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Abstract. — OBJECTIVE: With gradual in-
crease of cancer incidence and mortality rates,
the regulatory mechanism of cancer has be-
come a hotspot. It has been known that the ex-
pression of TP53 is closely associated with
the occurrence of cancer. The microRNA (miR-
NA)-mediated regulation of the expression of
numerous proto-oncogenes has been reported.
This study aimed to identify miRNAs that regu-
late the expression of TP53 gene.

MATERIALS AND METHODS: The sequence
of TP53 gene was downloaded from NCBI and
analyzed with TargetScan software to predict
potential miRNAs that regulate TP53 expres-
sion. miR-122 was selected as the most poten-
tial miRNA for regulating TP53. miR-122 mimics
and inhibitor were synthesized and transfect-
ed into Hela cells. The expression of TP53 mR-
NA was measured by qRT-PCR. The cell prolif-
eration, migration, and invasion ability were as-
sessed by CCK-8, scratch wounding, and tran-
swell invasion assay, respectively.

RESULTS: Cells transfected with miR-122
mimics exhibited significantly lower TP53 ex-
pression (p < 0.05), but significantly increased
cell proliferation and migration compared with
blank control group (p < 0.05). Notably, cells in
miR-122 mimics and control groups had similar
invasion ability (p > 0.05). However, cells in miR-
122 inhibitor group exhibited significantly high-
er TP53 expression (p < 0.05), but significantly
reduced cell proliferation and invasion ability.
The migration ability of cells in miR-122 inhibi-
tor group was similar to cells in control group
(p > 0.05).

CONCLUSIONS: The selected miR-122 effec-
tively inhibited the expression of TP53 gene in
Hela cells, and enhanced their proliferation, mi-
gration, and invasion.
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Introduction

TP53 gene is a tumor suppressor gene that
regulates cell cycle, prevents mutations of normal
genes, and suppresses the occurrence of cancer'?.
The gene is associated with the occurrence of a
variety of cancers such as gastric cancer, cervical
cancer, and squamous cell carcinoma®*. With
gradual increase of cancer incidence and mortali-
ty rates, the regulatory mechanism of cancers has
become a hotspot.

A micro RNA (miRNA) is a small non-cod-
ing RNA molecule (about 22 nucleotides), which
functions in RNA silencing and post-transcrip-
tional regulation of gene expression. There are
two primary regulatory mechanisms of miRNAs.
While miRNAs that are fully complementary to
the sequence of target genes can directly induce
the degradation of mRNA of the target genes,
miRNAs partially complementary to target gene
sequences bind to the SSUTR, 3'UTR, and CDS
region of target gene mRNAs, and inhibit the
gene expression at the post-transcriptional lev-
el**. A miRNA might regulate the expression
of multiple proteins’, and the expression of a
protein might be regulated by multiple miRNAs.
Studies®'? have suggested that miRNAs also play
important regulatory roles in a variety of diseas-
es such as cancers. A few miRNAs have been
discovered as biomarkers in the early diagnosis
of cancer or even therapeutic targets in gene
therapy. Therefore, researches on the regulatory
role of miRNAs on genes that are associated with
diseases cannot only shed lights on the molecular
mechanism underling the occurrence of diseases,
but also provide potential targets for efficient
gene therapy!!'.

In this study, we predicted miRNAs that
might regulate the expression of TP53 gene,
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and selected the most potential miR-122 for in
vitro evaluation of its regulatory role on TP53
expression. We will provide a basis for further
investigation on the molecular mechanism of
miRNA-mediated regulation of TP53 gene and
targeted gene therapy.

Material and Methods

Reagents and Cells

The Hela cell line was purchased from Sun-
bio (Shanghai, China). Cell culture medium
Roswell Park Memorial Institute-1640 (RP-
MI-1640), trypsin, fetal bovine serum (FBS),
and phosphate buffer saline (PBS) were pur-
chased from Gibco (Waltham, MA, USA). Cell
culture dishes were purchased from Corning
(Corning, NY, USA). The penicillin-strepto-
mycin double-resistance and CCK-8 assay kits
were purchased from Beyotime Biotech (Nan-
tong, China). Transwell chambers, matrigel,
and crystal violet were purchased from BD
Biosciences (San Jose, CA, USA). Lipofect-
amine 2000 transfection reagent was purchased
from Invitrogen (Carlsbad, CA, USA). TRIzol
RNA extraction kit and reverse transcription
kit were purchased from TaKaRa (Otsu, Shiga,
Japan). The reagents for quantitative Real-time
PCR were purchased from Promega (Madison,

WI, USA). miRNA mimics and inhibitor, and
primers were synthesized by Shanghai Invitro-
gen (Shanghai, China).

