis.6 Loss of sensitivity to anoikis has
been shown to directly contribute to the ability of tumor
cells to metastasize.7,8 In animal models, tumors that are
resistant to anoikis show a higher incidence of metastases
and increased cell survival in the blood circulation.9 Suppres-
sion of anoikis, therefore, is likely to be a prerequisite for
tumor cells to successfully metastasize to distant sites.10 A
recent study indicated that anoikis-resistant hepatoma cells
acquired increased invasiveness, evading therapeutic agents
and escaping from immune surveillance after anchorage
removal. Acquisition of anoikis resistance may act as a
selective pressure to develop more metastatic potential in the
development of hepatomas.11 Therefore, restoring anoikis
sensitivity could help limiting the uncontrolled spread of
metastatic tumors.

The human cervical cancer oncogene (HCCR) is overex-
pressed in many human tumors, including liver cancers.12,13

The HCCR gene is classified into two species, HCCR-1 and
HCCR-2, according to their molecular characteristics.
HCCR-2 lacks exon 1 of HCCR-1, and is identical in
sequence from nucleotides 129 to 2,118.14 Previous work
suggests that cells expressing HCCR-1 or HCCR-2 were
tumorigenic in nude mice. Their functional roles in
tumorigenesis may be as negative regulators of the p53
tumor suppressor gene.15,16 The HCCR is elevated according
to disease progression from liver cirrhosis to carcinoma,
which is more frequently positive in patients with early,
small hepatocellular carcinoma.17 HCCR2-transgenic mice
have been shown to develop breast cancers and metastasis.14

The crucial role of HCCR-2 in the anoikis resistance of HCC
cells is still unclear. We hypothesize that HCCR-2 could also
be involved in anoikis-resistant HCC cell metastasis. To
investigate that possibility, we studied the effects of HCCR-
siRNA on anoikis-resistant HCC cells.

Methods

Construction and Transfection of a siRNA
Expression Vector

We selected interference sequences targeting HCCR-2 using
an online design tool according to the principle of RNAi
design to generate three different HCCR-2 siRNAs: siRNA-
H1, an interference sequence targeting the HCCR-2 mRNA
coding sequence from 475 to 493 bp; siRNA-H2, an
interference sequence targeting the HCCR-2 mRNA coding
sequence from 611 to 629 bp; and siRNA-H3, an
interference sequence targeting the HCCR-2 mRNA coding
sequence from 854 to 872 bp. The oligonucleotides 5′-
GATCCGACAGATCTGTGCACCAAGATCAAGACG
TCTTGGTGCACAGATCTGTTTTTTTA-3′ and 3′-
GCTGTCTAGACACGTGGTTCTAGTTCTGCAGAA

CCACGTGTCTAGACAAAAAAATTCGA -5′ were used
to generate siRNA-H1 oligonucleotides. 5′-GATCCGT
AAGATGTGAGAAGCATGGTCAAGACGCCAT
GCTTCTCACATCTTATTTTTTA-3′ and 3′-GCATTCTA
CACTCTTCGTACCAG TTCTGCGGTACGA AGAGTGT
AGAATAAAAAAT TCGA-5′ used to generate siRNA-H2
oligonucleotides. 5′-GATCCGTTGTGCAGCAAGAGAGA
CATCAAGA CGTGTCTCTCTTGCTGCACAATTT
TTTA-3′ and 3′-GCAACACGTCGTTC TC TCTGTAG
TTCTGCACAGAGAGAACGACGTGTTAAAAAATT
CGA-5′ used to generate siRNA-H3 oligonucleotides. A
scrambled sequence was used as the control siRNA
ACTACCGTTGTATAGGTGT. Each oligonucleotide pair
(100 pmol) was annealed by incubation at 95°C for 5 min
and cooled slowly, and was ligated separately into the
pGenesil-1 vector (Genesil Biotechnology Co., Ltd. Wuhan,
China) which had been digested with BamHI and HindIII.
As a result, four vectors, siRNA-H1, siRNA-H2, siRNA-
H3, and a negative control vector, were successfully
generated and verified by sequencing. These vectors were
transfected into the cell line HepG2 (ATCC, Rockville, MD,
USA) using Lipofectamine 2000 (Invitrogen) according to
the manufacturer's protocol.

