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Abstract: Objective: Gastric carcinoma is a malignant tumor that responds poorly to both chemotherapy and radia-
tion therapy. In our study, we investigated the anti-cancer effect of honokiol, an active component isolated and
purified from the Magnolia officinalis, in human gastric carcinoma MGC-803 cell line. Methods: The cell viability was
detected by the CCK8 assay. The cell apoptosis and cell cycle arrest were assessed by flow cytometer. The protein
expression of cell cycle regulators and tumor suppressors were analyzed by western blotting. Results: Treatment
of human gastric carcinoma cells with honokiol induced cell death in a dose-and time-dependent manner by using
CCK8 assay. Consistent with the CCK8 assay, the flow cytometry results showed that the proportion of apoptosis
cells had gained when the cells were exposed to honokiol. Moreover, Cyclin B1, CDC2 and cdc25C were downregu-
lated, and the expression of p-CDC2 and p-cdc25c¢ was significantly upregulated upon honokiol treatment. P53 and
p21 were significantly upregulated by honokiol treatment. Treatment of MGC-803 cells with honokiol significantly
increased the pro-apoptotic Bax level and decreased the anti-apoptotic Bcl-2 level. Conclusions: These results con-
firmed that honokiol could induce apoptosis and cell cycle arrest, the underlying molecular mechanisms, at least

partially, through activation p53 signaling and downregulation CDC2/cdc25C expression.

Keywords: Honokiol, gastric carcinoma, CDC2/cdc25C, p53, cell cycle arrest

Introduction

The bark and/or seed cones of the Magnolia
tree have been used in traditional herbal medi-
cines in China. Individual constituents of
Magnolia have been reported by many investi-
gators to have anti-cancer effects [1]. Honokiol,
a small molecular weight natural product iso-
lated and purified from the Magnolia officinalis,
has been shown to possess potent anti-oxida-
tion [2], anti-inflammatory [3], ameliorate body
fat accumulation and insulin resistance [4],
anti-neoplastic [5, 6] and anti-angiogenic prop-
erties [7-9]. Functional studies reveal that
honokiol can induce cell apoptosis in human
chondrosarcoma cells in vitro and reduce
tumor volume in vivo [8]. Moreover, honokiol
significantly inhibit cyclosporine A-induced and
Ras-mediated survival of renal cancer cells
through the down-regulations of vascular endo-
thelial growth factor (VEGF) and cytoprotective
enzyme HO-1 [10]. Interestingly, honokiol ana-
logs show much higher growth inhibitory activi-
ty in AB49 human lung cancer cells and signifi-

cant increase of cell population in the GO/G1
phase [11]. The study further suggests that
honokiol combined with paclitaxel or gem-
citabine synergistically inhibits the proliferation
and induces cell apoptosis in human cancer
cell modol [12, 13]. However, the pharmacologi-
cal functions of honokiol are rarely conducted
in gastric carcinoma growth and anti-cancer
efficacy.

Cell cycle control is the major regulatory mecha-
nisms of cell growth, and activation of p53, a
tumor suppressor protein, is involved in the
regulation of cell cycle arrest and apoptosis [6].
Many chemotherapeutic drugs or Chinese
Herbal Medicine arrest the cell cycle and subse-
quently induce cell death [14-16]. The phos-
phorylation of cell division cycle 2 (CDC2) and
cdc25C, cycle regulatory proteins, are involved
in arresting effect of gastric carcinoma cells on
the cell cycle at G2/M phase [15, 17]. CDC2 is
always overexpressed in malighant carcinoma
cells and is correlated with chemosensitivity
[18]. Knockdown of CDC2 expression inhibits
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proliferation, enhances apoptosis, and increas-
es chemosensitivity to temozolomide in glio-
blastoma cells [18]. In human gastric carcino-
ma BGC-823 cells, oroxylin A-treated can down-
regulate the expression of cyclin-dependent
kinase 7 (CDK7), which is responsible for the
low expression of cyclin B1 and CDC2 [19].
Similarly, gambogic acid-induced G2/M phase
cell-cycle arrest via disturbing CDK7-mediated
phosphorylation of CDC2/p34 in human gastric
carcinoma BGC-823 cells [20]. Moreover, tan-
shinone IIA inhibits gastric carcinoma AGS cells
proliferation through activation p53 signaling
and suppression CDC2 and cyclin B1 expres-
sion [17, 21]. In colorectal cancer cells, p53 can
modulate the honokiol-induced apoptosis [6,
22]. These findings indicate that cell-cycle regu-
latory proteins CDC2 and cdc25C and p53 sig-
naling play an evident role to control the prolif-
eration of carcinoma cells. However, honokiol
inhibitions cell-cycle progression in human gas-
tric carcinoma cells is unknown.

