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cancer cells through the P53 acetylation
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Abstract: Non-small cell lung cancer (NSCLC) is accounted for 80% to 85% of the total lung cancer cases and still a
difficult problem to solve at present. The present study was aimed to explore the effect of SI00AG on the prolifera-
tion, invasion, migration and angiogenesis in lung cancer cell lines with the change of miR-193a expression and P53
acetylation. The expression of S100A6, CDK2, cyclinD1, VEGF, ANGII, anti-acetylp53 (K373), K-AC, P21 and Noxa
were analyzed by western blot analysis. RT-gPCR analysis was used to confirm the transfection effects. CCK-8 assay
and flow cytometry were reflecting the cell proliferation. Wound healing assay and transwell assay were evaluating
the cell invasion and migration. The dual-luciferase reporter assay was to confirm the S100A6 as a target of miR-
193a. Immunofluorescence and immunohistochemical analysis were analyzing the S100A6 expression in cells and
tumor tissues, respectively. As a result, SI00A6 expression was increased in lung cancer cell lines and S100A6
expressed the highest in A549 cells which was chosen for the subsequent experiment. SI00A6 overexpression pro-
moted the proliferation, invasion, migration and angiogenesis of lung cancer cells with the promotion of degradation
of P53 acetylation. In addition, S1I00A6 was demonstrated to be a target of miR193a. Moreover, miR193a expres-
sion was decreased in lung cancer cell lines and miR193a expressed the lowest in A549 cells which was chosen
for the subsequent experiment. And, miR193a overexpression inhibited the proliferation, invasion, migration and
angiogenesis of lung cancer cells with the enhancement of P53 acetylation. The effects of S1I00A6 overexpression
and miR193a overexpression on tumor growth in vivo experiments were the same with that in the cell experiments.
In conclusion, this study indicated that S100A6 overexpression could promote the proliferation, invasion, migration
and angiogenesis of lung cancer cells by inhibiting the P53 acetylation and miR193a overexpression could reversed
the above effects by decreasing the S100A6 expression in both vitro and vivo experiments.
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Introduction rate is about 14% [2, 3]. Therefore, a therapeu-

tic method for NSCLC is urgently needed.
Lung cancer is one of the most dangerous
malignancies with the fastest increase of mor-
bidity and mortality [1]. Non-small cell lung can-

The S100 family includes at least 20 members,
of which the family has been reported to be

cer (NSCLC) is the most common type of lung
cancer, accounting for 80% to 85% of the total
lung cancer cases. Because the early-stage
specific clinical manifestations are not obvious,
clinical diagnosis of NSCLC patients has often
progressed to the advanced stage of tumor. In
addition, the treatment effect of most patients
in this stage is limited, and the 5-year survival

abnormally expressed in different stages of
cancer. S100AG6 is a calcium (cellular) peripher-
al protein that regulates cytoskeletal protein
dynamics, cell proliferation, differentiation, cal-
cium metabolism, ubiquitination and acetyla-
tion [4-7]. S100A6 was increased in cervical
cancer cells and S100A6 overexpression could
increase the proliferation and migration of cer-
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vical cancer cells [8]. Also, S100A6 was up-reg-
ulated in gastric cancer cells and cell prolifera-
tion was promoted by S100A6 overexpression
[9]. In pancreatic cancer, S100A6 increased
the mobility of cancer cells by targeting annex-
in2 [10]. It has been reported that the expres-
sion of S100AG in the cancer tissues and blood
of lung cancer patients is increased and
S100A6 can promote tumor angiogenesis,
which predicts poor prognosis of patients with
lung cancer [11, 12]. S100A6 binds to P53 pro-
tein and regulates cell proliferation and apopto-
sis [13]. In addition, study has shown that
S1000AG6 inhibits the transcriptional activation
of P53 by the degradation of acetylation of
P53, so that cell apoptosis can be inhibited
which go to cancerization [14]. However, the
effect of S100A6 on proliferation, invasion,
migration and angiogenesis in lung cancer cell
lines has not been studied.

