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 Background: Anti-tumor properties of hydroxysafflor-yellow A (HSYA) have been recently revealed, as a series of apoptotic 
factors were confirmed to be regulated by HSYA and associated with peroxisome proliferator-activated recep-
tor Gamma (PPARg). In this study, we investigated the cell apoptosis mechanism of HSYA via activated PPARg 
signal in human gastric carcinoma cells.

 Material/Methods: BGC-823 cells were cultured and divided into 5 independent groups: Tumor, HSYA, HSYA+PPARg inhibitor 
(GW9662), and PPARg agonist (RGZ), RGZ+GW9662. Cell proliferative activity was measured by MTT. Apoptosis 
and cell cycle were detected by flow cytometry. The nuclear translocation of PPARg was detected by immuno-
fluorescence staining chemistry, and mRNA levels of PPARg and caspase-3 were measured by real-time qPCR.

 Results: Compared to the RGZ group, the HSYA group (100 µM) showed a similar inhibitory effect on the prolifera-
tion process of BGC-823 cells, inducing their apoptosis. As a result, the transition of BGC-823 cells from G0/
G1 phase to S phase was blocked. HSYA was also found to promote the nuclear translocation of PPARg, lead-
ing to increased expression of PPARg and caspase-3. The regulatory effect of HSYA on BGC-823 cells could be 
further inhibited by PPARg inhibitor in group GW9662.

 Conclusions: We report the inhibitory effect of HSYA on the proliferation of BGC-823 cells, which results in activating PPARg-
dependent cell cycle blocking and cell apoptosis, suggesting that PPARg is a specific type of HSYA that can in-
duce apoptosis of BGC-823 cells.
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Background

Gastric cancer is one of the most common malignancies 
of the digestive system, with remarkable features such 
as poor prognosis and difficult therapy, resulting in high  
incidence and mortality, especially in China [1]. The tradition-
al therapeutic methods against tumors may cause damage to 
normal cells, tissues, and organs, and chemotherapy drugs 
usually lead to adverse reactions, side effects, and drug resis-
tance. Therefore, traditional Chinese medicine is playing an 
increasingly important role in cancer research and treatment 
due to its unique advantages.

Blood-activating and stasis-removing Chinese medicine has 
been shown to not only promote blood circulation but also 
to remove blood stasis, which provides a potential feasible 
therapy to eliminate local tumors, improve internal microcir-
culation, and reduce tumor growth and migration. Among the 
blood-activating and stasis-removing Chinese medicines, saf-
flower [Carthamus tinctorius L. (Asteraceae)] is a representa-
tive traditional herb, exhibiting significant anti-tumor activities 
in esophageal cancer, liver cancer, and stomach cancer [2,3]. 
Hydroxysafflor-yellow A (HSYA), which has a chalcone glyco-
side structure, is the main water-soluble active component of 
safflower. HYSA is reported to have various therapeutic fea-
tures such as anti-inflammation, anti-tumor, anti-cerebral isch-
emia injury, and anti-myocardial injury [4–7]. In our previous 
work, we first reported the inhibitory effects of HSYA on an-
giogenesis in chick chorioallantoic membrane CAM [8]. The 
results showed that the number of newly-formed CAM blood 
vessels was significantly decreased and the vessel walls was 
induced to thin by HSYA treatment. We have also established 
an in vitro co-culture model of HepG2 human tumor cell line 
and human umbilical vein endothelial cells (HUVECs). At cer-
tain concentrations of HSYA, the abnormal proliferation of en-
dothelial cells apoptosis was significantly stimulated [9], and 
that of tumor cell culture supernatant-induced (TCCS) endo-
thelial cells was inhibited without affecting normal endothe-
lial cell growth [10,11].

