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Propofol inhibits hepatocellular carcinoma growth and invasion
through the HMGA2-mediated Wnt/f-catenin pathway
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Abstract. Propofol is a commonly used intravenous anes-
thetic in tumor surgery. Recently, studies have confirmed that
propofol has an antitumor effect on hepatocellular carcinoma
(HCC); however, the molecular mechanism underlying
this effect has not been elucidated until now. The present
study aimed to investigate the mechanism of propofol on
HepG2 cell proliferation, apoptosis and invasion, focusing
on High Mobility Group AT-Hook 2 (HMGA2)-mediated
Wnt/pB-catenin pathway. The HepG2 cells were treated with
various concentrations of propofol for 24 h, the relative protein
levels of HMGAZ2, Wnt3a, B-catenin, Snail Family Zinc
Finger 1 and c-myc were determined by western blot analysis.
HMGA2-pcDNA3.1 plasmid was transfected into the HepG2
cells to overexpress HMGAZ2. Cell proliferation, apoptosis
and invasion were examined by MTT assays, flow cytometry
and Transwell-matrigel invasion assays, respectively. The
results showed that propofol suppressed HMGA?2 expression
and Wnt/f3-catenin signaling in a dose-dependent manner.
Propofol was able to inhibit cell proliferation and invasion, and
induce cell apoptosis of HepG2 cells; however, these effects
were attenuated by HMGA?2 overexpression. The suppressed
Wnt/B-catenin signaling in HepG2 cells by treatment with
propofol was also reversed by HMGA?2 overexpression. In
conclusion, this study provided a novel mechanism underlying
the anti-tumor function of propofol on HCC. To the best of
our knowledge, the present study is the first to demonstrate
that propofol could downregulate the expression of HMGA?2,
which inhibited the Wnt/B-catenin pathway, thus leading to
the inhibition of cell proliferation and invasion, as well as the
apoptosis of HepG2 cells.
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Introduction

Hepatocellular carcinoma (HCC) is the third most frequent
cause of tumor-related deaths in China (1,2). Due to the high
metastatic potential of HCC (3,4). progression is found in
approximately 70% of patients within one year of diagnosis (5),
and it is difficult to treat patients with advanced HCC (6,7). It
is therefore necessary to contrive novel anticancer reagents to
prevent the invasiveness of HCC.

Propofol is one of the most extensively used intravenous
anesthetic agents. Previous studies have confirmed that
propofol also has an antitumor effect (8-12). Clinically relevant
concentrations of propofol have the ability to inhibit cell prolif-
eration, motility and invasion, and induce apoptosis of many
cancer cells, such as HeLLa, HT1080, HOS and RPMI-7951 (9).
Zhang et al investigated the effect of propofol on liver cancer
and found that propofol can effectively inhibit the prolif-
eration and invasiveness of HCC cells, and induce apoptosis,
in vitro (13,14). In addition, Zhang et al demonstrated that
propofol can inhibit tumor growth in tumor-bearing mice by
activation of macrophages, thus exerting a therapeutic effect
on HCC in vivo (15). However, the molecular mechanisms
underlying the antitumor function of propofol on HCC has not
been elucidated until now.

High Mobility Group AT-Hook 2 (HMGA?2) is a member
of the high mobility group family. It is essential for tumor
progression and metastasis in vitro and in vivo (16). The
role of HMGA?2 in normal and HCC cell growth is well
established (17,18). HMGA?2 was reported to serve important
functions in epithelial-mesenchymal transition (EMT) occur-
ring in HCC, contributing to tumor growth and invasion (18).
Recently, it has been suggested that HMGA?2 acts as a
transcriptional organizer of key signaling molecules (19,20).
Zha et al reported that the Wnt/B-catenin pathway could be
activated by HMGA?2 (21).

To the best of our knowledge, the present study is the first
to investigate whether propofol affects cell proliferation, apop-
tosis and invasion of HCC cells through the HMGA?2 mediated
Wnt/p-catenin pathway, which may elucidate novel mechanisms
underlying the antitumor function of propofol on HCC.