MicroRNAs (miRNAs) are highly conserved
endogenous small non-coding RNAs with the
length of about 23 nucleotides [15, 16]. miR-
NAs have been reported to play crucial biologi-
cal functions in the tumor initiation and pro-
gression [17]. Moreover, miRNAs have be grad-
ually applied for the diagnosis and treatment of
cancer [18-20]. Study indicated that miR-146a
expression was increased in human cervical
cancer and miR-146a overexpression could
inhibit the apoptosis of cervical cancer [21].
Roy, S et al. [22] found that levels of miRNA-
193a-5p were decreased in mouse and human
HCC cells and tissues and miRNA-193a-5p
could prevent hepatocarcinogenesis by reduc-
ing levels of NUSAP1. The expression of miRNA-
193a is decreased in colon cancer and other
cancer tissues [23]. And, miRNA-193a has
been reported as a tumor suppressor gene in
non-small cell lung cancer [24]. To date, wheth-
er miRNA-193a expression can regulate the
proliferation, invasion, migration and angiogen-
esis in lung cancer cell lines remains unknown.

Here, the purpose of this study is to explore the
effect of S100AG6 on the proliferation, invasion,
migration and angiogenesis in lung cancer cell
lines, and to investigate whether miRNA-193a
overexpression can down-regulate the S100A6
expression to promote the acetylation of P53
leading to the activation of the transcription of
P53, which inhibiting the proliferation of cancer
cells and promoting the apoptosis of cancer
cells.
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Materials and methods
Cell culture

The human bronchial epithelioid cell lines
(HBE) and NSCLC cell lines (A549, H441 and
H1975) purchased from American Type Culture
Collection (Rockville, MD, USA). Dulbecco’s
modifed Eagle’s medium (DMEM) (Gibco, Grand
Island, NY, USA) with 10% fetal bovine serum
(FBS) (Hyclone, Australia) and 1% antibiotic-
antimycotic solution was used to culture the
cell lines in a humidified incubator with 5% CO,
at 37°C.

Western blot analysis.

Briefly, cells and tumor tissues were lysed with
RIPA buffer (Biocolors Biotechnology Co.,
Shanghai, China) to obtain the total proteins for
the concentration measurement by BCA Protein
Assay Kit (Pierce; Thermo Fisher Scientific,
Inc.). Equal quantity of protein was subjected to
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and then trans-
ferred to polyvinylidene fluoride (PVDF) mem-
branes (Millipore, USA). 5% nonfat milk in TBST
(Tris-buffered saline plus 0.1% Tween 20) was
used to block the nonspecific binding sites on
the membrane for 1 h. Then, the membrane
was incubated overnight at 4°C with primary
antibody against S100A6 (#13162, dilution:
1:1000, Cell Signaling Technology, Inc. Danvers,
Massachusetts, USA), CDK2 (#2546, dilution:
1:1000, Cell Signaling Technology), cyclinD1
(#2978, dilution: 1:1000, Cell Signaling Te-
chnology), VEGF (#2463, dilution: 1:1000, Cell
Signaling Technology), ANGII (#79299, dilution:
1:1000, Cell Signaling Technology), anti-
acetylpb53 (K373) (ab62376, dilution: 1:1000,
Abcam, USA), K-AC (), P21 (#2947, dilution:
1:1000, Cell Signaling Technology), Noxa
(#14766, dilution: 1:1000, Cell Signaling
Technology) and GAPDH (#5174, dilution:
1:1000, Cell Signaling Technology). GAPDH was
used as a reference gene. Subsequently, anti-
rabbit horseradish peroxidase-linked 1gG sec-
ondary antibody (Cell Signaling Technology,
Inc.) was added. Finally, the protein bands were
visualized with an enhanced chemilumines-
cence detection system (Super Signal West
Dura Extended Duration Substrate; Thermo
Fisher Scientific, Inc.).
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RT-gPCR analysis

