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Abstract Expression of MACC1 (metastasis-associated
in colon cancer-1) protein is associated with metastasis of
various human cancers. This study analyzed MACCI
protein expression in hepatocellular carcinoma (HCC) tis-
sue specimens and then investigated the effects of MACCl1
knockdown on HCC cell migration and invasion, and gene
expression levels. Sixty pairs of HCC and adjacent normal
liver tissues from HCC patients were analyzed for MACC1
expression immunohistochemically. The HCC cell lines
Hep3B, Huh7, MHCC97H, SMMC-7721, Bel-7402, and
HepG2 and the normal liver cell line LO2 were used to
assess expressions of MACCI mRNA and MACCI] protein
using qRT-PCR and western blot, respectively. MACCI
short hairpin RNA (shRNA) was used to knockdown
MACKCI protein expression in Huh7 cells. Changes in the
tumor phenotype of these cells were analyzed with wound
healing assay and invasion assays, and differences in gene
expression were evaluated via western blot. Immunofluo-
rescence was used to locate MACCI protein in the above
cell lines. MACC1 was highly expressed in HCC tissues
and the nuclear expression of MACCI1 protein was asso-
ciated with poor tumor differentiation and intrahepatic
metastasis or portal invasion. Moreover, MACCI mRNA
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and MACCI protein was also expressed in HCC cell lines.
Immunostaining showed that MACCI protein was local-
ized in both nuclei and cytoplasm of HCC cell lines and the
nuclear localization of MACCI1 protein was associated
with increased aggressiveness of HCC in cell lines.
Knockdown of MACCI expression using MACCI-shRNA
reduced Huh7 cell migration and invasion abilities, which
was associated with downregulation of MMP2, MMP9, and
c-Met proteins in Huh7 cells. Localization of MACCI1
protein to the nucleus may predict HCC progression.
Knockdown of MACCI expression using MACCI shRNA
warrants further evaluation as a novel therapeutic strategy
for control of HCC.
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Abbreviations

c-Met Hepatocyte growth factor receptor
HCC Hepatocellular carcinoma

MACC1 Metastasis-associated colon cancer 1
MMP2/9 Matrix metalloproteinase 2/9
Introduction

Hepatocellular carcinoma (HCC) is the most common type
of liver cancer, accounting for ~ 750,000 new cases and
more than 670,000 cancer-related deaths annually in the
world. Approximately, half of new cases and deaths due to
HCC occur in China [1]. HCC is usually diagnosed at
advanced clinical stages, and advanced stage, tumor
recurrence, and metastasis contribute to poor survival of
the patients.
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Tumor metastasis is a complex multistep process in
which tumor cells leave the original site, migrate into the
lymphatic system or bloodstream, and then form secondary
tumors in other parts of the body. Tumor metastasis is very
common in the late stages of cancer and is responsible for
the majority of cancer deaths. Molecularly, a number of
genes participate in the process of tumor metastasis,
including the gene metastasis-associated in colon cancer-1
(MACCI). The gene’s protein product MACCI was first
identified through analysis of normal colon mucosae and
primary and secondary colorectal cancer tissues, using
differential-display reverse transcription PCR [2, 3]. A
subsequent study found that MACCI1 protein in vitro pro-
moted colon cancer cell migration and invasion, and
hepatocyte growth factor (HGF)-induced tumor cell scat-
tering. In xenograft models, MACCI induced tumor
growth, and liver and lung metastases [3—5]. Furthermore,
MACKCI levels were significantly higher in primary and
metastatic tumor tissues compared with normal colon and
liver tissues; it appears that the induction of MACCI
occurs at the crucial step of transition from a benign to a
malignant phenotype and can be allocated to the adenoma-
carcinoma sequence for colon cancer [6]. When restricted
to cell nuclei, MACC1 protein was associated with
development of distant tumor metastases, whereas cyto-
plasmic expression was almost exclusively found in non-
metastasizing tumors [3, 6].

An analysis of tumor tissues specifically from HCC
patients showed that MACCI1 expression was significantly
associated with HCC tumor cell vascular invasion and
a-fetoprotein levels (a biomarker of HCC and its metas-
tases) [7]. Another study also found that MACCI levels
were associated with high o-fetoprotein levels, overall
survival, and disease-free survival of HCC patients [8].
According to these results, MACCI is involved in HCC
progression and metastasis.