Gastric carcinoma is one of the leading causes
and deaths in the world [23]. Development of
colorectal cancer prevention and therapy by
Chinese Herbal Medicine is highly desired. In
this study, the role of p53 and CDC2/cdc25C
on the regulation of honokiol-induced apopto-
sis in the human gastric carcinoma cells was
investigated. Honokiol inhibited CDC2/cdc25C
expression in human gastric carcinoma cells;
furthermore, honokiol arrested the cell cycle
and subsequently induced cell death. In con-
trast, the expression of p53 was upregulated in
honokiol-induced apoptosis. These data sug-
gested that honokiol might be an effective
adjuvant therapy drug for human gastric
carcinoma.

Materials and methods
Cell culture

The MGC-803 gastric carcinoma cells were
obtained from the Chinese Academy of
Sciences (Institute of Shanghai Cell Biology and
Chinese Type Culture Collection, China), and
maintained in DMEM (Dulbecco’s modified
Eagle’'s medium; Invitrogen), supplemented
with 10% fetal bovine serum (FBS) (HyClone,
Logan, UT) at 37°C in a humidified, 5% CO,,
95% air atmosphere. The medium was replen-
ished every day. Confluent cells were treated
with various concentrations of honokiol (0-40
uM).
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Cell viability detection by CCK8

The MGC-803 gastric carcinoma cells (1.0 x
10%/well) were plated and treated in 96-well
plates (three wells per group) with honokiol
(0-40 mg/mL) for 24 or 48, respectively. 10 uL
of CCK8 (Dojindo, Kumamoto, Japan) was
added to the cells, and the viability of the cells
was measured at 490 nm using an ELISA read-
er (BioTek, Winooski, VT, USA) according to the
manufacturer’s instructions.

Quantification of apoptosis by flow cytometry

Apoptosis was assessed using annexin 'V, a pro-
tein that binds to phosphatidylserine (PS) resi-
dues which are exposed on the cell surface of
apoptotic cells. Cells were treated with vehicle
or honokiol for indicated time intervals. After
treatment, cells were washed twice with PBS
(pH = 7.4), and re-suspended in staining buffer
containing 1 pyg/ml Pl and 0.025 ug/ml annexin
V-FITC. Double-labeling was performed at room
temperature for 10 min in the dark before the
flow cytometric analysis. MGC-803 gastric
carcinoma cells were immediately analyzed
using FACScan and the Cellquest program.
Quantitative assessment of apoptotic cells was
also assessed by the terminal deoxynucleotidyl
transferase-mediated deoxyuridine triphos-
phate nick end labeling (TUNEL) method, which
examines DNA-strand breaks during apoptosis
by using BD ApoAlert™ DNA Fragmentation
Assay Kit. Briefly, MGC-803 gastric carcinoma
cells were incubated with honokiol. The MGC-
803 gastric carcinoma cells were trypsinized,
fixed with 4% paraformaldehyde, and permea-
bilized with 0.1% Triton-X-100 in 0.1% sodiumci-
trate. After being washed, MGC-803 gastric
carcinoma cells were incubated with the reac-
tion mixture for 60 min at 37°C. The stained
cells were then analyzed with flow cytometer
(FC500, Beckman Coulter, FL, USA).