RNAs from cells and tumor tissues were
obtained with Trizol reagent (Invitrogen,
Carlsbad, Calif, USA) as the standard protocol.
Subsequently, cDNA was synthesized by
Reverse Transcription System Kit (Invitrogen,
Carlsbad, CA, USA). RT-gPCR was performed by
a TagMan Universal PCR Master Mix kit
(Invitrogen; Thermo Fisher Scientific, Inc.). U6
and GAPDH were used as endogenous controls
for miRNA and mRNA, respectively. The primer
sequences for qPCR were as follows: U6 for-
ward, 5-CTCGCTTCGGCAGCACA-3’, and reve-
rse, 5’-AACGCTTCACGAATTTGCGT-3’; miR-193a
forward, 5-GTCGTATCCAGTGCAGGGTCCGAG-
GTGCACTGGATACGACTCATCTC-3’, and rever-
se, B5-GTCGTATCCAGTGCAGGGTCCGAGGGGT-
CCGAGGTATTCGCACTGGATACGACAAAATATG-
GAAC-3’; GAPDH forward, 5-GAAGGTGAAGG-
TCGGAGTC-3’, and reverse, 5-GAAGATGGTG-
ATGGGATTTC-3’; S100A6 forward, 5-ATGGCA-
TGCCCCTGGATCAGG-3’, and reverse, 5-TC-
AGCCCTTGAGGGCTTCAT-3". The relative expres-
sion levels were calculated using 2#4c
method.

CCK-8 assay

After transfection for 24 h, 48 h and 72 h, Cell
counting kit-8 (CCK-8, MSK, Wuhan, China)
assay was performed to analyze cell viability
according to the manufacturer instructions.
The A5492 cells were planted into a 96-well
plate and cultured at 37°C and 5% CO,. CCK-8
reagent was added to the cells, which incubat-
ed for 4 hours. Absorbance was detected at
450 nm using a light absorption microplate
reader (Multistan FC; Thermo Fisher, USA).

Flow cytometry analysis

After transfection for 72 h, the cell cycle was
analyzed by the flow cytometry. After washed
with PBS, cells were digested with pancreatic
enzymes which terminated by adding the PBS
(20% fetal calf serum). Cells were stained with
5 uL Annexin V-FITC and 5 yL propidium iodide
(Pl) at 4°C in the dark for 15 min. The experi-
mental results were analyzed with a BD Canto Il
flow cytometer (BD Biosciences, San Jose, CA,
USA).

Wound healing assay

After transfection for 24 h, A5492 cell suspen-
sion was prepared and the cell concentration
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was adjusted to 5x10%/mL. 150 uL cell suspen-
sion was inoculated into the DMEM with
Culture-Inter. After cells growing against the
wall, culture-Inter was removed and the scratch
width was observed and measured under a
Zeiss LSM510 META microscope. After incuba-
tion for 48 h, the scratch width was again
observed and photographed under the Zeiss
LSM510 META microscope.

Transwell assay

After transfection for 24 h, A5492 cell suspen-
sion was prepared and the cell concentration
was adjusted to 4x10%/mL. The prepared cell
suspension was added to the upper chamber
of Transwell at 200 uL, and the DMEM culture
solution was added to the lower chamber at
500 uL. After 48 h of culture with air bubble
elimination, the chamber fluid was removed
and placed in PBS solution for cleaning. After
the membrane was dried, the chamber was
moved to 800 pL crystal violet and stained
for 30 min. Then, it was gently rinsed with
deionized water. Cotton swab was used to wipe
off the liquid on the upper surface of the cham-
ber. Transwell Chambers were inverted up-
side down and placed under a normal micro-
scope Olympus BX53 for observation and
photography.