Structural analysis of MACCI has linked this protein
that regulates cell apoptosis and HGF receptor (c-Met) [9].
As a proto-oncogene, c-Met is mainly expressed on the
membrane of epithelia-originated tumor cells, and while
essential for embryonic development and wound healing,
the tyrosine kinase c-Met is also the only known membrane
receptor of HGF (also referred to as HGF/scatter factor
[HGF/SF]) [10-12]. As such, the c-Met receptor may be
either anti- or pro-apoptotic depending on cell type and in
response to diverse stress conditions. When activated by its
ligand, it can induce cell survival [9]. C-Met and HGF play
a role in development of various cancers.

MACCI protein can bind to the promoter of the c-Met
gene to regulate its expression [13, 14]. Since dysregula-
tion of c-Met expression and activity frequently occur in
HCC [15-18], we hypothesized that further study of
MACCI in HCC may yield a prognostic marker of HCC

@ Springer

progression and metastasis. In this study, we therefore
analyzed MACCI expression and the protein’s cellular
localization in HCC cell lines. We then knocked down
production of MACCI protein in an HCC cell line using
MACC] short hairpin RNA (shRNA) to investigate chan-
ges in tumor cell phenotype and gene expression levels.

Results

Differential expression of MACC1 mRNA and protein
in normal and HCC tissues and cells

In this study, we performed RT-PCR and qRT-PCR anal-
ysis in six HCC cell lines (HepG2, Hep3B, SMMC-7721,
Bel-7402, Huh7, and MHCC97H), each of which have
different biological characteristics, and found that all six
HCC cell lines expressed significantly higher levels of
MACCI and c-Met mRNA than the normal liver LO2 cell
line (P < 0.05). Among these HCC cell lines, MHCC97H
and Huh7 expressed the highest levels of MACCI and c-
Met mRNA, and western blot results confirmed the RT-
PCR data (Fig. 1).

We also analyzed MACCI1 expression in 60 cases of
paired HCC and distant normal liver tissue specimens and
found that many more of the HCC tissues were positive for
MACCI than the matched normal liver tissues. Fifty-six
cases (93.3 %) of HCC expressed MACCI protein, while
only 11 (18.3 %) of the normal tissues did so (Fig. 2a, b).

Cellular localization of MACCI protein in HCC cells

We performed immunohistochemistry to detect the locali-
zation of MACCI protein in cells of HCC tissues and
paired normal liver tissues. The results showed positive
staining of MACCI protein in the nuclei of HCC cells,
which was associated with Edmondson III-IV classifica-
tion and intrahepatic metastasis or portal invasion in
HCC patients. By contrast, in HCC patients classified as
Edmondson I-II and no intrahepatic metastasis or portal
invasion, MACCI1 protein was localized in both the cytosol
and nuclei of HCC cells. Corresponding distant normal
liver tissues only expressed very low levels of MACCI1
protein, in both nuclei and cytosol (Fig. 2a, c).

We then visualized the cellular location of MACC1 and
c-Met proteins in these 6 HCC cell lines using single-
labeled and double-labeled immunofluorescence. Consis-
tent with the immunohistochemical data from the HCC
tissues, the single cell-labeling revealed that positive
staining for MACC1 protein was equally intense in both
the nuclei and cytosol of cells of all the tested HCC cell
lines except Huh7, where staining for MACC1 was strong
in the nuclei but weak in the cytosol (Fig. 3). In contrast,
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the expression of MACCI protein was very weak in both
the nuclei and cytosol of normal liver LO2 cells (Fig. 3).

Using double-labeled immunofluorescence, we visual-
ized the expressions of both MACCI1 and c-Met simulta-
neously in Huh7 cells. MACCI-positive staining was
localized to the nuclei, while c-Met-positive staining was
found mostly in the cytosol of these cells (Fig. 4).

Knockdown of MACCI expression suppressed HCC
cell migration and invasion

We investigated whether knockdown of MACCI expres-
sion could inhibit HCC cell migration and invasion, via
tumor cell migration and Matrigel invasion assays of Huh7
cells transfected with an MACCI shRNA vector. Tests
confirmed that the transfection of these cells successfully
silenced expression of MACC1 (Fig. 5).

