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HAb18G/CD147, a transmembrane glycoprotein highly expressed in
various types of malignant cells, mainly functions as an inducer of
matrix metalloproteinases to promote tumor growth, invasion and
metastasis. However, whether there are other mechanisms underlying
the role of HAb18G/CD147 in tumor progression remains to be eluci-
dated. In this study, we investigated the functional effects of HAb18G/
CD147 on autophagy in hepatoma cell line SMMC7721 using immuno-
fluoscence staining, Western blot and transmission electronmicroscopy.
Our data showed that specific small interference RNA (siRNA) consider-
ably down-regulated the expression of HAb18G/CD147 in SMMC7721
cells at both messenger RNA (mRNA) and protein levels. The down-
regulation of HAb18G/CD147 significantly promoted starvation-
induced autophagy in a dose-dependent manner. Using trypan blue
exclusion assay, we found that HAb18G/CD147 notably enhanced the
survival of SMMC7721 cells through inhibiting starvation-induced
autophagy. In addition, we demonstrated that HAb18G/CD147 down-
regulated the expression of autophagy-regulating protein Beclin 1 in
SMMC7721 cells. Furthermore, our data indicated that HAb18G siRNA-
transfected SMMC7721 cells had a significantly decreased level of
phosphorylated serine/threonine protein kinase B (pAkt) and the
expression of Beclin 1 was inversely associated with the level of pAkt,
suggesting that the Class I phosphatidylinositol 3 kinase-Akt pathway
may be involved in the down-regulation of Beclin 1 by HAb18G/CD147.
Overall, we provide the first experimental evidence to show that
HAb18G/CD147 may play an important role in the inhibitory regulation
of autophagy. Therefore, our data suggest a new molecular mechanism
for HAb18G-mediated hepatoma progression. (Cancer Sci 2009; 100:
837–843)

We previously cloned HAb18G, a hepatoma-associated
antigen, using monoclonal antibody HAb18 through

screening human hepatocellular carcinoma (HCC) complementary
DNA (cDNA) library.(1) Moreover, we confirmed that the amino
acid sequence of HAb18G is identical to that of CD147, thus
naming it HAb18G/CD147. Multiple independent laboratories have
also discovered the HAb18G/CD147 protein in different origins
of human cells and tissues, designating it extracellular matrix
metalloproteinase inducer (EMMPRIN),(2) basigin,(3) or M6
antigen.(4)

A series of previous studies reported that CD147 molecule is
highly expressed on the surface of various malignant tumor cells,
including cancers of liver,(5) skin,(6) bladder,(7) lung and breast.(8)

A variety of in vitro studies have suggested that CD147 mainly
functions as a cellular adhesion molecule involved in the cell–
cell and cell–extracellular matrix interaction to induce the secre-
tion of matrix metalloproteinases (MMPs, mainly including MMP-
1, MMP-2 and MMP-9) in tumor local environment and thus
promote tumor invasion and metastasis.(9–11) In addition to being
an MMP inducer, CD147 has also been reported to promote tumor

angiogenesis.(12) However, whether there are other mechanisms
explaining the role of HAb18G/CD147 in tumor development and
progression remains to be elucidated.

Autophagy is a highly conservative intracellular process that
consists of several sequential steps: sequestration, transport to
lysosomes, degradation, and utilization of degradation products.
Many key molecules are involved in this biological process,
especially Beclin 1. Beclin 1 is a mammalian homolog of yeast
Atg6/Vps30 and an essential regulator that promotes autophago-
some formation through mediating the localization of other auto-
phagy proteins on the pre-autophagosomal membrane.(13) Class I
phosphoinositide 3-kinase (PI3K) is a heterodimeric enzyme
consisting of a 110-kDa catalytic subunit and an 85-kDa regula-
tory subunit. Class I PI3K catalyzes the production of secondary
messenger phosphatidylinositol-3,4,5-triphosphate, which in turn
activates a wide range of downstream targets, mainly including
the serine/threonine kinase B (Akt). The Class I PI3K-Akt path-
way regulates a wide spectrum of cellular processes, including
cell proliferation, survival, growth, and motility.(14,15) A previous
study demonstrated that the CD147 molecule could activate the
Class I PI3K-Akt pathway in tumor cells.(15) In addition, the
stimulation of Class I PI3K activity has been indicated to inhibit
autophagy at the sequestration step of autophagy.(16) These find-
ings lead us to hypothesize that Class I PI3K-Akt pathway might
be involved in the regulation of autophagy by HAb18G/CD147.

