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Long noncoding RNA TUG1
is downregulated in sepsis
and may sponge miR-27a
to downregulate tumor
necrosis factor-a
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Abstract

Objectives: Bioinformatics analysis revealed a potential interaction between long noncoding (lnc)

RNA TUG1 (taurine-upregulated gene 1) and microRNA (miR)-27a. miR-27a can promote sepsis by

upregulating tumor necrosis factor-a (TNF-a). Our objective was to study the roles of TUG1 in sepsis.

Methods: Plasma levels of TUG1 in patients with sepsis and in healthy controls were measured

by quantitative PCR assay. The IntaRNA program was used to predict potential interactions

between TUG1 mRNA and miR-27a. The interaction between TUG1 and miR-27a was further

explored by transfecting TUG1 expression vector or miR-27a mimic into AC16 human cardio-

myocytes, and apoptosis was evaluated by cell apoptosis assay.

Results: TUG1 was downregulated in patients with sepsis. TUG1 was able to directly interact

with miR-27a, but overexpression of TUG1 or miR-27a failed to affect the expression of each

other. In contrast, TUG1 overexpression led to decreased levels of TNF-a, whereas miR-27a

overexpression increased TNF-a in cardiomyocytes. Cell apoptosis analysis showed that TNF-a
and miR-27a overexpression promoted apoptosis of cardiomyocytes induced by lipopolysaccha-

ride. TUG1 overexpression had the opposite effect and attenuated the effects of TNF-a and

miR-27a overexpression.

Conclusion: We conclude that TUG1 is downregulated in sepsis and may act as a molecular

“sponge” of miR-27a to downregulate TNF-a.
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Introduction

Sepsis is caused by dysregulated immune
and systemic inflammatory responses to

microbial infections that cause organ

injury.1 Sepsis has a mortality rate of 15%
to 25%. In addition, the long-term course

of sepsis results in immune suppression,

prolonged inflammation, lean tissue wast-

ing, and systemic organ injury.1,2 With the
development of novel diagnostic and thera-

peutic approaches, such as early diagnostic

markers, rapid effective delivery of antibi-

otics, and fluid resuscitation, the overall
short-term survival of sepsis has improved

significantly.3–5 However, patients who

survive sepsis still have a high risk of
mortality and long-term functional and

cognitive deficits.6 Therefore, novel thera-

pies are needed.
Sepsis is a type of inflammatory disease

and its development requires the involve-

ment of multiple inflammatory factors,

such as interleukin-3 and tumor necrosis
factor-a (TNF-a).7,8 Inhibition of the pro-

duction of proinflammatory cytokines is a

promising approach for the treatment of

sepsis.9 Recent studies on the pathogenesis
of sepsis revealed the participation of non-

coding RNAs, such as microRNAs and long

(>200 nt) noncoding RNAs (lncRNAs).10,11

For instance, miR-27a upregulates the gene

encoding TNF-a (TNFA) to relieve the

inflammation of sepsis.12 Our preliminary

bioinformatics analysis revealed the poten-
tial interaction between miR-27a and

lncRNA TUG1 (taurine-upregulated gene

1); this interaction of miR-27a and TUG1
has a protective role in cardiomyocyte

ischemia reperfusion.13 This study was there-

fore carried out to explore possible interac-

tions between miR-27a and TUG1 in sepsis.

Materials and methods

Participants and plasma

The present study enrolled 70 patients with

sepsis (46 men and 24 women, ranging from

35 to 66 years, 50.3� 6.5 years) as well as 70

healthy controls (46 men and 24 women,

ranging from 36 to 66 years, 50.5� 6.2

years) at the First Affiliated Hospital of

Kunming Medical University from May

2017 to May 2019. Blood was extracted

from each participant on the day of admis-

sion. Blood samples were centrifuged in

EDTA tubes at room temperature at

1200� g for 10 minutes to separate

plasma. Plasma samples were immediately

frozen in liquid nitrogen and stored in a

liquid nitrogen sink before use. This study

was approved by the review board of Ethics

Committee of the First Affiliated Hospital

of Kunming Medical University. All partic-

ipants were informed of the principle of this

study and they all signed informed consent.

Cardiomyocytes and transient

transfections

Human cardiomyocyte cell line AC16

(Sigma-Aldrich, St. Louis, MO, USA) was

used in this study. Cardiomyocyte growth

medium (ScienCell Research, Carlsbad,

CA, USA) containing 10% fetal bovine

serum was used to culture AC16 cells at

37�C under 95% humidity and 5% CO2.
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Cells were harvested at 75% to 85% conflu-

ence to perform subsequent transient

transfections.
TUG1 and TNFA expression vectors were

constructed using pcDNA3.1 vector (Sigma-

Aldrich) as backbone. Negative control (NC)

miRNA and miR-27a mimic were synthe-

sized by GenePharma (Shanghai, China).

