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The reactivation of P53 by saRNA affects the biological
behavior in vitro in gastric cancer cells
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Abstract: This study sought to verify the reactivation effect of dsP53-285 that can up-regulate P53 expression in
vitro. In addition, we explored the reactivation effect that dsP53-285 has on the biological behavior of gastric cancer
cells. The specific small activating RNA (saRNA), dsP53-285, targeting the P53 gene promoter was synthesized.
Also, a double strained control RNA (dsControl) was synthesized as a negative control, and then siP53 was synthe-
sized to exclude the off-target effect. Both BGC-823 and MGC-803 cells were transfected with the corresponding
microRNA, or just treated with lipofectamine2000. RT-gPCR and Western blot were adopted to detect P53 mRNA or
the protein content of each group. CCK-8 was adopted to detect the proliferation of each group. The migration abil-
ity was assessed using the scratch-wound assay. The results of RT-qPCR and Western blot showed that dsP53-285
caused a significant up-regulation of the P53 gene (P<0.01), and the expression level of the P21 gene changed with
the reactivation. The CCK-8 showed that, compared to the control group, the proliferation ability of the dsP53-285
group was inhibited significantly (P<0.01). The reactivation effect was in a time-course manner. The wound scratch
assay proved that, compared to the control group, the migration ability of dsP53-285 group was inhibited signifi-
cantly (P<0.01). This phenomenon provides a theoretical basis for the carcinostatic activity of small activating RNA
(saRNA) and might indicate a new targeted treatment option for gastric cancer.
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Introduction need for a new way to better define patient
populations through targeted treatment op-
tions. Therefore, small activating RNAs (saR-
NAs), which can achieve the goal partly, have
come to our attention. RNA activation (RNAa)
can achieve an anticancer effect by reactivat-
ing target genes, usually the inactivated on-

cogenes.

Gastric cancer (GC) is one of the most common
malignant tumors and causes of death world-
wide, with about 951,000 cases diagnosed
and 693,000 deaths in 2012 [1]. GC is a het-
erogeneous disease, and it is often diagnosed
at an advanced stage, making it more difficult
to cure [2]. Until now surgery has been the only

method to cure GC, but just 40% of the patients
have been relieved from GC after a complete
resection of their tumor [2, 3]; the others who
are diagnosed at an advanced stage have a
median survival of less one year in spite of the
targeted treatment options, including c-Met,
epidermal growth factor receptor, immune
checkpoint inhibition, poly ADP-ribose poly-
merase, and the phosphatadylinositol 3-ki-
nase/protein kinase B/mammalian target of
rapamycin pathway [4]. Therefore, there is a

Small activating RNAs (saRNAs) are 19- to
21-base-pair duplexes with a structure identical
to siRNA, but saRNA can trigger gene activation
or enhance gene expression at the transcrip-
tion and post-transcription levels; the phenom-
enon is called RNA activation (RNAa) [5-7].
Currently, the design rule of saRNA and the
mechanism of RNAa are still being explor-
ed. Different studies have confirmed that
saRNA can trigger or enhance transcriptional
activation by various pathways, mainly includ-
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ing targeting specific sequences of promot-
ers [8-12] and/or specific gene antisense tra-
nscripts [13-15]. Moreover, saRNA can enhance
post-transcription expression in different ways
[7].

The P53 gene is also called TP53. It is located
on chromosome 17p13.1, and its role is to
maintain the genomic stability by encoding the
transcriptional factor, p53, which can regulate
the cellular cycle and cause cellular apoptosis
[16]. As a tumor suppressor gene, the wide-
type is often mutated or inactivated in cancer,
and the expression level of p53 has been im-
plicated as an important predictor for patient
progression and survival [17]. In addition, p21
is regulated by p53, the signal pathway that is
related to the biological behavior of cancer
[18-20].

