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Introduction

Gastric cancer is the second leading cause of can-
cer-related death.1 The patients with gastric cancer 
usually have a poor prognosis due to the tumor 
metastasis and relapse. Thus, identification of the 
therapeutic strategy is urgendly needed.

Curcumin, a polyphenolic compound derived from 
turmeric (Curcuma longa), has been shown to have 
potent anti-metastatic effects in a variety of tumors.2 
Curcumin has been shown to induce cell apoptosis 
and cell cycle arrest,3 and inhibit the proliferation and 
invasion of gastric cancer cells.4 Likewise, curcumin 
displays the anti-lymphangiogenic effects by inhibi-
tion of tube formation in rat lymphatic endothelial 
cells.5 However, how curcumin exerts anticancer 
effects in gastric cancer remains unknown.

High mobility group box 1 (HMGB1), a nuclear 
and extracellular protein, participates in a variety 
of physiologic and pathologic conditions, includ-
ing immune response, inflammation, and cancer. 
HMGB1 is found as a useful biomarker for early 
diagnosis of gastric cancer.6 Curcumin downregu-
lates the cell surface receptor of HMGB1 in human 
endothelial cells.7 HMGB1 is highly expressed in 
esophageal squamous cell carcinoma and regulates 
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the expression of vascular endothelial growth fac-
tors (VEGF)-C to promote lymphangiogenesis.

Lymph node metastasis is a critical determinant 
of gastric cancer progression. Studies show that it 
is linked to tumor lymphangiogenesis and the for-
mation of new lymphatic vessels.8 Curcumin has 
been reported to induce the downregulation of the 
lymphangiogenic VEGF-C and VEGF receptors 
VEGFR-2/3.9 HMGB1 and VEGF-D expressions 
are involved in tumor lymphangiogenesis, and 
VEGF-C and VEGF-D belong to the same family 
of VEGF. Herein, we hypothesize that curcumin 
could possess the anti-lymphangiogenesis by inhi-
bition of HMGB1/VEGF-D signaling and provide 
a likely therapeutic strategy for the treatment of 
gastric cancer.

Material and methods

Cell culture

The human gastric cancer cell lines AGS and SGC-
7901 were purchased from Chi Scientific, Inc. 
(China). SGC-7901 cells were cultured in RPMI-
1640 (HyClone; GE Healthcare, Chicago, IL, USA) 
and AGS cells were in Dulbecco’s modified Eagle’s 
medium (HyClone; GE Healthcare) followed by 
10% (v/v) heat-inactivated fetal bovine serum 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), penicillin-streptomycin (100 IU/mL to 
100 μg/mL), 2 mM glutamine, and 10 mM HEPES 
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic 
acid) buffer at 37°C and 5% of the CO2 in an incu-
bator. Cells were passaged by 0.25% trypsin–ethyl-
enediaminetetraacetic acid (EDTA) when they 
reached confluence.

Drugs: preparation of curcumin stock solution

Curcumin (Sigma-Aldrich, Inc., St. Louis, MO, 
USA) was dissolved in dimethyl sulfoxide (DMSO) 
and the stock solution was stored at 50 mM. The 
dilute solutions of all reagents were prepared 
freshly before each experiment. Human recombi-
nant HMGB1 (rHMGB1, 1690-HMB-050) was 
purchased from R&D systems, USA.

Morphological changes

Cells were cultured in six-well plates with 5 × 105 
cells per well for 24 h. After 24 h incubation in 
standard conditions, the cells were treated with 

curcumin at different concentrations in triplicate. 
The cells that were treated with the medium con-
taining DMSO were used as control. After 24 h, 
morphological changes in the cells treated with cur-
cumin were investigated using an inverted micro-
scope (MF52, Mshot Co., Guangzhou, China) and 
compared with control cells. With curcumin treat-
ment, cell atrophy occurs and the cells appear round 
when observed under the microscope.

