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miR-195 promotes LPS-mediated intestinal epithelial
cell apoptosis via targeting SIRT1/elF2a
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Abstract. A microarray analysis of an animal model with
experimental sepsis induced by caecal ligation and puncture
revealed that the level of microRNA-195 (miR-195) was
upregulated. However, to the best of our knowledge, the
role of miR-195 in sepsis remains unknown. The present
study investigated the effect of miR-195 on apoptosis in
sepsis and investigated the underlying mechanism. The level
of miR-195 was measured in human intestinal epithelial
cells following exposure to lipopolysaccharide (LPS). Cell
viability and apoptosis were detected using Cell Counting
kit-8 and flow cytometry assays. The expression levels of
apoptosis-associated proteins were determined using western
blot analysis. In addition, a dual-luciferase reporter assay was
employed to verify the association between miR-195 and
sirtuin 1 (SIRT1). Furthermore, the SIRT1 inhibitor EX527
was applied to further confirm the regulatory network of
miR-195/SIRT1 in LPS-induced apoptosis. It was demon-
strated that LPS significantly inhibited cell viability and
promoted cell apoptosis in NCM460 cells in a dose-dependent
manner. In addition, miR-195 was significantly upregulated
following LPS treatment. The present results revealed that
silencing miR-195 prevented apoptosis and alleviated cell
injury in LPS-induced NCM460 cells. Further investigation
demonstrated that miR-195 bound directly to and negatively
regulated SIRT1. Inhibition of SIRT1 reversed the protective
effects of miR-195-silencing on the apoptosis and viability of
NCM460 cells. Furthermore, silencing miR-195 prevented
endoplasmic reticulum (ER) stress-induced apoptosis via
a downregulation of SIRT1 and its downstream effectors,
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including activating transcription factor 4, C/EBP homologous
protein, glucose-regulated protein 78 and growth arrest and
DNA-damage protein 34, as well as the phosphorylation of
eukaryotic translation initiation factor 2A. In conclusion, the
present study revealed a novel mechanism by which miR-195
regulates SIRT1-mediated downstream effectors in ER
stress-induced apoptosis in sepsis.

Introduction

Sepsis is a major cause of admission to the intensive care unit
and mortality in the clinic (1), and it is usually characterized
by dysregulation of the host response followed by infection,
which can lead to organ failure and death (2). Currently,
sepsis and its associated shock are major healthcare problems
affecting millions of people worldwide each year. In Germany,
the percentage of patients with severe sepsis was reported to
rise from 27% in 2007 to >40% in 2013, and the in-hospital
morality of sepsis rose from 2.7% to ~24% over the same
period (3). Among these patients, at least one in four succumb
to sepsis each year (4). Although there has been much focus
on awareness campaigns and clinician-friendly care bundles,
compliance with all six necessary steps within the first hour of
admission remains unsatisfactory (5). Therefore, it is important
to further investigate the exact molecular mechanism of sepsis.
Interactions among the epithelium, local immune system and
microbiome are essential for the maintenance of host health,
and sepsis alters the intestinal environment to promote epithe-
lial cell dysfunction (6). Apoptosis is considered to serve an
important role in sepsis, which leads directly to metabolism
dysfunction and organ failure (7,8), and results in severe
immunosuppression (9,10). Therefore, it is essential to uncover
the regulatory network of epithelial cell apoptosis in sepsis as
it may provide an effective strategy for sepsis treatment.
MicroRNAs (miRNAs) are small non-coding RNAs that are
~22 nucleotides in length (11). A recent study has revealed that
miRNAs serve critical roles in the progression of sepsis (12).
Gao et al (13) reported that miR-146 attenuates cardiac
dysfunction in polymicrobial sepsis by targeting interleukin-1
receptor-associated kinase 1 and TNF receptor-associated
factor 6. Roderburg et al (14) demonstrated that circulating
miR-150 serum levels predict the survival of patients with
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sepsis. Another study also confirmed that levels of circulating
miR-133a serve as a biomarker to predict mortality in patients
with severe sepsis (15). These findings suggest that miRNAs
serve critical roles in the development of sepsis. miR-195 is
regarded as a tumour suppressor in cancer development and
progression (16). Almeida et al (17) reported that miR-195
regulates proliferation, osteogenesis and paracrine activity
during angiogenesis in primary mesenchymal stromal/stem
cells. In addition, Wu er al (18) revealed that the expression
level of miR-195 is significantly increased in whole blood
samples from a sepsis model compared with samples from a
sham-operated group. However, to the best of our knowledge,
the biological role of miR-195 in the development of sepsis
remains largely unknown.