Real-time PCR

Total RNA was extracted from cell lines with Tripure
(Invitrogen) according to the manufacturer's instructions.
Following DNase I treatment using a DNA-free kit
(Ambion), cDNA was generated from total RNA using the
Perfect Real Time RT-PCR Kit (Takara, Tokyo, Japan).
Real-time quantitative PCR experiments were done using
the SYBR Green PCR Core kit (Applied Biosystems)
according to the vendor's instructions, using an ABI
7900HT (Applied Biosystems) real-time PCR instrument.
The following primer pairs were used to amplify HCCR-2
and actin: HCCR-2 forward, 5′-GGGAGATGGAG
CATTTGAG-3′ and reverse, 5′-GCTTCCGGAAAG
CATGATAG-3′; actin forward, 5′-GTTGCGTTACACCC
TTTCTTGACA3′ and reverse, 5′-GCACGAAG GCTCAT
CATTCAAAA3′. Transcript expression levels were normal-
ized using actin levels as an endogenous control. Cycle
conditions were 95°C for 5 min followed by 40 cycles of 95°C
for 30 s, 58°C for 30 s, and extension for 45 s at 72°C.

Proliferation Assay

MTT experiments were performed according to the manu-
facturer's protocol. Parental HepG2 cells, negative control
cells, and HCCR-2 siRNA cells were seeded at densities of
1×104 cells per well in 96-well plates. Three wells of each
group of cells were picked out and added to 20 μL MTT
(5 mg/mL) every 24 h. DMSO 200 μl was then added to
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each well to dissolve the crystals after incubation for 4 h.
Incubation went on at 37°C for 10 min. Absorbance was
measured at 490 nm using a plate reader.

Soft Agar Colony Formation Assay

Tumor cells (2.0×102) were grown in triplicate on 10-cm2

dishes in a suspension of 0.6% low melting point agarose
(Life Technologies) and DMEM supplemented with 10%
FCS. After 2 weeks, the plates were photographed under a
phase-contrast microscope and assayed for colony number
and size. Clones containing at least 50 cells were counted.

Migration and Invasion Assays

Confluent cells grown in 10-cm2 dishes were wounded
using a sterile pipette tip and grown in DMEM with 5%
FCS. Eight hours after the wound was made, images of the
cells capable of migrating across the scratch were taken
with a Nikon Eclipse TE2000-U using Metaview™
software (Universal Imaging Corporation). Cell invasion
assays were performed in Boyden chambers with 8-μm
pore filter inserts for 24-well plates (BD Bioscience). After
12 h of incubation at 37°C, cells on the underside of the
filter were fixed and stained with Giemsa and examined by
light microscopy (×200 magnification). Three microscopic
fields were counted for each well.

Suspension Culture and Anoikis Assay

Cells were prevented from adhering to the plastic dishes by
culturing the cells in dishes coated with PolyHEMA
(Sigma, St Louis, MO, USA) as described previously.18

Briefly, culture of transient- or stable-transfected cells was
trypsinized and plated onto 6-well polyHEMA plates (made
by applying 1.5 ml of 10 mg/ml solution of polyhydrox-
yethylmethacrylate in ethanol onto the plate, and drying in
a tissue culture hood). After 24 h of growth in suspension,
cells were harvested for apoptosis measurements using an
annexin V–FITC detection kit (Sigma) as described.19

Western Blot Analysis

Proteins were prepared by homogenization of cells in lysis
buffer (10 mmol/L Tris–HCl, pH 8.0; 140 mmol/L NaCl;
5 mmol/L EDTA; 0.25 g/L NaN3; 10 g/L Triton X-100;
10 g/L deoxycholate; 1 g/L SDS; 0.5 mmol/L PMSF; 1 g/L
leupeptin; and 1 g/L protinin). Protein concentration was
determined by the Coomassie brilliant blue method.
Proteins were separated by SDS–PAGE, transferred to
PVDF membranes (Millipore, Temecula, CA, USA),
blocked with milk/BSA, then probed with the specific
mouse antibodies against caspase-8 (Cell Signaling,

USA), Bcl-2, Bax, p53, caspase-9, cleaved caspase-3,
and β-actin (Santa Cruz, USA) at 1:500 dilution. After
washing, the blots were incubated with secondary
horseradish peroxidase-conjugated goat anti-mouse, goat
anti-rat, and goat anti-rabbit antibodies; visualized using an
enhanced chemiluminescence reagent (Pierce Biotechnology,
Rockford, IL, USA); and subsequently exposed to autora-
diographic film.

Statistical Analysis

Data are presented as the mean±SD for the indicated
number of experiments and evaluated by a t test. P values
below 0.05 were regarded as statistically significant. All
data were analyzed with SPSS 10.0 software.