Cell cycle assays

MGC-803 gastric carcinoma cells (1.0 x 108/
well) were plated and treated in 6-well plates
(three wells per group) with vehicle or honokiol
(5 or 10 uM) for 48 h. After treatment with
honokiol, the cells were harvested and subject-
ed to the following assays. For the cell cycle
assay, the cells were washed twice with ice cold
PBS, fixed in 70% ethanol at 4°C overnight,
incubated with 10 mg/mL Rnase A (Sigma-
Aldrich) at 37°C for 30 min, and then incubated
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with 50 mg/mL propidium iodide (Sigma-
Aldrich). Cell cycle distribution was assessed by
flow cytometry (FC500, Beckman Coulter, FL,
USA).

Western blotting

The MGC-803 gastric carcinoma cells were
homogenized and extracted in NP-40 buffer,
followed by 5-10 min boiling and centrifugation
to obtain the supernatant. Samples containing
50 pg of protein were separated on 10% SDS-
PAGE gel, transferred to nitrocellulose mem-
branes (Bio-Rad Laboratories, Hercules, CA,
USA). After saturation with 5% (w/v) non-fat dry
milk in TBS and 0.1% (w/v) Tween 20 (TBST),
the membranes were incubated with the follow-
ing antibodies: Bax, Bcl-2, CDC2, P-CDC2,
cdc25C, P-cdc25C, p53 and p21 (Santa Cruz
Biotechnoogy, CA, USA), at dilutions ranging
from 1:500 to 1:2,000 at 4°C over-night. After
three washes with TBST, membranes were
incubated with secondary immunoglobulins
(Igs) conjugated to IRDye 800CW Infrared Dye
(LI-COR), including donkey anti-goat 1gG and
donkey anti-mouse IgG at a dilution of 1:10,000-
1:20,000. After 1 hour incubation at 37°C,
membranes were washed three times with
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Figure 1. Effect of honokiol on the cell viability. The
cell viability was examined by CCK8 assay when the
human gastric carcinoma MGC-803 cells were incu-
bated with various concentrations of honokiol (0-40
uM) for 24 h (A) and 48 h (B). Human neuroglioma
cells were incubated with honokiol (10 uM) for O, 6,
12, 24, 36 and 48 h, and the cell viability was ex-
amined by CCK8 assay (C). Values are expressed as
mean + SEM, n = 3 in each group. "P < 0.05 versus
control group.

TBST. Blots were visualized by the Odyssey
Infrared Imaging System (LI-COR Biotechno-
logy). Signals were densitometrically assessed
(Odyssey Application Software version 3.0) and
normalized to the B-actin signals to correct for
unequal loading using the mouse monoclonal
anti-B-actin antibody (Bioworld Technology,
USA).

Statistical analysis

The data from these experiments were report-
ed as mean * standard errors of mean (SEM)
for each group. All statistical analyses were
performed by using PRISM version 4.0
(GraphPad). Inter-group differences were ana-
lyzed by one-way ANOVA, and followed by
Tukey’s multiple comparison test as a post test
to compare the group means if overall P < 0.05.
Differences with P value of < 0.05 were consid-
ered statistically significant.

Results
Cell growth inhibition

Human gastric carcinoma MGC-803 cell viabil-
ity was measured when cells were exposed to
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Figure 2. Effect of honokiol on cell apoptosis and cell cycle arrest. Human gastric carcinoma cells were treated with
vehicle or honokol (5 or 10 pM) for 48 h, the percentage of apoptotic cells was also analyzed by flow cytometric
analysis of annexin V/PI double staining (A) and bar graphs represent the percentage of apoptotic cells (B). The
percentage of cell cycle phase was analyzed by flow cytometry analysis after cells exposure to honokiol for 48 h (C).
Values are expressed as mean + SEM, n = 3 in each group. “P < 0.05, “P < 0.01 versus control group.

various concentrations of honokiol (0-40 uM)
for 24 (Figure 1A) and 48 h (Figure 1B). MGC-
803 cell were growth inhibited with honokiol.
As shown in Figure 1A, the concentrations at
which honokiol inhibited MGC-803 cell growth
by 50% (IC50) was 30 pM for 24 h. The IC50
was 7.5 UM when the cells were exposed to
honokiol for 48 h (Figure 1B). Treatment of gas-
tric carcinoma cells with honokiol induced cell
growth inhibition in a dose-dependent manner
by using CCK8 assay. To evaluate the time-
dependent effect of honokiol on the cell viabili-
ty, the MGC-803 cells were exposed to 10 uyM
honokiol for various times. As shown in Figure
1C, the cell viability was significantly decreased
with increasing durations.