Sirtuin 1 (SIRT1) is a member of the mammalian sirtuin
family, which is a conserved family of NAD*-dependent
deacetylases and ADP-ribosyltransferases that serve critical
roles in several cellular processes, including DNA repair, gene
expression and metabolic regulation (19). A previous study
revealed that SIRT1 restrains lung inflammasome activation
in a sepsis animal model (20). Li ez al (21) demonstrated that
resveratrol relieves acute lung injury in a lipopolysaccharide
(LPS)-induced sepsis animal model by activating SIRTI.
Furthermore, enhancing the activation of SIRT1 mark-
edly alters the transcription profiles in experimental sepsis
models (22). Considering these findings, SIRT1 may serve a
critical role in the process of sepsis; however, to the best of our
knowledge, no studies on the role of miR-195 in the regulation
of SIRT1 in sepsis have been conducted.

The present study investigated the function of miR-195
in an LPS-induced cell model of sepsis and the mechanism
through which miR-195 modulates SIRT1 expression. The
current study demonstrated that miR-195 promoted cell injury
in sepsis via targeting SIRT1/eukaryotic translation initiation
factor 2A (elF2a) signalling, which suggests that miR-195 may
be a potentially effective therapeutic target for patients with
sepsis.

Materials and methods

Cell culture. NCM460 cells were obtained from American
Type Culture Collection. Cells were cultured in Dulbecco's
modified Eagle's medium (DMEM; Invitrogen; Thermo
Fisher Scientific, Inc.) containing 10% fetal bovine serum
(Sigma-Aldrich; Merck KGaA), 100 U/ml streptomycin
(Thermo Fisher Scientific, Inc.) and 100 U/ml penicillin
(Thermo Fisher Scientific, Inc.) at 37°C with a 5% CO, atmo-
sphere in a humidified incubator. Sodium butyrate (purity
>98.5) was purchased from Sigma-Aldrich; Merck KGaA.
When cells reached >80% confluence, they were trypsinized
with 0.25% trypsin-EDTA (Sigma-Aldrich; Merck KGaA).

Cell viability detection. Cell viability was determined using
a Cell Counting kit-8 (CCK-8) assay. Briefly, NCM460 cells
were seeded in a 96-well plate at a density of 3x10*/well and
maintained in DMEM for 24 h at 37°C. Subsequently, the
cells were exposed to LPS (from Escherichia coli 0111:B4;
Sigma-Aldrich; Merck KGaA) at concentrations of 0, 1, 5, 10,
25,50 and 100 pg/ml. Following incubation for 24 h at 37°C,
10 ul/well CCK-8 solution (Dojindo Molecular Technologies,

Inc.) was added to the medium and cultured for 3 h at 37°C.
Subsequently, the plate was agitated for 5 min, and the
absorbance of each well at 450 nm was determined using an
automatic microplate reader (Multiskan MK3; Thermo Fisher
Scientific, Inc.). Each sample was analysed in triplicate, and
the mean absorbance was calculated as the final result.

Evaluation of apoptosis by flow cytometry. Firstly,
2x10° cells/well were seeded into a six-well plate for 24 h and
then exposed to LPS at concentrations of 0, 1, 5 or 10 pg/ml
for 24 h at 37°C. Next, the cells were washed with PBS three
times and immediately fixed with 4% paraformaldehyde
at 4°C for 15 min. Then, the cells were stained with an
Annexin V-FITC/propidium iodide double staining apoptosis
detection kit (Thermo Fisher Scientific, Inc.) according to
the manufacturer's protocol. Subsequently, the apoptosis of
cells was determined by an Accuri C6 flow cytometer (BD
Biosciences) using FlowJo 7.2 software (FlowJo, LLC). Each
experiment was performed in triplicate, and the mean value
was calculated as the final result.