Materials and methods

Cell culture and drug treatment. The HepG2 cells (American
Type Culture Collection, Manassas, VA, USA) were cultured
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in Dulbecco's modified Eagle's medium (HyClone; GE
Healthcare, Logan, UT, USA) supplemented with 10% fetal
bovine serum (FBS; HyClone), and maintained at 37°C in
a humidified atmosphere with 5% CO,. Following the use
of miRanda prediction software (accessible: http://www
.microrna.org/microrna/home.do), it was indicated that
propofol may influence HMGA?2 expression. Propofol was
obtained from Corden Pharma S.p.A. (Latina, Italy), and
diluted to concentrations of 5, 10 and 20 ug/ml to treat the
HepG2 cells for 24 h.

Cell transfection. Cell transfection of pcDNA3.1 and
HMGA2-pcDNA3.1 plasmid was performed using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc., Carlsbad, CA, USA), according to the manufacturer's
instructions. A negative control group were treated with
Lipofectamine®2000 diluted in Opti-MEM™ I(Gibco; Thermo
Fisher Scientific, Inc.) only. Briefly, 5 ul Lipofectamine® 2000
and 100 ng HMGA2-pcDNA3.1 plasmid were diluted in
250 pl Opti-MEM™ 1, respectively. After incubation at room
temperature for 5 min, the two solutions were mixed and
incubated for 20 min. Subsequently, the lipid-DNA complexes
were added to the cell plates. After incubation at 37°C for
6 h, the culture medium was replaced with fresh medium.
Cells only treated with Lipofectamine® 2000 were used as
transfection control. After 48 h, the transfection efficiency
was assessed under the fluorescence microscope (N-STORM,;
Nikon Corporation, Tokyo, Japan). The cells were harvested
for analysis when the transfection efficiency was >80%.

Western blot analysis. The HepG2 cells were harvested and
lysed in RIPA Lysis Buffer (Sangon Biotech, Shanghai, China).
The protein concentration was determined using a BCA
Protein Assay kit (Sangon Biotech). A total of 20 ug protein
was loaded and separated by 10% SDS-polyacrylamide gel.
The proteins were then transferred onto PVDF membranes
(Merck Millipore, Billerica, MA, USA). After blocking in
3% bovine serum albumin (Amresco, Inc., Solon, OH, USA)
at 37°C overnight, the membranes were incubated with the
primary antibodies at 37°C for 1 h. The primary antibodies
were as follows: Rabbit polyclonal to HMGA?2 (ab520309;
1:800; Abcam, Cambridge, MA, USA), mouse monoclonal
to Wnt3a (sc-136163; 1:400; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA), rabbit polyclonal to (-catenin (sc-7199;
1:400; Santa Cruz Biotechnology, Inc.), mouse monoclonal
to Snail Family Zinc Finger 1 (Snaill) #3895; 1:500; Cell
Signaling Technology, Inc., Beverly, MA, USA), rabbit poly-
clonal to c-myc (ab52039; 1:800; Abcam) and rabbit polyclonal
to B-actin (#40552; 1:1,000; Signalway Antibody Inc., College
Park, MD, USA). The B-actin antibody was used as the internal
control. After washing with Tris-buffered saline with Tween
(Sangon Biotech) three times, the membranes were incubated
with the secondary antibodies [goat anti-mouse IgG HRP
conjugated antibody (#L.3032-2; 1:2,000; Signalway Antibody,
Inc.), goat anti-rabbit IgG HRP conjugated antibody (ab6721;
1:5,000; Abcam)] at 37°C for 1 h. The blots were detected using
an ECL western blotting kit (Pierce Protein Biology; Thermo
Fisher Scientific, Inc., Rockford, IL, USA) and analyzed using
Image-Pro Plus version 6.0 software (Media Cybernetics, Inc.,
Rockville, MD, USA).
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Cell proliferation assay. To determine cell proliferation,
the 3-(4,5-dimethylthiazole-2-yl)-2,5-biphenyl tetrazolium
bromide (MTT) assay was performed. The HepG2 cells
were suspended into a density of 2x10* cells/ml, and 100 ul
cell suspension was added into each well of the 96-well
plates. After incubation at 37°C for 0, 24, 48, 72 and 96 h,
10 1 MTT solution [5 mg/ml in phosphate-buffered saline
(PBS); Sigma-Aldrich; Merck KGaA, Darmstadt, Germany]
was added into each well and incubated for 4 h. The reaction
product, formazan crystals, was dissolved by the addition of
dimethyl sulfoxide. The absorbance at 570 nm was measured
using a microplate reader (BioTek Instruments, Inc., Winooski,
VT, USA).