Prediction of miRNAs Regulating TP53
Gene Expression

The sequence of TP53 gene (KR709867) was
downloaded from NCBI database, and analyzed
by online TargetScan software (www.targetscan.
org/cgi-bin/targetscan) to predict potential miR-
NAs (Table I) that might regulate the expression
of TP53 gene based on relevant parameters in-
cluding position in the UTR, seed match, total
contextual score, and probability of conserved
targeting (Pct). miR-122 was selected as the most
potential miRNA for TP53. miR-122 mimics and
inhibitor were synthesized by Shanghai Invitro-
gen and used in subsequent experiments.

Cell Culture and Transfection

Aliquots of Hela cells were inoculated into 60-
mm culture dishes containing RPMI-1640 culture
medium with 10% FBS at a density of 1 x 10%
dish, and cultured in a 37°C incubator with 5%
CO,. Cells at 70% confluent were transfected re-
spectively with 2 ug of miR-122 mimics and 2 ug
of miR-122 inhibitor using Lipofectamine 2000
according to the manufacturer’s instructions. Af-
ter 24 h of incubation, cells were collected for the
quantification of TP53 mRNA expression.

Table I. The summary of predicte miRNAs that regulate the expression of TP53 gene.

Context** \Weighted Conserved
Position in Seed Context** score context** branch

miRNA the UTR match score percentile score length Pct
hsa-miR-149-5p 91-97 7mer-m8 -0.13 85 -0.13 3.371 N/A
hsa-miR-331-3p 94-100 7mer-m8 -0.14 86 -0.14 2.876 N/A
hsa-miR-122-5p 112-118 Tmer-1A -0.06 66 -0.06 4.327 N/A
hsa-miR-151a-3p 142-148 Tmer-m8 -0.16 79 -0.16 3.782 N/A
hsa-miR-3529-5p 144-150 7Tmer-m8 -0.27 94 -0.27 3.466 N/A
hsa-miR-379-5p 144-150 Tmer-m8 -0.25 93 -0.25 3.466 N/A
hsa-miR-4500 146-152 7mer-m8 -0.21 77 -0.21 4.337 N/A
hsa-let-7g-5p 146-152 7mer-m8 -0.19 73 -0.19 4.337 N/A
hsa-let-7a-5p 146-152 7mer-m8 -0.19 73 -0.19 4.337 N/A
hsa-let-7f-5p 146-152 7Tmer-m8 -0.19 73 -0.19 4.337 N/A
hsa-let-7c-5p 146-152 7Tmer-m8§ -0.19 73 -0.19 4.337 N/A
hsa-let-7i-5p 146-152 7mer-m8 -0.19 73 -0.19 4.337 N/A
hsa-miR-98-5p 146-152 7Tmer-m8 -0.19 73 -0.19 4.337 N/A
hsa-let-7e-5p 146-152 7mer-m8§ -0.19 73 -0.19 4.337 N/A
hsa-let-7b-5p 146-152 7mer-m8 -0.19 73 -0.19 4.337 N/A
hsa-miR-4458 146-152 7mer-m8 -0.19 71 -0.19 4.337 N/A
hsa-let-7d-5p 146-152 7mer-m8 -0.18 69 -0.18 4.337 N/A
hsa-miR-652-3p 154-160 Tmer-1A -0.29 88 -0.29 3.705 N/A

Pct = probability of conserved targeting.
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Quantitative Reverse Transcription
PCR (qRT-PCR)

Cells in each group were collected and total
RNA was extracted using RNA extraction kit ac-
cording to the manufacturer’s instructions. RNA
concentration was determined by a spectrometer
in which the absorption value at a wavelength of
260 nm was measured. Total RNA was reversely
transcribed into cDNA. The level of TP53 and the
housekeeping NAPDH mRNA was measured by
gRT-PCR using cDNA as template and Real-time
PCR kit following the manufacturer’s instruc-
tions. The reaction conditions were as follows:
95°C for 2 min, followed by 40 cycles of 95°C 10
s, 55°C 15 s, and 72°C 10 s. After amplification,
melting curve analysis was performed: 95°C 1
min, 60°C 30 s, and 95°C 30 s. The sequences
of primers: TP53 forward primer: 5’-AGTAGT-
GGTAATCTACT-3’, reverse primer: 5’-GGTC-
CCTCGTGATTCG-3’, NAPDH forward prim-
er; 5-CGGAGTCAACGGATTTGGTCGTAT-3’,
and reverse primer: 5-AGCCTTCTCCATGGT-
GG-3’. The experiment was repeated three times.
The relative expression level of TP53 was calcu-
lated as the ratio of mean TP53 mRNA to mean
NAPDH mRNA.