Dual-luciferase reporter assay

Basing on the mircode software (http://www.
mircode.org/), S100A6 was predicted as a
potential target of miR-193a. The dual-lucifer-
ase reporter assay was for the confirmation of
the S100AG6 as a target of miR-193a. Briefly, the
S100A6 3'UTR with the predicted miR-193a
binding site or mutant was cloned into a pGL3
luciferase reporter vector. A549 cells were then
co-transfected with either the vectors and the
miR-193a mimics or NC control using Lipo-
fectamine 2000. After A549 cells were trans-
fected for 48 h, the luciferase assays were con-
ducted with a Bright-Glo Luciferase Assay
System (Promega, Madison, WI). The luciferase
activity was normalized to the values of the
Renilla luciferase activity.

Immunofluorescence staining

After transfection for 48 h, A549 cells were
fixed with 4% paraformaldehyde at room tem-
perature for 10 min. The paraformaldehyde
was discarded and A549 cells were transpar-
ented with PBS containing 0.1% Triton x-100 for
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30 min. A549 cells were incubated with 5%
bovine serum for 30 min and then incubated
with primary antibody against S100A6 (Abcam,
USA) overnight at 4°C. After washing with PBS
for 3 times, anti-mouse fluorescence second-
ary antibody (dilution, 1:100) was incubated at
room temperature for 1 h in dark, followed by
the 3 times PBS washing. A549 cells were
stained with Hoechst for 10 min without light,
washed with PBS for 3 times, and then sealed
with anti-quenching agent. Fluorescence of
cells was observed under fluorescence micro-
scope (Nikon, Japan).

Xenograft model

Thirty five five-week-old male BALB/c nude
mice (Guangdong medical laboratory animal
center, Guangdong, China) were raised in a
pathogen-free environment (12 h light/12 h
dark cycle), with free access to food and water.
There were two xenograft models: one was that
tumors were implanted through the subcutane-
ous (s.c.) injection of A549 cells, A549 cells
transfected with pcDNA and A549 cells trans-
fected with pcDNA-S100AG, respectively into
the right flank of the mice. Another one was
that tumors were implanted through the subcu-
taneous (s.c.) injection of A549 cells, A549
cells transfected with miR-NC, A549 cells
transfected with miR-193a mimic, and A549
cells co-transfected with miR-193a mimic and
pcDNA-S100AG6 respectively into the right flank
of the mice. 1x10° cells suspended in 0.1 mL
PBS/Matrigel solution was injected to each
mouse. The tumor volume and mice weight
were observed and recorded at 1, 4, 7, 14 and
28 days.

Immunohistochemistry

Tumor tissues were paraffin-embedded and cut
into 5 um sections. The paraffin sections were
dewaxed and hydrated. And then, sections
were sealed with 5% normal rabbit serum for
20 min and incubated with primary antibody
against S100A6 (Abcam, USA) at room temper-
ature overnight. After PBST cleaning, sections
were incubated with a biotinylated secondary
1gG antibody (Santa Cruz Biotechnology, Santa
Cruz, CA). Following PBST cleaning, sections
were colored with DAB substrate solution for
20 min, counterstained with hematoxylin for 1
min, dehydrated routinely, transparented with
xylene, sealed with neutral resin, and observed
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using an LSM 5 PASCAL confocal microscope
(Carl Zeiss AG, Oberkochen, Germany).

Statistical analysis

The data are presented as the mean + stan-
dard deviation (SD) and statistically analyzed by
SPSS 22.0. Comparing the mean values
between the two groups, a Student’s t-test was
chosen. The means of multiple groups were
compared using the one-way analysis of vari-
ance with Duncan’s multiple-range test. P<0.05
was identified to be statistically significant.

Results

S100A6 expression was increased in lung can-
cer cells

The western blot analysis was for the determi-
nation of S100A6 expression in lung cancer
cells. Compared with the HBE cells group, the
expression of S100A6 in lung cancer cell lines
(A549, H441 and H1975) were all increased
and the highest expression of S100A6 was
found in A549 cells which was chosen for the
subsequent experiment (Figure 1).