We then performed a wound healing assay and found
that the migratory potential of MACCI1-silenced Huh7 cells

c-Met protein level

liver cell lines

was significantly decreased compared with the control
Huh7 cells transfected with either the empty plasmid or
control shRNA (Fig. 6).

The Matrigel invasion assay showed that Huh7 cells
transfected with MACCI-shRNA, the control shRNA, and
the empty plasmid each differed in their invasion capa-
bilities 24 h after transfection. In Huh7 cells that had been
transfected with the MACCI shRNA vector, 40 & 2.6
cells/field crossed the Matrigel basement membrane,
whereas of those cells transfected with the empty plasmid
or control shRNA, 93.7 &+ 4.5 and 83.3 & 3.2 cells/field,
respectively, had successfully invaded (P < 0.01, both;
Fig. 7).

Effects of MACCI1 silencing on MMP2 and MMP9
protein expression

Since MMP2 and MMP9 are members of the matrix
metalloproteinase (MMP) family, which have important

@ Springer



24

Mol Cell Biochem (2013) 376:21-32

negative control
a _ ; _

Edmondson [ -1 liver cancer

o
.

Edmondson IlI-IV liver cancer

so_
. [ negative
Hl positive
40 4
(7]
Q
w
o
[+]
20 - I l
o L] Ll
N
&‘o Q
0‘9 ¢° S
Qé& o“‘b oc'b

Fig. 2 Localization of MACCI1 proteins in HCC tissue samples.
a [HC staining of MACC1 in hepatocarcinoma tissue (100x for upper
line and 400x for lower line). The brown color indicates positive
staining for MACC1. b Expression of MACCI in 60 pairs of HCC by

roles in tumor cell migration and invasion [19-23], we
assessed whether MACC1 knockdown in Huh7 cells had an
effect on the protein expressions of MMP2 and MMP9.

We performed a western blot for MMP2 and MMP9
levels in MACCI shRNA-, control shRNA-, and empty
plasmid-transfected Huh7 cells and found that silence of
MACKCI significantly reduced the expressions of MMP2
and MMP9 (P < 0.01; Fig. 8).

Discussion

In this study, we evaluated the in vitro expression levels
and cellular locations of MACCI and c-Met in 6 HCC cell
lines and compared them with that of a normal liver cell
line. Consistent with the high expression and nuclei loca-
tion of MACCI1 in HCC tissue, we found that levels of
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positive HCC tissues by Edmondson classification, and normal
(negative control) liver tissues (*P < 0.05)

MACCI and c-Met mRNA, and that of their respective
protein products, were higher in the HCC cells than in the
normal liver cells. MACC1 was expressed in both the
cytosol and nuclei in these six HCC cell lines, but Huh7
cells expressed MACCI1 protein predominantly in the
nuclei. After silencing the MACCI1 protein expression in
Huh7 cells, it was found that tumor cell migration and
invasion were also reduced significantly, as well as the
levels of MMP2 and MMP9. These data suggest that the
expression and cellular location of MACC1 may be useful
in predicting HCC progression and metastasis. Further
study should determine the underlying mechanism by
which MACCI1 affects MMP2 and MMP9 expression in
HCC cells.

Although many efforts have been devoted to better
understanding the molecular pathogenesis and mechanisms
of HCC metastasis, this and the high rates for recurrence
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Fig. 3 The location of MACC1 DAPI
proteins within cells of the six
hepatoma cell lines determined
by single-labeled
immunofluorescence assay. Red
color MACCl-positive, blue
color the nuclear staining

SMMC-7721

Bel-7402

MHCC97-H

mean a poor prognosis for HCC patients. This study found
higher levels of MACCI mRNA and MACCI protein in the
six tested HCC cell lines, and MACCI1 protein was highly
expressed in HCC tissue samples. Previous studies have
shown that MACCI1 and c-Met levels were correlated, and

MACC1 DAPI+MACC1

c-Met is involved in multiple cellular responses including
stimulation of cell morphogenesis, promotion of tumor cell
migration and invasion, wound healing, and tumor sur-
vival, but suppresses apoptosis and the breakdown of the
extracellular matrix [15—-18]. Qu et al. [24] also showed
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Fig. 4 The location of MACC1
(green) and c-Met (red) proteins
in HCC Huh7 cells stained via
double-labeled
immunofluorescence

DAPI

C-Met

MACC1

DAPI+MACC1+c-Met

recently that intratumoral MACCI1 expression was closely
associated with tumor progression in HBV-induced HCC.
Thus, we speculate that MACCI1 protein may also affect
HCC progression.