RNA extraction and reverse transcription-quantitative PCR
(RT-qPCR). After 24 h of transfection of miR-195 inhibitor,
the cell medium was removed and total RNA was isolated
using TRIzol® reagent (Takara Bio, Inc.) according to the
manufacturer's protocol, and quantified using an SSP-3000
Nanodrop Spectrophotometer (Infinigen Biotechnology,
Inc.). Subsequently, 1 g RNA was reverse transcribed into
complementary DNA using a Reverse Transcription kit
(Takara Bio, Inc.), according to the manufacturer's protocol.
Subsequently, the samples were amplified and analysed
using a SYBR Premix Ex Taq™ kit (cat. no. RR820A;
Takara Bio, Inc.) and an Applied Biosystems 7500 system
(Thermo Fisher Scientific, Inc.). For mRNA, GAPDH was
used as the internal control, and for miRNA, U6 was used
as the internal control. The fold-change in gene expression
was calculated using the 2-42°4 method (23). The thermocy-
cling conditions were as follows: 95°C for 3 min, followed
by 35 cycles of 95°C for 30 sec, 59°C for 45 sec and 72°C for
40 sec. All PCR assays were replicated at least three times.
The primers used in the RT-qPCR assays were as follows:
miR-195 forward, 5-GGCTAGCAGCACAGAAAT-3" and
reverse, 5'-GTGCAGGGTCCGAGGT-3"; SIRT1 forward,
5'-CCAGATCCTCAAGCCATGT-3' and reverse, 5-TTG
GATTCCTGCAACCTG-3'; U6 forward, 5'-CTCGCTTCG
GCAGCACATATACT-3' and reverse, 5'-ACGCTTCAC
GAATTTGCGTGTC-3"; and GAPDH forward, 5'-AAT
GGGCAGCCGTTAGGAAA-3' and reverse, 5" TGAAGG
GGTCATTGATGGCA-3".

Plasmid construction and cell transfection. miR-195 mimic
(5'-UAGCAGCACAGAAAUGGC-3"), antagomir (5'-GCC
AAUAUUUCUGUGCUGCUA-3") and scrambled negative
control (NC) miRNAs (NC mimic, 5-UUCUCCGAACGU
GUCACGUTT-3' and NC antagomir, 5'-CAGUACUUU
UGUGUAGUACAA-3") were purchased from GenePharma
Co., Ltd. Cells were seeded into 96-well plates and cultured
to 70-80% confluence. The cells were then transfected with
miRNA mimic (100 nM) or antagomir (200 nM) using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,



512

A 150

g 100 -

2

= ¥

= N

T 501 o

(@] *x

0-
0 1 5 10 25 50 100
LPS (ug/ml)
C 25
*xE

? 201

24

5 15

=

:5_' 10_ Hk

o

g

< 5

04
0 1 5 10
LPS (ug/ml)

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 45: 510-518, 2020

B Control LPS (1 pg/ml)

g
<107Tqy ] <1077a Q2
w) 1087 0.87 1.17 w1084053 268
2 10% ; Z10°
& 10% : 0% P
o 1034 W ur103 o o e
AR . YA
E1% a4 a | 1%, Q3
o10'4880 | 49| O10'es2 7.54

10210° 104 105 108107 10210%10% 105108 107
Comp-FL1-A:: FITC-A Comp-FL1-A:: FITC-A
LPS (5 pg/ml) LPS (10 ug/ml)
<107 @] <10]a Q2
W 10°7089 39| g 1081101 .-_-__‘?67
AT S M 3
qof Y 10°4
i ek [ 3
'-51033E gﬁ‘“ C'L102] i
— gﬂ)g‘:m. 3 510 104 a3
o &) 101,&33.3 1.9 (8] 101{?5.3. v _'I:.B J
102102104 105108 107 10210%10*10%108 10
Comp-FL1-A:: FITC-A Comp-FL1-A: FITC-A
Annexin V
3_
“5 * &
c
2
is” :
=5
3T *
2E
o
[:5}
o
04
0 1 5 10

LPS (ug/ml)