HSYA was also reported to suppress tumor growth by inhibiting 
cell proliferation [12,13] and angiogenesis [8,14], and inducing 
cell apoptosis [9,15]. Since many signal factors (e.g., Bcl-2, Bax, 
and caspase-3) in numerous apoptotic pathways can be me-
diated by HSYA [9,12,13], it may function as a common mo-
lecular target to activate various downstream apoptotic sig-
nals and promote tumor cell apoptosis. Moreover, peroxisome 
proliferator-activated receptorg (PPARg) is also associated with 
these signal factors [16–18].

In light of the above, we hypothesized that HSYA promotes 
tumor cell apoptosis dependent on the activation of PPARg 
(Figure 1). To verify this hypothesis, we explored the effects 

of HSYA on BGC-823 cells, including proliferation, cell cycle, 
and relevant apoptosis factors. The cells were treated with 
rosiglitazone (RGZ) and GW9662, PPARg agonist, and inhibi-
tor, correspondingly.

Material and Methods

Main reagents and materials

HSYA (C27H32O16, purity >92.5%) was obtained from China 
Pharmaceutical and Biological Products, Beijing, CN), and 
GW9662 and RGZ (purity >99%) were purchased from Abcam. 
Human gastric carcinoma BGC-823 cells were purchased 
from the Cancer Hospital of the Chinese Academy of Medical 
Sciences. Dulbecco’s minimal essential medium (DMEM), fe-
tal bovine serum (FBS), and streptomycin-penicillin were from 
Hyclone. MTT, dimethyl sulfoxide (DMSO), and annexin V-FITC 
Kit were from Solarbio. PPARg and caspase-3 antibodies were 
purchased from CST. Secondary antibodies were purchased 
from ComWin Biotech. DAPI was obtained from Biotopped 
and Trizol was obtained from Invitrogen. The PCR kit was pur-
chased from Roche.

Cell culture and grouping

BGC-823 cells were maintained in DMEM supplemented with 
10% FBS and 100 IU/ml of streptomycin-penicillin at 37°C in 
a humidified atmosphere containing 5% CO2.

When the cells were in the logarithmic growth phase, they 
were randomly divided into 5groups: tumor, HSYA, RGZ, 
HSYA+GW9662, and RGZ+GW9662 groups. Cells were treated 
with HSYA, GW9662, and RGZ according to the groups above, 
while tumor group cells were untreated.
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Figure 1.  HSYA inhibits angiogenesis and induces tumor cells 
apoptosis by activating PPARg.
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MTT assay

BGC-823 cells were routinely digested and inoculated in 96-
well plates at 8×103 cells/well. After incubation for 24 h, the 
cells were treated by different concentrations of HSYA (25, 50, 
100, 200, and 400 μM) for 48 h, then the cells were treated 
with 20 μlMTT (5 μg/ml) for 4 h and dissolved in 120 μl/well 
DMSO for 10 min. The absorbance value was measured at 
570 nm on a microplate reader (Tecan). The relative cell vi-
ability was calculated by the formula: (OD of samples/OD of 
blank control)×100%. The optimal concentration of HSYA was 
then selected to proceed to the next steps.

The effects of HSYA, RGZ, and GW9662 on the proliferation of 
BGC-823 cell line were colorimetrically tested by MTT. BGC-
823 cells (8×103 cells/well) were seeded into 96-well plate 
and cultured in DMEM for 24 h. Then, the cells were treated 
by optimal HSYA (100 μM), RGZ (5 μM), and GW9662 (10 μM) 
separately [18–20]. MTT was added to each well and then dis-
solved in DMSO. The absorbance value was measured at 570 
nm by a microplate reader.

Apoptotic assay

An annexin V-FITC kit was used to quantify the percentage of 
cells undergoing apoptosis. BGC-823 cells (3×105 cells/well) 
were seeded into 6-well plates and cultured in DMEM for 24 h. 
Then, the cells were treated with different drugs in each well, 
as above. These cells were collected and centrifuged at 1000 
g for 5 min and then resuspended in 100 µl of annexin V-FITC 
mixed with 10 µl of annexin V-FITC and 10 µl of PI for 5 min 
in the dark at room temperature. Finally, these samples were 
subjected to FACSCalibur flow cytometry (Becton-Dickinson) 
to quantify the cell apoptosis rate.