Results

siRNA Inhibits the mRNA Expression of HCCR-2
in HepG2 Cells

The three siRNAs targeting the open reading frame of
HCCR-2 mRNA were tested to inhibit the expression of
HCCR-2 mRNA in HepG2 cells. Real-time quantitative
PCR and the relative standard curve method were used to
analyze the amounts of HCCR-2 mRNA isolated from
parental cells, the negative control cells, and siRNA-H1,
siRNA-H2, and siRNA-H3 cells. The generated linear
regression equations describing the relative standard curves
were y=−0.31x+9.26 (R2=0.989) for HCCR-2 mRNA and
y=−0.29x+7.53 (R2=0.999) for β-actin mRNA. After
normalization with these equations, the calculated values
of HCCR-2 mRNA relative copies are shown in Fig. 1.
These results suggested that siRNA-H1 and siRNA-H3

Fig. 1 siRNA effects on the expression of HCCR-2 in HepG2 cells.
Relative copies HCCR-2 RNA in HepG2, negative control, siRNA-
H1, siRNA-H2, and siRNA-H3 cells as determined by real-time PCR
(*P<0.01, siRNA-H1 and siRNA-H3 versus HepG2 or HepG2/N)
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can attenuate HCCR-2 activity at the mRNA level in
HepG2 cells. siRNA-H3 was found to be the most
effective. Therefore, we selected siRNA-H3 for subse-
quent experiments.

RNAi of HCCR-2 Inhibits the Proliferation and Colony
Formation Capacity of HepG2 Cells

Cell colony formation capacity of HepG2-si cells was
clearly lower (29.6±3.21) than that of parental HepG2
(129.3±13.57) and negative control cells (120.3±9.86)
(Fig. 2a). To investigate the impact of siRNA on the
proliferation of HepG2 cells, we performed MTT assays. As
illustrated in Fig. 2b, negative control cells had similar
growth rates compared with parental HepG2 cells, and both
were clearly higher than HepG2 siRNA (HepG2-si) cells.
These results demonstrated that HCCR-2 RNAi suppressed
HepG2 cell proliferation in cell culture.

HCCR-2 RNAi Inhibits Cell Migration and Invasion
of HepG2 Cells

Cell migration and matrigel invasion assays showed that
HepG2-si cells migrated much more slowly than negative
control cells and parental cells (Fig. 3a), suggesting that
HCCR-2–siRNA can inhibit cell migration of HepG2 cells
culture. The invasive potential of the HepG2-si cells,
assessed by measuring the ability of cells to transverse a

reconstituted basement membrane of matrigel, was signif-
icantly decreased (55.33±3.05), compared with that of the
parental (86±4.58) and control cells (81.33±7.37, P<0.05)
(Fig. 3b).

HCCR-2 RNAi Promote the Anoikis in HepG2 Cells

To confirm the effect of HCCR-2 RNAi on anoikis sensitivity
and apoptosis frequency of HepG2-si cells, control and
parental cells cultured in poly-HEMA-treated wells for 24,
48, and 72 h were quantified (Fig. 4a). Apoptosis frequency
of HepG2-si cells was significantly lower (21.72%±2.23%)
than in those for the control (1.56±1.22) and parental cells
(2.10%±1.58%, P<0.05).

HCCR-2 RNAi Upregulates the Expression
of Procaspase-8, Procaspase-9, and Bcl-2,
and Downregulates the Expression of Bax
in Resistant HCC Cells

To investigate the mechanism by which HCCR-2 RNAi
promote anoikis, we checked the mitochondrial pathway.
As shown in Fig. 4b, HCCR-2 siRNA clearly increased the
expression of procaspase-8, procaspase-9, and Bcl-2 (P<
0.05) and decreased the expression of Bax in HepG2 cells
(P<0.05). However, expression of procaspase-3 and p53 in
HCCR-2 siRNA cells was not notably different compared
with parental and negative control cells (P>0.05) (Fig. 4b).

Fig. 2 RNAi of HCCR-2
effects on the proliferation and
colony formation capacity of
HepG2 cells. a The ability
of cells to form colonies.
RNAi-mediated inhibition of
HCCR-2 effects on colony
formation in soft agar. b Growth
curves of HepG2, negative
control, and HepG2-si
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Discussion

The effect of downregulation of HCCR-2 on the invasion of
HCC is still unclear. Our results indicate that silencing of
the HCCR2 gene induces anoikis-like apoptosis and
suppresses the proliferation and invasion of HCC cells in
culture. Western blot results indicated that the expression of
Bcl-2 was inhibited, and the expression of Bax was
increased. Our results, along with others, suggest that
RNAi targeting HCCR-2 could be an effective means for
suppressing proliferation and invasion of HepG2 cells.

To successfully metastasize, cancer cells must acquire
the ability to resist anoikis and survive after detachment

from their matrix contacts.20 Anoikis, apoptotic cell death
due to loss of cell adhesion, is critical for regulation of
tissue homeostasis in tissue remodeling, development,
fibrosis, and tumor metastasis.21 Resistance to anoikis is
likely involved in the process of metastasis, specifically
during the tumor cell migration through lymph or vascular
channels. Here, we showed that decreased HCCR-2 was
associated with an increase of anoikis in HCC cells. We
postulate that HCCR-2 overexpression may help malignant
cells survive in an anchorage-independent manner, leading
to a poor prognosis of HCC patients, while silencing of
HCCR2 gene induces anoikis-like apoptosis, leading to a
good prognosis of HCC patients.