In this study, we also detected the cellular localization of
MACCI protein in HCC and normal cell lines, and in HCC
tissues. Similar to colorectal cancer [3], we found that in
HCC patients classified as Edmondson I-II but without
intrahepatic metastasis or portal invasion, MACCI protein
was expressed in both the nuclei and cytoplasm of HCC
cells. However, in patients at Edmondson III-IV and with
intrahepatic metastasis or portal invasion, MACCI protein
was concentrated in the nuclei of these more severely
afflicted liver cancer tissues. It was very interesting that the
well-differentiated but invasive Huh7 cells expressed the
highest levels of nuclear MACCI1 protein. This may be
because nuclear localization of MACCI protein is associ-
ated with certain characteristics of HCC cells, both known
(such as the degree of differentiation and invasion ability)
and as yet unclear (including susceptibility to hepatitis
virus infection [25]). It seems to us that the higher con-
centration of MACCI1 protein in the nuclei signifies a
promotion of HCC progression. In this study, we also
found that the normal liver LO2 cells expressed low levels
of MACCI1 protein, which is not consistent with a previous
study [8]. This may be because our LO2 cells were an
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immortalized cell line that may have altered in gene
expression during immortalization, or over the course of
many passages in vitro the gene profile might have changed
compared to the normal primary cells. It is true that culture
of LO2 cells at different passages showed some slight

discrepancies
observation).

This study also showed that knockdown of MACCI
protein expression in vitro was associated with changes in
tumor cell migration and invasion properties. This is con-
sistent with data reported for colorectal and gastric carci-
nomas, lung adenocarcinoma, and other tumors [26-28], in
which MACC1 was implicated in the regulation of tumor
cell migration and invasion. Mechanistically, it is well
known that degradation of the extracellular matrix sur-
rounding tumors is the most common feature of tumor cell
invasion into surrounding tissues and early metastasis, and
members of the MMP family secreted by invading tumor
cells can degrade all essential components of the extra-
cellular matrix. Thus, expression levels of these MMPs
effectively reflect the aggressiveness of tumor cells and are
associated with poor prognosis in various cancers. Such
MMPs include MMP2 and MMP9, which are pivotal in
degrading the basement membrane and have been proven
to facilitate tumor invasion and metastasis in many types of
cancer cells [19, 29, 30]. It has also been shown that the

in gene expressions (our preliminary
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Fig. 5 Knockdown of MACCI1 protein expression in HCC Huh7
cells. a Transfection efficiency of three groups (empty plasmid,
control shRNA, and MACC1 shRNA) of Huh7 cells. The optical

invasive and metastatic capabilities of HCC were
restrained by suppression of MMP2 and MMP9 [31-33].
Indeed, in this study, we found that inhibition of MMP2
and MMP9 expression was associated with the suppression
of HCC cell migration and invasion in vitro after knock-
down of MACCI1. However, it is unknown how MACCI1
regulates MMP2 and MMP9 expression in Huh7 cells.
Future study will investigate this underlying mechanism.

Materials and methods

Cell lines and culture

The human liver cancer cell lines Hep3B and Huh7 were
obtained from Shanghai Institute of Cell Biology at the

Chinese Academy of Sciences (Shanghai, China), while
MHCC97H was a kind gift from Professor Dou Ke-feng of

MACC1

B -actin

micrographs are in the upper line and the fluorescence micrographs
are in the lower line. b Western blot of MACC1 expression

the Fourth Military Medical University (Xi’an, China).
These three cell lines were cultured in Dulbecco’s modified
Eagle’s medium (Invitrogen, Carlsbad, CA, USA). The
human hepatoma cell lines SMMC-7721, Bel-7402, and
HepG2 and the normal liver cell line LO2 were obtained
from the American Type Culture Collection and cultured in
RPMI-1640 medium (Invitrogen). All media were supple-
mented with 10 % fetal bovine serum, 50 U/ml ampicillin,
and 50 pg/ml streptomycin. Cells were incubated in a
37 °C incubator with 5 % CO, and 95 % air.