Previous studies have clearly demonstrated that autophagy has
a wide variety of roles in physiological and pathological processes,
such as starvation adaptation,(17) embryonic development,(18) cell
survival and death,(19) and tumor suppression.(20) The role of auto-
phagy in cancer has been a topic of intense discussion. Since the
late 1970s, an inverse relationship between autophagic activity
and malignant transformation has been established in cells and
experimental animal models.(21,22) Recent publications have reported
two opposite functions of autophagy in tumor progression.(23) On
one hand, autophagy allows cancer cells to act in response to
changing environmental conditions such as nutrient deprivation.
On the other hand, autophagy also directly or indirectly induces
cell death through excessive self-digestion and the activation of
apoptosis and inhibits tumor progression.(20) The detailed mech-
anisms underlying the inter-relationships between autophagy, cell
survival and cell death are largely unknown. Pattingre et al.(24)

suggested a conceptual model suggesting that the absence of
autophagy increases susceptibility to death when cells confront
stressful stimuli. In contrast, if induced to a level beyond a phys-
iological range, autophagy can also contribute to death execution.
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Our previous studies demonstrated that HAb18G/CD147 plays
an important role in invasion and metastasis of hepatocellular
carcinoma, mainly by inducing MMP secretion.(11,25) Although
increasing evidence has linked autophagy to tumor progression,
whether autophagy-mediated cell survival and cell death are
involved in the functional roles of HAb18G/CD147 in hepato-
cellular carcinoma (HCC) has not been evaluated. In the present
study, we investigated the effects of HAb18G/CD147 expression
on autophagy in hepatoma cell line SMMC7721 and the poten-
tial molecular mechanisms. To the best of our knowledge, this is
the first study to explore the relationship between HAb18G/
CD147 and autophagy.

Materials and Methods

Cell cultures. Human hepatoma cell line SMMC7721 provided
by the Institute of Cell and Biochemistry, Chinese Academy of
Sciences (Shanghai, China) was regularly grown in RPMI1640
medium supplemented with 10% fetal bovine serum at 37°C under
a mixture of 95% air and 5% CO2. For studies of amino acid
starvation-induced autophagy, SMMC7721 cells were cultured
in EBSS medium (Earle’s Balanced Salt Solution) at 37°C under
mixture of 95% air and 5% CO2 for 12 h to induce autophagy as
previously described.(26,27)

Small interfering RNA (siRNA). SMMC7721 cells growing up to
70–80% confluency were transfected with siRNA that specifically
targets the HAb18G/CD147 gene (hereafter referred to as HAb18G
siRNA) or non-silencing control siRNA using Lipofectamine 2000
reagent (Invitrogen, Carlsbad, CA, US) according to the manufac-
turer’s protocol. Transfected cells were cultured for 24 h in normal
medium and then used for the induction of autophagy and further
functional analyses. When used for transfection, the final concen-
tration of siRNA was 100 pM if not otherwise stated. To examine
the dose effect of HAb18G/CD147 on autophagy, SMMC7721 cells
were transfected with HAb18G siRNAs at a final concentration
of 0, 20, 50 and 100 pM. All siRNA duplexes were synthesized by
Ambion Inc. (Austin, TX, US). The sequences of siRNA duplex
targeting HAb18G/CD147 are as follows: 5′-GUUCUUCGUGAGU
UCCUCdTdT-3′ and 3′-dTdTCAAGAAGCACUCAAGGAG-5′.