Fig. 3 HCCR-2 RNAi effects on cell migration and invasion of
HepG2 cells. a Representative photos of haptotactic migration assay
with HCCR-2-siRNA, control, and parental HepG2 cells. b Matrigel

chemoinvasion assay. The number of HCCR-2–siRNA cells that
transversed the transwell membranes in matrigel chemoinvasion assays
(P<0.05). (×200)
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The molecular mechanisms involved in anoikis induced
by HCCR-2 siRNA are not well understood. Most cells
undergo apoptosis through the intrinsic, or mitochondrial
pathway.22,23 This is dependent on mitochondrial outer
membrane permeabilization, which is mediated by the pro-
apoptotic Bcl-2 family proteins, Bax and Bak. During
apoptosis, Bax translocates from the cytosol to the outer
mitochondrial membrane, wherein it contributes to the

formation of pores to release cytochrome-C and a second
mitochondrial activator of caspases, which activate the
caspases to drive cell death.24–26 It was found that HCCR
encodes a mitochondrial outer membrane protein and
suppresses the UVC-induced apoptosis.27 To identify the
molecular mechanism that underlies the enhanced anoikis
in HCCR-2 siRNA-treated HCC cells, we tested the effects
of HCCR-2 siRNA on Bax and Bcl-2 expression. Results
from the Western blot analysis showed that the levels of
Bax was increased, while Bcl-2 was decreased in HCCR-2
siRNA HCC cells, compared with parental and negative
control cells, indicating that Bax and Bcl-2 is involved in
the regulation of anoikis induced by HCCR-2 siRNA in
HCC cells. Caspase, as the executioner of apoptosis, plays
an important role in the process of apoptosis. There are two
pathways in the caspase cascade:28,29 the cell-surface-
death-receptor pathway and the mitochondrion-initiated
pathway. In the death-receptor pathway, activation of
caspase-8 following its recruitment to the death-inducing
signaling complex is the critical event. In the mitochondrion-
initiated pathway, caspase-9 is activated. They cleave and
activate downstream caspases and executioner caspases such
as caspase-3. Therefore, caspase-3, caspase-8, and caspase-9
are the three key caspases in the process of apoptosis.
Accordingly, our results showed that the cleavage of
proenzymes into the active fragments of caspase-8 and
caspase-9 and caspase-3 was only found in HCCR-2 siRNA
cells, but not in parental and negative control cells, thus
enhancing procaspase-8, procaspase-9, and procaspase-3
expression. These results indicate the importance of an
intrinsic mitochondria pathway in HCCR-2 RNAi mediated
anoikis.

As a major apoptosis regulator, p53 also plays a critical
role in anoikis and metastasis. p53-dependent anoikis has
been demonstrated in many cell types.30,31 Inactivation of
p53 promotes metastasis in a number of mouse tumor
models. HCCR-2 is overexpressed in HCC, and its
functional role in tumorigenesis may reside as a negative
regulator of the p53 tumor suppressor gene.12 However, in
this study, we did not find that HCCR-2 siRNA altered p53
protein level in HCC cells. These contradictory roles of p53
in modulating apoptosis could be explained by the fact that
cells derived from various tissues might have different
genetic backgrounds. In addition, various cell lines derived
from the same type of tumors could have different signaling
networks, which may result in a different response.

Taken together, it is strongly suggested that HCCR-2 is a
crucial regulatory molecule of anoikis resistance in HCC
cells. HCCR-2 siRNA induces anoikis-like apoptosis and
suppresses the aggressive phenotype of HCC cells in cell
culture through the intrinsic or mitochondrial pathway. A
better understanding of the mechanism that regulates anoikis
sensitivity may help identify targets for HCC therapy.

Fig. 4 HCCR-2 RNAi effects on anoikis and regulation of the
expression of associated proteins in resistant HCC cells. a HCCR-2
RNAi effects on the anoikis of HCC cells. The percentages of dead
cells were calculated and compared. Error bars indicate means±SD of
three independent experiments with duplicate plates. b HCCR-2 RNAi
regulation of the expression of procaspase-8, procaspase-9, and Bcl-2,
and Bax in resistant HCC cells. A densitometric analysis of levels of
associated proteins (relative to β-actin levels expressed as mean±SD
of three experiments) was used to show the difference among groups
(*P<0.05, versus HepG2 or HepG2/N)
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