However, the application of dsP53-285 has not
been reported in gastric cancer. In this study,
we transfected gastric cancer cells with dsP53-
285, then explored the reactivation effect of
saRNA in gastric cancer. This may provide a
new cancer therapy.

Materials and methods
Reagents

The sequence of specific saRNA, dsP53-285,
is as follows: S, 5-UUACGGAAAGCCUUCCUA-
A[dT][dT]-3’, AS, 5-UUAGGAAGGCUUUCCGUA-
A[dT][dT]-3’; dsControl, S, 5-ACUACUGAGUG-
ACAGUAGA[dT][dT]-3’, AS, 5-UCUACUGUCACU-
CAGUAGUIdT][dT]-3’; siP53, S, 5-CUACUUCCU-
GAAAACAACG[dT][dT]-3’, AS, 5-CGUUGUUUU-
CAGGAAGUAGIdT][dT]-3". All of the sequences
were synthesized by GenePharma (Shanghai,
China).

Cell culture and transfection

The GC cell lines MGC-803 and BGC-823 were
bought from ZIGB-BIO (Beijing, China). Both
were cultured in RPMI-1640 (Gibco, USA) sup-
plemented with 10% heat-inactivated fetal
bovine serum (HyClone, USA), and incubated
at 37°C in a humidified atmosphere contain-
ing 5% CO,. After two passages, the cells were
transfected. The day before transfection, both
kinds of cell lines were trypsinized, and seeded
into a 6-well plate with Opti-MEM (Gibco, USA)
without antibiotics, at an appropriate density.
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Both GC cell lines were cultured overnight until
they reached 30%-40% confluence, and then
transfected with dsP53-285, or dsControl at
a concentration of 50 nM for 72 h by using
Lipofectamine2000 (Invitrogen, USA) as a tr-
ansfectant. The mock groups were just treated
with Lipofectamine2000. After 72 h, we sepa-
rated the dsP53-285 group into two groups;
one was used for the experimental group, and
another was transfected with siP53, which was
used to eliminate the off-target effect.

Quantitative real-time PCR

Total RNA was extracted from each group by
using TRIzol solution (TakaRa RNAiso Plus). 1
pg of the RNA was used for cDNA synthesis
using the TaKaRa PrimeScript RT reagent Kit
with gDNA Eraser. The obtained cDNA was
amplified using SYBR Premix Ex Taq (TaKaRa),
combined with corresponding primer sets.
Real-time PCR was performed in a 20 ml rea-
ction system. The primers were as follows: P-
53, forward, 5-CAGCACATGACGGA GGTTGT-3/,
reverse, 5-TCATCCAAATACTCCACACGC-3’; and
GAPDH: forward, 5-GGACCTGACCTGCCGTCT-
AG-3’, and reverse, 5-GTAGCCCAGGATGCCC-
TTGA-3'. The procedure followed the manufac-
turer’s instructions.

Protein analysis by western blotting

Briefly, all the transfected cells were harvest-
ed at 72 h following dsRNAs treatment as
described above, washed three times, and
lysed with a lysis buffer. The protein concen-
tration was determined using the bicinchoni-
nic acid protein assay kit (Pierce Biotechno-
logy, Rockford, IL). Equivalent amounts of pro-
tein were separated by electrophoresis on
10% SDS-polyacrylamide gel and transferred
to polyvinylidene difluoride (PVDF) membran-
es by voltage gradient-transfer. Membran-
es were blocked in 5% nonfat dry milk for 2 h
at room temperature and then washed with
TBST three times. The membranes were then
incubated overnight with the appropriate pri-
mary antibody at specified dilutions. Then
primary antibodies were removed, and the
blots were extensively washed with TBST th-
ree times. Blots were then incubated for an
hour at room temperature with the corres-
ponding horseradish peroxidase (HRP)-con-
jugated secondary antibody. After washing
three times, the blots were detected using an
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A 5'-[dT][dTJAAUCCUUCCGAAAGGCAUU-3’
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Figure 1. dsP53-285 induced the reactivation of P53 in MGC-803 and BGC-
823 gastric cancer cells. The reactivation was triggered by the specific bind-
ing between dsP53-285 and the target promoter. The cell morphology was
changed after the transfection. A. A schematic representation of the P53
gene promoter and the binding site. B. The MGC-803 gastric cancer cell
morphology was changed - MGC-803 cells were treated with dsP53-285 at
a concentration of 50 nM for 72 h. Then some were collected for the follow-
ing experiments, and some were left for the next transfection. After the fifth
generation, we could see the change. C. The BGC-823 gastric cancer cell
morphology was changed as well. Compared with the control groups, the
gastric cancer cells transfected by saRNA looked irregular and had more
pseudopod, and the shrinkage of the nuclei was more marked and there
were more fragments in the cytoplasm; in addition, there was more cell lysis
in the dsP53-285 group.
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enhanced chemiluminescen-
ce (ECL) system (Pierce Bio-
technology Inc., Rockford, IL,
USA).

