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This article investigated the endogenous mechanism of blueberry anthocyanins in regulating apoptosis through
growth inhibition of human gastric adenocarcinoma BGC-823 and their xenograft tumors in nude mice. The
Massachusetts Institute of Technology and terminal deoxynucleotidyl transferase dUTP nick end labeling
methods were used to detect the proliferation and apoptosis of human gastric adenocarcinoma BGC-823. The
nude mice BGC823 human gastric adenocarcinoma xenograft tumor model was established and treated with
blueberry anthocyanins of 0 pg/ml, 50 pg/ml and 100 pg/ml, respectively. The expression of B-cell lymphoma
2, B-cell lymphoma 2 associated X-protein, and p-c-Jun N-terminal kinase protein in nude mice transplanted
with human gastric adenocarcinoma cells was detected by Western blot. The proliferation inhibition rate and
apoptosis rate of human gastric adenocarcinoma BGC-823 gradually increased with the increase of blueberry
anthocyanins concentration; blueberry anthocyanins could reduce the growth of transplanted tumor in nude
mice; blueberry anthocyanins decrease the B-cell lymphoma 2 protein and increase the Bcl-2 associated
X-protein and p-c-Jun N-terminal kinase protein in the tumor tissue of nude mice with n human gastric
adenocarcinoma transplanted tumor model (all p<0.05). Blueberry anthocyanins can inhibit the proliferation
of BGC-823 and the growth of transplanted tumors, and may play a positive role in inhibiting human gastric

adenocarcinoma by regulating the c-Jun N-terminal kinase signaling pathway.
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Gastric Adenocarcinoma (GAC) is a malignant
tumor originating from gastric mucosal epithelial
cells, which is one of the common digestive system
tumors. It usually originates from the gastric
mucosa layer, and gradually invades other gastric
parietal layer and surrounding tissues with the
progression of the diseasel!l. The current treatment
methods include surgical resection, radiotherapy,
and chemotherapy, etc. However, due to the
complexity of GAC and the emergence of drug
resistance, the therapeutic effect is still limited.
Therefore, finding new therapeutic strategies
and drugs has become an urgent need. In recent
years, natural plant compounds have attracted
much attention in cancer treatment. Blueberry
Anthocyanins (BA) are important natural plant
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compounds that have been shown to have a variety
of biological activities, including antioxidant,
anti-inflammatory, and anti-tumor outcomes4.
In particular, its role in inhibiting the proliferation
and inducing apoptosis of various cancer cells
has attracted much research attention!®. Studies
have shown that anthocyanins can weaken the
activity of activating enzymes and inhibit the
migration ability of cancer cells, and the induction
dose and action time have a great impact on
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the proliferation and development of cancer
cellst*. As a kind of polyphenolic flavonoid
organic compounds, anthocyanins can reduce the
activities of Superoxide Dismutase (SOD) and
Glutathione Peroxidase (GSH-PX) in tissues,
effectively suppress cell oxidative damagel®, and
even improve the immune function of the body by
affecting the levels of cytokines Tumor Necrosis
Factor-Alpha (TNF-a) and Interleukin-10 (IL-10)
100 BA is the main active ingredient of blueberry,
and there are more than ten kinds of BA. BA has
many effects and is widely used in health care
products, medicine and cosmetics. Its low toxic
and side effects make it a relatively safe natural
substance, and its toxic and side effects are low,
so it has been paid much attention and respected.