Apoptosis assay

AGS and SGC-7901 cells were plated in six-well 
plates (5 × 105 cells per well) and treated with a 
range of concentrations of curcumin for 24 h. The 
cells were then washed and stained according to 
the manufacturer’s instructions (Annexin V 
Apoptosis Detection Kit, Beyotime Inst, Roche, 
USA). The stained samples were then assessed by 
a FACScan flow cytometry (Becton Dickinson, 
NJ, USA) to identify apoptotic cells. The unstained 
cells included APC Annexin V (no propidium 
iodide (PI)) stained only, and PI (no APC Annexin 
V) stained only were used to set up for the compen-
sation and quadrants in the flow cytometry analy-
sis. The percentage of apoptotic cells (Annexin V 
positive cells) were recorded and calculated.

Quantitative real-time polymerase chain 
reaction

The quantitative real-time polymerase chain reaction 
(qRT-PCR) was used to detect the mRNA expression 
of HMGB1 and VEGF-D in GC (germinal center) 
cells. Total RNA was extracted using RNeasy Kit 
(Qiagen, #74104). The highest purity RNA (A260/
A280 ratio of 1.8 or higher) was used to amplify 
PCR fragments. RNA concentration and purity for 
each sample was detected with Agilent 2100 
Bioanalyzer (Agiletn Technlogies, Palo Alto, CA, 
USA). RNA reverse transcription was performed 
using the TaKaRa reverse transcriptase M-MLV kit 
(2641A; Takara) according to the manufacturer’s 
protocol. The qRT-PCR was performed in triplicate 
by using SYBR Premix Ex Tag™ II (RR820A; 
Takara) in 20 μL reaction volumes. Relative mRNA 
gene expression was calculated using the 2–∆∆Ct 
method using primers specific for human HMGB1: 
Primer ID (HQP008883) and human VEGFD: 
Primer ID (HQP005451) (GeneCopoeia Inc., 
Rockville, MD). The glyceraldehyde-3-phosphate 
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dehydrogenase (GAPDH) gene was used as an inter-
nal control for normalization of RNA quantity and 
quality differences in all samples. We also used 
rHMGB1 to transfect into curcumin-treated gastric 
cancer cells.

Western blot analysis

AGS and SGC-7901 cells (5 × 105) were seeded in 
six-well plates. Cells were harvested and lysed 
after incubation with a range of concentrations of 
curcumin for 24 h. A total of 100 μg protein per 
lane was subjected to 10% SDS-PAGE (sodium 
dodecyl sulfate polyacrylamide gel electrophore-
sis) and transferred to a membrane, and then was 
detected with primary antibodies: caspase-3 (9662, 
Cell Signaling), VEGF-D (sc-373866, Santa Cruz), 
and GAPDH (MBS2530174, MyBioSource). 
Appropriate horseradish peroxidase–conjugated 
secondary antibodies were added in tris buffered 
saline (TBS) containing 5% non-fat milk. The 
bound antibodies were visualized by using an 
enhanced chemiluminescence reagent (Millipore, 
USA) followed by exposure to X-ray film. Each 
sample was measured and normalized using a 
GAPDH run on the same gel. The data were 
expressed as relative expression ratio to GADPH. 
Triplicate experiments were performed.

Statistical analysis

Data were summarized as mean ± standard devia-
tions (SD). Statistical analysis was performed 
using the one-way analysis of variance (ANOVA) 
and the post hoc test was Boferroni test. All statisti-
cal assessments were two-tailed. A P value of 
<0.05 represented statistical significance.

Results

The effects of curcumin on morphological 
changes of gastrc cancer cells

Study of control cells using an inverted micro-
scope indicated that these cells had normal mor-
phological specifications and maintained these 
specifications until the completion of treatment 
steps. Morphological study of the cells treated 
with curcumin for 24 h indicated that both AGS 
and SGC-7901 cells exhibited different degrees 
of morphological changes (Figure 1(a)). When 
treated with curcumin for 20 μg/mL, most of the 

cells were dead in these two cell lines after 24 h. 
At the dose of 15 μg/mL, curcumin reduced the 
number of viable cells and induced substantial 
morphological changes in both AGS and SGC-
7901 cells after 24 h. However, the viable cells of 
AGS cells were not as much of SGC-7901 cells. 
This result showed that AGS cells may be more 
sensitive to the curcumin treatment than SGC-
7901 cells (Figure 1(a)).