RNA isolation, RT-PCR, and quantitative RT-PCR

Total cellular RNA was isolated from the cultured cells
using a Fastgen200 RNA isolation System (Fastgen,
Shanghai, China) in accordance with the manufacturer’s
protocol. RNA samples were then reverse transcribed into
cDNA with a RevertAid Premium First Strand cDNA
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Fig. 6 Effects of MACCI1
knockdown on inhibition of
HCC cell migration. HCC Huh7
cells were grown and
transfected with MACC1
shRNA, control shRNA, or
empty vector for 48 h and then
subjected to the wound healing
assay at 0, 12, and 24 h. The
data were then averaged and
summarized as width ratio of
migratory inhibition (at the
bottom of the figure), *P < 0.01
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Synthesis Kit (Fermentas, Burlington, Canada). PCR
amplification of the cDNA was performed at an initial
94 °C for 5 min and then 30 cycles of 94 °C for 30 s,
57 °C for 30 s, and 72 °C for 30 s, and a final extension of
72 °C for 7 min using 2x Taq mix (Kangwei, Beijing,
China). The PCR products were then loaded into a 2 %
agarose gel (Gene, Spain) for electrophoresis. Ethidium
bromide was from Invitrogen and the molecular weight
marker DS500 was from Dongsheng (Beijing, China).

In addition, we also performed quantitative real-time
RT-PCR (qRT-PCR) using SYBR Green PCR master mix
(TakaRa, Dalian, China) with an IQ5 System. The primers
to detect mRNA were: MACCI, 5-CTTGCGGAGGTCA
CCATAGC-3' and 5'-GATTTCCAACAACGGGCTCA-3;
c-MET, 5'-CTCTTAACATCTATATCCACCTTC-3' and
5'-TGCTCCACAATCACTTCTG-3'; and B-actin (ACTB)
were 5'-GGGAAATCGTGCGTGACAT-3' and 5'-CTGG
AAGGTGGACAGCGAG-3'. All samples were normalized
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to internal controls and fold changes were calculated
through relative quantification (2AAC,

Protein extraction and western blot

Total protein was extracted from the cultured cells using
radioimmunoprecipitation lysis buffer (Beyotime, Beijing,
China). Protein lysates were quantified with a BioRad kit
(Hercules, CA, USA). Fifty microgram protein samples of
each were separated via 10 % sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and then
electrophoretically transferred to a polyvinylidene difluo-
ride membrane (Millipore, MA, USA). Membranes were
incubated in 5 % bovine serum albumin in phosphate
buffered saline (PBS) for 2 h, and then serially with rabbit
polyclonal antibodies against human MACCI1 (1:750, Ab-
cam, Cambridge, UK), mouse monoclonal antibody against
human c-Met (1:500, Cell signaling, MA, USA), MMP2
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Fig. 7 MACCI knockdown in Empty plasmid Control shRNA MACC1 shRNA
HCC Huh7 cells inhibited ; -
Matrigel invasion. HCC Huh7
cells were grown and
transfected with MACCl1
shRNA, control shRNA, or
empty vector for 48 h and then
subjected to Matrigel invasion
assay (fop). The data are then
summarized (bottom) as % of
the control reference.
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Fig. 8 Expressions of MMP2 a 48h 72h
and MMP9 in MACCl-silenced
HCC cells. HCC Huh7 cells
were grown and transfected
with MACC1 shRNA, control
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(1:600, Santa Cruz Biotechnology, Santa Cruz, CA, USA)
and a goat polyclonal antibody against human MMP9
(1:500, Santa Cruz Biotechnology), overnight at 4 °C.
After each primary antibody, membranes were incubated in
a horseradish peroxidase-labeled goat anti-rabbit/mouse or
rabbit anti-goat IgG (Santa Cruz Biotechnology) and
detected by chemiluminescence (Millipore). ACTB
(1:1000, Cell signaling, MA, USA) was used as a protein-
loading control. The intensity of protein bands was quan-
tified using Quantity One software 4.5.0 basic (Bio-Rad).