Flow cytometry (FCM). Cell apoptosis rate was determined
using an Annexin V-FITC/Propidium Iodide Apoptosis
Detection kit (Kaiji Biological Inc., Nanjing, China) according
to the manufacturer's instructions. Briefly, 5x10° cells were
harvested and washed with PBS. Binding Buffer was added
to resuspend the cells, and then the cells were stained with
Annexin V and propidium iodide for 15 min. Cell apoptosis
was analyzed using FCM (Beckman Counter, Inc., Miami, FL,
USA).

Cell invasion assay. Matrigel matrix (BD Biosciences,
Franklin Lakes, NJ, USA) was added to the Transwell inserts
(Corning, New York, NY, USA) at a final concentration of
200 pug/ml and allowed to polymerize at 37°C for 1 h. The
HepG2 cells were suspended in serum-free medium into a
density of 5x10* cells/ml, and added to the upper chambers.
The cell medium containing 10% FBS was added to the lower
chambers. The cell plates were then incubated at 37°C in a
humidified atmosphere with 5% CO, overnight. After that,
the non-invaded cells were removed by a cotton swab, and
the invaded cells in the lower surface of the membrane were
fixed with ethanol and stained with hematoxylin for 15 min.
The stained cells were counted under a microscope (Nikon
Corporation).

Statistical analysis. All the data were analyzed using
SPSS 19.0 statistical software (IBM SPSS, Armonk, NY,
USA) and were presented as the mean + standard deviation.
Statistical differences between the two groups were analyzed
with the Student's t-test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Effect of propofol on the expression of HMGA?2. The effect
of propofol on HMGA?2 protein expression in HepG2 cells
was examined by western blot analysis. The HepG2 cells were
treated with 5, 10 and 20 yg/ml propofol for 24 h, and the rela-
tive protein level of HMGA?2 was then examined. As shown
in Fig. 1, HMGAZ2 expression was significantly inhibited by
propofol in a dose-dependent manner. Propofol showed the
maximum inhibitory effect on HMGA?2 expression at the
concentration of 20 yg/ml (P<0.01).

Effect of propofol on the activation of Wnt/f3-catenin signaling.
To investigate the effect of propofol on Wnt/pB-catenin signaling
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Figure 1. Expression of HMGAZ2 protein in HepG2 cells following treatment
with propofol. "P<0.05 and “P<0.01 vs. 0 pg/ml. HMGAZ2, High Mobility
Group AT-Hook 2.

activation, the relative protein levels of Wnt3a, B-catenin,
Snaill and c-myc were examined in HepG2 cells following
treatment with various concentrations of propofol for 24 h.
We found that the Wnt/f3-catenin signaling was significantly
inhibited by propofol treatment at concentrations between
5 and 20 pg/ml, as evidenced by decreased expression of
Wnt3a, B-catenin, Snaill and c-myc in the propofol treatment
groups compared with the f-actin control group. The lowest
expression values were observed at propofol concentrations of
20 pg/ml (P<0.01; Fig. 2) thus, cells were treated with 20 ug/ml
propofol in all subsequent experiments.

Role of HMGA?2 in mediating the effect of propofol on cell
proliferation. HMGA2-pcDNA3.1 plasmid was transfected
into HepG2 cells to overexpress HMGA?2, and then the cells
were treated with 20 pg/ml propofol for 24 h. As expected,
propofol inhibited HMGA?2 expression; however, the relative
protein level of HMGA?2 was significantly increased in the
propofol + HMGA?2 group compared with the propofol group
(P<0.01; Fig. 3).