CCK-8 cell proliferation assay

A CCK-8 assay was perform-
ed to assess the effect of
dsP53-285 on cell prolifera-
tion. The transfected MGC-
803 and BGC-823 cells we-
re seeded in a 96-well plate
at a density of 1.0x10° well*
and 1.5x10% well?, respective-
ly, for the CCK-8 proliferation
assay. Cell growth was mea-
sured at24 h,48 h,72h,96 h
and 120 h. At each time point,
12 ul of CCK-8 was added to
each well containing MGC-
803 cells, and 15 pl of CCK-8
for BGC-823; then they were
incubated at 37°C for an
additional 4 h. Half of the
MGC-803 and BGC-823 ce-
lls that were transfected with
dsP53-285, were also trans-
fected with siP53 to elimi-
nate the off-target effect. The
absorbance at 490 nm was
determined by using a micro-
reader. All experiments were
performed in triplicate.

Scratch-healing assay

MGC-803 GC cells were seed-
ed into six-well plates at a
density of 1.0x10°% cells per
well, and for BGC-823, the
density was 1.5x10° per well.
After overnight incubation, the
cells were transfected with
50 nmol/l dsP53-285 or ds-
Control RNA or dsP53-285-si-
P53 for 72 h. When the cells
reached full confluence, they
were scratched with a 200 uL
sterile pipette tip, then wash-
ed with sterilized PBS and cul-
tured in a serum-free medium.
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Figure 2. dsP53-285 induced p53 and p21 protein up-regulation in MGC-
803 and BGC-823 cells. A, C. The expression of the p53 and p21 proteins
was assessed by Western blot. dsP53-285 caused about a 6.5-fold increase
expression of p53 protein and a 6.3-fold increase expression of p21 protein
in MGC-803 cells. B, D. They showed the expression of p53 and p21 in BGC-
823 cells. DsP53-285 caused about a 5.8-fold increased expression of p53
and a 6.2-fold increased expression of p21. (*indicates P<0.05, and **in-
dicates P<0.01 compared to control groups.) The p53 and p21 expression
levels were normalized to B-actin and the results were presented as means
+ SD of the three independent experiments.

The wound area caused by the scratch was
monitored every 12 h, and three random non-
overlapping areas in each well were pictured at
0 h, 18 h and 36 h. The wound width between
the two linear regions was used to assess the
migration ability of the GC cells.

