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Abstract: Objective: To figure out the function and mechanism of miR-128-3p in the progression of lung carcinoma.
Methods: miR-128-3p and SIRT1 expression in lung carcinoma cells A549, H460, H1650, SK-MES-1 and normal
lung epithelial cell BEAS-2B were measured with the help of qRT-PCR and Western blot. miR-128-3p over-expression
and SIRT1 inhibitory vector were transfected into A549 and H1650 cells, respectively. CCK-8, transwell and flow cy-
tometry were applied to observe cell proliferation, invasion and apoptosis. Changes of epithelial-mesenchymal tran-
sition (EMT) markers N-cadherin, Vimentin and E-cadherin were detected. The relationship between miR-128-3p
and SIRT1 was determined by means of dual luciferase reporter. Results: miR-128-3p was reduced in the four types
of lung carcinoma cells, while SIRT1 was up-regulated. After A549 and H1650 were treated with miR-128-3p over-
expression or SIRT1 inhibition, both proliferation and invasion ability of the two were inhibited and their apoptosis
increased, and E-cadherin was elevated, while N-cadherin and Vimentin were reduced in cells. The dual luciferase
reporter identified a targeted regulatory correlation between miR-128-3p and SIRT1. Conclusion: miR-128-3p can

inhibit EMT and invasion of lung carcinoma cells via targeting SIRT1.
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Introduction

Lung carcinoma is the most common cause
responsible for carcinoma-related deaths wo-
rldwide [1]. Although the treatment of lung car-
cinoma has been improved with the develop-
ment of targeted therapy and immunotherapy,
its overall prognosis is still unsatisfactory [2].
It is reported that lung carcinoma kills about
1.6 million people every year, and these num-
bers will continue to grow [3]. Lung carcinoma
is characterized by high invasion and metasta-
sis, which is also the main cause of failed
treatment and poor prognosis [4]. The poten-
tial mechanism of lung carcinoma progression
has not been fully elucidated [5]. Therefore, it is
urgent to find anti-metastasis drugs with a
clear mechanism and explore new targets for
lung carcinoma.

microRNA (miR) is a non-coding small RNA that
is widely distributed in eukaryotic cells and
plays a pivotal role in a variety of cellular bio-
logical events [6, 7]. Mis-expression or muta-

tion of miR is believed to be responsible for
the occurrence and development of many
human diseases [8]. miR-128-3p is located on
chromosome 2 and is approximately 81 bp in
length. miR-128-3p plays a vital role as a tu-
mor suppressor in a variety of carcinomas
such as esophageal squamous cell carcinoma,
liver carcinoma and breast carcinoma [9-11]. In
lung carcinoma, down-regulated miR-128-3p
implies a poor prognosis [12]. The mechanism
of action of miR-128-3p in lung carcinoma has
not been fully elucidated. We found targeted
binding sites between miR-128-3p and SIRT1
through an online biological prediction website
Targetscan. SIRT1 is a class Il histone dea-
cetylase that regulates basic biological func-
tions such as cell survival, growth, and aging
[13]. SIRT1 can be targeted and regulated by
multiple miRs to participate in tumor develop-
ment; for example, SIRT1 can be targeted and
regulated by miR-30a to prevent the progres-
sion of lung carcinoma [14]. SIRT1 can also be
targeted by miR-34a to suppress the develop-
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ment of prostate cancer [15]. Epithelial-
mesenchymal transition (EMT) is a basic bio-
logical event that is closely associated with
tumor metastasis [16].

Therefore, we hypothesized that miR-128-3p
inhibits EMT and invasion of lung carcinoma
cells by targeting SIRT1. In order to demon-
strate this hypothesis, the following experi-
ments were conducted.

Materials and methods
Cells and treatments

Lung carcinoma cells A549, H460, H1650,
SK-MES-1 and normal lung epithelial cells
BEAS-2B were from ATCC in the United States.
The above five cell lines were placed in RP-
MI11640 medium (Gibco, USA) with 10% fetal
bovine serum (FBS, Gibco, USA) and 1% pe-
nicillin-streptomycin (100 x, Solarbio, USA)
separately, and cultured in an incubator at
37°C and 5% CO,. When the density of
adherent growth of cells reached to 80-90%,
it was digested with trypsin, and passaged
every 2 d. Cell transfection: Cells were trans-
fected using Lipofectamine™ 2000 kit (Ther-
mo Scientific, USA). miR-128-3p over-expres-
sion plasmids (mMiR-128-3p-mimics), SIRT1
inhibitory plasmids (si-SIRT1), and blank con-
trols (MiR-NC, si-NC) were established using
pcDNA 3.1 plasmid as a vector and then trans-
fected into cells. After 6 h, the infected cells
were placed in new medium and cultured for
48 h.