Cell cycle analysis

BGC-823 cells (3×105 cells/well) were seeded into 6-well plates 
and cultured in DMEM for 24 h. After being treated with dif-
ferent drugs as above, the cells were centrifuged at 1000 g for 
5 min, washed twice with PBS, fixed in 70% ice-cold ethanol, 
and suspended at 4°C overnight. Then, cells were washed with 
PBS, centrifuged, and resuspended in 500 µl RNaseA (50 ug/ml). 

After incubation for 30 min at 37°C, 5 µl of PI was added and 
the cells were incubated for 5 min in the darkness. Finally, the 
cells were tested by FACSCalibur flow cytometry.

Nuclear translocation

BGC-823 cells (2.5×104 cells/well) were seeded into 24-well 
plates containing a glass cover slip in each well and treated 
with different drugs as above. Slides were air- dried and fixed 
for 15 min in 4% paraformaldehyde at 37°C. Cells were washed 
twice with ice-cold PBS, incubated for 10 min in PBS contain-
ing 0.25% Triton X-100 at room temperature, washed twice 
with PBS, immersed in 1% BSA for 30 min, and incubated with 
PPARg antibody diluted 1: 300 with 1% BSA overnight at 4°C. 
Slides were washed with PBS and incubated with secondary 
antibodies diluted 1: 50 with 1% BSA in the dark for 1 h at 
room temperature. Finally, slides were washed and then im-
mersed in 1 ug/ml DAPI for 3 min, rinsed, mounted with cov-
er slips using 90% glycerol, and examined qualitatively under 
a laser scanning confocal microscope (Olympus).

RT-qPCR assay

BGC-823 cells in 6-well plates (4×105 cells/well) were treated 
with different drugs as above. The cells were lysed by Trizol 
reagent for total RNA. Reverse transcription reaction was per-
formed in a 20-μl volume containing 2 μg total RNA. The reac-
tion was carried out using SYBR Green, and I dye technology 
according to the instructions for the fluorescence quantita-
tion. The real-time polymerase chain reaction (PCR) reaction 
system (20 μl) consisted of cDNA (2 μl), ddH2O (7 μl), PCR Mix 
(10 µl), and primers (1 µl) (Table 1). Reduced glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) gene was used as an in-
ternal control. Cycling parameters were: 95°C for 3 min, 95°C 
for 10 s, 55°C for 30 s, and 72°C for 30 s, with a total of 40 cy-
cles. PCR reactions and data acquisition were performed using 
the CFX-96 system (Bio-Rad). The cycle threshold (CT) was re-
corded and relative mRNA expression of the target gene was 
calculated using the 2–DDCT method.

Gene name
Forward primer  

(5°–3°)
Reverse primer 

(5°–3°)
Annealing 

temperature (°C)
Length of 

product (bp)

PPARg AGGAGCAGAGCAAAGAGG TAAATGATCTCGTGGACTCCATATT

55

131

Caspase-3 GGCATTGAGACAGACAGT AACCACCAACCAACCATT 345

GAPDH TTGGTATCGTGGAAGGACT GGATGATGTTCTGGAGAGC 120

Table 1. Primer sequences for real-time quantitative PCR.

805
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Liu L. et al.: 
Hydroxysafflor-yellow A induces human gastric carcinoma BGC-823 cell apoptosis…
© Med Sci Monit, 2018; 24: 803-811

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Statistical analysis

All data are expressed as mean ± standard deviation (SD). Data 
analysis was performed using the SPSS 20.0 software program 
(SPSS Inc., Chicago). One-way analysis of variance (ANOVA) and 
least significant difference (LSD) tests were used for all inter-
group comparisons. For all analysis, differences were consid-
ered statistically significant when P<0.05; the exact P-values 
are shown unless P<0.01.

