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Abstract. - OBJECTIVE: To investigate the
expression of G-quadruplex antibody BG4 in
human gastric cancer AGS cells and assess its
functions in attenuating proliferation and pro-
moting apoptosis in gastric cancer.

MATERIALS AND METHODS: BG4 high-ex-
pression gastric cancer AGS cell line was es-
tablished by pEGFP-N1-BG4 transient trans-
fection. AGS cells transfected with pEGFP-N1
plasmids were included into the pEGFP-N1
group and those not transfected with plasmids
were included into the negative control group.
Cell counting kit-8 (CCK8) assay was per-
formed to examine the AGS cell proliferation
ability, while flow cytometry was used to de-
tect the cell cycle distribution and cell apopto-
sis. Cell migration was measured using Tran-
swell migration and wound healing assay. Then
the expression levels of cell apoptosis associ-
ated factors were determined. The mRNA and
protein expressions of human telomerase re-
verse transcriptase (hTERT), B-cell lympho-
ma 2 (Bcl-2), Bcl-2 associated X (Bax) were ex-
amined with real-time quantitative polymerase
chain reaction (PCR) and Western blotting, re-
spectively.

RESULTS: The results revealed that pEGFP-
N1-BG4 group exhibited reduced proliferation
and migration, induction of apoptosis. hTERT
and Bcl-2 mRNA and protein levels in pEGFP-N1-
BG4 group were down-regulated compared with
those in the pEGFP-N1 group and control group,
but there were no significant differences in Bax
mRNA and protein levels compared with those in
the pEGFP-N1 group and control group.

CONCLUSIONS: We showed that the expres-
sion of BG4 in the gastric cancer cell line AGS in-

hibits cell proliferation and promotes apoptosis
though inducing telomere to form G-quadruplex
structure and attenuating telomerase activity,
thus resulting in reduced expression of hTERT
and Bcl-2.
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Introduction

Gastric cancer (GC) is one of the most com-
mon malignancies in the digestive system seri-
ously threatening human health' 2. World cancer
statistics show that stomach cancer is the third
leading cause of cancer deaths in the world™ *.
The incidence and mortality of GC rank second
among most common malignant tumors in Chi-
na’. Despite of improvements in the surveillance
and treatment of GC, it remains a devastating
disease. Therefore, it is important to explore the
pathogenesis of GC and find effective treatments
for this disease.

G-quadruplexes (also known as G-tetrads or G4)
are nucleic acid secondary structures that form wi-
thin guanine-rich sequences. These higher-order
structures contain arranged G-tetrads connected
by Hoogsteen hydrogen bonds and are stabilized by
monovalent cations. It is proposed that G-quadru-
plex nucleic acids play a role in a number of fun-
damental biological processes including apoptosis,
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gene transcription and gene expression. Many puta-
tive G-quadruplex sequences are located in the pro-
moters of oncogenes. In addition, human telomeres
are proven to have potential therapeutic mechanisms
and to be validated as targeting sites for drugs. Stu-
dies have demonstrated that telomerase, a complex
formed by protein and RNA, has reverse transcrip-
tase activity for the regulation of tumor proliferation
and apoptosis® 7. The guanine-quadruplexes® ° are
capable of forming a four-stranded structure in te-
lomere, which impairs the functions of telomerase
by repressing the replication of telomere'™!2, This
eventually affects cell proliferation, differentiation
and senility. In addition, the promoter regions-
of several cancer genes also can form G4 structure,
and then influence its expression'®-'%,

Owing to the high affinity of G-quadruplex anti-
body BG4 with the G-quadruplex' and abundant TG
sequences in telomere region, BG4 can be used as a
stabilizer for G4 interacting with the G-quadruplex in
telomere and may serve as an inhibitor of telomerase
(Figure 1). Studies have demonstrated that BG4 was
employed to visualize DNA G-quadruplex structures
in human cells®*?!. Biffi et al?? used BG4 antibody
to detect a series of paraffin-embedded cancer and
cancer-adjacent tissues by tissue microarray method.
They found that the formation of G-quadruplexes was
increased obviously in cancer than in the normal tis-
sue in human GC and liver cancer, suggesting that the
formation of G-quadruplexes may be a characteristic
marker of GC. However, the function and mechanism
of BG4 expression in GC are still unclear.