Reverse transcription-polymerase chain reaction (RT-PCR). After
transfection with HAb18G siRNA or control siRNA, SMMC7721
cells were cultured in normal medium for 24 h, and then cultured
for another 12 h in EBSS medium. Finally, cells were harvested and
the expression of HAb18G/CD147, Beclin 1 and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was analyzed by RT-PCR.
In brief, total RNA was extracted using Trizol reagent (Invitrogen)
and cDNA was synthesized using Superscript first strand synthesis
kit (Invitrogen) according to the manufacturer’s instructions. PCR
was carried out under the following thermal cycling conditions:
one cycle at 94°C for 5 min; 25 cycles at 94°C for 30 s, 52–55°C
for 60 s when appropriate, and 72°C for 30 s; one cycle at 72°C
for 10 min. The sequences of primers used for PCR of indicated
genes were described in previous studies.(28) All primers were
synthesized by Shanghai Sangon Biological Engineering Techno-
logy and Services Co. Ltd (Shanghai, China).

Western blot analysis. SMMC7721 cell samples were lyzed with
radioimmuno precipitation assay (RIPA) buffer (Beyotime, Inc.,
NanTong, China) containing 100 μM phenylmethylsulfonyl fluoride
(PMSF) and protein concentrations were determined using the
BCA kit (Pierce, Rockford, IL, US). Equal amounts of total protein
were separated using 12% sodium dodecylsulfate – polyacrylamide
gel electrophoresis (SDS-PAGE), and then transferred to polyvinyli-
dene difluoride (PVDF) membrane (Millipore, Bedford, MA, US).
The membranes were subsequently immunoblotted with the
appropriate primary antibody diluted in total-serum bilirubin (TBS)
buffer containing 0.05% Tween-20 and 5% non-fat dry milk at
room temperature for 2 h. The following primary antibodies were
used in this study: anti-HAb18G/CD147 mouse monoclonal

antibody (1:3000) prepared in our laboratory, anti-pAkt rabbit
monoclonal antibody (1:100) and anti-Beclin 1 rabbit polyclonal
antibody (1:1000) from Cell Signaling Technology, Inc. (Beverly,
MA, US), and anti-GAPDH mouse monoclonal antibody (1:500)
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, US). After
extensive washings, the membranes were incubated with appropriate
secondary horseradish peroxidase-conjugated goat antimouse
(1:5000) or goat antirabbit (1:5000) antibody (Pierce).

Immunofluorescence staining. Immunofluorescence staining was
performed as previously described,(29) to examine the autophagic
level. In brief, after culture in EBSS-medium for 12 h, transfected
SMMC7721 cells were fixed in 4% paraformaldehyde and permea-
bilized with 0.1% Triton X-100, then washed three times with
phosphate-buffered saline (PBS) containing 0.01% Triton X-100
and 5% goat serum, followed by incubation with anti-LC3 mouse
monoclonal antibody (1:1000) from MBL Inc. (Nagoya, Japan)
for 1 h at room temperature. The cells were next incubated with
fluorescein isothiocyanate (FITC)-labeled goat-anti mouse IgG
(1 : 800) (Molecular Probes Inc., Eugene, OR, US) for 1 h at room
temperature. Finally, cells were imaged using an Olympus BX60
fluorescence microscope (Olympus, Tokyo, Japan). The percentage
of cells with LC3 (microtubule-associated protein 1 light chain
3) punctate dots was determined as previously described.(24) Briefly,
a minimum of 100 cells was counted for each sample in three
independent experiments. The percentage of cells with LC3 punctate
dots was calculated by dividing the number of cells with punctate
dots by total cells counted.

Transmission electron microscope (TEM) analysis. TEM analysis was
performed as previously described,(30) to examine the autophagic
level. Briefly, after culturing in EBSS-medium for 12 h, transfected
SMMC7721 cells were fixed with 3% glutaraldehyde in 0.2 M
phosphate buffer (pH 7.3) for 4 h at 4°C, then postfixed with 1%
osmium tetroxide and 0.5% tannic acid for 1 h at 4°C and washed
three times with 0.1 M phosphate buffer (pH 7.3). Next, cells were
dehydrated and embedded in Epon812 (Electron Microscopy
Sciences, Fort Washington, PA, US). Finally, sections were counter-
staind with uranyl acetate and lead citrate, and then examined
using a JEM-2000EX transmission Electron Microscope (JEOL,
Ltd, Tokyo, Japan). The number of autophagosomes in 50 cross-
sectioned cells was counted for each sample and the mean value
in each cross-sectioned cell was calculated.