The effects of curcumin on cell apoptosis

To determine the effects of curcumin on cell  
apoptosis of SGC-7901 and AGS cells, we per-
formed a flow cytometry assay. Curcumin signifi-
cantly induced cell apoptosis in SGC-7901 and 
AGS cells in a dose-dependent manner (Figure 
1(b)). As shown in Figure 1(b), a significant amount 
of apoptosis cells was detected in SGC-7901 
(94.63% ± 0.29, P < 0.001) cells by administration 
of 20 μg/mL curcumin. About 15 μg/mL curcumin 
significantly increased apoptotic cells of SGC-7901 
from 3.10% (±0.10) to 18.39% (±0.38) (P < 0.001). 
At the dose of 10 μg/mL, curcumin significantly 
induced cell apoptosis of AGS cells (2.30% ± 0.46 
vs 56.57% ± 1.35, P < 0.001). Most of AGS cells 
underwent cell apoptosis by curcumin at 15 μg/mL 
(99.03% ± 0.55, P < 0.001) and 20 μg/mL (100%, 
P < 0.001).

The effects of curcumin on the caspase-3 
activation in gastric cancer cells

To investigate whether curcumin-induced cell 
apoptosis is dependent upon the caspase activation, 
we examined the molecular alteration of apoptosis-
related proteins (caspase-3 and cleaved caspase-3) 
in SGC-7901 cells when treated with curcumin for 
24 h. Caspase-3 and cleaved caspase-3 were meas-
ured by western blot analysis (Figure 2(a)). The 
expression levels of caspase-3 were significantly 
reduced in SGC-7901 cells when treated with 
50 μM curcumin for 24 h, as compared with DMSO 
control group (Figure 2(b)). The activation of cas-
pase-3 was studied by detecting the amount of 
cleaved caspase-3 protein. When the cells were 
treated with 10–50 μM curcumin for 24 h, the pro-
tein levels of cleaved caspase-3 in SGC-7901 cells 
were also significantly increased (Figure 2(c)). The 
data indicated that curcumin-induced cell apopto-
sis is associated with the caspase-3 activation.
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Figure 1. The effects of curcumin on the morphology and cell apoptosis of gastric cancer cells. SGC-7901 and AGS cells 
were treated with curcumin at doses of 0, 10, 15, and 20 μg/mL for 24 h. (a) Cell morphological changes were studied using an 
inverted microscope (100× magnification). Scale bar: 100 μm. (b) The percentage of apoptosis cells (Annexin V positive cells) was 
determined using the fluorescence-activated cell sorting (FACS) analysis flow cytometry with APC Annexin V and PI staining. Data 
represent the mean ± SD.
**P < 0.01; ***P < 0.001.

Figure 2. Curcumin increased the expression of apoptosis-related proteins. SGC-7901 cells were exposed to different 
concentrations of curcumin (0–50 μM). (a) Western blot analysis of the expressions of apoptosis-related proteins: caspase-3 and 
cleaved caspase-3; (b) quantitation of caspase-3 protein levels; and (c) quantitation of cleaved caspase-3 proteins levels. Protein 
expression levels were normalized by GAPDH. Data are represented as mean ± SD.
*P < 0.05.
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Curcumin reduced the expression of HMGB1 
and VEGF-D in gastric cancer cells

HMGB1 is highly expressed in gastric cancer and 
acts as a critical regulator of cell death and survival.10 
VEGF-D is one of the key regulators of lymphangi-
ogenesis which is associated with lymphatic metas-
tasis in gastric cancer. To investigate the effects of 
curcumin on HMGB1 and VEGF-D expressions, we 
examined their expression levels in SGC-7901 cells 
treated with curcumin for 24 h. The qRT-PCR dem-
onstrated that HMGB1 and VEGF-D mRNA levels 

were significantly decreased in SGC-7901 cells 
treated with curcumin in a dose-dependent manner 
(Figure 3(a) and (b)). Moreover, western blot was 
used to investigate the effects of curcumin on 
HMGB1 and VEGF-D protein levels in SGC-7901 
cells (Figure 4(a)). We found that the protein levels 
of HMGB1 and VEGF-D were significantly reduced 
in SGC-7901 cells treated with 30–50 μM curcumin. 
As shown in Figure 4(b) and (c), the exposure to 
50 µM curcumin for 24 h caused a more than 50% 
downregulation of HMGB1 and VEGF-D proteins 
in SGC-7901 cells.