CCK-8 Assay of Cell Proliferation

Cells in all groups were collected at 6, 12, 24,
and 36 h after transfection, and inoculated into
96-well plates at a density of 1 x 10* cells/100 ul.
Five wells were prepared for each sample. A total
of 100 ul of medium was added into each well,
and 10 ul of CCKS solution was added into each
well after 12 h incubation. Cells were incubated
for an additional 3 h, and the optical density of
each well was detected using a spectrophotometer
at the wavelength of 450 nm. The maximum and
minimum OD450 were removed, and the mean
OD450 of the remaining three wells for each
sample was calculated. The cell proliferation and
inhibition rate were calculated.

Scratch Wounding Assay

Cell migration ability was assessed by the
scratch wounding assay. Cells in all groups were
seeded into 6-well plates at a density of 5 x 10°
cells/well, and incubated in a 37°C incubator
with 5% CO, for 24 h. The center of cell mono-
layer was scraped using a sterile pipette tip and
washed 3 times with PBS to create a straight,
cell-free zone (gap) of constant width. Cells
were placed into serum-free media. Wound clo-
sure was monitored and photographed at 0 h

and 18 h with a Nikon inverted microscope.
Images were analyzed by Image J software. The
distances between the gaps were measured after
capture of six random sites in the microscope
fields, and the mean migration distance in each
group was calculated.

Transwell Invasion Assay

Matrigel (BD Biosciences, San Jose, CA, USA)
was spread evenly on the microfilm of the upper
transwell chamber. Aliquots of 200 pl of cell
suspension in all groups (I x 10° cells/ml) were
digested and added into the upper chamber of
transwell. DMEM medium containing 10% FBS
(1000 ul) was added into the lower chamber.
After 24 h culture, transmembrane cells were
washed, fixed and stained with 0.1% crystal vio-
let. The transmembrane cells were counted under
an inverted microscopy at a magnitude of 100.
Mean values were obtained from three randomly
selected visual fields for each well.

Statistical Analysis

All data were expressed as mean + standard
deviation (SD). Statistical analyses were per-
formed using SPSS 11.0 (SPSS Inc., Chicago, IL,
USA). The difference among groups was ana-
lyzed by ANOVA with Newman-Keuls multiple
comparison post-hoc test. p < 0.05 was consid-
ered statistically significant.

Results

Comparison of TP53 mRNA Expression
The relative TP53 mRNA expression in dif-
ferent groups was quantified by qRT-PCR. As
shown in Figure 1, TP53 mRNA expression in
the miR-122 mimics group was significantly
lower than that in the control group (p < 0.05),

120
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Relative TP mRNA
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40 **

0

Control miR-122 mimics

miR-122 inhibitor
Figure 1. qRT-PCR analyses of relative TP53 mRNA

expression in different groups. **, p < 0.01 compared with
control group. *, p < 0.05 compared with control group.
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whereas its expression in the miR-122 inhibitor
group was significantly higher than that in the
control group (p < 0.05).

Comparison of Cell Proliferation

The cell proliferation in different groups was
compared by CCK-8 assay. As shown in Fig-
ure 2, the OD450 value in the miR-122 mimics
group was significantly higher compared with
the control group (p < 0.05 or 0.01 at 24 and 36 h,
respectively), suggesting an increase in cell pro-
liferation after transfection of miR-122 mimics.
The OD450 value in the miR-122 inhibitor group
was slightly lower compared with the control
group (p < 0.05).

