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Abstract. Alpinia officinarum (A. officinarum), a member 
of the ginger family, is used in traditional medicine to treat 
stomach ache, cold and swelling. Previous studies have demon-
strated an anticancer effect of the A. officinarum extract and 
its major components in several cancer cell lines. However, the 
molecular mechanisms underlying the activity of this extract 
in breast cancer cells have not been fully elucidated to date. 
The aim of the present study was to investigate the molecular 
mechanisms underlying the activity of a methanolic extract of 
A. officinarum, by examining its effects on the proliferation of 
the breast cancer cell line MCF-7. Notably, the extract inhib-
ited MCF-7 cell proliferation in a dose- and time‑dependent 
manner. To further elucidate the molecular mechanism, 
we examined whether the A. officinarum extract affected 
cell cycle progression in MCF-7 cells. The extract inhibited 
S-phase cell cycle progression by suppressing the expression 
levels of S-phase cell cycle regulatory proteins, including E2F1, 
cyclin‑dependent protein kinase 2 and cyclin A. Additionally, 
nuclear morphology and flow cytometry with Annexin V/
propidium iodide dual staining demonstrated that apoptosis 
was induced. Western blot analysis using antibodies against 
apoptosis‑related proteins showed that cell death induced by 
the extract is mediated via caspase‑ and mitochondrial‑depen-
dent pathways. These findings collectively indicate that the 
A. officinarum extract exerts an antiproliferative activity in 
MCF-7 breast cancer cells by inducing S-phase cell cycle 
arrest and apoptosis.

Introduction

Despite significant improvements in the treatment methods for 
breast cancer over recent years, including surgical operation, 
chemotherapy and radiotherapy, breast cancer remains the 

second leading cause of cancer-induced mortality in women in 
North America (1). To date, several drugs have been isolated 
from plants, with the aim of controlling breast cancer. For 
instance, taxanes and vinca alkaloids isolated from yew tree 
and rosy periwinkle, respectively, are employed as antimitotic 
and antimicrotubule agents (2,3). Epipodophyllotoxins isolated 
from the American mayapple plant exert an anticancer activity 
by inhibiting topoisomerase II (4). Therefore, it is important to 
identify natural sources possessing tumor suppressor proper-
ties and to investigate the molecular mechanisms underlying 
these effects, in order to develop anticancer drugs.

Alpinia officinarum (A. officinarum), also known as lesser 
galangal, is a plant of the ginger family which is commonly 
found in Southeast Asia. The rhizome of A. officinarum is 
used in traditional medicine for the treatment of stomach 
ache, cold and swelling (5). Two major compounds, diaryl-
heptanoids and galangin, have been isolated. Previous studies 
have demonstrated that the A. officinarum extract and its 
major components exert an anticancer effect in numerous 
cancer cell lines, including liver, lung, breast and neuroblas-
toma (5‑8). However, the molecular mechanisms underlying 
the anticancer activity of this extract in the breast cancer cell 
line MCF-7 have not been elucidated.

The results of the present study showed that a methanolic 
extract of A. officinarum rhizome significantly reduces MCF-7 
cell proliferation in a dose- and time‑dependent manner. The 
effects of the extract on cell cycle progression and apoptosis in 
MCF-7 cells were also assessed.

Materials and methods

A. officinarum extract preparation. Rhizomes of A. offici-
narum were purchased from the Kyungdong oriental medicine 
market, Seoul, Korea. Materials (100  µg) were extracted 
with 99.8% methanol (1 liter) for 72 h at room temperature. 
Extracts were evaporated to dryness using a rotary evaporator 
and dissolved in dimethylsulfoxide (DMSO; Sigma-Aldrich, 
St. Louis, MO, USA).

