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Abstract. Tumor cell invasion and metastasis are important 
processes in colorectal cancer that exert negative effects 
on patient outcomes; consequently, a prominent topic in 
the field of colorectal cancer study is the identification of 
safe and affordable anticancer drugs against cell invasion 
and metastasis, with limited side effects. Ginkgolic acid is a 
phenolic acid extracted from ginkgo fruit, ginkgo exotesta and 
ginkgo leaves. Previous studies have indicated that ginkgolic 
acid inhibits tumor growth and invasion in a number of types 
of cancer; however, limited studies have considered the effects 
of ginkgolic acid on colon cancer. In the present study, SW480 
colon cancer cells were treated with a range of concentrations 
of ginkgolic acid; tetrazolium dye‑based MTT, wound‑scratch 
and transwell migration assays were performed to investigate 
the effects on the proliferation, migration and invasion of colon 
cancer cells, and potential mechanisms for the effects were 
explored. The results indicated that ginkgolic acid reduced 
the proliferation and significantly inhibited the migration 
and invasion of SW480 cells in a concentration‑dependent 
manner. Additional experiments indicated that ginkgolic acid 
significantly decreased the expression of invasion‑associated 
proteins, including matrix metalloproteinase (MMP)‑2, MMP‑9, 
urinary‑type plasminogen activator and C‑X‑C chemokine 
receptor type 4, and activated adenosine monophosphate 
activated protein kinase (AMPK) in SW480 cells. Small 
interfering RNA silencing of AMPK expression reversed the 
effect of ginkgolic acid on the expression of invasion‑associated 
proteins. This result suggested that ginkgolic acid inhibited 
the proliferation, migration and invasion of SW480 colon 
cancer cells by inducing AMPK activation and inhibiting the 
expression of invasion‑associated proteins.

Introduction

Colorectal cancer is one of the most common types of malignant 
cancer worldwide (1). Worldwide, colorectal cancer ranks third 
among malignant tumor types in morbidity and mortality for 
male and female populations (2). In China, with the continuous 
improvement of living standards and changes in dietary habits, 
the morbidity of colorectal cancer is also increasing (3). At 
present, surgery remains the primary treatment for colorectal 
cancer, and the majority of patients experience tumor relapse 
and/or metastasis (4). Postoperative colorectal cancer liver 
metastasis is the leading cause of mortality (5). Postoperative 
chemotherapy has improved survival rates, but the use of 
chemotherapy drugs is constrained by their side effects (6,7). 
Therefore, an important topic in the field of colorectal cancer 
study is the identification of safe and affordable antitumor 
drugs with minor side effects.

Ginkgo biloba L., also known as ginkgo, is the oldest 
existing seed plant  (8) and is widely distributed in China. 
Ginkgolic acid is a phenolic acid (a 6‑alkyl or 6‑alkenyl deriva-
tive of salicylic acid) that has been identified in ginkgo fruit, 
ginkgo exotesta, and ginkgo leaves (9). It has several monomer 
structures, and the monomers C13:0, C15:0, and C17:1 demon-
strate antitumor activity (10). Several previous studies have 
indicated that ginkgolic acid inhibits tumor growth and inva-
sion in a number of cancer types, including pancreatic, liver, 
laryngeal and breast cancer (11‑13). However, to the best of our 
knowledge, no studies have been conducted to investigate the 
effects of ginkgolic acid on colon cancer cells.

Adenosine 5'‑monophosphate activated protein kinase 
(AMPK), a serine/threonine protein kinase, is an intracellular 
energy sensor (14). Activating the AMPK pathway may be an 
important mechanism for the antitumor effects of ginkgolic 
acid (11). Epidemiological data demonstrates that metformin, 
an established AMPK activator, significantly reduces the risk 
of colon cancer in patients with diabetes (15‑17) and promotes 
the apoptosis of colon cancer cells (18). Therefore, the present 
study hypothesized that the botanical substance ginkgolic acid 
may inhibit the biological activity of colon cancer cells by acti-
vating the AMPK pathway. In the present study, SW480 human 
colon cancer cells were used as target cells to investigate the 
effects of ginkgolic acid on the clonal proliferation, migra-
tion and invasion of cancer cells in vitro, and to investigate 
potential molecular mechanisms.
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Materials and methods