Trypan blue exclusion assay. The starvation-induced cell death
was evaluated by trypan blue exclusion as described in a previous
study.(31) In brief, after the transfected SMMC7721 cells were
cultured in EBSS-medium for 12 h, both adherent and nonadherent
cells were harvested, washed three times with PBS, and resuspended
in 100 μL PBS. After mixing with 100 μL of 0.8% Trypan blue,
the cells were counted using a hemocytometer. The number of
dead cells with disrupted membranes (blue cells) in 200 cells was
counted in three replicates. Cell death was represented by the
mean percentage of blue cells/total cells.

Statistical analysis. All statistical analyses were performed using
the SPSS 13.0 statistical software package (SPSS, Chicago, IL, US).
Statistical significance of the difference was determined using
Student’s t-test. All P-values were based on two-sided tests. A
probability level of 0.05 was used as the criterion for statistical
significance.

Results

HAb18G/CD147 inhibits starvation-induced autophagy in SMMC7721
cells. After transfection with HAb18G siRNA or control siRNA,
the expression of HAb18G/CD147 in SMMC7721 cells was
evaluated by RT-PCR and Western blot. We found that HAb18G
siRNA significantly down-regulated the expression of HAb18G/
CD147 at both mRNA and protein levels, compared with control
siRNA (Fig. 1A,B). Immunofluorescence staining was used to
examine the level of starvation-induced autophagy in transfected
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SMMC7721 cells. Our data showed that SMMC7721 cells trans-
fected with HAb18G siRNA exhibited significantly higher levels
of autophagy in response to starvation than those transfected
with control siRNA (P < 0.01). The percentages of cells with LC3
punctate dots, which represent the level of autophagy, were 92%
± 6% and 21% ± 4% in SMMC7721 cells transfected with HAb18G
siRNA and control siRNA, respectively (Fig. 1C,D). To confirm
the inhibitory effect of HAb18G/CD147 on starvation-induced
autophagy, we further evaluated the level of starvation-induced
autophagy in transfected SMMC7721 cells using quantitative
electron microscopy (Fig. 1E,F). Our findings indicated that there
were a significantly higher number of autophagosomes per cross-
sectioned cell in SMMC7721 cells transfected with HAb18G siRNA

than those transfected with control siRNA (mean ± SD; 16.00 ± 2.503
vs. 9.667 ± 1.358, P < 0.01). Taken together, these results strongly
suggest that HAb18G/CD147 inhibits starvation-induced autophagy
in SMMC7721 cells.

Inhibitory effect of HAb18G/CD147 on starvation-induced autophagy
is dose-dependent. To examine the dose effect of HAb18G/CD147
on autophagy, we measured the level of starvation-induced auto-
phagy in SMMC7721 cells transfected with different concentrations
of HAb18G siRNA. Western blot analysis showed that HAb18G
siRNAs inhibited the expression of HAb18G/CD147 protein in
a dose-dependent manner and 100 pM of HAb18G siRNAs exhibited
the greatest inhibitory effect (Fig. 2A). Immunostaining assay
indicated that the inhibition of starvation-induced autophagy by