Apoptosis is an important cell death process,
also known as programmed cell death, which
is a key link in normal cell development, tissue
maintenance, immune regulation and other
biological processes. Apoptosis is usually achieved
through a series of precisely regulated molecular
signaling pathways!"'l. The endogenous apoptotic
pathway is an important signal transduction
network involved in the regulation of apoptosis.
The key molecules in this pathway include
apoptosis regulatory factors and apoptosis effector
factors. Among the regulatory factors of apoptosis,
B-Cell Lymphoma 2 (Bcl-2) family proteins
are important members'?. This family includes
members that inhibit apoptosis (such as Bcl-2,
Bcl-xL) and members that promote apoptosis
(such as Bcl-2 Associated X-Protein (BAX), Bad).
Bcl-2 family proteins control cell life and death
decisions by regulating mitochondrial membrane
permeability!'*!%, In addition, the key factors
in the apoptotic signaling pathway also include
caspases family proteins. These proteins play a
major role in the execution stage of apoptosis,
including caspase-8 and caspase-9, etc. When
activated, they can initiate a series of signaling
cascades, eventually leading to cell apoptosis(!>1¢],
C-Jun N-Terminal Kinase (JNK) is an important
serine/threonine protein kinase that belongs to
the Mitogen-Activated Protein Kinase (MAPK)
family and plays a key regulatory role in the
transmission of apoptotic signals during cellular
stress responsel'”). The activation of JNK is
mainly achieved by phosphorylation. When cells
are subjected to a series of stress stimuli, such as
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oxidative stress, extracellular signal stimulation,
Deoxyribonucleic Acid (DNA) damage, the activity
of JNK is stimulated, which triggers a series of cell
signal transduction"®. It can evaluate the degree
of apoptosis and the activity of JNK signaling
pathway by detecting the phosphorylation
state of JNK and the level of related proteins in
its downstream signaling pathways, and further
explore its regulatory relationship with BA on
apoptosis.

It aimed to investigate the inhibitory effect of BA
on human BGC-823 GAC cells and their xenograft
tumors in nude mice, and to explore the regulatory
outcome of BA on the endogenous apoptotic
pathway. The results of this article are expected to
provide new ideas and strategies for the treatment
of GAC, experimental basis for the application
of BA, and reference for the development of new
anticancer drugs.

MATERIALS AND METHODS
Experimental reagents and instruments:

BA (Qinghai Jinmaiqi Biotechnology Co., Ltd.),
Dulbecco's Modified Eagle Medium (DMEM)
(Gibco  Company), 3-[4,5-Dimethylthiazol-2-
yl]-2,5 Diphenyl Tetrazolium Bromide (MTT)
dry powder (Sigma Company), Terminal
Deoxynucleotidyl Transferase dUTP Nick end
Labeling (TUNEL) kit (Promega Company),
Phosphate Buffer Saline (PBS) buffer, Fetal Bovine
Serum (FBS) (Gibco Company), protein lysate,
Bicinchoninic Acid (BCA) protein quantification
kit, and Sodium Dodecyl Sulphate-Polyacrylamide
Gel Electrophoresis (SDS-PAGE) gel preparation
kit (Beijing Solarbio Technology Co., Ltd.,),
Bcl-2 mouse anti-human monoclonal antibody,
BAX rabbit anti-human polyclonal antibody
(Biodragon Company), p-JNK mouse anti-human
monoclonal antibody (BOSTER Company);
immunocytochemical kit (Beijing Zhongshan
golden bridge Biotechnology Co., Ltd.,).

KSD-1211 Carbon dioxide (CO,) incubator
(Thermo scientific Company), ultra-clean table
(Jiangsu Tongjing Purification Equipment Co.,
Ltd.,), microplate reader (Multiskan Company),
inverted fluorescence microscope (NIKON
Company) and flow cytometer (Beckman Coulter
Company).
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Cell lines and animal models:

Culture and grouping of human GAC cells:
The cryopreserved human GAC strain BGC-
823 (Shanghai Cell Bank, Chinese Academy of
Sciences) was resuscitated and sub cultured. 10 %
FBS and 100 U/ml penicillium streptomycin were
added into DMEM medium. When about 70 % to
80 % of BGC-823 grew and fused, the medium was
discarded. It was washed with PBS and treated with
trypsin-Ethylenediaminetetraacetic Acid (EDTA)
digestion solution for 5 min. The suspension was
collected and transferred to a centrifuge tube.
Following counting, the cells were seeded into 24-
well plates with DMEM medium at 1x10° cells/
well, and 500 pl of cell diluent was put to each
well. The cells were divided into three groups,
and anthocyanin mother liquor at 0 pg/ml, 50 pg/
ml and 100 pg/ml was put. It was adjusted to the
final volume of 2 ml. After that, the samples of
the three groups were routinely cultured in a cell
incubator at 37° with 5 % CO, for 24 h. The cells
were collected and centrifuged at 1000 rpm for
3 min at 4°. The supernatant was discarded, and
10 % FBS was put and mixed. Dimethylsulfoxide
(DMSO) reagent was put at FBS:DMSO=9:1. It
was stored in the refrigerator at -80°.