Cell culture. The MCF-7 human breast cancer cell line was 
cultivated in Dulbecco's modified Eagle's medium (DMEM) 
containing 10% fetal bovine serum (FBS), 100 U/ml penicillin 
and 100 µg/ml streptomycin (HyClone Laboratories, Inc., 
South Logan, UT, USA) at 37˚C in a humidified atmosphere 
of 5% CO2.
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Cell proliferation assay. The effect of the A. officinarum 
extract on MCF-7 cell proliferation was measured using the 
3-(4,5-dimethylthiazol-z-yl)-2,5-diphenyl tetrazolium bromide 
(MTT) assay, based on the ability of live cells to cleave the 
tetrazolium ring to a molecule that absorbs at 570 nm (9,10). 
Briefly, cells (3x103/well) were seeded onto 96‑well microplates 
and incubated for 24 h. Next, cells were treated with various 
concentrations of A. officinarum extract (0-100 µg/ml). At 
different time points (12, 24, 48 and 72 h), 10 µl MTT solution 
(5 mg/ml; Sigma-Aldrich) was added to each well, followed by 
further incubation at 37˚C for 4 h. At the end of the incubation 
period, 100 µl of isopropyl alcohol dissolved in 5% of 1 M 
HCl was added to solubilize formazan crystals. Absorbance 
was measured using a SpectraMax® Plus384 microplate reader 
(Molecular Devices, Sunnyvale, CA, USA). All the measure-
ments were performed in quadruplicate. The cells were never 
exposed to a DMSO concentration >0.5%.

Cell cycle analysis using flow cytometry. MCF-7 cells 
(2x105 cells/dish) were plated on 100‑mm tissue culture dishes, 
and treated with the indicated concentrations of A. officinarum 
extract for 48 h. Cells were harvested via trypsinization, washed 
twice with ice-cold phosphate‑buffered saline (PBS), and fixed 
with 70% ethanol at -20˚C for 20 min. Fixed cells were washed 
with ice-cold PBS and stained with propidium iodide (PI) solu-
tion (50 µg/ml of PI, 10 µg/ml of RNase A and 3.8 mM sodium 
citrate in PBS) at 4˚C for 20 min. Cell cycle distribution was 
assessed using FACSVantage™ SE (Becton‑Dickinson, San 
Jose, CA, USA). Data from 10,000 cells/sample were collected 
and analyzed.

Western blot analysis. MCF-7 cells (2x105 cells/dish) were 
plated on a 100‑mm tissue culture dish, and treated with the 
indicated concentrations of A. officinarum extract for 48 h. 
Next, cells were rinsed twice with ice-cold PBS and scraped 
using lysis buffer (PBS containing 5 mM MgCl2, 1 mM EDTA, 
0.1% Triton X-100 and protease inhibitors). Cell lysates were 
centrifuged at 12,000 rpm for 10 min at 4˚C. Protein samples 
(60 µg) were mixed with SDS sample buffer, boiled for 5 min 
and subjected to 10 and 12% SDS-PAGE before electrotransfer 
to PVDF membrane (Westran S; Whatman, Florham Park, NJ, 
USA). The membrane was blocked with 5% non‑fat dry milk 
in TBST for 2 h at room temperature and incubated with anti-
bodies against E2F1, cyclin-dependent protein kinase 2 (cdk2), 
cyclin A, caspase-7, poly (ADP-ribose) polymerase (PARP), 
p53, Bcl-2, Bax (Santa Cruz Biotechnology, Inc., Santa Cruz, 
CA, USA) or tubulin (Upstate Biotechnology, Temecula, 
CA, USA), followed by incubation with the corresponding 
secondary antibodies, goat anti‑mouse IgG HRP‑conjugate 
or goat anti‑rabbit IgG HRP‑conjugate (Zymed, Carlsbad, 
CA, USA). Protein visualization was achieved using an 
enhanced chemiluminescence detection kit (West-Zol; Intron 
Biotechnology, Sungnam, Korea).

Analysis of nuclear morphology. The apoptotic effects of 
the A. officinarum extract on MCF-7 cells were analyzed via 
nuclear DNA staining. MCF-7 cells were plated on coverslips 
at a density of 1x103 cells/coverslip and treated with 50 µg/ml of 
A. officinarum extract. After a 48‑h incubation, the cells were 
fixed with 4% paraformaldehyde for 10 min, washed twice 

with PBS and stained with 1 µg/ml of Hoechst 33258 (Sigma-
Aldrich) for 20 min. Nuclear morphology was observed under 
a fluorescence microscope (BX-50; Olympus, Tokyo, Japan).