AGS cells

Tranfected with pEGFP-N1-BG4

In order to better understand the function of BG4
protein, the pEGFP-N1-BG4 eukaryotic expres-
sion vector was constructed and then transfected
into AGS cells by Lipofectamine 2000. The BG4
expression in AGS cells was verified by Western
blotting analysis. The function of BG4 was deter-
mined by detecting cell proliferation, cell cycle,
apoptosis and possible signal transduction molecu-
les. The results demonstrated that BG4 displayed
an inhibition effect for AGS cells. BG4 could sup-
press proliferation, induce cell apoptosis and arrest
cell cycle in AGS cells through down-regulating
hTERT and Bcl-2 expression in vitro.

Materials and Methods

Construction of pEGFP-N1-BG4
Expression Plasmid

Primer sequence: Sacl tailed forward:
5’-GGAGCTCATGGCCGAGGTGCAGCTG-3’;
Pstl tailed reverse: 5’-CTGCTGCAGCTTGT-
CATCGTCATCCTTGTAATC-3 (restriction
sites were underlined), which were named as
BG4-F and BG4-R, respectively. The length of
the amplification segment was 877 bp. There are
6xHistidine tags and the 3XxFLAG tags in BG4
protein. The whole sequence of BG4 was in the
early stage of our study. There were a total of 50
uL reaction systems containing 36.5 uL. ddH,O,
0.5 pL Ex Taq (5 U/uL), 5 pL 10 xpolymerase
chain reaction (PCR) buffer, 5 puL. dNTP, 1 pL
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Figure 1. BG4, as a stabilizer for G4, interacts with the G-quadruplex in telomere and may serve as an inhibitor of telomerase.
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Figure 2. Construction of pPEGFP-N1-BG4 expression plasmid.

BG4-F (10 pmol/L), 1 pL BG4-R (10 pmol/L)
and 1 pL pSANGI10-BG4 DNA. Procedure used
in this study was as follows: pre-denaturation at
94°C for 10 min and 30 cycles of denaturation at
94°C for 30 s, annealing at 58°C for 30 s, and an
extension at 72°C for 60 s, followed by 5 min of
final extension at 72°C. The final PCR products
were separated by electrophoresis using 1.5% aga-
rose gel for 45 minutes under a constant voltage
of 100 v. Then pictures were recorded. The target
fragment was purified using Mini BEST Agarose
Gel DNA Extraction Kit. The purified target frag-
ments were ligated into the plasmid pMD18-T and
then transformed into competent E. coli DH5a
cells. Recombinant plasmid was extracted from
bacterial colonies, and 1.0 pL plasmid solution
was subjected to agarose gel electrophoresis to
confirm the presence of the correct sequence of
BG4. The recombinant plasmid that had been
confirmed to contain the correct sequence of BG4
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and the vector pEGFP-N1 were digested by Sacl
and Pstl, respectively. The target fragments were
isolated and ligated using T4 DNA ligase, and
subsequently a second recombinant plasmid was
constructed. The second recombinant plasmid
was transformed into competent E. coli DH5a
cells and then extracted by DNA purification kit.
The resulting recombinant eukaryotic expression
vector was named pEGFP-N1-BG4. The vector
was digested using Sacl and Pstl and then evalu-
ated by agarose gel electrophoresis. The recombi-
nant plasmid was further sequenced to confirm its
sequence (Figure 2).

Cell Culture and Intervention

The human GC AGS cells were obtained from
the Institute of Biochemistry and Cell Biology,
Chinese Academy of Sciences (Shanghai, China).
Cells were maintained in Roswell Park Memorial
Institute (RPMI)-1640 (01-100-1A, BI, Kibbutz
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Beit Haemek, Israel) medium with 10% fetal bo-
vine serum (FBS) (04-001-1A, BI, Kibbutz Beit
Haemek, Israel) and 100 U/mL penicillin plus 0.1
pug/mL streptomycin in a humidified incubator
with 95% humidity and 5% CO, at 37°C.

AGS cells (1x10°cells/well) were cultured in
RPMI-1640 medium in six-well plates with 10%
FBS for 24h, and then they were divided into three
groups: control, pPEGFP-N1 and pEGFP-N1-BG4.
After the medium was removed and replaced with
serum free and antibiotic free RPMI-1640 medi-
um for 6h before transfection, the complexes of
plasmid and liposome were prepared according to
recommended preparation methods of Lipofect-
amine ™2000 Reagent kit (Invitrogen, Carlsbad,
CA, USA).