gRT-PCR detection (qPCR)

TRIzol kit (Wuhan Chundu Biotechnology Co.,
Ltd.) was applied to extract the total RNA of
target cells. UV spectrophotometer and ag-
glutinate gel electrophoresis were applied to
detect the purity, concentration and integrity
of extracted total RNA. Five uL total RNA was
taken and reverse-transcribed. The operation
was conducted in accordance with the instruc-
tions of Reverse Transcription kit (Invitrogen,
USA) to obtain cDNA for subsequent research.
PCR amplification was conducted by means
of the PrimeScript RT Master Mix kit (Takara
Bio, Japan). The amplification system was as
follows: 10 yL SYBR gPCR Mix, 0.8 pL of up-
stream primers, 0.8 uL downstream primers, 2
uL cDNA product, 0.4 uL 50 x ROX reference
dye, and finally RNase-free water was added to
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supplement to 20 yL. PCR reaction conditions
were as follows: pre-denaturation at 95°C for
60 s, denaturation at 95°C for 30 s, annealing
extension at 60°C for 40 s, with a total of
40 cycles. This data was analyzed using 24t
[17]. Primers were designed and synthesized
by Shanghai Generay Biotech Co., Ltd. miR-
128-3p upstream: 5-CGAGAGCTGGTGTTGTG-
AAT-3’, downstream: 5-GTGCAGGGTCCGAGG-
TAT-3'. U6 upstream: 5-GTAGCGTCGTGAAGC-
GTTC-3’, downstream: 5-GTGCAGGGTCCGAG-
GTAT-3..

Western blot assay (WB)

RIPA lysis (Thermo Scientific, USA) was put into
the cells in each group after culture to extract
total protein. Centrifugation of lysate was
performed in a 4°C centrifuge at 12000 x g
for 20 min. The supernatant was taken and
the concentration of protein was detected by
BCA (Thermo Scientific, USA). Twelve% SDS-
PAGE was applied for protein electrophoretic
separation and then transferred to a PVDF
membrane (Life Technologies, USA). It was
soaked in PBST for 5 min for washing, and
blocked with 5% skim milk powder for 4 h at
indoor temperature. SIRT1, E-cadherin, N-cad-
herin, Vimentin, and B-actin (1:2000) primary
antibodies (Abcam, USA) were put incubated
with membrane and sealed at 4°C for one
night. The primary antibody was removed
through washing the membrane, and goat
anti-rabbit secondary antibody (Abcam, USA)
was added (1:2000), incubated at 37°C for
1 h, then rinsed with TBST for 3 times, with 5
min each. ECL was used to illuminate and
develop in a dark room. Quantity One soft-
ware was utilized for statistical analysis of the
bands after film scanning. Relative expression
of the protein = target protein band grayscale
value/B-actin protein band.

CCK-8 proliferation detection

Cell proliferation was measured using CCK-8
(Beyotime Biological Co., Ltd., China). The pro-
cedure was conducted in accordance with the
Kit instructions, and the specifics were as fol-
lows: after 24 h of transfection, the cells were
cultured in a 96-well plate with a cell density of
2.5 x 10° per well. CCK-8 (10 pl) was put into
the well at 24 h, 48 h, 72 h and 96 h, and the
plate was incubated at room temperature for 2
hours. Then the absorbance of each well
was detected by microplate reader (Molecular
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Figure 1. Expression of miR-128-3p and SIRT1 in lung carcinoma. A. miR-128-3p decreased in lung carcinoma cells.
B. SIRT1 increased in lung carcinoma cells. C. WB image. “denotes P<0.05.

Devices, USA) at 490 nm, and the correspond-
ing growth curve was drawn.

Cell invasion detection

Transwell kit (Gibco, USA) was applied for inva-
sion detection and separated to an upper and
lower compartment. The lower compartment
had 500 uL of medium (comprising 10% FBS),
and the upper compartment had serum-
free medium containing 5 * 10* cells. After
48 h of incubation at 37°C, cells in the upper
compartment that did not penetrate the
membrane surface were removed, and fixed
with paraformaldehyde for 10 min. Then ex-
cess paraformaldehyde was washed with dou-
ble distilled water. After drying, the cells were
stained with 0.5% crystal violet, and the cells
that did not penetrate the membrane were
counted.