Effects of honokiol on cell apoptosis and cell
cycle arrest

We next investigated whether honokiol induced
cell death through an apoptotic mechanism.
Annexin V-PI double-labeling was used for the
detection of PS externalization, a hallmark of
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early phase of apoptosis. Consistent with the
CCKS8 assay, the results showed that growth
inhibition was accompanied with an increase in
apoptotic cells, as determined by flow cytome-
try (Figure 2A and 2B). The proportion of apop-
tosis cells had gained after honokiol treatment
as compared with control group (Figure 2A and
2B). To gain insights into the mechanism of the
antiproliferative activity of honokiol, its effect
on cell-cycle distribution was determined via a
flow cytometry assay. As shown in Figure 2C,
human gastric carcinoma cells were exposed to
honokiol for 48 h, which resulted in an accumu-
lation of cells in G2/Mphase. These results
suggested that the effects of honokiol sup-
pressed human gastric carcinoma cell prolifer-
ation, at least in part, through delay in the
G2/M transition.

Effect of honokiol on the cell cycle regulated
protein

To evaluate the potential molecular mechanism
by which honokiol causes a G2/M arrest, we
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Figure 3. Effects of honokiol on G2/M checkpoint proteins. Human gastric carcinoma cells were treated with vehicle
or honokol (5 or 10 yM) for 48 h, and the expression levels of Cyclin B1, CDC2 and p-CDC2 were determined by
western blotting and densitometric analyses (A). The expression levels of cdc25C and p-cdc25C were determined
by western blotting and densitometric analyses (B). Values are expressed as mean + SEM, n = 3 in each group. "P

< 0.05, P < 0.01 versus control group.

analyzed the steady-state levels of proteins
involved in the G2/M checkpoint. The results
found that Cyclin B1, CDC2 and cdc25C were
downregulated upon honokiol treatment in
human gastric carcinoma cells (Figure 3A and
3B). However, we found that the expression of
p-CDC2 and p-cdc25c was significantly upregu-
lated when the gastric carcinoma cells were
exposed to honokiol (Figure 3A and 3B).

Effect of honokiol on p53, p21, BAX and Bcl-2

Significant changes in the protein levels of
tumor suppressors were observed in human
gastric carcinoma cells with honokiol-treated.
As shown in Figure 4A, p53 and p21 were sig-
nificantly upregulated by honokiol treatment.
Moreover, the apoptotic response was further
investigated by measuring apoptosis-related
proteins expression. Treatment of MGC-803
cells with honokiol significantly increased the
pro-apoptotic Bax level and decreased the anti-
apoptotic Bcl-2 level (Figure 4B). These results
indicated that honokiol might induce cell death
through activation tumor suppressors signaling
pathway.
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Discussion

In this study, we investigated the anti-cancer
mechanism of honokiol in human gastric carci-
noma MGC-803 cells. We demonstrated that
there might be correlated between p53 signal-
ing with cell apoptosis progression. Honokiol
could induce gastric carcinoma cells apoptosis,
and the underlying mechanism was mediated,
at least partially, through down-regulation of
CDC2/cdc25C and up-regulation of p53. There
are mostly sparse reports of the anticancer
activity of honokiol on human tumor, especially
on human gastric carcinoma. Previous studies
have shown that honokiol can suppress tumor
growth, such as human glioblastoma [5],
colorectal cancer [6], hepatocellular carcinoma
[24] and breast cancer [25]. However, honokiol
derivatives show no significant cytotoxic effects
in any of the three tested cell lines, CCRF-CEM
leukemia cells, U251 glioblastoma and HCT-
116 colon cancer cells, at a test concentration
of 10 uM [26]. These studies indicate that more
research is needed to understand the cytotox-
icity and the tumor inhibition of honokiol or
honokiol derivatives.