Results

Proliferation of BGC-823 cells is inhibited by HSYA

To test the inhibitory effect and to screen the optimal inhibi-
tory concentration of HSYA on human gastric cancer BGC-823 
cells, the cells were treated with HSYA with different concen-
trations (from 25 μM to 400 μM) for 48 h. MTT assay showed 
that proliferationof BGC-823 cells was inhibited in a dose-de-
pendent manner by HSYA with concentrations under 100 μM, 
and the proliferation plateau reached after the concentra-
tionof HSYA was above 100 μM (Figure 2). Therefore, 100 μM 
was chosen as the optimal inhibitory concentration for the 
following research.

MTT assay was performed to investigate whether HSYA in-
hibited BGC-823 cell growth by activating PPARg. As shown 
in Figure 3, the proliferation abilities for both HSYA and RGZ 
groups were dramatically decreased in comparison with the 

tumor group (P<0.01), while those for the HSYA+GW9662 group 
and RGZ+GW9662 group were increased in comparison with 
the HSYA group and RGZ group, respectively (P<0.01). These 
results suggest that the inhibitory effect of HSYA on BGC-823 
cells was dependent on activated PPARg.

Apoptosis of BGC-823 cells is induced by HSYA

Annexin V-FITC/PI assay was then performed to test the apop-
tosis inductivity of HSYA on BGC-823 cells with activated PPARg, 
and the annexin V-FITC/PI quadrant distribution of the cells in 
all 5 groups was measured (Figure 4A). We found that

the apoptosis rate of the tumor group was (6.55±1.42)%, 
while those of the HSYA group and RGZ group increased 
to 18.47±5.46% and 28.97±7.82%, respectively (Figure 4B). 
A significant difference (P<0.01) was found between these 
groups and the tumor group. After treatment with GW9662, 
the apoptosis rates were decreased to 9.90±1.47% (P<0.05) 
and 14.44±1.96% (P<0.01) for the HSYA+GW9662 group and 
RGZ+GW9662 groups, respectively. These results show that the 
induced effect of HSYA on apoptosis on BGC-823 cells was de-
pendent on activated PPARg.

Cell cycle of BGC-823 cells is blocked by HSYA

To further investigate whether HSYA blocks the cycle of BGC-
823 cells by activating PPARg, flow cytometry assay was per-
formed. The cell cycle distributions of all 5 groups were mapped 
(Figure 5). For the tumor group, the majority of cells were in 
S phase (61.45±5.72)%, while proportions of cells in S phase 
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Figure 2.  HSYA inhibited the proliferation of human gastric 
carcinoma BGC-823 cells. Tumor group: human 
gastric carcinoma BGC-823 cell DMEM medium. Cells 
in all the other groups were treated with different 
concentrations of HSYA. MTT assay was performed 
after treatment for 48 h. Compared with the tumor 
group, * P<0.05, ** P<0.01 (n=5).
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Figure 3.  Effect of HSYA on BGC-823 cells proliferative activity 
of BGC-823 cells treated with drugs at different 
concentrations: HSYA 100 μM, RGZ 5 μM GW9662 
10 μM. Compared with tumor group: ** P<0.01; 
compared with HSYA group: ## P<0.01; compared with 
RGZ group: && P<0.01 (n=6).
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decreased to 21.50±0.55% and 20.59±0.20% (Figure 6) for the 
HSYA group and RGZ group, respectively. Cells in G0/G1 phase 
for these 2 groups increased significantly (P<0.01) compared 
with the tumor group. For HSYA+GW9662 and RGZ+GW9662 
groups, the proportions of cells in G0/G1 phase were decreased, 
while the proportions of cells in S phase were greatly increased 
(P<0.01) in comparison with the HSYA and RGZ groups, respec-
tively. We found no significant differences among the 5 groups 
in the proportion of cells in G2/M phase. These results show 
that the effect of blocking cell cycle of HSYA on BGC-823 cells 
is dependent on activated PPARg.