Figure 1. Effects of LPS on cell viability, apoptosis and miR-195 expression. (A) Cultured NCM460 cells were incubated with LPS (0, 1,5, 10,25, 50 or 100 yg/ml)
for 24 h, and cell viability was then examined by CCK-8 assay. (B) Apoptosis of NCM460 cells following exposure to LPS (0, 1, 5 or 10 ug/ml) was detected
by flow cytometry. (C) Quantification of the LPS-induced apoptosis rate of NCM460 cells. (D) miR-195 expression level in NCM460 cells following exposure
to LPS (0, 1, 5 or 10 pg/ml) was examined by reverse transcription-quantitative PCR and compared with that in the control group. The miRNA expression level
is expressed as a ratio of U6. "P<0.05, “P<0.01 and ““P<0.001 vs. control (0 yg/ml). LPS, lipopolysaccharide; miR-195, microRNA-195; PI, propidium iodide.

Inc.), according to the manufacturer's protocol. A total of 48 h
after transfection, the cells were harvested.

Luciferase activity reporter assay. Bioinformatics analysis
was performed to search for the potential targets of miR-195.
TargetScan 5.0 software (http:/www.targetscan.org/) vali-
dated SIRTI as a putative target of miR-195. A luciferase
vector including the 3'-untranslated region (3'-UTR) of human
SIRT1 (WT luc-SIRT1), which contains the SIRT1-miR-195
response elements, was purchased from Addgene, Inc. A
mutant containing two SIRT1-miR-195 response elements in
the 3'-UTR of SIRT1 (mutant luc-SIRT1) was generated using
site-directed gene mutagenesis. The mutant sequences were
designed as follows: 5'-UAAUAUUUUGGACugcugUU-3'
(the five lowercase nucleotides were deleted) and 5'-TAA
AGTATTCCTCTGTACGAT-3' (the four italic nucleotides
were substituted for TGCT). A reporter vector consisting of
a luciferase gene followed by the miR-195 binding consensus
sequence was purchased from Signosis, Inc. NCM460
cells (2x10° /well) were seeded in a 12-well plate for 24 h.
Subsequently, 200 ng WT luc-SIRT1 or mutant luc-SIRT1 and
miR-195-5p mimic, antagomir or scrambled oligonucleotide

were co-transfected into NCM460 cells using Lipofectamine®
2000, according to the manufacturer's protocol. A pRL-CMV
vector containing the CMV enhancer and early promoter
elements, which express Renilla luciferase, served as the
internal control. Luciferase activity was measured using a
dual luciferase reporter assay system (Progema Corporation)
24 h after transfection. Renilla luciferase activity was used as
the internal control.

Western blot analysis. Following treatment, the medium was
removed and the cells were lysed using RIPA lysis buffer
(Sigma-Aldrich; Merck KGaA) at 4°C for 15 min. The cell
lysates were then harvested and centrifuged for 10 min at
11,000 x g at 4°C. The supernatants were collected and quanti-
fied using the BCA method. Subsequently, 30 ug total protein
from each sample was separated by 10% SDS-PAGE and
transferred to PVDF membranes. Next, the PVDF membranes
were blocked with 5% non-fat milk dissolved in TBS and 20%
Tween-20 (TBST) at room temperature for 1 h. After rinsing
with TBST three times for 5 min each time, the membranes
were incubated at 4°C overnight with specific antibodies
against the following: (1:100; cat. no. sc-74465, Santa Cruz
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Figure 2. Role of miR-195 in LPS-induced apoptosis of NCM460 cells (A) Cultured NCM460 cells were transfected with miR-195 antagomir or a scrambled
oligonucleotide as a control for 24 h and then incubated with LPS (5 yg/ml) for 24 h. Cell viability was determined by CCK-8 assay kit. (B) Flow cytometry
was used to detect the apoptosis of LPS-treated NCM460 cells following transfection with miR-195 antagomir. (C) Quantification of LPS-induced apoptosis
of NCM460 cells following transfection with miR-195 antagomir. (D) Bcl-2 and Bax protein levels in LPS-treated NCM460 cells following transfection with
miR-195 antagomir were measured by western blot analysis. Quantification of (E) Bcl-2 and (F) Bax protein levels. "P<0.05, “P<0.01 and ““P<0.001. LPS,
lipopolysaccharide; miR-195, microRNA-195; PI, propidium iodide; NC, negative control.