Modeling and grouping of transplanted tumors in
nude mice:

Thirty Specific Pathogen Free (SPF) female Bagg
Albino (BALB/C) nude mice (6 w old, 15+£2 g)
were fed under the ambient temperature of 24°+2°
and humidity of 60 %+5 % for 12 h. The mice were
fed with standard mouse diet every day for a fixed
time, and they were free to drink water. After 5 d of
adaptive feeding, the nude mice were transplanted
with tumor to establish the model. All female
BALB/C nude mice were subcutaneously injected
with 1x10%/0.2 ml human GAC BGC-823 through
the right axillary region under sterile conditions.
BALB/C nude mice inoculated with human GAC
cells were randomly divided into 3 groups with
10 mice in each group. BA was administered
at 0, 50, and 100 pg/ml, respectively 2 w after
inoculation, once a day at 2 p.m., for 20 d. After
the end of administration, the nude mice in each
group were sacrificed under anesthesia with 2.5 %
sodium pentobarbital. The subcutaneous tumors of
the nude mice were dissected and weighed. The
experiment was approved by the Ethics Committee
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of our Hospital (approval number: X2022051794).

Proliferation and apoptosis analysis of human GAC
BGC-823:

MTT assay to detect the proliferation inhibition
rate of human GAC BGC-823: Human GAC BGC-
823 in log phase was seeded into the plate with 96
wells, about 9000 (about 200 pl) to each well. 24
h later, the plate was subjected to centrifugation to
discard the supernatant. The wells were grouped,
and 0 pg/ml BA was used as the controls, and 50
and 100 pg/ml BA were used as the administration
groups for intervention, respectively. 24 h and 48
h later, 20 pl of 5 mg/ml MTT buffer was put to
all wells, and the supernatant was taken after 4 h
of incubation at 37°. The experiment was repeated
three times. The Optical Density (OD) value of
each well at 570 nm was measured by ELX-800
microplate reader. The proliferation inhibition
rate of human GAC BGC-823 treated with various
concentrations of BA was calculated.

Cell proliferation inhibition rate=(OD 570 nm of
controls-OD 570 nm of treatment group)/OD 570
nm of controlsx100 %

Apoptosis rate of human GAC BGC-823:

In the plate with 24 wells, intervention with DMEM
medium, the cells cultured at 37° in 5 CO, for 24
h and 48 h according to the instructions of TUNEL
kit. The cells were fixed with 4 % cold buffered
acetaldehyde, washed twice with PBS buffer, and
the cell membrane was permeabilize with 0.1 %
Triton X-100 solution for 30 min. The cells were
added with TUNEL reaction solution, incubation
at 37° for 1 h. The cells were washed twice with
PBS, stained with 4’,6-Diamidino-2-Phenylindole
(DAPI) nuclear staining solution, and pictures were
taken under fluorescence microscope following
sealing slides. The number of apoptotic cells in
human GAC BGC-823 was counted and computed.

Apoptosis  rate number/total

numberx100 %

Bcl-2, BAX, and p-JNK protein in nude mice
transplanted with human GAC cells detected
by Western blot: GAC cells transplanted in nude
mice were sampled, and protein lysates were used
for cell extraction. The supernatant was obtained
by centrifugation, and proteins were separated
by SDS-PAGE gel electrophoresis until protein

(%)=apoptotic
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bands were formed in the gel. The target bands
were transferred to the Polyvinylidene Difluoride
(PVDF) membrane using a wet electrophoresis
device for 2 h at 200 mA. The PVDF membrane
was placed in 5 % skim milk to block non-specific
binding sites on the transfer membrane, incubation
for 1.5 h. It was then placed in the primary antibody
and incubated overnight at 4°. The membrane
was rinsed twice with PBS buffer, transferred
in the secondary antibody, and subjected to
incubation for 1 h at ambient temperature. It was
rinsed twice with PBS buffer, and ECL reagent was
adopted for color development. The fluorescence
or Chemiluminescence signals of the transfer
membrane were recorded. Imagel] software was
adopted for quantitative analysis of protein bands,
and the relative protein levels in human GAC cells
in nude mice were computed.