Cell culture and reagents. Human colorectal cancer SW480 
cells were purchased from the Institute of Biochemistry and 
Cell Biology Cell Bank (Shanghai Institutes for Biological 
Sciences, Chinese Academy of Sciences, Shanghai, China). 
Adherent SW480 cells were cultured in RPMI‑1640 medium 
(Hyclone; GE Healthcare, Chicago, IL, USA) containing 
10% fetal bovine serum (FBS, Hyclone; GE Healthcare), 
100 µg/ml penicillin and 100 µg/ml streptomycin in a humidi-
fied incubator at 5% CO2 and 37˚C throughout the study. 
MTT, ginkgolic acid (C15:1; C22H34O3; molecular weight, 
346.50), and dimethyl sulfoxide (DMSO) were purchased 
from Sigma‑Aldrich; Merck KGaA (Darmstadt, Germany). 
Radioimmunoprecipitation assay protein lysis buffer was 
purchased from the Beyotime Institute of Biotechnology 
(Haimen, China). Information regarding the antibodies used in 
the present study is summarized in Table I. Ginkgolic acid was 
dissolved in methanol to prepare a 1 mmol/l stock solution, 
which was sterilized via filtration with a 0.22 µm membrane 
filter (EMD Millipore, Billerica, MA, USA) and stored in the 
dark at ‑20˚C. A working solution was diluted with RPMI‑1640 
immediately prior to use.

Cell proliferation assay. Tetrazolium dye‑based MTT assays 
were performed to investigate the effect of ginkgolic acid on 
the proliferation of SW480 cells. SW480 cells in the expo-
nential growth phase were harvested and seeded into 96‑well 
plates at a density of 5x103  cells/well. Cells were starved 
with RPMI‑1640 containing 1% FBS overnight once they 
had adhered to plates. Next, cells were treated with different 
concentrations of ginkgolic acid (0, 5, 10, 20 and 50 µmol/l) 
or 25 mg/l 5‑Fu (5‑FU concentration was chosen based on a 
previous in‑house determination of the 5‑FU IC50, data not 
shown) and cultured for 12, 24, 36 or 48 h. A total of 20 µl 
MTT solution (5 mg/ml) was added into each well, and the 
cells were incubated at 37˚C for 4 h. The supernatant was care-
fully aspirated and discarded, and 150 µl of DMSO was added 
into each well. The plates were placed on a shaker for 15 min, 
and the optical density (OD) at 490 nm was measured for each 
well on a microplate reader (Bio‑Rad Laboratories, Hercules, 
CA, USA).

Wound‑scratch assay. SW480 cells in the exponential growth 
phase were harvested, and the cell density was adjusted to 
1x106 cells/ml; 500 µl cell suspension was added into each 
well of 24‑well plates, and the cells were cultured to 100% 
confluence. A 200‑µl sterile pipette tip was used to scratch 
the bottom of the wells, the medium was discarded and the 
wells were washed three times with sterile PBS to remove 
scratched cells. Next, serum‑free medium containing 0 µmol/l 
(the control group) or 10 µmol/l ginkgolic acid was added, the 
plates were placed in an incubator at 37˚C with 5% CO2, and 
images (magnification, x40) of the same spot were captured at 
0 and 36 h under an inverted microscope (Nikon Instruments 
Inc., Tokyo, Japan). Each group included 3 duplicates.

Matrigel‑invasion assay. SW480 cells were treated with 
different concentrations (0, 10 and 20 µmol/l) of ginkgolic 
acid for 24 h, harvested, centrifuged at 100 x g for 5 min at 

room temperature and resuspended in serum‑free medium at 
~2.5x105 cells/ml. Matrigel‑coated Transwell chambers were 
placed in 24‑well plates; 200 µl cell suspension (~5.0x104 cells) 
was added into each well in the upper chamber, and 500 µl 
medium containing 10% FBS was added to the lower chamber. 
Subsequent to incubation for 48 h, the chamber was removed, 
the medium in the upper chamber was discarded and a cotton 
swab was used to wipe cells on the polycarbonate membrane 
that did not cross the membrane. Next, the chamber was 
stained with 0.5% crystal violet solution (prepared with 0.1% 
methanol) at room temperature for 30 min, washed with tap 
water and observed under an inverted microscope (magnifica-
tion, x200). The number of cells that migrated to the underside 
of the membrane was counted. The group treated with 
0 µmol/l ginkgolic acid was used as the control group. A total 
of 10 fields of view were counted in each group, and the mean 
value was used for subsequent analysis. Each group included 
3 duplicates, and the experiment was repeated 3 times.