Cell apoptosis detection

Transfected cells were collected and digested
with 0.25% trypsin. After digestion, they were
configured into 1 * 10%/mL suspension. Anne-
xinv-fitc/Pl (Invitrogen, USA) was successively
added. Incubation of cells was conducted at
indoor temperature in the dark for 5 min, and
FCM system FC500MCL was applied for
detection.

Dual luciferase reporter

Lipofectamine™ 2000 kit was used to clone
SIRT1 into pmirGLO dual luciferase target
expression vector. SIRT1-3" UTR wild type (Wt)
and SIRT1-3' UTR mutant (Mut) were estab-
lished and transferred to downstream of the
luciferase reporter gene to identify the se-
quencing of constructed plasmids. Subse-
quently, the correctly sequenced plasmids
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were co-transfected into HEK293T cells, and
the luciferase activity was measured 48 h later
with the help of dual luciferase reporter assay
kit (Promega, USA).

Statistical analysis

Sample data of this study were obtained from
three repeated independent experiments. SP-
SS 18.0 software package was used for data
analysis and GraphPad 7 software package
was used to draw create the required images.
Data were expressed as mean + standard devi-
ation (Meas + SD). Independent sample t test
was utilized for intragroup comparison, one-
way ANOVA was used for intergroup compari-
son. LSD-t test was used for pair-wise com-
parison afterwards. Repeated measurement
ANOVA was used for expression of multiple
time points. Bonferroni was used for back test-
ing. When P<0.05, statistical difference was
indicated.

Results

miR-128-3p is down-regulated and SIRT1 is
increased in four types of lung carcinoma cells

In this study, gPCR and WB were applied to
measure miR-128-3p and SIRT1 expression in
lung carcinoma cell lines H460, SK-MES-1,
H1650, A549 and BEAS-2B in normal lung
epithelial cells. It was seen that the miR-128-
3p expression decreased in the four types of
lung carcinoma cells, while SIRT1 expression
increased. Shown in Figure 1.

miR-128-3p can inhibit the progression of lung
carcinoma

For the purpose of determining the effects of
miR-128-3p in lung carcinoma, A549 and

Int J Clin Exp Med 2020;13(5):2956-2965
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Figure 2. Effects of elevated miR-128-3p on the biological function of lung carcinoma cells. A. miR-128-3p was
increased in A549 and H1650 cells after transfection with miR-128-3p-mimics. B, C. Invasion was inhibited after
transfection of miR-128-3p-mimics in A549 and H1650 cells. D. Proliferation was inhibited after transfection of miR-
128-3p-mimics in A549 and H1650 cells. E. Apoptosis rate was increased after transfection of miR-128-3p-mimics
in A549 and H1650 cells. F, G. E-cadherin increased while N-cadherin and Vimentin decreased after transfection of
miR-128-3p-mimics in A549 and H1650 cells. H. WB image. |. Flow cytometry. “"denotes P<0.05.
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Figure 3. Exploration of relationship between SIRT1 and miR-128-3p. A. Binding sites existed between SIRT1 and
miR-128-3p. B. Transfection of miR-128-3p-mimics could inhibit luciferase activity of SIRT1-3" UT Wt in HEK293T
without affecting luciferase activity of SIRT1-3’ UTR Mut. C. SIRT1 was inhibited after transfection of miR-128-3p-

mimics in A549 and H1650 cells. D. WB image. “denotes P<0.05.

H1650 cells (miR-128-3p was the least ex-
pressed in these two) were transfected with
miR-128-3p-mimics, and the proliferation,
invasion and apoptosis of transfected cells
were observed with the help of CCK-8, tran-
swell and flow cytometry. The results exhi-
bited that miR-128-3p was increased in A549
and H1650 cells after transfection of miR-
128-3p-mimics, and the proliferation and
invasion ability of A549 and H1650 were inhib-
ited after transfection, with increased apopto-
sis rate. Later, we detected the impact of
miR-128-3p-mimics transfection on EMT mark-
ers in A549 and H1650 cells by WB, and found
that E-cadherin reduced, N-cadherin and Vi-
mentin decreased. As shown in Figure 2.