Immunofluorescence

Cells were grown on 13-mm diameter coverslips for 3 days
and then fixed with 4 % paraformaldehyde in PBS and per-
meabilized in 0.2 % Triton X-100 in PBS. Unspecific binding
was blocked by incubating cells with 10 % normal rabbit
serum (Sigma, St Louis, MO, USA) for 30 min at room
temperature. Subsequently, the cells were incubated with the
primary antibody against MACC1 or c-Met (1:200) overnight
at 4 °C. These antibodies comprised anti-goat MACC1 (Santa
Cruz Biotechnology) for single-label immunofluorescence
and rabbit anti-MACC1 (Abcam) or mouse anti-c-Met (Cell
signaling, USA) for double-label immunofluorescence. The
next day, the cells were rinsed with PBS and incubated with
the secondary antibodies (1:500; Santa Cruz Biotechnology)
for 1 h at room temperature.

For the single-label immunofluorescence, the red fluo-
rescence secondary antibody was used for detection of
MACKCI protein, while the green fluorescence secondary
antibody was used to detect MACCI1 protein. The red
fluorescence antibody was used to detect c-Met protein in
the double-label immunofluorescence. These secondary
antibodies were guaranteed by the manufacturer for mul-
tiple labeling procedures, since they were purified against
any cross-reactivity to other species. The nuclei were
stained with 4',6-diamidino-2-phenylindole (DAPI; Sigma-
Aldrich). Finally, the cells were washed in PBS before
being mounted with 95 % glycerin (Sigma-Aldrich).

Immunohistochemistry (IHC)

The Research Ethics Committee of First Affiliated Hospital
of Medicine College of Xi’an Jiaotong University approved
this study. We collected 60 pairs of HCC and adjacent
normal liver tissues from HCC patients, consisting of 38
cases of Edmondson [34, 35] I-II without intrahepatic
metastasis and portal invasion (as group 1) and 22 cases of
Edmondson III-IV liver cancer with intrahepatic metasta-
sis or portal invasion (as group 2). Specimens were fixed in
4 % paraformaldehyde, embedded in paraffin, and sec-
tioned in accordance with standard protocol, after which
IHC was performed.
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For THC, the sections were dewaxed and dehydrated and
then incubated with a methanol solution containing 0.3 %
hydrogen peroxide for 30 min to block any endogenous
peroxidase activities. After antigen retrieval in a citrate
buffer with a microwave for 15 min, the sections were
incubated with normal serum at 37 °C for 30 min and then
with the primary antibody against MACCI1 (Santa Cruz
Biotechnology) or c-Met (Cell Signaling) at 4 °C over-
night. The next day, the sections were washed with PBS
and incubated with biotinylated secondary antibodies
(Zhongshan Goldenbridge Biotechnology, Beijing, China)
and avidin-biotin—peroxidase complex in accordance with
the manufacturer’s recommendations. The positive signal
was visualized by incubating the sections with a diam-
inobenzidine solution and counterstaining with hematoxy-
lin. The sections were then dehydrated in an alcohol series,
cleared in xylene, and mounted onto glass slides.

We inspected the sections under an inverted microscope.
Results were considered positive if >25 % of total cells were
stained in 5—10 random high power fields. Staining was rated
positive, if cells showed enough brown dye to appear much
stronger than the background, whether in the cytoplasm or
nucleus. We first rated each group for positive staining
(Fig. 2b), and then focused on the location of the dye
(cytoplasm or nucleus) among the groups that had already
been considered positive. The 67 positive cases consisted of
35 positive cases in group 1, 21 positive cases in group 2, and
11 positive cases in the negative control group (Fig. 2c).