Fig. 1 Inhibition of starvation-induced autophagy by HAb18G/CD147 in SMMC7721 cells. SMMC7721 cells were transfected with control small interfering
RNA (siRNA) or HAb18G siRNA, and cultured for 24 h in normal medium. Then, cells were subject to 12 h of starvation in Earle’s Balanced Salt Solution
(EBSS) medium for the induction of autophagy. (A) and (B) HAb18G/CD147 expression was analyzed by using reverse transcription – polymerase chain
reaction and Western blot, respectively. (C and D) Immunofluorescence staining with anti-LC3 antibody was used to examine the autophagic level that
was indicated as the percentage of cells with LC3 punctate dots representing autophagosomes in a minimum of 100 cells for each sample. Representative
photomicrographs of cellular images exhibiting LC3 punctate dots are shown in (C). Arrows denote representative LC3 punctate dots. Scale bars, 10 μm.
The mean percentage of cells with LC3 punctate dots from triplicate samples is displayed in (D) for two different groups (control siRNA or HAb18G
siRNA). (E and F) Autophagic level was evaluated by transmission electron microscopy. The number of autophagosomes in 50 cross-sectioned cells was
counted for each sample and mean values in each cross-sectioned cell was calculated. Representative electron micrographs exhibiting autophagosomes
are shown in (E). Scale bars, 2 μm. Arrowheads indicate autophagosomes. The number of autophagosomes per cross-sectioned cells is displayed in
(F) for two different groups. In (D) and (F), error bars represent standard deviation (SD). Statistical significance was determined by Student’s t-test.
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HAb18G/CD147 was dose-dependent and the percentages of cell
with LC3 dots were 19%, 34%, 65% and 92% in SMMC7721 cells
transfected with HAb18G siRNAs at a final concentration of 0,
20, 50 and 100 pM, respectively (Fig. 2B,C). These findings
demonstrated an inverse dose–response relationship between the
expression of HAb18G/CD147 and starvation-induced autophagy.

HAb18G/CD147 enhances survival of SMMC7721 cells by inhibiting
starvation-induced autophagy. We investigated the starvation-induced
cell death in transfected SMMC7721 cells by using trypan blue
exclusion assay. Starvation-induced cell death includes traditional
apoptosis and autophagic cell death. The 3-methyladenine (3-MA)
is a common autophagy inhibitor. In our study, 3-MA was used
to inhibit autophagy, and thus decrease the autophagic cell death,
but not other cell deaths. Our data shown in Fig. 3 indicated a
weak inhibition on total cell death. However, we undoubtedly
found that the starvation-induced cell death was evidently decreased
by 3-MA in cells transfected with HAb18G siRNA (45% vs. 35%,
P < 0.05). A similar trend was also observed in control siRNA-
transfected cells (23% vs. 18%, P = 0.12), although the inhibitory
effect of 3-MA on the starvation-induced cell death seems to be
weak. The difference of inhibitory effect might be explained by
the different expression levels of CD147 in both cells. When the
expression of CD147 was knocked down by specific siRNA, auto-
phagic cell death might be significantly increased, the therefore
inhibitory effect of 3-MA would be significant. These findings

strongly suggest that HAb18G/CD147 might enhance survival of
SMMC7721 cells by inhibiting starvation-induced autophagy. In
addition, our results indicated that SMMC7721 cells transfected
with HAb18G siRNA had a significantly higher percentage of
cell deaths under starvation conditions than those transfected with
control siRNA in both the absence (45% vs. 23%, P < 0.01) and
presence (35% vs. 18%; P < 0.05) of 10 mM 3-MA (Fig. 3).

HAb18G/CD147 down-regulates the expression of Beclin 1. Beclin
1 is one of the most critical molecules to positively regulate
starvation-induced autophagy.(32) Therefore, to understand the
potential molecular mechanisms underlying the above-mentioned
observations, we measured the expression level of Beclin 1 in
transfected SMMC7721 cells (Fig. 4). We demonstrated that the
expression of Beclin 1 was considerably up-regulated at the
protein level in SMMC7721 cells transfected with HAb18G siRNA
compared with those transfected with control siRNA, suggesting
that Beclin 1 might be an important mediator in the inhibition of
starvation-induced autophagy by HAb18G/CD147.

Class I PI3K-Akt pathway is involved in the down-regulation of
Beclin 1 by HAb18G/CD147. To verify if Class I PI3K-Akt signaling
pathway is involved in the down-regulation of Beclin 1 by HAb18G/
CD147, we examined the expression levels of pAkt and Beclin
1 in transfected SMMC7721 cells that were cultured with or without
40 μM LY294002, a specific inhibitor of Class I PI3K. Our data
showed that SMMC7721 cells cultured without LY294002 had