Comparison of Cell Migration

Cell migration ability in different groups was
assessed by Scratch wounding assay. As shown
in Figure 3, the mean migration distance in
the miR-122 mimics group (32 + 6.85 um) was
significantly longer compared with the control
group (4.32 + 3.13 um, p < 0.05), suggesting cell
migration ability was increased after transfec-
tion of miR-122 mimics. Interestingly, the cell
migration in the miR-122 inhibitor group (6.23

Control
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0

Figure 2. CCK-8 assay of cell proliferation in different
groups. ** p < 0.01 compared with control group. *, p <
0.05 compared with control group.

+ 2.13 um) was comparable to that in the control
group (p > 0.05), indicating that miR-122 inhib-
itor transfection does not affect the migration
ability of cells.

Comparison of Cell Invasion

The cell invasion ability in different groups
was compared by transwell invasion assay. As
shown in Figure 4, the number of transmembrane
cells in the miR-122 mimics group was similar to

miR-122 inhibitor

h...

Figure 3. Scatch wounding assay showing the cell migration in different groups.
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Figure 4. Comparison of the number of transmembrane
cells in different groups by transwell invasion assay. **, p <
0.01 compared with control group.

that in the control group (p > 0.05), whereas the
number of transmembrane cells in the miR-122
inhibitor group was significantly lower than that
in the other two groups (p < 0.05), suggesting a
decreased cell invasion ability after miR-122 in-
hibitor transfection.

Discussion

Cancer is a group of diseases involving ab-
normal, malignant cell proliferation with the
potential to invade other parts of the body'*'.
The degree of malignancy of cancer is closely
associated with the cell ability of proliferation,
migration, and invasion. Most tumor suppres-
sor genes regulate a certain stage of cell cycle,
and prevent the occurrence of cancer. The
abnormity of the expression of cancer-relat-
ed genes, especially tumor suppressor genes,
may directly induce cancerous proliferation
of cells'®!. Recently, tumor suppressor genes
have become one of the research hotspots,
although only a few genes have been identi-
fied so far such as transcription factors (Rb,
p53), negative regulatory transcription factor
(WT), cyclin-dependent kinase inhibitor, sig-
naling pathway inhibitor, DNA repair factors,
and components of signal pathways that are
related to the development and stem cell prolif-
eration'®”, As a major tumor suppressor gene,
TP53 regulates cell cycle, and the synthesis
and metabolism of functional factors, and is in-
volved in the repair of DNA damages'*"*. TP53
gene mutation occurs in several cancers. It has
been known that the mutated TP53 gene not
only loses its tumor suppression function, but
also promotes the occurrence and development
of cancer?, suggesting the close association of
TP53 functional abnormity with cancers.

Previous investigations have found that miR-
NAs play important regulatory roles in various
diseases including cancer. Some miRNAs have
been known as biomarkers in the early diagno-
sis of cancer or even therapeutic targets in gene
therapy'. It is, therefore, essential to study the
regulatory role of miRNA on the expression of
disease-related genes in order to elucidate the
molecular mechanism of the pathogenesis of dis-
eases as well as provide valuable information on
the development of targeted gene therapy.

In this work, miRNAs that might regulate the
expression of TP53 gene were predicted by bio-
informatics methods. miR-122 was selected as
the most potential miRNA for regulating TP53
expression, and its regulatory role on TP53 was
evaluated in vitro. It was shown that cells trans-
fected with miR-122 mimics exhibited signifi-
cantly lower TP53 expression (p < 0.05), but
significantly increased cell proliferation and mi-
gration compared with blank control group (p <
0.05). Cells in the miR-122 mimics and control
groups had similar invasion ability (p > 0.05).
Cells in the miR-122 inhibitor group exhibited
significantly higher TP53 expression (p < 0.05),
but significantly reduced cell proliferation and in-
vasion ability. The migration ability of cells in the
miR-122 inhibitor group was similar to that in the
control group (p > 0.05), which might be due to
the involvement of a large number of genes in the
regulation of tumor cell proliferation, migration,
and invasion. It has been known that miRNAs
such as miR-203 and 34a are indirectly involved
in the regulation of TP53 through p53 signaling
pathway?*2. To our best knowledge, we inves-
tigated the regulatory role of miR-122 on TP53
expression for the first time.

Conclusions

We showed that the selected miR-122 effec-
tively inhibited the expression of TP53 gene
in Hela cells, and enhanced cell proliferation,
migration, and invasion. Our study will not on-
ly provide a basis for further investigations on
the molecular mechanism of miRNA-mediated
regulation of TP53 expression, but also shed
lights on the development of tumor gene thera-
py targeting TP53.
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