Figure 3. The effects of curcumin on the mRNA expression of HMGB1 and VEGF-D in SGC-7901 cells. SGC-7901 cells were 
treated with 30, 40, and 50 μM of curcumin for 24 h. The expression levels of (a) HMGB1 and (b) VEGF-D in curcumin-treated cells 
were analyzed by qRT-PCR. GAPDH served as internal marker. Data are represented as mean ± SD.
*P < 0.05; **P < 0.01; ***P < 0.001.

Figure 4. The effects of curcumin on the protein expression of HMGB1 and VEGF-D in SGC-7901 cells. SGC-7901 cells were 
treated with 30, 40 and 50 μM of curcumin for 24 h. (a) Protein expression of HMGB1 and VEGF-D was analyzed by western blot. 
GAPDH served as a loading control. (b) Quantitation of HMGB1 protein levels. (c) Quantitation of VEGF-D protein levels. Protein 
expression levels were normalized by GAPDH. Data are represented as mean ± SD.
*P < 0.05; **P < 0.01; ***P < 0.001.
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rHMGB1 eliminated the inhibitory effects of 
curcumin on VEGF-D mRNA expression

To address the role of HMGB1 in curcumin-
induced downregulation of VEGF-D expression in 
gastric cancer cells, we used rHMGB1 to transfect 
into curcumin-treated gastric cancer cells. We 
found that rHMGB1 significantly induced VEGF-D 
expression in SGC-7901 cells and reversed the 
inhibitory effects of 50 µM curcumin on VEGF-D 
expression (Figure 5).

Discussion

The search for new antitumor agents that are more 
effective and less toxic is needed in the treatment 
of cancer. Curcumin possesses anticancer activities 
involved in regulating the mutagenesis, oncogene 
expression, tumorigenesis, and metastasis in multi-
ple human carcinomas,2 such as prostate cancer, 
breast cancer, and colon cancer. The molecular 
mechanisms by which curcumin exerts anticancer 
effects are complicated and diverse. Curcumin 
inhibits the growth of gastric cancer cells4 and has 
the antiproliferative effects by inhibition of c-Myc/
H19, PAK1/cyclin D1,11 and opphosphatidylinosi-
tol-3 kinase (PI3K) signaling pathways.12 Herein, 
we found that curcumin induces cell apoptosis of 
gastric cancer cell lines by the activation of cas-
pase-3, and downregulated the expression of 
HMGB1 and VEGF-D.

HMGB1 and VEGF-D expressions are involved 
in tumor lymphangiogenesis. Curcumin can sup-
press HMGB1/VEGF-C and VEGFR-2/3 signaling 

to inhibit the lymphangiogenesis. Herein, curcumin 
was found to decrease the mRNA and protein 
expression of HMGB1 and VEGF-C in gastric can-
cer cells, and rHMGB1 could reverse the inhibitory 
effects of curcumin on VEGF-D expression. It was 
possible that curcumin inhibited the HMGB1/
VEGF-D signaling to suppress lymphangiogenesis 
of gastric cancer cells.

As a natural product, curcumin exhibits the inhib-
itory effects on a multitude of pathways involved in 
carcinogenesis and tumor metastasis. These promis-
ing results for the use of curcumin in the treatment 
of gastric cancer were obtained, and the complexity 
of interaction between HMGB1/VEGF-D axis was 
needed to be elucidated. A systemic in vivo study of 
the potential mechanism of curcumin in the regula-
tion of HMGB1/VEGF-D axis might provide an 
adjuvant therapy for gastric cancer.

In conclusion, curcumin might exert anti-lym-
phangiogenesis in gastric cancer cells by inhibition 
of the HMGB1/VEGF-D signaling, and no previ-
ous articles have been reported. Our research may 
provide the likely therapeutic strategy for the treat-
ment of gastric cancer.
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Figure 5. The effects of rHMGB1 on VEGF-D expression in curcumin-treated SGC-7901 cells. SGC-7901 cells were treated with 
rHMGB1 (2 μg/mL) for 24 h, and then were exposed to 50 μM curcumin for 24 h. The mRNA expression of VEGF-D was evaluated 
by qRT-PCR.
*P < 0.05.
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