Reverse transcription quantitative polymerase chain reaction 
(RT‑qPCR). Following treatment with different concentrations 
(0, 10 and 20 µmol/l) of ginkgolic acid for 24 h, total RNA 
was extracted from the SW480 cells according to the protocol 
of the manufacturer of the RNA extraction kit (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). A total of 2 µl RNA 
was used for cDNA synthesis with a reverse transcription kit 
(Takara Biotechnology Co., Ltd., Dalian, China). A total of 
1 µl reverse transcription reaction solution was used as the 
template in a 20 µl‑reaction system for qPCR using a SYBR 
Green Real‑time PCR Master Mix (Takara Biotechnology Co., 
Ltd., Dalian, China) on a Bio‑Rad quantitative fluorescence 
PCR instrument (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA). PCR thermocycler conditions were as follows: Heating 
at 94˚C for 5 min, followed by 40 cycles of denaturation at 
94˚C for 30 sec, annealing at 60˚C for 30 sec and extension 
at 72˚C for 1 min. Terminal extension was then performed at 
72˚C for 5 min. β‑actin was used as an internal control, and 
the relative expression levels of target genes were calculated 
using the 2‑ΔΔCq method (19) using GAPDH as the normaliza-
tion control. PCR primer sequences are presented in Table II.

RNA interference (RNAi). RNAi was used to knockdown 
AMPK expression in SW480 cells. AMPK‑targeting small 
interfering (si)RNA sequences were designed and synthesized 
by Shanghai GenePharma Co., Ltd. (Shanghai, China). The 
sequences are included in Table III. SW480 cells were seeded 
into 6‑well plates at 5.0x106 cells/well and were transfected 
with siRNA at 60‑70% confluence. Lipofectamine® 2000 
(Thermo Fisher Scientific, Inc.) was used for transfection 
according to the manufacturer's protocol. Further experiments 
were performed at 24 h subsequent to transfection.

Western blot analysis. Western blotting was performed as 
previously described (20). Total protein was extracted from 
treated cells, and then the protein concentration was measured 
with the bicinchoninic acid (BCA) method. An equal amount 
of protein from each group was separated by SDS‑PAGE and 
then transferred to a polyvinylidene fluoride membrane with a 
semi‑dry method. The membrane was blocked in 5% skimmed 
milk at room temperature for 2 h incubated with diluted primary 
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antibodies (Table I) at 4˚C overnight, washed with TBST buffer, 
incubated with the secondary antibodies (dilution, 1:1,000; 

Table I) at room temperature for 1 h and washed three times 
with TBST buffer. ECL chemiluminescence reagents (EMD 

Table I. Antibodies used in the present study.

Antibody	 Catalog number	 Dilution	 Company

Rabbit anti‑uPA	 17968‑1‑AP	 1:500	 ProteinTech Groups, Inc., Chicago, IL, USA
Rabbit anti‑MMP‑9	 10375‑2‑AP	 1:800
Rabbit anti‑MMP‑2	 10373‑2‑AP	 1:800
Rabbit anti‑CXCR4	 ab2074	 1:1,000	 Abcam, Cambridge, UK
Rabbit anti‑AMPK	 #2532	 1:800	 Cell Signaling Technology, Inc., Danvers, MA, USA
Rabbit anti‑p‑AMPK	 #2535	 1:1,000
Mouse anti‑β‑actin	 sc‑47778	 1:2,000	 Santa Cruz Biotechnology, Inc., Dallas, TX, USA
Goat anti‑rabbit IgG‑HRP	 sc‑2004	 1:10,000
Goat anti‑mouse IgG‑HRP	 sc‑2005	 1:10,000

uPA, urinary‑type plasminogen activator; MMP, matrix metalloproteinase; CXCR4, C‑X‑C chemokine receptor 4; AMPK, adenosine 
5'‑monophosphate‑activated protein kinase; p, phosphorylated; HRP, horseradish peroxidase.