Annexin  V/PI f low cytometric analysis. MCF-7 cells 
(2x105 cells/dish) were plated on a 100‑mm tissue culture 
dish and treated with the indicated amounts of A. officinarum 
extract for 48 h. The cells were fixed with 70% ethanol for 
20 min, and apoptosis was assessed with an Annexin V FITC 
Apoptosis Detection kit I (BD Biosciences, Palo Alto, CA, 
USA), according to the manufacturer's protocol. Flow cytom-
etry analysis was performed using FACSVantage™ SE. Data 
from 10,000 cells/sample were collected and analyzed.

Results

Effects of A. officinarum extract on the proliferation of the 
human breast cancer cell line MCF-7. To determine whether 
A. officinarum extract exerts an antiproliferative effect, MCF-7 
cells were treated with various concentrations of the extract 
for the indicated times, and cell proliferation was determined 
using the MTT-based colorimetric assay. In cells treated with 
the extract, proliferation was significantly decreased in a 
time- and dose-dependent manner, clearly demonstrating an 
antiproliferative effect (Fig. 1).

A. officinarum extract induces S-phase cell cycle arrest in 
MCF-7 cells. Next, we investigated the mechanisms underlying 
the antiproliferative activity of the extract. MCF-7 cells treated 
with the indicated amounts of extract for 48 h were stained 
with PI and flow cytometric analysis was performed. The 
A. officinarum extract induced an increase in the proportion 
of cells in the S-phase in a dose-dependent manner (Fig. 2). 
Particularly, the cell population in the S-phase was 12.90% 
in the untreated control group. After 48 h of incubation with 
100 µg/ml extract, the S-phase population was significantly 
enhanced to 25.69% (Fig. 2A).

Western blot analysis was performed to determine the 
expression levels of S-phase cell cycle regulatory proteins, 
including E2F1, cdk2 and cyclin  A. These proteins are 
essential for the progression of the S-phase of the cell cycle. 
The levels of all the proteins examined were significantly 
suppressed in groups treated with the A. officinarum extract 

Figure 1. A. officinarum extract exerts an antiproliferative activity in MCF-7 
cells. Cells (3x103 cells/well) plated on 96‑well microplates were treated with 
the indicated concentrations of A. officinarum extract for 0-72 h, and prolifer-
ation activity was determined using the MTT assay. Data are presented as the 
means ± standard error (SE) of values from three independent experiments.
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in a dose-dependent manner (Fig. 3). These results suggest 
that the extract inhibits MCF-7 cell proliferation by inducing 
S-phase cell cycle arrest.

Apoptotic activity of A. officinarum extract in MCF-7 cells. 
To further determine whether the extract triggers apoptosis 
in MCF-7 cells, the cells were treated with or without 50 µg 
extract for 48 h and stained with Hoechst 33258. Morphological 
changes in the nucleus were observed under a fluorescence 
microscope. Nuclear condensation was evident in the presence 
of A. officinarum extract, while not control cells (Fig. 4A). The 
apoptosis-promoting potential of the extract was subsequently 
examined using flow cytometric analysis after Annexin V/
PI dual staining (Fig. 4B). The dot plots show non-apoptotic 
live cells in the lower left quadrant (Annexin V-/PI-), apoptotic 
cells in the lower right quadrant (Annexin V+/PI-) and dead 
cells in the upper right quadrant (Annexin V+/PI+). Following 
treatment with the indicated amounts of A. officinarum extract 
for 48 h, the proportion of apoptotic cells (Annexin V+/PI-) 
was significantly increased in a dose-dependent manner. 
These data collectively indicate that the A. officinarum extract 
induces apoptosis in MCF-7 cells.

To determine the molecular mechanisms underlying 
apoptosis induction, cells were treated with the indicated 
amounts of extract for 48 h, and western blot analysis was 

Figure 2. A. officinarum extract induces S-phase cell cycle arrest in MCF-7 
cells. Cells (2x105 cells/dish) plated on 100‑mm dishes were treated with the 
indicated amounts of extract for 48 h. (A) The cells were stained with PI and 
subjected to flow cytometry analysis. The proportion of cells in each cell 
cycle phase is indicated. (B) The percentage of S-phase cells at each extract 
concentration is shown. Data are presented as the means ± SE of three inde-
pendent experiments. *P<0.01, compared with control. PI, propidium iodide.