Biotechnology, Inc.), Bcl-2 (1:1,000; cat. no. 15071, Cell
Signaling Technology, Inc.), Bax (1:1,000; cat. no. 14796, Cell
Signaling Technology, Inc.), phosphorylated-elF2a (1:1,000;
cat. no. 3398, Cell Signaling Technology, Inc.), elF2a (1:1,000;
cat. no. 5324, Cell Signaling Technology, Inc.), activating tran-
scription factor 4 (ATF4; 1:1,000; cat. no. 11815, Cell Signaling
Technology, Inc.), C/EBP homologous protein (CHOP;
1:1,000; cat. no. 2895, Cell Signaling Technology, Inc.) GRP78
(1:1,000; cat. no. ab28615, Abcam), growth arrest and DNA
damage-inducible protein (GADD34; cat. no. ab9869, 1:1,000;
Abcam), activating transcription factor 6 (ATF6; 1:1,000;

cat. no. ab37149, Abcam), IRE1 (1:1,000; cat. no. ab37073,
Abcam) and GAPDH (1:5,000; cat. no. 5174, Cell Signaling
Technology, Inc.). After rinsing with TBST three times for
5 min each time, the PVDF membranes were incubated with
horseradish peroxidase-conjugated goat-anti-rabbit secondary
antibody (1:2,000; cat. no. 32460; Invitrogen; Thermo Fisher
Scientific, Inc.) at room temperature for 1 h. Subsequently, the
membranes were rinsed with TBST three times (10 min each
time) and visualized using an ECL plus kit (GE Healthcare).
Data were analyzed by ImageJ software (version 1.6; National
Institutes of Health).
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Figure 3. Determination of SIRT1 as a direct target of miR-195. (A) A segment of the SIRT1 3'UTR was inserted downstream of the luciferase coding
sequence. Sequence alignment of miR-195 and the 3'UTR of SIRT1 shows complementarity at the 5' end of miR-195, where the crucial seed region is located.
Sequence alignment of miR-195 and the mutated 3'UTR of SIRT1 showed no complementarity at the 5' end of miR-195. Sequence alignment of miR-195
and the 3'UTR of SIRT1 or the mutated 3'UTR of SIRTI. The four nucleotides TGCT were substituted for ACGA. (B) NCM460 cells were co-transfected
with miR-195 mimic or a scrambled oligonucleotide as a control and a plasmid containing the wild-type 3'UTR segment of SIRT1 or the mutated 3'UTR
segment of SIRT1. A luciferase activity assay was performed in NCM460 cells to confirm the interaction between miR-195 and SIRT1. (C) NCM460 cells
were transfected with miR-195 antagomir, mimic or a scrambled oligonucleotide as a control for 48 h. nRNA expression levels of SIRT1 were determined by
reverse transcription-quantitative PCR in NCM460 cells. (D) Protein expression levels of SIRT1 were examined by western blot analysis in NCM460 cells.
(E) Quantification of SIRT1 protein levels in NCM460 cells. The data are presented as the mean =+ standard deviation from three independent experiments.
“P<0.05. SIRT], sirtuin 1; miR-195, microRNA-195; 3'UTR, 3'-untranslated region; WT, wild-type; Mu, mutant; NC, negative control; Luc, luciferase.

Statistical analyses. In the current study, each experiment was
repeated at least three times with consistent results. All data are
presented as the mean + standard deviation, and were analyzed
using GraphPad Prism (version 7.0; GraphPad Software, Inc.).
One-way ANOVA followed by the Newman-Keuls test was
conducted for multiple comparisons. P<0.05 was considered
to indicate a statistically significant difference.