Table II. Primers for quantitative polymerase chain reaction.

Genes	 Primer sequences

Adenosine 5'‑monophosphate‑activated protein kinase	 P1: 5'‑GTAAGAATGGAAGGCTGGATGA‑3
	 P2: 5'‑TCTGGTGCAGCATAGTTGGG‑3'
Urinary‑type plasminogen activator	 P1: 5'‑TAAGATCTGGTGTCTGATTG‑3'
	 P2: 5'‑TTGGATGAACTAGGCTAAAA‑3'
MMP‑9	 P1: 5'‑GTGCTGGGCTGCTGCTTTGCTG‑3'
	 P2: 5'‑GTCGCCCTCAAAGGTTTGGAAT‑3'
MMP‑2	 P1: 5'‑GATGATGCCTTTGCTCGTGC‑3'
	 P2: 5'‑CAAAGGGGTATCCATCGCCA‑3'
C‑X‑C chemokine receptor 4	 P1: 5'‑TCTGTGACCGCTTCTACC‑3'
	 P2: 5'‑AGGATGAGGATGACTGTGG‑3'
β‑actin	 P1: 5'‑CATCACTATCGGCAATGAGC‑3'
	 P2: 5'‑GACAGCACTGTGTTGGCATA‑3'

MMP, matrix metalloproteinase; P1, forward primer; P2, reverse primer.

Table III. siRNA sequences for AMPK

siRNA name	 siRNA sequences

si‑AMPK#1	 Sense: 5'‑UUCUCCGAACGUGUCACGUTT‑3'
	 Antisense: 5'‑ACGUGACACGUUCGGAGAATT‑3'
si‑AMPK#2	 Sense: 5'‑GCGUGUACGAAGGAAGAAUTT‑3'
	 Antisense: 5'‑AUUCUUCCUUCGUACACGCTT‑3'
si‑AMPK#3	 Sense: 5'‑CGGGAUCAGUUAGCAACUATT‑3'
	 Antisense: 5'‑UAGUUGCUAACUGAUCCCGTT‑3'
si‑Control	 Sense: 5'‑GAGGAGAGCUAUUUGAUUATT‑3'
	 Antisense: 5'‑UAAUCAAAUAGCUCUCCUCTT‑3'

siRNA, small interfering RNA; AMPK, adenosine 5'‑monophosphate‑activated protein kinase.
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Millipore, Billerica, MA, USA) were added, and images were 
captured with the ChemiDoc XRS imaging system (Bio‑Rad 
Laboratories, Inc.). β‑actin was used as an internal reference to 
calculate the relative expression level of the proteins.

Stat ist ical analysis. Data were expressed as the 
mean ± standard deviation. The SPSS 15.0 software package 
(SPSS, Inc., Chicago, IL, USA) was used for data analysis. 
One‑way analysis of variance was performed to compare 
measurement data among the groups and post‑hoc analysis of 
significant effects was performed using Dunnett's test. P<0.05 
was considered to indicate a statistically significant difference. 
Each experiment was repeated ≥3 times.

Results

Effects of ginkgolic acid on the proliferation of SW480 colon 
cancer cells. In the present study, the effect of ginkgolic acid 
on the proliferation of SW480 colon cancer cells was initially 
investigated. SW480 cells were treated with different concen-
trations of ginkgolic acid (5, 10, 20 and 50 µmol/l). MTT 
assays were performed at different time points (12, 24, 36 and 
48 h). Cells treated with 0 µmol/l ginkgolic acid were used 
as the normal control group, and cells treated with 25 mg/l 
fluorouracil were used as a positive control. The results demon-
strated ginkgolic acid treatment inhibited the proliferation of 
SW480 cells in a concentration‑ and time‑dependent manner; 
a higher concentration of ginkgolic acid was associated with 
a greater extent of inhibition (P<0.05 at 10, 20 and 50 µmol/l 
compared with 0 µmol/l). At 50 µmol/l ginkgolic acid, cell 
proliferation was almost completely inhibited. Therefore, 10 
and 20 µmol/l ginkgolic acid were used for subsequent experi-
ments (Fig. 1).