S100A6 overexpression promoted the prolif-
eration, invasion, migration and angiogenesis
of lung cancer cells

The transfection effect of SI00A6 was verified
by the RT-qPCR analysis and western blot anal-
ysis. Compared with the control group and
pcDNA group, S100A6 expression was in-
creased in pcDNA-S100A6 group, which indi-
cated that the effect of overexpression was
obvious (Figure 2A and 2B). With the prolonga-
tion of time (at 24, 48 and 72 h), the prolifera-
tion of A549 cells was increased obviously in
pcDNA-S100A6 group compared with the con-
trol group and pcDNA group (Figure 2C). After
transfection for 72 h, the results of flow cytom-
etry analysis indicated that the S phase of the
cell cycle was expanded and G1 and G2 phase
was narrowed in pcDNA-S100A6 group (Figure
2D and 2E). After transfection for 72 h, cyclin
CDK2 and cyclinD1 expression was increased
in pcDNA-S100A6 group compared with the
control group and pcDNA group (Figure 2F). As
shown in Figure 3A, the invasion and migration
of A549 cells transfected with pcDNA-S100A6
was obvious compared with the control group
and pcDNA group. The western blot analysis
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Figure 1. S100AG expression was increased in lung cancer cells. The expression of S100A6 in HBE cells, A549 cells,
H441 cells and H1975 cells was detected by Western blot. ***P<0.001 vs. HBE cells.

was used to detect the expression of vascular
regeneration protein (VEGF and ANGII) and the
results indicated that the expression of VEGF
and ANGII was increased in A549 cells trans-
fected with pcDNA-S100A6 compared with the
control group and pcDNA group (Figure 3B).
The above experimental results indicated that
S100A6 overexpression promoted the prolifer-
ation, invasion, migration and angiogenesis of
lung cancer cells.

S100A6 overexpression inhibited the P53
acetylation in lung cancer cells

The expression of anti-acetylp53 (K373), K-AC,
P21 and Noxa was used to reflect the condition
of P53 acetylation. The results of western blot
analysis showed that K373 and K-AC expres-
sion was decreased in S100A6 overexpressed
A549 cells compared with the control group
and pcDNA group (Figure 4A). The expression
of P53 downstream transcription factors was
also detected by western blot analysis. The
expression of P21 was decreased and Noxa
was increased in S100A6 overexpressed A549
cells compared with the control group and
pcDNA group (Figure 4B).

miR-193a directly targets S100A6

Bioinformatics analysis predicated that S100-
A6 was a potential target of miR-193a (Figure
5A) and the results also verified the prediction
(Figure 5B). The miR-193a expression was
decreased in S100A6 overexpressed A549
cells compared with the control group and
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pcDNA group (Figure 5C). The expression of
miR-193a in HBE cells, A549 cells, H441 cells
and H1975 cells was detected and miR-193a
expression in A549 cells was the lowest which
were selected for the subsequent experiment
(Figure 5D).

MiR-193a overexpression inhibited the prolif-
eration, invasion, migration and angiogenesis
of lung cancer cells