SIRT1 is the downstream target of miR-128-3p

For the purpose of understanding the mecha-
nism by which miR-128-3p inhibits the progres-
sion of lung carcinoma, we predicted through
the Targetscan website that there was a bind-
ing site between SIRT1 and miR-128-3p.
Therefore, in this paper, dual luciferase activity
was detected to verify the correlation between
them. The report showed that transfection of
mMiR-128-3p-mimics could inhibit SIRT1-3" UT
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Wt luciferase activity in HEK293T cells without
affecting SIRT1-3" UTR Mut luciferase activity;
suggesting that SIRT1 can be used as the tar-
get gene for miR-128-3p. Subsequently, it was
found through WB that SIRT1 was inhibited
after A549 and H1650 cells were transfected
with miR-128-3p-mimics; further proving that
SIRT1 could be targeted by miR-128-3p. As
shown in Figure 3.

SIRT1 can promote the progression of lung
carcinoma

SIRT1 was previously found to be decreased in
the four types of lung carcinoma cells pur-
chased, suggesting that it might have the abili-
ty to inhibit the progression of lung carcinoma.
To investigate the role of SIRT1 in lung carcino-
ma, si-SIRT1 was transfected into A549 and
H1650 cells to observe the changes in cell bio-
logical functions. The results showed that si-
SIRT1 transfection could reduce SIRT1 in A549
and H1650 cells. Also proliferation and inva-
sion of A549 and H1650 cells after transfec-
tion were inhibited, and their apoptosis rate
increased. WB detected that si-SIRT1 transfec-
tion could also increase E-cadherin in A549

Int J Clin Exp Med 2020;13(5):2956-2965
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Figure 4. Effect of reduced SIRT1 on the biological function of lung carcinoma cells. A. miR-128-3p increased after
transfection of si-SIRT1 in A549 and H1650 cells. B, C. Proliferation was inhibited after transfection of si-SIRT1
in A549 and H1650 cells. D. Invasion was inhibited after transfection with si-SIRT1 in A549 and H1650 cells. E.
Apoptosis rate increased after transfection of SIRT1 in A549 and H1650 cells. F, G. E-cadherin increased while N-
cadherin and Vimentin decreased and after transfection of SIRT1 in A549 and H1650 cells. H. WB image. |. Flow

cytometry. "denotes P<0.05.

and H1650 cells, and down-regulate N-cadherin
and Vimentin. As shown in Figure 4.

Rescue experiment

On the basis of above results, it could be pre-
liminarily hypothesized that miR-128-3p could
prevent the occurrence and development of
lung carcinoma through targeting SIRT1. In
order to further understand the connection
between the two, we over-expressed miR-128-
3p and SIRT1 in A549 and H1650 cells at the
same time to observed their biological chang-
es. It was found that the proliferation, inva-
sion, and apoptosis of A549 and H1650 cells
after transfection with miR-128-3p-mimics+sh-
SIRT1 were not statistically different from
those of cells transfected with miR-NC;
while the proliferation and invasion ability
increased and the apoptosis rate decreased
compared with the cells transfected miR-
128-3p-mimics. Then, changes of EMT mark-
ers of the above three groups were detected
using WB. The results of WB exhibited that
the expression of EMT markers in A549 and
H1650 cells after transfection with miR-128-
3p-mimics+sh-SIRT1 was not different from
that of those transfected with miR-NC cells,
while E-cadherin was reduced and N-cadherin
and Vimentin was elevated compared with the
cells in miR-128-3p-mimics. As shown in Figure
5.

Discussion

High metastasis is the main cause of poor
prognosis of lung carcinoma, however, the
mechanism of lung carcinoma metastasis
remains poorly understood. Therefore, to
elucidate the pathogenesis of lung carcinoma
is a key step to improve the prognosis of
patients. miR plays a role of tumor suppressor
and oncogene by regulating its target genes in
carcinomas, showing a great application pros-
pect [18]. Previously, studies have found that
miR-128-3p down-regulation predicts a poor
prognosis for patients with lung carcinoma
[12], and this study also revealed that miR-
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128-3p down-regulation in the four types of
lung carcinoma cells, indicating that it is
involved with lung carcinoma. Later, cell experi-
ments revealed that elevated miR-128-3p
could suppress the proliferation and invasion of
A549 and H1650 cells and promote their apop-
tosis, indicating that miR-128-3p acted as a
tumor suppressor in lung carcinoma. However,
it remains unclear how miR-128-3p achieves
this effect.