Effects of ginkgolic acid on the migration and invasion of 
SW480 colon cancer cells. Tumor cell migration and invasion 

are important processes in the relapse and metastasis of colon 
cancer. Therefore, the effects of ginkgolic acid on the migration 
and invasion of SW480 cells were investigated. Wound‑healing 
assays were performed to investigate the effects of ginkgolic 
acid on the migration ability of SW480 cells. As demonstrated 
in Fig. 2A, 10 µmol/l ginkgolic acid significantly inhibited the 
migration of SW480 cells compared with the control group 
(P<0.05).

 Transwell chamber assays were performed to investigate 
the effects of ginkgolic acid on the invasion ability of SW480 
cells. As demonstrated in Fig. 2B, 10 and 20 µmol/l ginkgolic 
acid treatments significantly reduced the number of tumor cells 
that crossed the Transwell chamber (P<0.05); the invasion of 
SW480 cells was decreased to a greater extent at an increased 
dose of ginkgolic acid, suggesting that ginkgolic acid inhib-
ited the invasion of SW480 cells in a concentration‑dependent 
manner.

Ginkgolic acid inhibits the expression of invasion‑asso‑
ciated proteins in SW480 colon cancer cells. The results 
of the aforementioned experiments suggest that ginkgolic 
acid significantly inhibited the proliferation, invasion and 
migration of SW480 colon cancer cells. Next, the effects of 
ginkgolic acid on the expression of invasion‑associated genes 
[including matrix metalloproteinase (MMP)‑2, MMP‑9, 
urinary‑type plasminogen activator (uPA), and C‑X‑C 
chemokine receptor type 4 (CXCR4) ] in SW480 cells were 
investigated. SW480 cells were treated with 10 or 20 µmol/l 
ginkgolic acid for 24 h, and total mRNA was extracted for 
qPCR. As demonstrated by Fig. 3A, ginkgolic acid treatment 
significantly reduced the expression of MMP‑2 and ‑9, uPA 
and CXCR4 mRNA in a concentration‑dependent manner 
(P<0.05). Western blotting results were similar to the qPCR 
results (Fig. 3B); treatments with 10 and 20 µmol/l ginkgolic 
acid inhibited the expression of invasion‑associated proteins, 
including MMP‑2 and ‑9, uPA, and CXCR4. These results 
suggested that ginkgolic acid downregulated the expression 
of invasion‑associated molecules in SW480 cells at transcrip-
tional and post‑transcriptional levels.

Activation of AMPK is associated with the ginkgolic acid 
regulation of invasion‑associated molecules. A previous study 
indicated that inducing AMPK activation may be an important 
mechanism for the antitumor effects of ginkgolic acid (1). 
Therefore, the effect of ginkgolic acid on AMPK expression 
and activation in SW480 cells was investigated. Fig. 4A demon-
strates that ginkgolic acid exhibited no significant effect on 
AMPK protein expression in SW480 cells; however, ginkgolic 
acid significantly increased the expression of phosphorylated 
AMPK (p‑AMPK), suggesting that ginkgolic acid induced 
AMPK activation in SW480 cells. To investigate whether 
AMPK mediated the downregulation of invasion‑associated 
molecules by ginkgolic acid in SW480 colon cancer cells, 
AMPK‑targeting siRNAs were designed and verified by 
qPCR and western blotting. Fig. 4B and C indicate that all 
three siRNAs silenced AMPK expression at the mRNA and 
protein levels, particularly si‑AMPK#1. Therefore, following 
AMPK silencing with si‑AMPK#1, SW480 colon cancer cells 
were treated with ginkgolic acid for 48 h and western blotting 
was performed to detect the expression of invasion‑associated 

Figure 1. Effects of ginkgolic acid on the viability of SW480 cells. SW480 
cells were treated with ginkgolic acid at various concentrations (0, 5, 10, 20 
and 50 µmol/l). At the indicated time points (12, 24, 36 and 48 h), cell viability 
in each group was assessed by an MTT assay. Cells treated with 0 µmol/l 
ginkgolic acid were used as a negative control group, and cells treated 
with 25 mg/l 5‑FU were a positive control group. Data are presented as the 
mean ± standard deviation. *P<0.05 vs. negative control. 5‑FU, fluorouracil.
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proteins. Fig. 4D demonstrates that AMPK knockdown alone 
exhibited no significant effect on the expression of MMP‑2, 
uPA, or CXCR4 in SW480 cells; however, it removed the 
inhibitory effect of ginkgolic acid on the expression of MMP‑2, 
uPA, and CXCR4.