Results

dsP53-285 induced the reac-
tivation of P53 in MGC-803
and BGC-823 gastric cancer
cells

The reactivation was trigger-
ed by the specific binding be-
tween dsP53-285 and the tar-
get promoter. The cell mor-
phology was changed after
the transfection. A schema-
tic representation of the P53
gene promoter and the bind-
ing site is shown in Figure 1A.
The MGC-803 gastric cancer
cell morphology was chang-
ed. MGC-803 cells were treat-
ed with dsP53-285 at a con-
centration of 50 nM for 72 h.
Then some were collected f
or the following experiments,
some were left for the next
transfection. After the fifth
generation, we would see the
change (Figure 1B). The BGC-
823 gastric cancer cell mor-
phology was changed. It was
treated as above (Figure 1C).

dsP53-285 induced p53 and
p21 up-regulation in MGC-
803 and BGC-823 cells

The expression of the p53
and p21 proteins was asse-
ssed by Western blot. DsP53-
285 caused about a 6.5-fold
increase expression of p53

protein and a 6.3-fold increase expression of
p21 protein in MGC-803 cells (Figure 2A, 2C).
They showed the expression of p53 and p21 in
BGC-823 cells. DsP53-285 caused about a
5.8-fold increased expression of p53 and a
6.2-fold increased expression of p21 (Figure

2B, 2D). They showed the expression of the

Statistical analysis

P53 and P21 RNA of each group. The dsP53-

285 groups were higher than the other control

All the data were expressed as means + stan-
dard deviation (SD, n>3). Comparison of the
means was performed by Student’s t-test and
one-way analysis of variance (ANOVA) followed
by Dunnett’s multiple comparison tests using
SPSS (version 17.0) and Prism5 (GraphPad)
Software. P<0.05 was considered statistically

significant. trol groups).
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groups (Figure 3A, 3D) (P<0.01). The dsP53-
285-siP53 complex was used to exclude the
off-target effect. The p53 and p21 expression
levels were normalized to B-actin and the
results were presented as means + SD of three
independent experiments. (*indicates P<0.05,
and **indicates P<0.01 compared to the con-
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Figure 3. A, D. dsP53-285 induced p53 and p21 mRNA up-regulation in MGC-803 and BGC-823 cells. The dsP53-
285-siP53 groups were designed to eliminate the off-target effect. B, C. The growth and proliferation of the gastric
cancer cell, MGC-803, was inhibited by dsP53-285; 72 h later after transfection, we observed the significant differ-
ence of the relative inhibitory rate. E, F. The BGC-823 cells showed a similar phenomenon. (*indicates P<0.05, and

**indicates P<0.01).

dsP53-285 inhibited the growth and prolifera-
tion of GC cells

The CCK-8 assay was used to assess the in-
hibitory effect. In this assay, the OD,,, was
used to assess the growth of the cells. On
the third day, we observed a significant diff-
erence between the dsP53-285 group and
the other groups (P<0.05). The curve show-
ed the growth of the dsP53-285 groups of
MGC-803 was inhibited. And we observed
the difference on the third day (Figure 3B, 3C)
(P<0.05). The curve showed BGC-823 cells
(Figure 3E, 3F). The results were presented
as means + SD of three independent experi-
ments. (*indicates P<0.05, and **indicates
P<0.01 compared to the control groups).

dsP53-285 inhibited the migration of GC cells

The scratch-healing assay was used to assess
the migration ability of each group. We found
that the migration ability of the dsP53-285
group was inhibited significantly compared
with other groups (P<0.01). The migration abil-
ity of MGC-803 cells was inhibited. In dsP53-
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285 groups of MGC-803, the cell migration
number was less; and the distance was much
shorter (Figure 4). For BGC-823, it was similar
(Figure 5). (*indicates P<0.05, and **indicat-
es P<0.01).

Discussion

In 2012, of all the cancer cases diagnosed,
gastric cancer accounted for 6.8%; and of all
cancer-related deaths, gastric cancer account-
ed 8.8% [1]. Gastric cancer is a heterogene-
ous disease, and there are many ways to treat
it, including surgical resection and chemoradio-
therapy, or both. However, survival is poor
under the current therapeutic regimens [16].
Therefore, there is a great need to find a more
effective treatment to improve the therapeutic
outcomes. A new biomarker, saRNA, comes to
mind.