MACCI shRNA vector and gene transfection

The double-stranded shRNA oligonucleotide against
MACCI in a plasmid vector with U6 promoter and green
fluorescent protein was purchased from Shanghai Gene-
Pharma (Shanghai, China). Two sets of MACCI shRNA
vectors, designated MACC1-1 and MACCI1-2, were also
tested in HCC cells. In brief, HCC Huh7 cells were grown
overnight and transfected with 1 png MACCI shRNA,
negative control shRNA, an empty vector, 6 pg MACCI
shRNA, or negative control shRNA, using a transfection
reagent from Fermentas for 24, 48, or 72 h, in accordance
with the manufacturer’s protocol. The cells were inspected
24 h after gene transfection for transfection rate under a
fluorescence microscope, which could reach to >80 %.
The DNA sequences of the double-stranded MACCI
shRNAs were 5-CACCGAAGATTGGACTTGTACACT
GCTTCAAGAGAGCAGTGTACAAGTCCAATCTTTTT
TTTG-3' and 5-GATCCAAAAAAAAGATTGGACTT
GTACACTGCTCTCTTGAAGCAGTGTACAAGTCCAA
TCTTC-3'. The negative control shRNAs were 5'-CACC
GTTCTCCGAACGTGTCACGTCAAGAGATTACGTGA
CACGTTCGGAGAATTTTTTG-3' and 5-GATCCAAA
AAATTCTCCGAACGTGTCACGTAATCTCTTGACGT
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GACACGTTCGGAGAAC-3'. MACCI-1 siRNA sequen-
ces were 5'-AAGAUUGGACUUGUACACUGC-3' (sense)
and 5-GCAGUGUACAAGUCCAAUCUU-3' (antisense).
MACCI-2 siRNA sequences were 5'-AAGCUUGGAAAA
GGCUGGAGG-3' (sense) and 5'-CCUCCAGCCUUUUC
CAAGCUU-3' (antisense). The negative control siRNA
sequences were 5'-UUCUCCGAACGUGUCACGUTT-3'
(sense) and 5-ACGUGACACGUUCGGAGAATT -3/
(antisense).

Tumor cell wound healing assay

Tumor cell migration was assessed using an in vitro wound
healing assay. Briefly, the hepatoma HepG2, SMMC-7721,
and Huh7 cells were grown and transfected with empty
vector, control ShRNA, or MACC1I shRNA vector for 48 h.
The cells were then collected after trypsinization and inoc-
ulated into a 6-well plate at 5 x 10 [5] cells per well. The
plates were cultured in a conventional way with DMEM for
24 h to ~100 % confluency in a monolayer. The growth
medium was then removed and the wells were cross-scrat-
ched with a 200-pL pipette tip and washed twice with sterile
PBS to remove the cell debris. The cells were then cultured
for 0, 12, or 24 h and inspected under an inverted micro-
scope (AE31, Motic, China). The distance from one side of
the scratch to the other was measured at different intervals
using Image Pro-Plus 6.0 software (Media Cybernetics,
USA). For each experiment, [5] visual fields and two repe-
ated wells were measured, with three replications.

Matrigel invasion assay

To assess the invasion ability of HCC cells, an invasion
assay was performed with a Millicell invasion chamber (8-
pwm pore size, Millipore, MA, USA). Hepatoma Huh7 cells
were grown and transfected with empty vector, control
shRNA, or MACCI shRNA vector for 48 h. The cells were
collected after trypsinization, resuspended in DMEM
medium supplemented with 1 % fetal bovine serum, and
added (100 pL/well) into the upper chamber that was pre-
coated with basement membrane Matrigel (Millipore).
Simultaneously, 600 pL. DMEM medium supplemented
with 20 % fetal bovine serum was placed into each bottom
chamber, and these chambers were cultured at 37 °C for
over 24 h. At the end of the experiments, the top surface of
the microporous membranes was carefully swabbed with
cotton swabs and the membranes were fixed with 4 %
paraformaldehyde for 10 min, stained with a crystal violet
solution for 10 min, and then inspected under an inverted
microscope (AE31). The upper, lower, left, right, and
central visional fields of each membrane were chosen, and
the cells were counted under a light microscope (40x). The
average values were calculated and compared.

Statistical analyses

Statistical analysis was performed with SPSS software
(version 16.0, SPSS, Chicago, USA). All data are repre-
sented as mean =+ standard deviation. Multiple group
comparisons were achieved by one-way analysis of vari-
ance followed by the Bonferroni post-hoc test. P < 0.0 [5]
was considered statistically significant. All experiments
were repeated independently >3 times.
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