The invasion ability of SW480 cells was determined by 
a matrigel‑invasion assay following siRNA knockdown of 
AMPK and ginkgolic acid treatment. As indicated in Fig. 4E, 
the invasion ability of SW480 cells was impaired by ginkgolic 
acid treatment. However, this effect of was partially restored 

Figure 2. Effects of ginkgolic acid on the migration and invasion of SW480 cells. (A) SW480 cells at 90% confluence were treated with 10 µM ginkgolic acid 
or vehicle for 12 h, and a scratch assay was performed. Images were captured at 0 and 36 h at x40 magnification. *P<0.05. (B) SW480 cells were seeded into a 
Matrigel‑coated invasion chamber subsequent to treatment with ginkgolic acid at various concentrations (0, 10 and 20 µmol/l), and a Matrigel‑invasion assay 
was performed at 48 h. The number of invaded cells was quantified by counting the cells from 10 random fields at x20 magnification. Data are presented as the 
mean ± standard deviation. *P<0.05 vs. control.

Figure 3. Ginkgolic acid suppresses the expression of invasion‑associated genes and proteins. (A) SW480 cells were treated with ginkgolic acid at various 
concentrations (0, 10 and 20 µmol/l) for 24 h, and the mRNA levels of invasion‑associated markers (MMP‑2 and ‑9, uPA and CXCR4) were measured by 
reverse transcription‑quantitative polymerase chain reaction. The expression of each target gene was quantified using β‑actin as a normalization control. Data 
are presented as the mean ± standard deviation. *P<0.05. (B) The protein levels of invasion‑associated markers were measured by western blotting following 
ginkgolic acid treatment for 48 h. MMP, matrix metalloproteinase; uPA, urinary‑type plasminogen activator; CXCR4, C‑X‑C chemokine receptor 4.
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by AMPK knockdown. These results suggest that ginkgolic 
acid may inhibit the invasion ability of SW480 colon cancer 
cells via AMPK signaling.

Discussion

Tumor relapse and metastasis are the leading causes of mortality 
in patients with colorectal cancer (21). At present, surgery 
remains the primary treatment for colorectal cancer, although 
preoperative and postoperative adjuvant chemotherapy have 
improved the survival rate for patients with medium‑stage and 
advanced colorectal cancer. Chemotherapy may reduce the 
size of the primary tumor and reduces postoperative metas-
tasis and relapse. Currently, a range of chemotherapy drugs 

is in use, although drugs are rarely effective without inducing 
significant adverse reactions (6‑7). A number of natural active 
plant‑based compounds have demonstrated preventive effects 
and have been suggested to inhibit tumor growth.

Ginkgolic acid, a phenolic acid extracted from the ginkgo 
tree, has been demonstrated to possess significant anti‑inflam-
matory, anti‑viral, and antibacterial  (22,23). Its antitumor 
properties have attracted a great deal of attention (24,25), 
but the detailed mechanisms are unknown. A previous study 
has revealed that ginkgolic acid inhibits the proliferation, 
invasion, migration and colony‑forming ability of pancreatic 
cancer cells with minimal toxicity to normal cell lines, even 
at high concentrations  (11). Its mechanism of action may 
involve AMPK activation and the inhibition of downstream 