Results

LPS treatment upregulates the expression of miR-195
in NCM460 cells. To investigate the effects of LPS on
NCM460 cells, cell viability after treatment with LPS was
detected using a CCK-8 assay. LPS significantly decreased
the viability of NCM460 cells in a dose-dependent manner
(Fig. 1A). According to the data, three LPS concentrations
(1, 5 and 10 pug/ml) were selected for further investigation.
Subsequently, the flow cytometry assay also demonstrated
that LPS could promote the apoptosis of NCM460 cells with
increasing LPS concentrations (Fig. 1B and C). In addition, the
expression pattern of miR-195 was determined. As presented
in Fig. 1D, LPS treatment significantly induced the upregula-
tion of miR-195 in NCM460 cells. Thus, these data indicated
that LPS treatment inhibited NCM460 cells and increased
miR-195 expression, which may indicate that miR-195 serves
an important role in LPS-induced apoptosis of NCM460 cells.

Silencing miR-195 inhibits the apoptosis of NCM460 cells. To
further investigate the potential role of miR-195, a miR-195
antagomir was applied to silence the expression of miR-195
in NCM460 cells. Subsequently, the biological behaviours
of NCM460 cells were investigated. First, a CCK-8 assay
demonstrated that silencing miR-195 significantly relieved the
inhibition of cell viability induced by LPS in NCM460 cells
(Fig. 2A). Consistently, silencing miR-195 also significantly
decreased the apoptosis of NCM460 cells induced by LPS
(Fig. 2B and C). Furthermore, a western blot analysis of apop-
tosis-related proteins revealed that LPS treatment significantly
inhibited the expression of Bcl-2 and promoted the expression of
Bax, while silencing miR-195 significantly increased the expres-
sion of Bcl-2 and suppressed the expression of Bax (Fig. 2D-F).
In summary, these findings suggest that silencing miR-195
could attenuate the apoptosis of NCM460 cells induced by LPS.

miR-195 directly regulates the expression of SIRTI. SIRT1
was identified as a predicted target of miR-195 using bioin-
formatics analysis (Fig. 3A). To verify the association between
miR-195 and SIRTI1, a dual-luciferase reporter assay was
performed. miR-195 mimic and luciferase reporter plasmids
with cloned miR-195 binding sites of WT SIRT1-3'UTR
or MUT SIRTI1-3'UTR were co-transfected. The results
revealed that miR-195 mimic significantly reduced the lucif-
erase activity of the WT SIRT1-3'UTR, but had no effect on
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Figure 4. Effects of the SIRT1 inhibitor EX527 on NCM460 cell apoptosis. NCM460 cells were transfected with miR-195 antagomir or a scrambled oligo-
nucleotide as a control before exposure to LPS. A total of 24 h after transfection, the cells were incubated with the SIRT1 inhibitor EX527 for 24 h. (A) Cell
viability was measured using a CCK-8 assay kit. The SIRT1 inhibitor EX527 decreased the viability of NCM460 cells. (B) Apoptosis of NCM460 cells was
determined by flow cytometry. (C) Quantification of NCM460 cell apoptosis. (D) Bax and Bcl-2 protein levels were measured by western blot analysis. (E) Bax
and (F) Bcl-2 protein levels in NCM460 cells were determined and quantified. The data are presented as the mean + standard deviation from three independent
experiments. "P<0.05, “'P<0.01. LPS, lipopolysaccharide; NC, negative control; PI, propidium iodide; SIRT1, sirtuin 1; miR-195, microRNA-195.

the MUT SIRT1-3'UTR (Fig. 3B). Following that, loss or
gain-of-function of miR-195 was employed using miR-195
mimic and antagomir (Fig. S1). RT-qPCR and western blot
analyses demonstrated that silencing miR-195 significantly
increased the expression of SIRT1, while overexpression of
miR-195 significantly suppressed the expression of SIRT1
(Fig. 3C-E). These findings support the hypothesis that SIRT1
is a direct target of miR-195.