Cell Proliferation Assay

The effect of BG4 on cell proliferation of AGS
cells was evaluated using WST tetrazolium salt
(Dojindo, Japan) according to the manufacturer’s
instructions. AGS cells were plated into 96-well
plates at 10°cells/well in triplicate in 100 uL of
culture medium and allowed to adhere overnight.
The three groups were incubated for 1, 2, 3, and 4
day, respectively. Each well received 10 pL of cell
counting kit-8 solution (R&D Systems, Minneap-
olis, MN, USA) and incubated for 4 h. The absor-
bance was detected at 450 nm using a microplate
reader (Thermo Fisher, Waltham, MA, USA) and
expressed in optical density (OD) units. The ex-
periment was performed in triplicate.

Cell Cycles and Apoptosis Assay
Forty-eight hours after transfection, cells
were collected, washed with phosphate-buffered
saline (PBS), fixed with 70% (v/v) ethanol (Sig-
ma-Aldrich, St. Louis, MO, USA) at 4°C over-
night, and centrifuged at 1,000 rpm/min for 5
min. Then ethanol was removed, and cells were
stained with propidium iodide (PI). Cell cycle
analysis was performed using a flow cytometer
(BD, Franklin Lakes, NJ, USA). The effect of
BG4 on cell apoptosis of AGS cells was investi-
gated using Annexin V-APC Apoptosis Analysis
Kit by flow cytometry (FACSort, BD, Franklin
Lakes, NJ, USA) according to the manufactur-
er’s instructions. Cells were harvested at 48 h
after transfection and rinsed three times with
cold PBS, and then 5 pL. Annexin V-APC and 5
pL 7-aminoactinomycin (7-A AD) were added to
the cells, respectively. After 15 min of incuba-
tion in the dark at room temperature and about
500 pL binding buffer was added, apoptosis was

evaluated by flow cytometry. Three independent
experiments were done. Every sample was de-
tected for three times.

Wound Healing Assay

AGS (5x10° cells/well) were seeded in 6-well
plates and then transiently transfected with pEG-
FP-N1 and pEGFP-N1-BG4. When cells had
grown 90% confluent, scratches were made to the
monolayer surfaces of cells with sterile 200-pl
pipette tips. After rinsing with PBS for 3 times,
dead cells were removed, and the remaining cells
were cultured in serum-free medium to eliminate
the influence of cell proliferation. Micrographs
were captured for each sample at 0 and 24 h. The
relative migration rate was calculated using Im-
age J software as follows: Relative migration rate
= (gap between the edges at 0 h - gap between the
edges at 24 h) / gap between the edges at 0 h.

Transwell Migration Assay

To assess invasion ability, 24-well Transwell
chambers with an 8-pum pore size polycarbonate
membrane were used (Corning Incorporated,
Corning, NY, USA). The filters were precoat-
ed with 10 pg of Matrigel (BD, Franklin Lakes,
NJ, USA). Then the chambers were inserted into
a 24-well plate. Three groups of cells were sus-
pended in serum-free culture media and added to
upper chambers, respectively. After 24 h of incu-
bation at 37 °C, cells inside the upper chamber
were removed with cotton swabs, whereas cells
on the lower membrane surface were fixed with
4% paraformaldehyde and then stained with 0.5%
Crystal violet solution. Six randomly selected
fields were counted in each well. Our preliminary
experiments demonstrated that 10% FBS concen-
tration is optimal for observing cell migration.
Therefore, RPMI-1640 with 10% FBS was add-
ed into the lower chamber of each well, and the
cells were incubated for 12 h. The medium and
non-migrated cells in the upper chamber were re-
moved gently with a cotton swab, whereas the mi-
grated cells in the lower chamber were fixed with
paraformaldehyde (4%) and stained with crystal
violet. Images were captured at a magnification of
50 folds. Cells in 6 different fields were counted.