Subsequently, we investigated whether HMGA?2 medi-
ates the effect of propofol on cell proliferation. Cells were
transfected with HMGA2-pcDNA3.1 plasmid and treated with
20 ug/ml propofol for 24, 48, 72 and 96 h, then an MTT assay
was performed. As shown in Fig. 4, cell proliferation was
significantly inhibited by propofol compared to the control
group (P<0.05). Furthermore, it was found that HMGA?2 over-
expression reversed the inhibitory effect of propofol, as cell
proliferation significantly increased compared to the propofol
group (P<0.05 and P<0.01).

Role of HMGA?2 in mediating the effect of propofol on cell
apoptosis. Next, we investigated whether HMGA2 mediates
the effect of propofol on cell apoptosis by FCM analysis.
The results revealed that compared with the cell apoptosis
rate in the control group (6.2+1.0%), treatment of 20 pg/ml
propofol for 24 h significantly increased cell apoptosis rate
to 8.8+1.2% (P<0.05). However, the cell apoptosis rate was
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Figure 2. Expression of Wnt3a, B-catenin, Snaill and c-myc proteins
in HepG2 cells following treatment with propofol. "P<0.05 and “P<0.01
vs. 0 pg/ml. Snaill, Snail Family Zinc Finger 1.
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Figure 3. Expression of HMGAZ2 protein in HepG2 cells following treatment
with propofol and transfection of HMGA2-pcDNA3.1 plasmid. Lane 1,
control; lane 2, propofol; lane 3, propofol + HMGA?2. “P<0.01 vs. control,
"P<0.01 vs. propofol. HMGAZ2, High Mobility Group AT-Hook 2.

significantly decreased to 5.5+1.0% by transfection with the
HMGA2-pcDNA3.1 plasmid (P<0.05; Fig. 5).

Role of HMGA?2 in mediating the effect of propofol on cell inva-
sion. To determine the role of HMGA?2 in mediating the effect
of propofol on cell invasion, a Transwell-matrigel cell invasion
assay was performed. The results showed that compared with
the control group, the number of invaded cells was signifi-
cantly decreased in the propofol group (P<0.05); however, the
inhibitory effect of propofol on cell invasion was reversed by
transfection of the HMGA2-pcDNA3.1 plasmid (P<0.01; Fig. 6).

Role of HMGA?2 in mediating the effect of propofol on
Wnt/f-catenin signaling activation. To investigate whether
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Figure 4. Role of HMGA?2 in mediating the effect of propofol on cell prolif-

eration. “P<0.05 vs. control; “P<0.05 and *P<0.01 vs. propofol. HMGA?2,
High Mobility Group AT-Hook 2.
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Figure 5. Role of HMGA?2 in mediating the effect of propofol on cell apop-
tosis. "P<0.05 vs. control; “P<0.05 vs. propofol. HMGA2, High Mobility
Group AT-Hook 2.

HMGA?2 mediates the effect of propofol on Wnt/B-catenin
signaling activation, we examined the expression of Wnt3a,
B-catenin, Snaill and c-myc in HepG2 cells following
transfection with the HMGA2-pcDNA3.1 plasmid and
treatment with 20 pg/ml propofol for 24 h. The results from
western blot analysis showed that propofol treatment induced
significant downregulation of Wnt3a, 3-catenin, Snaill and
c-myc in HepG2 cells (P<0.01). However, overexpression
of HMGA?2 was able to attenuate the inhibitory effect of
propofol on Wnt/p-catenin signaling activation. The relative
protein levels of Wnt3a, $-catenin, Snaill and c-myc in the
propofol + HMGA?2 group were significantly higher than that
in the propofol group (P<0.01; Fig. 7).