Nuclear translocation of PPARg of BGC-823 cells is 
promoted by HSYA

PPARg is mainly distributed in the cytoplasm and activated 
upon entering the cell nucleus. Immunofluorescence staining 
was used to detect the distribution of PPARg in thecells. The 
nuclei were stained with DAPI (blue), while PPARg was stained 
with antibody-labeled with FITC (green). The results show that 
the nuclei of all groups were stained blue (Figure 7). PPARg 

was highly distributed in the cytoplasm in the tumor group 
because green fluorescence was mainly observed in the cyto-
plasmic domain. After treatment with HSYA and RGZ, PPARg 
was activated and enriched in the nucleus instead of cyto-
plasm. However, PPARg was redistributed in the cytoplasm 
again with treatment of GW9662, which inactivates PPARg. 
These results show that HSYA promotes nuclear translocation 
of PPARg of BGC-823 cells.

Expression levels of PPARg and caspase-3 in BGC-823 cells 
are increased by HSYA

Caspase family members play a critical role in apoptotic path-
ways. Activation of caspase-3 is thought to cause a series of 
downstream caspases cascade reactions, ultimately leading to 
cell apoptosis. RT-qPCR assay was used to measure the expres-
sion of the intracellular critical apoptotic factors caspase-3 and 
PPARg to determine the effects of HSYA treatment on BGC-823 
cells. As shown in Figures 8 and 9, the mRNA expression lev-
els of caspase-3 and PPARg in the HSYA group and RGZ groups 
were significantly increased (P<0.01) compared with the tumor 
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group, but mRNA expression levels were decreased (P<0.01) 
with GW9662 treatments to a similar extent as in the tumor 
group. These results show that HSYA increases expression lev-
els of PPARg and caspase-3 in BGC-823 cells.

Discussion

In most cases, gastric cancers are diagnosed at the advanced 
stage. The overall complication occurrence rate of gastric can-
cer reaches 41%. The 5-year overall survival (OS) and recur-
rence-free survival (RFS) rates of patients with complications 
were 27% and 23%, much lower than the 43% and 40% in pa-
tients without complications [21]. Apoptosis is a popular re-
search focus in the pathogenesis of cancer. Shimada et al. [22] 
found that PPARg agonist RGZ can induce apoptosis of co-
lon cancer cells, and activated PPARg can increase the activ-
ity of caspase-3 in human malignant astrocytoma cells [23]. 
However, the relationship between PPARg and apoptosis of 
tumor cells is unclear.

Studies have reported that natural anti-cancer agents have 
powerful effects in controlling cancers [24–26]. Our group has 
focussed on anti-tumor research of HSYA for almost a decade, 
and we found that HSYA suppresses tumor growth by inhib-
iting cell proliferation [12,13] and angiogenesis [4,13,14,27], 
and inducing cell apoptosis. In the present study, MTT assay 
showed that HSYA and PPAR-g agonist RGZ significantlyin-
hibited BGC-823 cell proliferation. Certain concentrations of 
HSYA and RGZ directlyinduced BGC-823 cell cycle arrest at 
G0/G1 phase, instead of entering S phase to synthesize DNA. 
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Moreover, PPAR-g inhibitor GW9662 disrupted the effects of 
HSYA and RGZ on cells. Therefore, we assume that PPAR-g ac-
tivation might be related to the inhibitory effect of HSYA on 
proliferation and cell cycle of tumor cells.