Real-Time Reverse Transcription
and Polymerase Chain Reaction
(RT-PCR) Analysis

Total ribonucleic acids (RNAs) of three groups
were isolated from AGS cells using the RNAiso
Plus (TaKaRa, Otsu, Shiga, Japan). The value
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of OD,,/ OD,,, for RNA located in 1.9-2.1 was
qualified. cDNA was synthesized using the Prime
Script™ RT-PCR Kit (TaKaRa, Otsu, Shiga, Ja-
pan) according to the manufacture’s instruction. 2
pL cDNAs were served as a template to be ampli-
fied by Real-time PCR using SYBR® Premix Ex
TaqTM II (TaKaRa, Otsu, Shiga, Japan) using the
conditions as the manufacture instructed. The hu-
man (3-actin gene was served as a control gene. The
relative mRNA expressions of hTERT, Bcl-2, Bax
were analyzed by real-time PCR using the IQ™5
System (Bio-Rad, Hercules, CA, USA). The prim-
ers were synthesized by ShengGong Co, Ltd and
the sequences were displayed as follow: hTERT
forward 5-GGAGGCTCGTGGAGACCATC3’, re-
verse 5-CATTTGCCAGTAGCGCTGGG3’; Bcl-2
sense: 5-CCTCCAGGTAGGCCCGTTTT-3’, an-
ti-sense: 5-GGGCCTCTGTTCCTTCCCTC-3%
Bax sense: 5-CCCAGAGGCGGGGTTTCA-3’, an-
ti-sense:  5-GGAAAAAGACCTCTCGGGGG-3%
B-actin sense: 5-CCTGGCACCCAGCACAAT-3’,
antisense: 5-GGGCCGGACTCGTCATAC-3".
Relative mRNA expression was calculated with
the 2-24¢t method. Every sample was detected for
three times.

Protein Isolation and Western Blotting

Three groups of cells were and lysed with radio-
immunoprecipitation assay (RIPA) lysis buffer, and
the supernatant wascentrifuged (10000 g, 20 min)
and separated. 12% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) was
used to separate lysated proteins, which were then
transferred to polyvinylidene difluoride (PVDF)
membrane. PVDF membrane containing total pro-
teins was blocking with 5% skimmed milk for 2
h, hTERT (sc-7212, Santa Cruz Biotechnology,
Santa Cruz, CA, USA) (1:1000), Bcl-2 (sc-7382,
Santa Cruz Biotechnology, Santa Cruz, CA, USA)
(1:1000), Bax (sc-20067, Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA) (1:1000) and B-actin
(sc-4778, Santa Cruz Biotechnology, Santa Cruz,
CA, USA) (1:5000) antibodies were applied to de-
tected the protein expression, respectively. Anti-
FLAG-tag antibody was used for identifying BG4
expression. Secondary horseradish peroxidase
(HRP)-conjugated goat anti-rabbit or anti-mouse
antibody was used at a 1:5000 dilution and devel-
oped by the ECL Reagent (Millipore, Billerica,
MA, USA).

Statistical Analysis

Measurement data were presented as (Mean
+ SD). Statistical Product and Service Solu-
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tions (SPSS) 22.0 (SPSS Inc., Armonk, NY,
USA) was used for two-tailed Student-z test
and ANOVA, and Least Significant Differ-
ence (LSD) was employed as its Post Hoc Test.
p<0.05 represented that the difference was sta-
tistically significant.

Results

Construction of pEGFP-N1-BG4 Vector

The results confirmed that the construction of
the pEGFP-N1-BG4 (5592 bp) eukaryotic expres-
sion plasmid was successful (Figure 3A). After
double enzyme digestion, a 877 bp BG4 segment
and a 4715 bp vector fragment were observed
in the pEGFP-N1-BG4 group via electrophore-
sis, while only a 4.7 kb vector fragment was the
same as the pEGFP-NI1. The sequencing result is
shown in Figure 3B. The protein of BG4 was ex-
pressed in pEGFP-N1-BG4 transfected AGS cells.
The molecular weight of BG4 protein is 30-35
kDa and EGFP protein is 27 kDa. The molecular
weight of fusion protein was 57-62 kDa. The tar-
get protein is 48-63 kDa and consistent with the
theoretical size (Figure 3C).

Cell Apoptosis Assay

An apoptosis assay was performed after trans-
fection with pEGFP-N1 and pEGFP-NI1-BG4.
The apoptotic rate was (2.39+0.04)% in the nega-
tive control group and (2.42+0.12)% in the pEG-
FP-N1 group, and after transfection with pEG-
FP-N1-BG4, the apoptotic rate was increased
to (8.44%0.17)% (Figure 4A-B). These results
demonstrated that pEGFP-N1-BG4 group induced
apoptosis of AGS cells.

Cell Proliferation Assay

The CCKS assay results illustrated that the cell
proliferation in pEGFP-N1-BG4 group was ob-
viously inhibited compared with that in other
groups (**p<0.05). The pEGFP-N1 group and
the NC group had no significant differences
in the cellular growth at different time points
(*p>0.05). The results indicated that the BG4
protein could inhibit the proliferation of AGS
cells (Figure 4A-B).