Inhibition of SIRTI reverses the effects of miR-195 antagomir
on LPS-induced NCM460 cells. To investigate the function
of the miR-195/SIRT1 regulatory network in LPS-induced
apoptosis of intestinal epithelial cells, NCM460 cells were
pre-treated with the SIRT1 inhibitor EX527. As presented
in Fig. 4A, the results of the CCK-8 assay demonstrated that
silencing miR-195 increased the viability of NCM460 cells
treated with LPS, while the SIRT1 inhibitor EX527 inhibited
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Figure 5. miR-195 promotes apoptosis of NCM460 cells via targeting SIRT1/eIF2a. NCM460 cells were transfected with miR-195 antagomir or a scrambled
oligonucleotide as a control. A total of 24 h after transfection, the cells were incubated with LPS. To further investigate the underlying mechanisms of miR-195,
the cells were incubated with the SIRT1 inhibitor EX527 after transfection. (A) The expression levels of markers of the SIRT1/elF2a signalling pathway were
measured by western blot analysis. (B) Quantification of markers in the SIRT1/eIF2a signalling pathway. (C) A schematic figure demonstrating the roles of
miR-195, Sirt and ER stress response. The data are presented as the mean + standard deviation from three independent experiments. ‘P<0.05, “P<0.01. LPS, lipo-
polysaccharide; NC, negative control; SIRT1, sirtuin 1; miR-195, microRNA-195; p-, phosphorylated; elF2a, eukaryotic translation initiation factor 2A; ATF4,
activating transcription factor 4; CHOP, C/EBP homologous protein; GADD34, growth arrest and DNA damage-inducible protein; ER, endoplasmic reticulum.

this effect (Fig. 4A). Similarly, a flow cytometry assay
revealed that the SIRT1 inhibitor EX527 reversed the protec-
tive effects of miR-195-silencing on NCM460 cell survival
(Fig. 4B and C). Furthermore, western blotting demonstrated
that silencing miR-195 could promote the expression of Bcl-2
but reduce the expression of Bax, while application of EX527
significantly reversed the effects on Bax level (Fig. 4D-F).

miR-195 promotes apoptosis of NCM460 cells via targeting
SIRTI1/elF2a. A previous study indicated that SIRT1 serves a
protective role in myocardial cells by regulating e[F2a and its
downstream effectors (24). Therefore, the signalling pathway of
SIRT1/elF2a was investigated in the endoplasmic reticulum (ER)
stress response of NCM460 cells in the present study. Western
blot analysis revealed that silencing miR-195 could inhibit
apoptosis derived from ER stress via upregulating the expres-
sion of SIRT1 and downregulating the expression of ATF4,
CHOP, GRP78 and GADD?34 and reducing the phosphorylation
of e[F2a. However, the SIRT1 inhibitor EX527 significantly
increased the expression of CHOP, GRP78 and GADD34, as

well as the phosphorylation of elF2a, which reversed the protec-
tive effects of miR-195-silencing (Fig. 5A and B). In addition,
the other two pathways (ATF6 and IRE1) of ER stress were
further investigated, and the results were similar to the PERK
pathway markers (Fig. S2A and B). Taken together, it can be
concluded that silencing miR-195 serves a positive role in inhib-
iting NCM460 cell apoptosis via regulating SIRT1/elF2a. A
schematic figure presenting the association of miR-195, SIRT1
and ER stress is presented in Fig. 5C.

Discussion

In the present study, miR-195 was identified to be significantly
upregulated in an LPS-induced cell sepsis model. Furthermore,
transfection with a miR-195 antagomir could significantly
decrease apoptosis but increase the viability of intestinal epithe-
lial NCM460 cells. Further analyses revealed that miR-195
could bind to the 3'UTR of SIRT1 and regulate the expression of
SIRT]I. In addition, silencing miR-195 protected the viability of
NCM460 cells treated with LPS, but the SIRT1 inhibitor EX527
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reversed this effect by silencing miR-195. These findings indi-
cate that miR-195 regulates the apoptosis of intestinal epithelial
cells in LPS-induced sepsis via SIRT1.

Sepsis is a major public health concern and is usually
characterized by intravascular or extravascular microbial infec-
tion, systemic inflammation and microcirculatory dysfunction,
which results in tissue damage, organ failure or even death (25).
Notably, dysregulated apoptosis and increased neutrophil
function lead to immune and organ dysfunction in sepsis and
its associated multiple organ failure (26). LPS, a membrane
component of gram-negative bacteria, is typically used to induce
sepsis in cell and animal models, in which pro-inflammatory
cytokines in the serum are increased with septic clinic manifes-
tations (27). A previous review has documented that miRNAs,
such as miR-195, serve critical roles in the process of sepsis (28).
Wu et al (18) revealed that miR-195 is significantly upregulated
in a caecal ligation and puncture-induced experimental sepsis
model. Another study revealed that serum miR-195 serves as a
biomarker for Chinese patients with sepsis. The present study
also detected upregulation of miR-195 in an LPS-induced sepsis
cell model, which was in line with other work. Furthermore,
Zheng et al (29) demonstrated that inhibition of miR-195
suppresses apoptosis and multiple organ injury in a sepsis mouse
model. The present study demonstrated that silencing miR-195
could protect NCM460 cells from LPS-induced apoptosis. This
suggests that miR-195 may serve a critical role in the pathogen-
esis of sepsis.