Peroxisome proliferator-activated receptors (PPARs) are tran-
scription factors belonging to the nuclear hormone receptor 
family, which are mainly distributed in the cytoplasm. However, 
PPARs can be activated to enter the cell nucleus upon ligand 
binding. According to previous studies, PPARs are able to affect 
many biological functions, including inflammation, cell surviv-
al, and differentiation [28–30]. PPARg is an important member 
of the PPARs family, which is expressed in a variety of primary 
tumors, including gastric cancer, colon cancer, and pancreat-
ic cancer [31–33]. PPARg has an anti-tumor effect on solid tu-
mors via inhibiting tumor cell proliferation, inducing tumor cell 

apoptosis, and inhibiting angiogenesis [34–36]. Wei et al. [19] 
reported that isoflavone and daidzein have a similar promoting 
effect on nuclear transfer compared with RGZ in the process of 
human prostate cancer DU-145 cell apoptosis. In our study, we 
revealed that expression level of PPARg was increased by treat-
ment with HSYA and RGZ, and the nuclear transfer of PPARg 
was also promoted. To be more precise, PPARg is mainly ex-
pressed in the nucleus. Furthermore, PPARg inhibitor GW9662 
was found to disrupt the effects of HSYA and RGZ, suggesting 
that HASY may activate PPARg in BGC-823 cells.

The mechanism of apoptosis by HSYA may be related to ac-
tivation of the mitochondrial apoptotic pathway and regula-
tion of expressions of Bcl-2, Bax, and p53 [12]. Caspase fam-
ily members play a critical role in the apoptotic pathway, and 
are mainly involved in a series of caspase activations, which 
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Figure 7.  Distributions of PPARg subcellular localization (×600) BGC-823 cells treated with drugs at different concentrations: HSYA 
100 μM, RGZ 5 μM, GW9662 10 μM. The nuclei were stained with DAPI (blue), while the PPARg was stained with antibody 
labeled with FITC (green) (n=3).
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Figure 8.  Effect of HSYA on caspase-3 mRNA expression 
in BGC-823 cells treated with drugs at different 
concentrations: HSYA 100 μM, RGZ 5 μM, GW9662 
10 μM. Compared with tumor group: ** P<0.01; 
compared with HSYA group: ## P<0.01; compared with 
RGZ group: && P<0.01 (n=3).
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Figure 9.  Effect of HSYA on PPARg mRNA expression in BGC-823 
cells treated with drugs at different concentrations: 
HSYA 100 μM, RGZ 5 μM, GW9662 10 μM. Compared 
with tumor group: **P<0.01; compared with HSYA 
group: ## P<0.01; compared with RGZ group: && P<0.01 
(n=3).

are regulated to the extrinsic pathway and the intrinsic path-
way. The caspase-8 of the extrinsic pathway and caspase-9 of 
the intrinsic pathway were activated and gathered together in 
caspase-3, and activated caspase-3 caused a series of down-
stream caspases cascade reactions, then ultimately induced 
apoptosis through the inhibition of DNA repair, nuclear frag-
mentation, cell shrinkage, and cell membrane bubble [37,38]. 
Yuan et al. [39] demonstrated that the expression of PPAR-g 
and caspase-3 was significantly increased by CLA in human 
breast cancer SKBr3 cells, elucidating the synergistic relation-
ship between them via treatment with GW9662 (PPARg inhib-
itor). In the present study, we revealed that apoptotic rates of 
HYSA and RGZ groups were significantly increased compared 
with the tumor group. We further demonstrated that the ex-
pression of caspase-3 mRNA can be significantly promoted 
by HYSA and RGZ in tumor cells. The effects of HSYA and RGZ 
were diminished by PPARg inhibitor GW9662, suggesting that 

HSYA activates PPARg, inducing caspase-3 expression, and sub-
sequently promoting BGC-823 cell apoptosis.

Conclusions

We showed the inhibitory effect of HSYA on the proliferation of 
BGC-823 cells, which results in activating PPARg-dependent cell 
cycle block and cell apoptosis. Our results suggest that PPARg is 
a specific type of HSYA that induces apoptosis of BGC-823 cells, 
providing a theoretical insight into the development of HSYA 
as a potential PPARg agonist and a clinical cancer treatment.
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