Figure 3. A. officinarum extract inhibits the expression of S-phase regulatory 
proteins in MCF-7. Cells (2x105 cells/dish) plated on 100‑mm dishes were 
treated with the indicated concentrations of A. officinarum extract for 48 h. 
(A) Cell lysates were subjected to western blot analysis using the indicated 
antibodies. α-tubulin was employed as an internal control. (B) Relative band 
intensities of each protein were quantified using densitometry. Data are 
presented as the means ± SE of three independent experiments. *P<0.05, 
**P<0.01, compared with control.

Figure 4. Apoptotic activity of the A. officinarum extract in MCF-7 cells. 
(A) Cells seeded on coverslips (1x103 cells/coverslip) were treated with or 
without 50 µg/ml extract for 48 h and stained with Hoechst 33258 dye. The 
arrows indicate nuclear condensation. (B) Cells plated on 100‑mm dishes 
(2x105 cells/dish) were treated with the indicated concentrations of extract 
for 48 h, and subjected to flow cytometric analysis after Annexin V/PI dual 
staining. The percentage of Annexin V+/PI+ (dead cells) and Annexin V+/PI- 
cells (apoptotic cells) is indicated. PI, propidium iodide.
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performed using specific antibodies against apoptosis-
related proteins. The expression level of procaspase-7 was 
significantly decreased by the extract in a dose-dependent 
manner (Fig. 5A and B). Procaspase-7, the precursor form of 
caspase-7, is cleaved into caspase-7. This process is mediated 
by active caspases or other proteases in response to apoptosis 
signaling (11). Caspases, a family of cysteine proteases, are 
the final executors of apoptosis, and are activated via both 
intrinsic and extrinsic pathways (12,13). Additional evidence 
of caspase activation was provided by examining the cleavage 
of the caspase substrate, PARP. Upon introduction of the 
A. officinarum extract into MCF-7 cells, the presence of an 
85‑kDa protein fragment, representing the cleaved form of 
PARP, was increased in a dose-dependent manner (Fig. 5A 
and B), suggesting the induction of caspase-mediated apop-
tosis in MCF-7 cells.

We also examined the expression of p53, a tumor 
suppressor, which mediates apoptosis in response to DNA 
damage. p53 level was significantly increased by the A. offi-
cinarum extract in a dose-dependent manner (Fig. 5A and B). 
Based on the finding that an increase in the Bax/Bcl-2 ratio 
indicates mitochondrial dysfunction (14,15), expression levels 
of Bax and Bcl-2 proteins were further examined. The A. offi-
cinarum extract induced a slight increase in Bax and significant 
decrease in Bcl-2 expression in a dose-dependent manner 
(Fig. 5A). Subsequent estimation of band intensity further 
confirmed this dose-dependent increase in the Bax/Bcl-2 ratio 
(Fig. 5C). These results collectively suggest that apoptosis 
induced by the A. officinarum extract is mediated via caspase- 
and mitochondrial-dependent pathways.

Discussion

In the present study, we investigated the effects of the A. offici
narum extract on MCF-7 cell proliferation, and determined 
the molecular mechanisms underlying its activity. As shown in 
Fig. 1, the A. officinarum extract inhibited cell proliferation in 
a dose- and time-dependent manner. Additionally, S-phase cell 
cycle progression was inhibited in a dose-dependent manner 
by the extract (Fig. 2). Inhibition of cancer cell proliferation 
is usually affected by cell cycle arrest. Cell cycle progression 
is regulated by a complex of cyclin and cdk (16). In particular, 
the key regulators for S-phase cell cycle progression are 
cyclin A and cdk2 (17). The cyclin A-cdk2 complex modulates 
the function of the E2F1 transcription factor, subsequently 
activating several target genes required for cell cycle progres-
sion and DNA synthesis in the S-phase  (18). As shown in 
Fig. 3, the expression levels of cyclin A, cdk2 and E2F1 were 
downregulated by the A. officinarum extract. Based on these 
data, it is suggested that the extract suppresses S-phase cell 
cycle progression by inhibiting regulatory protein expression.