Since RNAa was brought up, the mechanism
and principal were gradually revealed. Some
studies showed that Ago2 could stimulate
transcription through targeting the RITA com-
plex to promoters under saRNA guidance; add-

Int J Clin Exp Pathol 2018;11(6):3157-3164
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Figure 4. dsP53-285 inhibited the migration of MGC-803 cells. The number of migration cells was significantly
smaller in the dsP53-285 transfection groups, and the migration distance was significantly shorter in the dsP53-
285 transfection groups. (*indicates P<0.05, and **indicates P<0.01).
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Figure 5. dsP53-285 inhibited the migration of BGC-823 cells. The number of migration cells was significantly

smaller in the dsP53-285 transfection groups, and the migration distance was significantly shorter in the dsP53-
285 transfection groups. (*indicates P<0.05, and **indicates P<0.01).
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itional studies illustrated that the activation
could be triggered by the interaction bet-
ween saRNA and heterogeneous nuclear ribo-
nucleoprotein A2/B1; the methylation of the
gene promoter is associated with RNAa [21,
22]. SaRNA has proven to be feasible in many
genes in different cancers, including E-cadhe-
rin, VEGF, p21, PAR, WT1, HIC1 and VEZT [5, 6,
13, 21-24]. Also, Ren and Kang proved the fea-
sibility of RNAa in animals, and they found that
tumor growth could be inhibited by saRNA
which is formulated into lipid nanoparticles [25,
26]. Moreover, compared to the traditional
therapeutic tools, saRNA is more beneficial due
to its low toxicity and high specificity and effi-
cacy [5].

The P53 gene, which is known as the guardian
of the genome, could encode the p53 protein,
a transcription factor. The p53 protein could
upregulate the expression of the broad-act-
ing, cyclin-dependent kinase inhibitor, the P21
gene, and then promote cell cycle arrest at the
G1 phase; besides, the P53 gene could regu-
late cell apoptosis through a different pathway,
mainly including the mitochondrial pathway
and the death receptor pathway [27, 28].

In this study, we transfected gastric cancer
cells with dsP53-285, dsP53-285-siP53, ds-
Control, or lipofectamine2000, respectively.
That was the most important part of the experi-
ment, and usually the transfection was at a
concentration of 50 nM. When it was at a lower
concentration, it was less effective, and when
at a higher concentration, it was of less value
[5, 8]. Then we verified the practicability of
RNAa through different methods. The Western
blot and RT-gPCR showed that dsP53-285
could up-regulate the expression of the P53
gene, and the downstream receptor, p21, was
upregulated as a result. The CCK-8 assay
proved that dsP53-285 could inhibit the growth
of gastric cancer cells and indicated that the
reactivation effect was in a time-course man-
ner, and that was in accordance with previ-
ous studies [5, 6]. Interestingly, we found that
in the dsP53-285-siP53 group, the prolife-
ration was a little fast; however, that made no
statistical sense, and that might be caused by
the stronger interference of siP53 or the minor
different transfection. Then the scratch-heal-
ing assay verified that the migration ability of
gastric cancer cells was inhibited by dsP53-
285. The dsP53-285-siP53 group was main-
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ly designed to exclude the off-target effect.
Certainly, our study was not perfect, and it
has its own limits. We just confirmed the reacti-
vation feasibility of dsP53-285 in gastric can-
cer, rather than perfect the design rule of
saRNA that was a common problem for us
all. Besides, we didn't illuminate the mechn-
ism of RNAa in a more direct way. And the ani-
mal experiment was needed to further prove
the feasibility of RNAa. Therefore, in our sub-
sequent experiments, we will explore more
details about RNAa.

In general, the mechanism of RNAa and the
saRNAs designed rules were ambiguous, but
the problems could be solved by using bioin-
formatics software to some extent and corre-
sponding experiments, and that was the most
effective method. Therefore, RNAa, a promis-
ing therapeutic tool for cancer treatment, is
worthy of further study.
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