Fig. 2 Dose–response effect of HAb18G small interfering RNA (siRNA) on autophagy in SMMC7721 cells. SMMC7721 cells were transfected with HAb18G
siRNAs at a final concentration of 0, 20, 50 and 100 pM, respectively, and cultured for 24 h in normal medium. Then, cells were subject to 12 h of starvation
in Earle’s Balanced Salt Solution (EBSS) medium for the induction of autophagy. (A) HAb18G/CD147 expression was evaluated by using Western blot.
(B and C) Immunofluorescence staining with anti-LC3 antibody was used to observe the autophagic level as described above. The mean percentage of
cells with LC3 punctate dots from triplicate samples was displayed in (B) for different treatment groups. Error bars represent ±SD. Representative
photomicrographs were shown in (C). Indication: inserted boxes in (C) indicate the magnification of pane-labeled areas. Scale bars, 10 μm.
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significantly higher levels of pAkt and lower expression of Beclin
1 than those cultured with LY294002 after transfection with
control siRNA or HAb18G siRNA. We also found that, compared
with control siRNA-transfected SMMC7721 cells, HAb18G siRNA-
transfected SMMC7721 cells had a significantly decreased level
of pAkt under culturing both with and without LY294002. In
addition, we found that the expression level of Beclin 1 was notably
increased in control cells treated with LY294002, compared with
untreated cells. Similar trends were also noted in cells transfected
with HAb18G/CD147 siRNA, although the increased amount of
Beclin 1 seemed not to be as much as in control cells, which is
possibly due to decreased levels of pAkt resulting from the trans-
fection of HAb18G/CD147 siRNA. More importantly, we observed
that the expression of Beclin 1 was significantly inversely associated
with level of pAkt from a bar graph in Fig. 5(A). These results
suggest that Class I PI3K-Akt pathway might be involved in the
down-regulation of Beclin 1 by HAb18G/CD147. To further
confirm the effect of Class I PI3K inhibition on autophagy, we
also examined the autophagic level of transfected SMMC7721
cells under culturing with and without LY294002 using TEM assay.
Our data indicated that the inhibition of Class I PI3K activity
by LY294002 significantly promoted the autophagic level in
SMMC7721 cells transfected with control siRNA or HAb18G
siRNA (Fig. 5B,C).

Discussion

In our study, we evaluated the effects of HAb18G/CD147 on
starvation-induced autophagy in SMMC7721 cells. We demon-
strated that HAb18G/CD147 significantly inhibited starvation-
induced autophagy in a dose-dependent manner. The inhibition
of autophagy by HAb18G/CD147 notably enhanced the survival
of SMMC7721 cells in starvation conditions and this process
might be mediated by the down-regulation of Beclin 1 via the Class
I PI3K-Akt pathway.

Our data indicated that HAb18G/CD147 targets the autophagy
pathway and thus may be implicated in a wide variety of phys-
iological and pathological processes. Therefore, the inhibition of
autophagy by HAb18G/CD147 may represent a novel mechanism
by which HAb18G/CD147 functions as an oncogenic and anticell
death molecule and modulates tumor progression. In this study,
we focused on the role of HAb18G/CD147 in starvation-induced
autophagy, since starvation is an important and commonly used
physiologic inducer of autophagy across a broad range of eukary-
otic species.(33) Further studies using different stimuli of autophagy
and other hepatoma cell lines are necessary to investigate if
HAb18G/CD147 plays a more wide-ranging role in the negative
regulation of autophagy.

The role of autophagy in determining mammalian cell fate
remains controversial. Autophagy functions in the degradation of
cytoplasmic components in response to various cellular stresses,
especially nutrition and energy deficiency.(34) However, recent
studies showed that excessive autophagy resulted in cell death.(35,36)