Figure 4. Ginkgolic acid‑mediated downregulation of invasion‑associated molecules in SW480 cells is associated with the activation of AMPK. (A) The 
expression of AMPK and p‑AMPK in SW480 cells following ginkgolic acid treatment were detected by western blotting. siRNAs were used to silence AMPK 
expression in SW480 cells. The efficiency of siRNAs targeting AMPK was evaluated by (B) reverse transcription‑quantitative polymerase chain reaction and 
(C) western blotting. (D) SW480 cells were treated with ginkgolic acid (20 µmol/l) for 48 h following AMPK silencing, and the expression of MMP‑2, uPA, 
CXCR4 and p‑AMPK were detected by western blotting. (E) The invasive ability of SW480 cells was detected by a matrigel‑invasion assay following siRNA 
knockdown of AMPK with ginkgolic acid treatment. The number of invaded cells was quantified by counting the cells from 10 random fields at x200 magni-
fication. Data are presented as the mean ± standard deviation. *P<0.05. AMPK, adenosine 5'‑monophosphate‑activated protein kinase; p‑, phosphorylated; 
siRNA, small interfering RNA; MMP, matrix metalloproteinase; uPA, urinary‑type plasminogen activator; CXCR4, C‑X‑C chemokine receptor 4.
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lipid synthesis (11). Zhou et al (12) indicated that ginkgolic 
acid induced cell cycle arrest and regulated the expression of 
apoptosis‑associated proteins, thereby inhibiting tumor growth 
and inducing apoptosis. The present study demonstrated that 
ginkgolic acid inhibited the growth of SW480 colon cancer 
cells in a concentration‑dependent manner and reduced cell 
proliferation and migration, most likely by inducing AMPK 
activation. These results suggest that ginkgolic acid exhibits 
antitumor effects and is a promising, safe and effective drug 
for colorectal cancer.

The chemokine receptor CXCR4 is a type of G‑protein 
coupled receptor. It binds to the corresponding ligand to 
exert a number of biological effects, including promoting 
tumor proliferation, growth, invasion and metastasis  (26). 
Previous studies have suggested that CXCR4 is expressed 
at different levels in the majority of colorectal cancer cell 
lines and cancer tissues, whereas it is almost non‑existent in 
normal tissues  (27,28). Studies have revealed that CXCR4 
and its ligand SDF‑1 are highly expressed in lymph node and 
liver metastases of colorectal cancer, and that this expression 
is closely associated with cancer progression (29‑33). In a 
mouse model for colorectal cancer metastasis, CXCR4 served 
a critical role in maintaining the proliferation of tumor cells 
in colorectal cancer metastases (34). AMD3100, a specific 
CXCR4 inhibitor, significantly reduced colorectal cancer liver 
metastasis in mice (35). These results suggest that CXCR4 
may serve a crucial role in colorectal cancer progression, 
particularly in invasion and metastasis. The present study 
indicated that ginkgolic acid inhibited the invasion and migra-
tion of SW480 cells; particularly, ginkgolic acid inhibited the 
expression of CXCR4 in SW480 cells.

AMPK, a serine/threonine protein kinase complex, is an 
intracellular energy sensor. Activated AMPK is associated 
with tumor growth and proliferation, cell cycle progression, 
apoptosis, angiogenesis, and tumor invasion and metas-
tasis (36). Epidemiological data indicate that metformin, an 
AMPK agonist, reduces the morbidity and mortality of patients 
with gastrointestinal tumors  (37). AMPK may represent a 
novel target for antitumor treatment; however, its mechanism 
is complex and remains uncharacterized. At present, it is 
hypothesized that the activated AMPK pathway may exert 
antitumor effects by the following methods: i) Regulating 
key enzymes for lipid metabolism, including HMG‑CoA 
reductase, aminocyclopropane‑1‑carboxylate (ACC) and fatty 
acid synthase (FASN), thereby inhibiting lipid synthesis and 
promoting lipid degradation in tumor cells; ii) acting on the 
mammalian target of rapamycin pathway, thereby directly 
inhibiting tumor proliferation and inducing cell cycle arrest 
and apoptosis; iii) indirectly inhibiting tumor invasion, metas-
tasis and angiogenesis, thereby inhibiting tumor proliferation 
and preventing tumor progression; and iv) acting through 
other mechanisms, including downregulating the expression 
of cyclooxygenase 2 and regulating autophagy (38). Taken 
together, AMPK may be an important molecule for targeted 
therapy in gastrointestinal tumors.

In conclusion, the present study indicated that ginkgolic 
acid effectively inhibited the proliferation, invasion and migra-
tion of SW480 colon cancer cells and reduced the expression 
of invasion‑associated proteins such as MMP‑2, CXCR4 and 
uPA, likely mediated by inducing AMPK activation. In vivo 

experiments are required to validate the results. These results 
suggest that ginkgolic acid, a plant‑based compound, may be 
an effective drug for colon cancer.
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