The miR-193a transfected effects were ana-
lyzed by RT-gPCR analysis, which showed that
miR-193a was overexpressed in A549 cells
transfected with miR-193a mimic compared
with the control group and miR-NC group
(Figure 6A). At the cell transfection at 24, 48
and 72 h, CCK-8 assay was detecting the ell
viability. Compared with the control group and
H,0, group, the cell proliferation was gradually
decreased with the extension of time in miR-
193a overexpression A549 cells. However, the
cell proliferation was going up when A549 cells
transfected with miR-193a mimic and pcDNA-
S100AG6 (Figure 6B). After transfection for 72 h,
the S phase of the cell cycle was narrowed and
G1 and G2 phase was expanded in miR-193a
overexpressed A549 cells. However, the S
phase of the cell cycle was expanded and G1
and G2 phase was narrowed in A549 cells
transfected with miR-193a mimic and pcDNA-
S100AG6 (Figure 6C and 6D). The expression of
cyclin CDK2 and cyclinD1 was decreased in
miR-193a overexpressed A549 cells compared
with the control group and miR-NC group.
Compared with the miR-193a mimic group, the
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Figure 2. S100A6 overexpression promoted the proliferation of lung cancer cells. A. The expression of S100A6 was increased in A549 cells after transfected with
pcDNA-S100A6. “"P<0.01 vs. control group. #P<0.01 vs. pcDNA group. B. The mRNA expression of S100A6 was increased in A549 cells after transfected with
pcDNA-S100AB. **P<0.001 vs. control group. *##P<0.001 vs. pcDNA group. C. The cell viability of A549 cells was increased after transfected with pcDNA-S100A6.
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Figure 3. S100A6 overexpression promoted the invasion, migration and angiogenesis of lung cancer cells. A. The
cell invasion and migration was increased in A549 cells after transfected with pcDNA-S100A6. "*P<0.01 vs. control
group. *#P<0.01 vs. pcDNA group. B. The expression of VEGF and ANG2 was increased in A549 cells after trans-
fected with pcDNA-S100A6. **P<0.01 vs. control group. #P<0.01 vs. pcDNA group.

expression of cyclin CDK2 and cyclinD1 was
increased in A549 cells transfected with miR-
193a mimic and pcDNA-S100A6 (Figure GE).
Compared with the control group and miR-NC
group, the invasion and migration of A549 cells
was decreased in miR-193a mimic group while
the invasion and migration of A549 cells was
somewhat reversed in miR-193a mimic+pc-
DNA-S100AG6 group (Figure 7A). The expression
of VEGF and ANGII was decreased in miR-193a
mimic group compared with the control group
and miR-NC group while the expression of
VEGF and ANGII was recovered in miR-193a
mimic+pcDNA-S100A6 group (Figure 7B).
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MiR-193a overexpression reduced the expres-
sion of S100A6

As shown in Figure 8A, the results of western
blot analysis showed that S100A6 expression
was down-regulated in miR-193a mimic group
compared with the control group and miR-NC
group. The S100A6 expression showed a pick-
up in MiR-193a mimic+pcDNA-S100A6 group
compared with the miR-193a mimic group. And,
the results of Immunofluorescence staining for
the detecting the S100A6 expression were
same with the western blot analysis (Figure
8B).
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MiR-193a overexpression increased the P53
acetylation

Compared with the control group and miR-NC
group, the expression of anti-acetylp53 (K373)
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and K-AC was increased in miR-193a mimic
group while the expression of anti-acetylp53
(K373) and K-AC was decreased in miR-193a
mimic+pcDNA-S100A6 group compared with
the miR-193a mimic group (Figure 9A). And, the
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Figure 6. MiR-193a overexpression inhibited the proliferation of lung
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Figure 7. MiR-193a overexpression inhibited the invasion, migration and angiogenesis of lung cancer cells. A. The
cell invasion and migration was decreased in A549 cells after transfected with miR-193a mimic and reversed in
A549 cells after transfected with miR-193a mimic+pcDNA-S100A6. #P<0.01 and #*##P<0.001 vs. miR-NC group. B.
The expression of VEGF and ANG2 was increased in A549 cells after transfected with miR-193a mimic and reversed
in A549 cells after transfected with miR-193a mimic+pcDNA-S100A6. **P<0.01 and “*P<0.001 vs. control group.

expression of P53 downstream transcription
factors (P21 and Noxa) showed that P21
expression was increased and Noxa expression
was decreased in miR-193a mimic group com-
pared with the control group and miR-NC group
while P21 expression was decreased and
Noxa expression was increased in miR-193a
mimic+pcDNA-S100A6 group compared with
the miR-193a mimic group (Figure 9B).