This may explain many of the controversial issues related to the
toxicity of autophagy. However, the effects of autophagy seem
to be strictly regulated in cells maintained in starvation condi-
tions.(37) Our results indicated that down-regulation of HAb18G/
CD147 led to autophagy induction in response to nutrient depri-
vation. The induction of autophagy was associated with cell death
that can be prevented by 3-MA, an autophagy inhibitor. These
observations lead to the hypothesis that inhibition of autophagy
by HAb18G/CD147 may prevent elevated cell death. Previous
studies have indirectly indicated a role for HAb18G/CD147 in
the positive regulation of survival in cancer cells.(38,39) Baba
et al.(40) also reported that the inhibition of CD147 induces cancer
cell death. However, direct evidence supporting a role of HAb18G/
CD147 in promoting cell viability via inhibiting the autophagy
pathway has been lacking. Our study is the first to provide direct
evidence that HAb18G/CD147 may enhance cell survival by inhib-
iting starvation-induced autophagy. In addition, our results showed
that the percentage of cell death in HAb18G siRNA-transfected
cells is significantly higher than that in control siRNA-transfected
cells under culturing both with and without 3-MA. These data are
in agreement with a previous report, indicating an important role
of CD147 in inhibiting apoptosis of oral cancer cell line KB/V.(41)

We also explored the potential molecular mechanism underlying
the inhibition of starvation-induced autophagy by HAb18G/CD147.
Our results suggest the effect may be mediated by Beclin 1 gene.

Fig. 3 Inhibition of autophagic cell death by HAb18G/CD147 in SMMC7721
cells. SMMC7721 cells transfected with HAb18G small interfering RNA
(siRNA) or control siRNA were first cultured in normal medium for 24 h,
and then cultured for another 12 h in Earle’s Balanced Salt Solution (EBSS)
medium at the absence or presence of 10 mM 3-MA (autophagy inhibitor).
Cell death was detected using trypan blue exclusion assay. The percentage
(%) of cell death was calculated as follows: (number of dead cells/number
of total cells) × 100%. All data represent mean ± SD for eight replicates.
Statistical significance was determined by Student’s t-test.

Fig. 4 Expression change of Beclin 1 in small inter-
fering RNA (siRNA) treated SMMC7721 cells. After
transfection with HAb18G siRNA or control siRNA,
SMMC7721 cells were cultured in normal medium
for 24 h, and then cultured for another 12 h in
Earle’s Balanced Salt Solution (EBSS) medium.
Finally, the expression of HAb18G/CD147 and Beclin
1 were analyzed by Western blot. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as
the internal control for expression comparison.
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Previous studies have reported that Beclin 1 is frequently mono-
allelically deleted in human prostate,(42) sporadic breast and ovarian
cancers,(43) leading to the classification of Beclin 1 as a candi-
date tumor suppressor gene. In the present study, we found that
HAb18G/CD147-mediated inhibition of starvation-induced auto-
phagy were reversed by Beclin 1 up-regulation after transfection
of HAb18G siRNA. Therefore, it is possible that HAb18G/CD147
down-regulates the expression of Beclin 1 through direct inhibi-
tion of starvation-induced autophagy.

Furthermore, we investigated the potential signaling molecules
involved in the down-regulation of Beclin 1 by HAb18G/CD147.
Our results indicated that the down-regulation of HAb18G/CD147
significantly decreased the level of pAkt and the expression of
Beclin 1 was negatively associated with levels of pAkt, suggesting
that Class I PI3K-Akt pathway may be involved in the down-
regulation of Beclin 1 by HAb18G/CD147. Our study for the first
time linked this signaling pathway to the Beclin 1 regulation in
autophagy. Previous studies have shown that this pathway is one
of most important signaling pathways in the negative regulation
of autophagy.(16,44) Arico et al.(45) also showed that a high rate of

autophagy was observed in cells expressing a dominant negative
form of PI3K/PKB. In addition, it also has been indicated that
tumor-derived HAb18G/CD147 could lead to the activation of
Class I PI3K-Akt pathway in tumor cells.(15) These reports provide
a strong support for our findings. However, based on our prelim-
inary data, we cannot rule out the possible involvement of other
signaling molecules and a thorough evaluation of a panel of related
signaling pathways would shed further light on the mechanisms
of HAb18G/CD147-mediated autophagy regulation.

In conclusion, our study showed that HAb18G/CD147 signif-
icantly inhibits starvation-induced autophagy in SMMC7721 cells,
potentially through down-regulating the expression of Beclin 1.
Our findings highlight the importance of HAb18G/CD147 in the
progression of hepatoma and give rise to the promise of thera-
peutic effects of this molecule in HCC treatments.
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