Discussion

Propofol is a commonly used intravenous anesthetic in tumor
surgery. Increasing evidence has shown that propofol can
effectively modulate the behavior of numerous human cancer
cell types in vitro and in vivo (8-10). For example, propofol can
effectively inhibit cell proliferation and invasion of cervical
cancer, pancreatic cancer (11), gastric cancer (12) and colon
carcinoma (10). Propofol treatment also resulted in the apop-
tosis of pancreatic cancer cells (11), gastric cancer cells (12),
and promyelocytic leukemia cells (22). Animal studies have
shown that propofol can modulate the immune reaction to
exert its antitumor activity (23). Consistent with the previous
studies (13,14), in the present study, it was demonstrated that
propofol could inhibit cell proliferation and invasion, and
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Figure 6. Role of HMGA?2 in mediating the effect of propofol on cell inva-
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Figure 7. Role of HMGA?2 in mediating the effect of propofol on
‘Whnt/B-catenin signaling activation. Lane 1, control; lane 2, propofol; lane 3,
propofol + HMGAZ2. "P<0.01 vs. control; “P<0.01 vs. propofol. HMGA?2,
High Mobility Group AT-Hook 2; Snaill, Snail Family Zinc Finger 1.

induce cell apoptosis of HCC cells, indicating that propofol
has an anti-HCC effect.

Previous studies have suggested that microRNAs
(miRNAs) are involved in mediating the effects of propofol on
anti-cancers, including miR-199a, miR-142-3p, miR-143 and
let-7 (13-15,24,25). Propofol can influence the expression of
these miRNAs, which in turn are able to regulate their target
mRNAs to affect the behavior of cancer cells. Using miRanda
prediction software, it was indicated that HMGA?2 is a potential
target of miR-142-3p and let-7. Based on this, the present study
investigated whether propofol could influence the expression of
HMGAZ2. The results from western blot analysis demonstrated
that HMGAZ2 protein expression was significantly inhibited
by propofol at concentrations between 5 and 20 pg/ml, and
the inhibitory effect of propofol on HMGA?2 expression was
dose-dependent.

HMGAZ2 is an architectural transcriptional regulator that
binds AT-rich DNA sequences. In a prior study, HMGA?2
could not be detected in normal adult tissues (26); however,
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elevated expression of HMGA?2 is found in a variety of
human cancers, such as lung cancer, colorectal cancer and
breast cancer (27-29). The role of HMGA?2 in normal and
HCC cell growth is well established (17,18). HMGA?2 is
a marker for hepatic progenitor cells. It is expressed in all
hepatoblastomas and a subset of HCCs (17). Expression of
HMGA?2 is associated with poor survival in patients with
HCC (30). The present gain-of-function experiments found
that the effect of propofol on HepG2 cell proliferation,
apoptosis and invasion could be attenuated by HMGA?2 over-
expression. These results suggested that HMGA2 mediates
the effect of propofol on HCC.

Whnt/p-catenin pathway is the downstream pathway of
HMGA?2 (21). Aberrant Wnt/p-catenin signaling has been
implicated in the pathogenesis of multiple tumors (31,32).
Snaill and c-myc are the downstream effectors of the
Whnt/p-catenin signaling (33,34). Snaill is involved in the
induction of EMT, contributing to the invasion and migra-
tion of cancer cells (35), and c-myc is a transcription factor
that regulates cell cycle, apoptosis and growth (36). Lee et al
demonstrated that the expression of HMGA?2 and [(3-catenin
correlated positively in hepatoblastoma (17). In the present
study, the effect of propofol on Wnt/f-catenin pathway was
investigated. We demonstrated for the first time that propofol
inhibits the Wnt/B-catenin pathway in a dose-dependent
manner, as evidenced by the decreased expression of Wnt3a,
B-catenin, Snaill and c-myc in HepG2 cells following
treatment with propofol at concentrations between 5 and
20 pug/ml. Furthermore, we found that the effect of propofol
on the Wnt/B-catenin pathway was attenuated by HMGA?2
overexpression. These results indicated that HMGA?2 was
involved in mediating the effect of propofol on Wnt/f3-catenin
pathway in HepG2 cells.

Collectively, the present results provide the first evidence,
to our knowledge, that HMGA2 mediates the effect of propofol
on HepG2 cells. Propofol was able to downregulate the expres-
sion of HMGAZ2, which inhibited the Wnt/B-catenin pathway,
thus leading to the inhibition of cell proliferation and invasion,
as well as induction of cell apoptosis of HepG2 cells. These
findings suggest a novel molecular mechanism underlying the
therapeutic effect of propofol on HCC. Further studies in vivo
are required to validate this molecular mechanism and its
clinical relevance.
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