Effect of SI00A6 overexpression in vivo study

Compared with the control group and pcDNA
group, the tumor volume was increased with
the time and weight of mice was increased with
the time which showed that S100A6 overex-
pression promoted tumor growth (Figure 10A).
Compared with the control group and pcDNA
group, the expression of anti-acetylp53 (K373)
and K-AC in tumor tissues was decreased in
pcDNA-S100A6 group (Figure 10B). Compared
with the control group and pcDNA group, P21
expression was decreased and Noxa expres-
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sion in tumor tissues was increased in pcDNA-
S100A6 group (Figure 10C). Those results
showed that S100A6 overexpression inhibited
P53 acetylation. Compared with the control
group and pcDNA group, S100A6 overexpres-
sion decreased the miR-193a expression in
tumor tissues (Figure 10D).

Effect of miR-193a overexpression in vivo
study

Compared with the control group and miR-NC
group, the tumor volume was decreased with
the time and weight of mice was decreased
with the time while that was somewhat reversed
in miR-193a mimic+pcDNA-S100A6 group
which showed that miR-193a overexpression
could inhibit the growth of tumor and S100A6
could promote the growth of tumor (Figure
11A). Compared with the control group and
miR-NC group, S100A6 expression was
decreased in miR-193a mimic group and
S100A6 expression rose up in miR-193a
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mimic+pcDNA-S100A6 group (Figure 11B) group (Figure 11D). Compared with the control
which were same with the results showed by group and miR-NC group, P21 expression was
immunohistochemistry in tumor tissues (Figure increased and Noxa expression was decreased
11C). Compared with the control group and in tumor tissues in MiR-193a mimic group while
miR-NC group, the expression of anti-acetylp53 the expression of P21 and Noxa was reversed
(K373)and K-AC in tumor tissues was increased in tumor tissues in MiR-193a mimic+pcDNA-
in miR-193a mimic group while the expression S100A6 group which indicated that miR-193a
of anti-acetylp53 (K373) and K-AC in tumor tis- overexpression could promote P53 acetylation
sueswasdecreasedin miR-193a mimic+pcDNA- and S100A6 could inhibit P53 acetylation
S100A6 group compared with miR-193a mimic (Figure 11E).
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Figure 9. MiR-193a overexpression increased the P53 acetylation. A. The expression of anti-acetylp53 (K373) and
K-AC was increased in A549 cells after transfected with miR-193a mimic and reversed in A549 cells after trans-
fected with miR-193a mimic+pcDNA-S100A6. ""P<0.01 and ""*P<0.001 vs. control group. B. The expression of P21
was increased and Noxa was decreased in A549 cells after transfected with miR-193a mimic and reversed in A549
cells after transfected with miR-193a mimic+pcDNA-S100A6. *“P<0.001 vs. control group. ##P<0.001 vs. miR-NC

group.

Discussion

Here, we investigated the role of S100AG/
miR193a in the regulation of the proliferation,
invasion, migration and angiogenesis of lung
cancer cells through the acetylation of P53.
The experimental results indicated that S100A6
overexpression promoted the proliferation,
invasion, migration and angiogenesis of lung
cancer cells and miR-193a overexpression
inhibited the proliferation, invasion, migration
and angiogenesis of lung cancer cells by inhibit-
ing S100A6 expression through the regulation
of P53 acetylation.