Int J Clin Exp Med 2015;8(4):5454-5461
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Figure 4. Effects of honokiol on tumor suppressors and apoptosis-related proteins. Human gastric carcinoma cells
were treated with vehicle or honokol (5 or 10 pM) for 48 h, and the expression levels of p53 and p21 were deter-
mined by western blotting and densitometric analyses (A). The expression levels of BAX and Bcl-2 were determined
by western blotting and densitometric analyses (B). Values are expressed as mean + SEM, n = 3 in each group. “P

< 0.05, P < 0.01 versus control group.

In the present study, we undertook a compre-
hensive and integrative approach to explore the
cytotoxicity and the tumor inhibition of honokiol
in human gastric carcinoma MGC-803 cells.
We demonstrated that honokiol induced cell
death in a dose-and time-dependent manner,
and the underlying molecular mechanisms
might be correlated with cell cycle arrest. The
anti-cancer mechanisms of honokiol in this
study were similar to the other tumor cells
model [6, 24, 27]. Honokiol influenced cell-
cycle progression, induced G2/M arrest and
apoptosis accompanied with p53 signaling
activation. It is known that cell cycle dysregula-
tion is a hallmark of tumor cells. Regulation of
proteins that mediate critical events of the cell
cycle may be a useful antitumor target [17].
CDC2 is the cyclin-dependent kinase responsi-
ble for the entry and exit from G2 and mitosis.
CDC2 interacts with cyclin B4, and activation of
the CDC2/cyclin B1 complex is required for the
transition from G2 to M phase of the cell cycle
[28]. Cdc25C, a protein tyrosine phosphoryla-
tion in cell cycle control, allows progression to
mitosis when the CDC2/cyclin B1 complexes
are formed [29]. Our results indicated that
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honokiol induced cell cycle arrest through sup-
pression the expression of CDC2, cyclin B1 and
cdc25C. Moreover, honokiol induces cell cycle
arrest and apoptosis in acute myeloid leukemia
and human malignant pleural mesothelioma
cells [30, 31]. Intriguingly, honokiol induces G1
cell cycle arrest by reducing the expression of
cyclins and CDK, and honokio-induced apopto-
sis is associated with activation of caspase3
and caspase9 in adult T-cell leukemia [32].

On the other hand, the tumor suppressor gene
p53 plays a critical role in the regulation of cell
cycle along with the induction of apoptosis and
regulates the inhibition of cell growth [33]. In
response to honokiol, p53 accumulates due to
posttranslational modification, resulting in cell
cycle arrest and apoptosis [22]. In human
colorectal cell line RKO, honokiol induces apop-
tosis through p53-independent pathway target-
ing to activate caspase cascade [22]. Interest-
ingly, honokiol decreased anti-apoptotic sur-
vivin protein and gene expression and increased
total p53 and the phosphorylated p53 proteins
at Ser15 and Ser46 [6]. Together, these studies
indicate that the existence of survivin and p53

Int J Clin Exp Med 2015;8(4):5454-5461
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can modulate the honokiol-induced apoptosis.
In our study, human gastric carcinoma cell
exposure to honokiol could upregulate the
expression of p53 and p21. In an orthotopic
model, honokiol suppresses gastric tumor
growth and peritoneal dissemination [34], and
the same results are detected in nu/nu mice
[35].

In conclusion, honokiol could induce apoptosis
and cell cycle arrest in human gastric carcino-
ma MGC-803 cell line, the underlying molecular
mechanisms, at least partially, through activa-
tion p53 signaling and downregulation CDC2/
cdc25C expression. In view of the results of this
experiment, it seemed reasonable to highlight
the possibility of honokiol in the clinical treat-
ment of gastric carcinoma.
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