PEGFP-N1-BG4 Arrested AGS Cells Cycle
Compared with NC group and pEGFP-NI1
group, AGS cells could be effectively arrested at
G,/G, phase in pEGFP-N1-BG4 group, and cells
were inhibited to run into S phase. Additional-
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Figure 3. Identification of recombinant pEGFP-N1-BG4 plasmid. 4, M1, M2: DL1000 DNA Ladder and 1 kb DNA Ladder.
1: pPEGFP-N1-BG4 plasmid is digested with Sac I and Pst I enzyme (877bp for small fragment, 4715 bp for large fragment),
and 2: pEGFP-N1-BG4 plasmid is digested with Psz I enzyme (5592bp). B, Sequencing results of pEGFP-N1-BG4 recombinant
plasmid (partial). C, M: Standard molecular weight protein marker. 1: Cell lysates of AGS protein transfected with pEGFP-N1-
BG4 vector, and 2: Cell lysates of AGS protein transfected with pEGFP-N1 vector.

ly, the percentage of apoptotic cells was also in-
creased after they were transfected with pEGFP-
N1-BG4 (Figure 5). The detailed data are shown
in Table I.

Wound-Healing Assay

The migration capability of GCcells after
transfection was assessed via in-vitro scratch
assay. Figure 6 presents that the migration rate
is (0.2640+0.002) in the negative control group,
(0.2717+£0.001) in cells transfected with pEG-
FP-N101, and (0.077+0.002) in cells transfected
with pEGFP-N1-BG4. Wound-healing assay re-
vealed that transfection with pEGFP-N1-BG4
significantly inhibited wound healing compared
with negative control group and pEGFP-NI group
(Figure 6, *p<0.05).

PEGFP-N1-BG4 Group Inhibited Invasion
Abilities of AGS Cells

Transwell invasion assay was adopted to ex-
plore the effect of BG4 on AGS cell invasion. the
number of cells that passed through the Matri-
gel-coated membrane into the lower chamber

Table I. Cell cycles and apoptosis in different groups.

significantly inhibited in the pEGFP-N1-BG4
group in comparison with pEGFP-N1 group and
negative control group (Figure 7, *p<0.05), sug-
gesting that BG4 inhibits the invasion ability of
AGS cells

PEGFP-N1-BG4 regulated the expression
of hTERT, Bcl-2 and Bax in AGS cells

According to the results shown above, we
knew that pEGFP-N1-BG4 group could suppress
cell growth. To investigate the possible molecular
mechanisms, we detected the mRNA and protein
levels of hTERT, which is the key component that
determines the telomerase activity, and Bcl-2 and
Bax, which are two classic genes in cell growth
regulation, by qPCR and western-blot. Figure 8
displays both mRNA and protein levels of h\TERT
are down-regulated in pEGFP-N1-BG4 group
compared with those in NC group and pEGFP-N1
group (*p<0.05). Meanwhile, the expression level
of Bcl-2 was also down-regulated in pEGFP-N1-
BG4 group. However, there were no significant
differences in the mRNA and protein levels of
Bax among three groups (Figure 8).

Apoptosis (%)

Cell cycles G, /G, phase (%) S phase (%) G2/M phase (%) Apoptosis (%)
NC group 42.59+1.10 43.90+0.96 13.51£1.16 2.39+0.08
pEGFP-NI group 41.98+1.37 44.65+0.82 14.91£1.08 2.42+0.19
pEGFP-N1-BG4 group 54.9941.01 29.65+1.87 15.37+1.56 8.44+0.17

'p<0.05 vs. NC group and pEGFP-NI group
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Figure 4. Apoptosis and cell viability analysis of AGS cells after transfection. A-B, The cell apoptotic rate of pPEGFP-N1-BG4
group is higher than those of pPEGFP-N1 group and NC group. The cell proliferation in pEGFP-N1-BG4 group is inhibited
compared with those in pEGFP-N1 group and NC group, respectively. All data are analyzed using 2-tailed Student’s #-tests.

Error bars, *p> 0.05, ** p<0.05.

Discussion

Telomeres are formed by telomere binding pro-
tein and DNA repetitive sequences that are rich
in guanines®. Located in 3’-end of the chromo-
somes, telomeres prevent DNA from degradation
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and confluence in eukaryotic cells. This preven-
tion effect will gradually lose with cell division.
Fortunately, telomerases can maintain the length
of telomeres, keeping the DNA stably**. Telomer-
ases are overexpressed in many human malignant
tumors®, but rare in normal tissues. Therefore,
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Figure 5. pEGFP-N1-BG4 arrests cell cycle. 4, pEGFP-N1-BG4 arrests cells in G /G, phase and reduces the S phase’s cell

percentage. *p<0.05.vs. NC group and pEGFP-N1 group.