In addition to promoting MCF-7 cell cycle arrest, the 
A. officinarum extract showed an ability to trigger apoptosis. 
The cell population displaying nuclear condensation and 
Annexin V+/PI- staining was increased following treatment with 
the extract (Fig. 4). Annexin V binds to phosphatidylserine with 
high affinity. Under normal conditions, phosphatidylserine is 
located in the intracellular portion of plasma membrane lipid 
bilayer. During early apoptosis, phosphatidylserines are redis-
tributed from the intracellular to extracellular portion of the 
lipid bilayer (19,20). Thus, Annexin V+ cells are representative 
of progressive apoptosis. However, dead cells are also stained 
with Annexin V, owing to disruption of the cell membrane. In 
contrast to dead cells, those undergoing progressive apoptosis 
are undetectable by staining with PI. Dead cells are stained 
with both Annexin V and PI, whereas viable cells cannot be 
stained with either dye. The A. officinarum extract induced a 
marked increase in the Annexin V+/PI- cell population from 
8.5 to 72.5% (Fig. 4B), indicating the progression of apoptosis.

Apoptosis is induced by the death receptor-mediated 
extrinsic and mitochondrial cytochrome c-mediated intrinsic 
pathways. In the extrinsic pathway, extracellular signals, 
including toxins, hormones, growth factors and cytokines, 
promote the formation of the death-inducing signaling 
complex, subsequently activating caspases-8 and -10. In the 
intrinsic pathway, intracellular apoptotic signals, including 

Figure 5. Effects of the A. officinarum extract on the expression levels of 
apoptosis-related proteins in MCF-7 cells. (A) Cells were treated with the 
indicated concentrations of extract for 48 h, and subjected to western blot 
analysis using indicated antibodies. α-tubulin was employed as the internal 
control. (B) Relative band intensities of the indicated proteins were quanti-
fied using densitometry. (C) The Bax/Bcl-2 expression ratio is shown. Data 
are presented as the means ± SE of three independent experiments. *P<0.05, 
**P<0.01, compared with control.
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heat, radiation, nutrient deprivation and viral infection, trigger 
the release of cytochrome c from mitochondria. Released 
cytochrome c activates caspases-9 and -2 by forming apop-
tosomes (11). Caspases are broadly classified into two groups; 
initiator (caspase-2, -8, -9 and -10) and executioner (caspases-3, 
-6 and -7) caspases. Executioner caspases are stimulated by 
active initiator caspases through proteolytic cleavage. Active 
executioner caspases subsequently cleave various intra
cellular substrates, including PARP, to perform the cell death 
program (11). As shown in Fig. 5A and B, the A. officinarum 
extract induced a dose-dependent decrease and increase in the 
expression levels of procaspase-7 and cleaved PARP, respec-
tively, supporting a role in the promotion of caspase-mediated 
apoptosis in MCF-7 cells.

The levels of p53 and the Bax/Bcl-2 expression ratio are 
important biochemical markers of apoptosis. p53 mediates 
either cell cycle arrest or apoptosis in response to DNA 
damage, and prevents the replication of damaged DNA via 
apoptosis  (12,21). During apoptosis, p53 induces the tran-
scriptional repression of Bcl-2 and the activation of Bax (22). 
Therefore, p53 level and Bax/Bcl-2 ratio are generally 
increased during apoptosis. Furthermore, the increase in Bax/
Bcl-2 ratio mediates mitochondria-dependent apoptosis by 
inducing cytochrome c release from the mitochondria into 
the cytosol (23). In our experiments, both expression levels 
of p53 and the Bax/Bcl-2 ratio were significantly increased 
in the presence of A. officinarum extract in a dose-dependent 
manner, suggesting an induction of mitochondrial-dependent 
apoptosis (Fig. 5).

Recently, several compounds have been isolated from 
A. officinarum extract, including diarylheptanoids and galangin. 
These compounds exert anticancer effects on numerous cancer 
cell lines (5‑8), and may be responsible for the antiproliferative 
activity of the extract in MCF-7 cells. Thus, further studies 
focusing on the molecular mechanisms underlying the anti-
cancer activities of these compounds are essential. Following 
confirmation of these findings in vivo, the extract or its isolates 
may be effectively employed to mediate chemotherapeutic and 
cytostatic activities in human breast cancer.
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