miRs participate in cell biology events by bind-
ing to the 3" UTR of the mRNA sequence of
its target gene to promote transcriptional
degradation [19]. A promising binding site
between miR-128-3p and SIRT1 was found
through an online biological prediction soft-
ware Targetscan. It was also confirmed that
SIRT1 could be used as target gene of
miR-128-3p through dual luciferase reporter.
SIRT1 exerts its biological role by acetylating
histones and non-histones [20]. It has been
reported that SIRT1 is elevated in lung car-
cinoma and promotes the development of
the disease [21]. SIRT1 was discovered to be
highly expressed in four types of lung car-
cinoma cells. Cell experiments showed that
inhibition of SIRT1 could suppress prolifera-
tion and invasion of A549 and H1650 cells,
and promote their apoptosis, which was si-
milar to the results of the above studies. In
this study, the association between miR-128-
3p and SIRT1 was further explored through
rescue experiments. The results elaborated
that proliferation, invasion and apoptosis of
A549 and H1650 cells transfected with miR-
128-3p-mimics+sh-SIRT1 appeared no differ-
ent compared with the those cells transfected
with miR-NC, while the proliferation and inva-
sion ability increased and the apoptosis rate
decreased compared with those cells trans-
fected with miR-128-3p-mimics. These findings
can prove that miR-128-3p can prevent the pro-
gression of lung carcinoma through SIRT1.

EMT is an important factor affecting tumor
growth, invasion and metastasis, among which
miR is an important regulator [22]. Some stud-

Int J Clin Exp Med 2020;13(5):2956-2965
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Figure 5. Effects of co-transfection of miR-128-3p-mimics+sh-SIRT1 on the biological function of lung carcinoma. A,
B. Proliferation of A549 and H1650 transfected with miR-128-3p-mimics+sh-SIRT1 showed no statistical difference
compared with those transfected with miR-NC cells, but was increased compared with those cells transfected with
miR-128-3p-mimics. C. Invasion of A549 and H1650 cells transfected with miR-128-3p-mimics+sh-SIRT1 showed
no difference compared with those transfected with miR-NC cells, but was increased compared with those cells
transfected with miR-128-3p-mimics. D. Apoptosis of A549 and H1650 transfected with miR-128-3p-mimics+sh-
SIRT1 showed no difference compared with those transfected with miR-NC cells, but was increased compared with
those cells transfected with miR-128-3p-mimics. E, F. Expression of E-cadherin, N-cadherin, and Vimentin transfect-
ed with miR-128-3p-mimics+sh-SIRT1 showed no difference compared with those transfected with miR-NC cells,
but E-cadherin was increased and N-cadherin and Vimentin were increased compared with those cells transfected
with miR-128-3p-mimics. G. WB image. H. Flow cytometry. "denotes P<0.05.

ies support that SIRT1 promotes the process
of EMT in a variety of tumor cells [23-25]. This
paper has demonstrated that SIRT1 can be
targeted by miR-128-3p to prevent the pr-
ogression of lung carcinoma. Therefore, we
hypothesized that miR-128-3p can also influ-
ence the EMT process of lung carcinoma cells
through SIRT1. We inquired into the effects of
miR-128-3p and SIRT1 on EMT in lung car-
cinoma cells by detecting the changes of EMT
markers in this study. The results showed that
increasing miR-128-3p or decreasing SIRT1
can up-regulate E-cadherin or down-regulate
N-cadherin and Vimentin in A549 and H1650
cells. What's more, miR-128-3p-mimics+sh-
SIRT1 was found to prevent changes of
E-cadherin, N-cadherin, and Vimentin caused
by transfection of miR-128-3p-mimics. This
indicates that miR-128-3p can also inhibit lung
carcinoma EMT through SIRT1.

This study proved miR-128-3p prevents metas-
tasis of lung carcinoma through targeting
SIRT1, reflecting the promising value of the
miR-128-3p/SIRT1 axis in treating lung carci-
noma. Another study has found that SIRT1 can
regulate EMT process in oral cancer through
Smad4/MMP7 pathway [26]. Therefore, we
hypothesized that miR-128-3p inhibits EMT
and invasion of lung carcinoma through the
SIRT1/Smad4/MMP7 pathway, which will be
explored in future experimental designs. In
addition, this paper only discussed the func-
tions of miR-128-3p/SIRT1 axis in lung carci-
noma in vitro, and in vivo experiments will be
performed in subsequent studies to improve
the regulatory network of this axis.

In conclusion, miR-128-3p can inhibit EMT and
invasion of lung carcinoma cells through SIRT1,
providing experimental support for miR-128-3p
as a therapeutic target for lung carcinoma.
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