Statistical methods:

Statistical Package for the Social Sciences (SPSS)
22.0 software was adopted for statistical analysis.
Measurement data were expressed as mean+stand-
ard deviation (X£s), and one-way analysis of vari-
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W
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ance was adopted for multiple contrast. When the
data conformed to normal distribution, Dunnett’s
t test was adopted for contrast. When the data did
not conform to the normal distribution, the rank
sum test was adopted for analysis. p<0.05 was
considered statistically meaningful.

RESULTS AND DISCUSSION

After 24 h and 48 h of BA intervention, the
proliferation of human GAC BGC-823 was
analyzed. As against 0 pg/ml BA, the inhibition
rate of cell proliferation was increased at 50 ug/
ml and 100 pg/ml BA and as against 50 pg/ml,
100 pg/ml intervention markedly increased the
suppression rate of cell proliferation (p<0.05) as
shown in fig. 1.

Following 24 h and 48 h of BA intervention, the
apoptosis of human GAC BGC-823 was analyzed.
The apoptosis rate of the cells treated with 50 pg/
ml and 100 pg/ml was higher relative to 0 pg/ml;
the increase in apoptosis rate was clearer in 100
pg/ml intervention than in 50 pg/ml (p<0.05) as
shown in fig. 2.
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Fig. 1: Comparison of cell proliferation suppression rates at, (A): 24 h and (B): 48 h post-BA intervention

Note: *p<0.05 as against 50 pg/ml
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Fig. 2: Comparison of apoptosis rates at, (A): 24 h and (B):48 h following BA intervention

Note: *p<0.05 as against 0 pg/ml and *p<0.05 as against 50 pg/ml
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Fig. 3 illustrates the transplanted tumors in
BGC823 human GAC nude mice following BA
intervention. The average tumor weight following
50 pg/ml and 100 pg/ml BA intervention was less,
i.e. as against 0 pg/ml BA, the tumor weight of
nude mice following 50 pg/ml and 100 pg/ml BA
intervention was smaller; as against 50 pg/ml, the
tumor shrinkage following 100 pg/ml intervention
was clearer (p<0.05).

Western blot was adopted to detect the relative
expression in the serum of BGC-823 human GAC
nude mice. The results suggested that as against
0 uwg/ml BA, the protein expression of Bcl-2 was
raised and that of BAX was decreased in 50 pg/
ml and 100 pg/ml BA intervention; the distinction
between 100 pg/ml and 50 pg/ml intervention was
more obvious (p<0.05) as shown in fig. 4 and fig.
5.

The expression in the serum of BGC-823 human
GAC nude mice was detected by Western blot. The
results suggested that as against 0 BA, the p-JNK
protein in 50 and 100 pg/ml groups decreased;
the distinction between 100 pg/ml and 50 pg/ml
intervention was more obvious (p<0.05) as shown
in fig. 6.

Anthocyanins are a class of natural compounds
found in a wide variety of fruits and vegetables,
and blueberries have the highest amount of
anthocyanins. Studies have shown that BA has
a variety of biological activities, including anti-