2620



The role of G-quadruplex antibody BG4 in gastric cancer

Negative control pEGFP-N1

Oh

24h

pEGFP-N1-BG4

Relative migration rate

Figure 6. pEGFP-N1-BG4 inhibits cell migration. Wound healing assays were used to investigate the changes in the mi-
gratory ability of GC cells. The mean values and SD are calculated from triplicates of a representative experiment. *p<0.05.

they are commonly regarded as tumor biomarkers
for prognostic assessment. Inhibitors of telomer-
ases were designed for targeting different struc-
tures and components®®. G-quadruplex is com-
posed of several guanine residues from telomere
DNA, and its structural stabilizer has become a
new type of telomerase inhibitor. Telomerases
replicate only when combined with catenulate
telomeres. If some substances promote the for-
mation of G-quadruplex or stabilize the structure
of G-quadruplex, they can hinder the uncoiled
progression of telomeres?”, thereby suppressing
the function of telomerases through impair their
combination of telomeres. The structural stabi-
lizers of G-quadruplex are more specific for tu-
mor cells, so they can increase the accuracy of tu-
mor targeting treatments, and reduce side-effects
of chemotherapy®.

Negative control

pEGFP-N1

In the present study, the biological func-
tion and the underlying mechanism of BG4 in
AGS cells were preliminarily identified. The
results demonstrated that pEGFP-N1-BG4 suc-
cessfully inhibited the extension of telomeres
mediated by telomerases and promoted the
formation of G-quadruplex in AGS cells. pEG-
FP-N1-BG4 could induce both telomere short-
ening and apoptosis in AGS cell line through
changing the sheer force of hTERT. Similarly,
we also found that pEGFP-N1-BG4 could mark-
edly down-regulate the expression of hTERT
in AGS cells. The formation of G-quadruplex
could inhibit DNA replications and arrest cell
cycles. In our study, compared with those in
NC group and pEGFP-N1 group, the percent-
age of G /G -phase AGS cells was significant-
ly increased in pEGFP-N1-BG4 group, while
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Figure 7. pEGFP-N1-BG4 function on AGS cells assessed in vitro by performing transwell migration assays. Representative
images of transwell migration assay results and quantification of the inhibitory effects of BG4 on AGS migration (*»<0.01 vs.

negative control and pEGFP-N1 group).
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Figure 8. pEGFP-N1-BG4 group regulates the expressions of h\TERT and Bcl-2 in AGS cells. 4, pPEGFP-N1-BG4 down-regu-
lates the mRNA expressions of h\TERT and Bcl-2 (*p<0.05 vs. NC group and pEGFP-NI1 group). B-C. pEGFP-N1-BG4 inhibits
the protein expressions of h\TERT and Bcl-2 (*p<0.05 vs. NC group and pEGFP-N1 group).

the number of AGS cells in S phase sharply
declined. We might infer that pEGFP-N1-BG4
could inhibit telomerase activity, disturbed cell
cycles and suppressed cell proliferation as well.
These changes may be account for the destruc-
tion of telomerase’s function by G-quadru-
plex. Both Bax and Bcl-2 are members of Bcl-
2 family and regulate cell apoptosis®**3?. Bax
can enhance cell apoptosis, while Bcl-2 plays
the opposite function. Bax promotes apoptosis
through suppressing the function of Bcl-2 rath-
er than inducing cell apoptosis directly. In AGS
cells, both mRNA and protein expressions of
Bcl-2 were suppressed by pEGFP-N1-BG4, but
no significant changes were identified in Bax.
The reason may be that BG4 can stabilize the
G-quadruplex structure which is located in the
promoter region of Bcl-2, consequently imped-
ing the transcription of Bcl-2 mRNA.

Conclusions

We showed that pEGFP-N1-BG4 inhibited telo-
merase activity, proliferation and enhanced apop-
tosis in AGS cells through promoting the forma-
tion of G-quadruplex structure. pPEGFP-N1-BG4
may serve as a new targeting chemotherapeutic
drug in the future. However, there are still some
potential limitations of this work. This study was
not verified by in vivo experiments, and the spe-
cific mechanism of BG4 needs further investiga-
tion.
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