SIRT1 is a NAD*-dependent histone deacetylase that
serves critical roles in various biological processes, including
the ER stress response and cell survival. During sepsis
adaptation, SIRT1 switches monocyte energy sources from
glycolysis to fatty acid oxidation (30). Gao et al (20) revealed
that SIRT1 could restrain inflammasome activation in the
lungs of a murine sepsis model. Li et al (21) reported that
resveratrol attenuates acute lung injury via activating SIRT1
in LPS-induced sepsis. Vachharajani et al (31) revealed that
inhibition of SIRT1 improves immunity and outcomes of the
hypo-inflammatory phenotype of sepsis. Thus, accumulating
evidence supports the protective role of SIRT1 in sepsis. In
addition, miR-195 has been reported to regulate the initiation
and development of tumours by targeting multiple genes.
For example, Zhou et al (32) demonstrated that miR-195
inhibits cervical cancer migration and invasion via binding
Smad3. miR-195 has also been identified to suppress colon
cancer proliferation by targeting Wnt family member 3A (33).
Furthermore, Zhu et al (34) have reported that miR-195
promotes palmitate-induced apoptosis in cardiomyocytes by
reducing the expression of SIRT1. Considering these findings,
we speculated whether there was such a similar connection
between miR-195 and SIRTI in sepsis. The present study
verified that SIRT1 is a target of miR-195 in NCM460 cells,
and inhibition of miR-195 could significantly upregulate
the expression of SIRT1. To further confirm the underlying
mechanism, the SIRT1 inhibitor EX527 was used to investi-
gate the biofunctional changes in LPS-treated NCM460 cells.
The results demonstrated that silencing miR-195 could reduce
LPS-induced apoptosis in NCM460 cells, while pre-treatment
with EX527 could promote apoptosis. These findings demon-
strated that SIRT1 may be a critical downstream target of
miR-195-mediated apoptosis in intestinal epithelial cells.
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Although the underlying mechanisms by which silencing
miR-195 affects SIRT1 and reduces apoptosis in sepsis
remain to be investigated, other studies may provide some
suggestions. Liu et al (35) identified that downregulating
Smad3/ATF4 is essential for the SIRT1 suppression of ER
stress-induced apoptosis. Furthermore, Koga et al (36)
reported that ER stress promotes hepatocellular injury via
increasing the expression of SIRT1 in the PI3K/Akt-GSK3f
signalling pathway. Prola et al (37) demonstrated that SIRT1
attenuates ER stress-induced cell apoptosis in cardiomyo-
cytes via elF2a deacetylation. These findings suggest that
SIRT1 may serve critical roles in ER stress-induced apop-
tosis. In the present study, the activation of the ER stress
response was also revealed. The results demonstrated that
silencing miR-195 could significantly increase the expres-
sion level of SIRT1, while decreasing the expression levels
of ATF4, CHOP, GRO78 and GADD34 and inhibiting the
phosphorylation of elF2a. By contrast, inhibiting SIRT1
increased the expression levels of ATF4, CHOP, GRO78 and
GADD34 and the phosphorylation of elF2a. The present
results confirmed that miR-195 could promote cell apoptosis
by downregulating the SIRT1/eIF2a signalling pathway in
the ER.

In summary, the present study revealed that upregulation
of miR-195 in a sepsis cell model could serve a pivotal role
in promoting intestinal epithelial cell apoptosis and result
in sepsis aggravation. Furthermore, molecular mechanism
experiments indicated that miR-195 directly targets SIRT1
and promotes apoptosis in intestinal epithelial cells via the
SIRT1/elF2a signalling pathway.
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