Calcium cyclin S100A6 is a member of the
S100 family and is involved in regulating cell
proliferation, apoptosis, cytoskeletal remodel-
ing and stress response [25]. The current
results showed that S100A6 expression was
affected by many factors and NF-kB could acti-
vate the promoter of S100A6, while P53 could
inhibit the transcription of S100A6 at the tran-
scription level [26, 27]. S100A6 was highly
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expressed in colorectal cancer tissues and cell
lines, and promoted the proliferation, migration
and invasion of colorectal cancer cells, which
was closely related to the poor prognosis of
patients [28]. Also, S100A6 was found to be
increased in lung cancer tissues and serum
[11, 12]. Therefore, we speculated whether
S100A6 promoted proliferation, invasion,
migration and angiogenesis of lung cancer cell
lines. Here, the results of our study verified our
hypothesis which stated that S100A6 promot-
ed proliferation, invasion, migration and angio-
genesis of lung cancer cell lines. And, S100A6
overexpression promoted the degradation of
P53 acetylation which was consistent with that
S1000AG6 inhibited the transcriptional activa-
tion of P53 leading to the production of cancer-
ous cells [14].

Many existing studies have demonstrated that
miR-193a participates in the development of
multiple cancers and miR-193a can regulate
multiple cancers. For example, miR-193a-5p
was obviously decreased in gastric cancer (GC),
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but only miR-193a-3p obviously inhibited gas-
tric growth and motility [22]. Huang et al. found
that GC cells proliferation was inhibited by miR-
193a-3p overexpression while down-regulated
miR-193a-3p could reverse the changes [24].
miR-193a overexpression in colon cancer cells
could inhibit cell proliferation, promote cell
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apoptosis and cause obvious changes in cell
cycles [29]. miR-193a expression and breast
cancer tissues had significant negative correla-
tion and restoring miR-193a expression is good
for the treatment of breast cancer [30]. miR-
193a-3p is a tumor-related miRNA which is
involved in tumorigenesis and progression of

Am J Transl Res 2019;11(8):4634-4649
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Figure 11. Effect of miR-193a overexpression in vivo study. A. The tumor weight and mice body weight were decreased after mice transfected with miR-193a mimic
and reversed in A549 cells after transfected with miR-193a mimic+pcDNA-S100A6. “P<0.05, **P<0.01 and ***P<0.01 vs. control group. *P<0.01 and #P<0.01 vs.
miR-NC group. B. The expression of S100A6 was decreased after mice transfected with miR-193a mimic and reversed in A549 cells after transfected with miR-
193a mimic+pcDNA-S100A6. "P<0.05 and “"P<0.01 vs. control group. C. The expression of S100A6 in control group, miR-NC group, miR-193a mimic group and
miR-193a mimic+pcDNA-S100A6 group was detected by immunohistochemistry. D. The expression of anti-acetylp53 (K373) and K-AC was decreased after mice
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The expression of P21 was increased and Noxa was decreased after mice transfected with miR-193a mimic and reversed in A549 cells after transfected with miR-
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non-small cell lung cancer (NSCLC) and can be
a predictor of deterioration of NSCLC patients
[31]. Whether miR-193a overexpression could
inhibit the proliferation, invasion, migration and
angiogenesis of lung cancer cells remained
unknown. This experimental data demonstrat-
ed that miR-193a expression was decreased,
which was verified by the previous study [24].
And, miR-193a overexpression could suppress
the proliferation, invasion, migration and angio-
genesis of lung cancer cells by down-regulating
the S100A6 expression, thereby increasing
P53 acetylation. Bao et al. demonstrated that
cell apoptosis and cycle arrest was increased in
lung cancer cells by increasing P53 acetylation
[32]. Delphinidin promoted cell apoptosis of
prostate cancer cells through P53 up acetyla-
tion [33]. Therefore, P53 acetylation was relat-
ed to the cell biological property and this exper-
iment results were consistent with the pub-
lished conclusions.

In conclusion, the present study demonstrated
that S100A6 overexpression could promote the
proliferation, invasion, migration and angiogen-
esis of lung cancer cells by inhibiting P53 acety-
lation and miR193a overexpression could
reversed the above effects by decreasing the
S100A6 expression to increase P53 acetyla-
tion.
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