inflammatory, antioxidant, anti-cancer, and
100 pg /ml A
30 pg /ml

immunomodulatory outcomes!>*°!. BA has shown
clear suppressing outcomes against different
types of cancer cells??!l. For example, in LS174T
colon cancer cells, BA was found to suppress
cell proliferation, induce apoptosis, and reduce
invasiveness. Its mechanism of action may involve
the up-regulation of P53 protein and the down-
regulation of caspase-8 protein?2>2%, Similarly, BA
has also shown an suppressing outcome on A549
non-small cell lung cancer cells and HepG2 liver
cancer cells by affecting cell proliferation
and cell cycle, increasing histone acetylation
modification, and promoting apoptosis?*?l, In
this article, the cell proliferation suppression rate
and apoptosis rate of human GAC BGC-823 were
calculated by interfering with the proliferation of
human GACBGC-823 with differentconcentrations
of BA. The results suggested that BA intervention
markedly suppressed the proliferation and
promoted the apoptosis of human GAC BGC-823 in
a concentration-dependent manner. Following 24 h
and 48 h of BA intervention, the cell proliferation
suppression rate and apoptosis rate of 50 pg/ml
and 100 pg/ml intervention were higher than 0
pg/ml; the apoptosis rate of the cells treated with
100 pg/ml was markedly higher relative to 50 pg/
ml; in addition, as against the 0 pg/ml BA group,
the nude mice treated with 50 pg/ml and 100 pg/
ml had smaller tumors; the tumor size of 100 pg/
ml group was markedly smaller relative to 50 pg/
ml group (all p<0.05). These results indicate that
BA can play a positive role in the suppression of
human GAC BGC-823.

n 2
v £

i
=)
[==]
=]

Tumor weight {2)

Fig. 3: Mean tumor weight in nude mice following BA intervention
Note: *p<0.05 as against 0 pg/ml and *p<0.05 as against 50 pg/ml
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Fig. 4: Bcl-2 protein expression in nude mice following BA intervention
Note: *p<0.05 as against 0 pg/ml and *p<0.05 as against 50 png/ml

Fig. 5: BAX protein expression in nude mice following BA intervention
Note: *p<0.05 as against 0 pg/ml and *p<0.05 as against 50 pg/ml
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Fig. 6: Expression levels of p-JNK protein in nude mice following BA intervention

Note: *p<0.05 as against 0 pg/ml and *p<0.05 as against 50 pg/ml

Bcl-2 is an anti-apoptotic protein. It mainly exists
on the outer membrane of mitochondria in cells,
and can suppress mitochondrial permeability
transition and apoptosis. High level of Bcl-2 can
counteract the effect of apoptotic signals and
maintain the survival state of cells?**. In some
tumors, the abnormally highly expressed Bcl-
2 is closely related to the evasion of apoptosis,
proliferation, and development of treatment
resistance of tumor cells®®”. The main role of
BAX is to promote apoptosis. When cells are
exposed to apoptotic signals, BAX is activated
and translocalizes to the mitochondrial membrane,
leading to increased mitochondrial membrane
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permeability, release of cytochrome ¢ and other
apoptosis-related molecules, and ultimately trigger
the apoptotic processi®Y. Thus, highly expressed
BAX is generally associated with induction of
apoptosis and increased cell death. Similarly,
JNK pathway plays a central role in the regulation
of apoptosis, which can effectively regulate
apoptosis, etc.,’!l. The activation and suppression
of INK pathway play an important role in cell fate
determination. In this article, as against 0 pg/ml,
the protein levels of Bcl-2 were raised and those of
BAX and p-JNK were decreased in 50 pg/ml and
100 pg/ml intervention; the distinction between
100 pg/ml and 50 pg/ml intervention was clearer
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(all p<0.05). It revealed BA can suppress the
apoptosis of human GAC BGC-823.

Although this article provides a preliminary
exploration of the suppressing outcome of
BA on the regulation of endogenous apoptotic
pathways, there are still some shortcomings.
This article mainly adopted the human GAC cell
line BGC-823 for experiments, and the nude
mouse xenograft tumor model was adopted as the
animal experimental model, but the analysis of its
mechanism of action is relatively insufficient. In
addition, GAC is a highly heterogeneous tumor,
and different subtypes of GAC may have different
biological characteristics and reactivity. Therefore,
further studies should explore the outcomes of
BA on key proteins in the endogenous apoptosis
pathway and the interactions between BA and other
signaling pathways, covering more GAC subtypes
and clinical samples. It should provide direction
for further research in the future, and present
challenges and opportunities for improvement in
the clinical application of BA.

BA reduces the proliferation suppression rate
and apoptosis rate of human GAC BGC-823, and
reduces the size of human GAC cells transplanted
in nude mice. It increases the protein expression
of Bcl-2, and reduces that of BAX and p-JNK.
It indicates that BA can play a positive role in
suppressing GAC by regulating JNK signaling
pathway.
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