AC16 cells were harvested and counted and

then 106 cells were transfected with 10nM

vector or 45nM short interfering (si)RNA

using Lipofectamine 2000 (Thermo Fisher

Scientific, Waltham, MA, USA). The NC

cells were transfected with empty pcDNA3.1

vector or NC miRNA. Control (C) cells were

cells that did not undergo transfection.

Dual luciferase reporter assay

The full length TUG1 cDNA was cloned

into pGL3 Luciferase Reporter Vector

(Promega, Madison, WI, USA) to make

the TUG1 vector. AC16 cells were trans-

fected with TUG1 vectorþNC miRNA

(NC group) or TUG1 vectorþmiR-27a

mimic (miR-27a group). Cells were cultivat-

ed at 37�C under 95% humidity and 5%

CO2 for 48 hours, and then relative lucifer-

ase activity was measured using a dual lucif-

erase reporter assay kit (Promega). Renilla

luciferase was used to normalize firefly

luciferase activity.

RNA extractions and PCR assays

Plasma (0.2 mL) or 105 cells were mixed with

1mL of Trizol reagent (Invitrogen, Carlsbad,

CA, USA) to extract total RNAs. For the

lipopolysaccharide (LPS) treatment, AC16

cells were incubated with LPS at 0, 100,

200, or 300 ng/mL for 48 hours before

RNA isolation. All RNA samples were

digested with DNA eraser (Takara Bio,

Kyoto, Japan) to completely remove geno-

mic DNA. QuantiTect reverse transcription

kit (Qiagen, Valencia, CA, USA) was used to

perform reverse transcription with RNA

samples as template, followed by real-time
quantitative (q)PCR performed using
QuantiTect SYBR Green PCR Kit (Qiagen)
with glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) as endogenous control to
measure the expression levels of TUG1
and TNFA mRNA. A PureLink miRNA
Isolation Kit (Thermo Fisher Scientific) was
used to extract miRNAs, followed by the
measurement of expression levels of miR-
27a with U6 as endogenous control using
All-in-One miRNA qRT-PCR Detection Kit
(Genecopoeia, Rockville, MD, USA). All
PCR reactions were repeated 3 times, and
fold changes of gene expression were calculat-
ed using the 2�DDCt method.

Protein extraction and western blot

Phosphate-buffered saline was used to wash
AC16 cells twice. Then, 105 AC16 cells were
mixed with 1 mL of radioimmunoprecipita-
tion assay (RIPA) solution (Sigma-Aldrich)
to prepare cell lysates. Protein concentrations
were measured using the bicinchoninic
acid (BCA) assay (Sigma-Aldrich), followed
by protein denaturation in boiling water for
10 minutes. Proteinmolecules were separated
using a 10% sodium dodecyl sulfate-PAGE
gel, followed by gel transfer to polyvinylidene
difluoride membranes. Blocking was per-
formed using PBS containing 5% nonfat
milk for 2 hours at room temperature. After
that, membranes were first incubated with
rabbit primary antibodies to GAPDH
(ab9845, Abcam, Cambridge, UK) and
TNF-a (ab9635, Abcam) for 12 hours at
4�C. Then, membranes were further incubat-
ed with secondary antibodies of horseradish
peroxidase (HRP)-conjugated goat anti-
rabbit (IgG; ab6721, Abcam) for 2 hours at
room temperature. Signals were then pro-
duced using ECL chemiluminescence kit
(Pierce Biotechnology, Rockford, IL, USA),
and ImageJ v1.48 software (National
Institutes of Health, Bethesda, MD, USA)
was used to normalize signals.
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Cell apoptosis assay

AC16 cells were harvested 24 hours after
transfection and incubated with cardiomyo-
cyte medium with 10% fetal bovine serum
containing 300 g/mL LPS for 48 hours.
Then, the medium was aspirated and cells
were resuspended in chilled PBS. The fluo-
rescein isothiocyanate (FITC) annexin V
Apoptosis Detection Kit with propidium
iodide (PI) (BioLegend, San Diego, CA,
USA) was used to stain the cells according
to the protocol from BioLegend. Finally,
apoptotic cells were detected by flow cytom-
etry (FACSCalibur; Becton-Dickinson,
Franklin Lakes, NJ, USA).

Statistical analysis

All experiments were performed in three
independent biological replicates. Mean
values of the data were processed by
Graphpad Prism 6 software (GraphPad
Inc., San Diego, CA, USA). Differences
between two groups were explored using
an unpaired t-test. Explorations of differen-
ces among multiple groups were performed
by one-way ANOVA and Tukey test.
A P-value< 0.05 was considered to indicate
statistical significance.

Results

Plasma TUG1 was downregulated in
sepsis

Plasma levels of TUG1 in patients with
sepsis (n¼ 70) and in healthy controls
(n¼ 70) were measured by qPCR. Plasma
levels of TUG1 were significantly lower in
the sepsis group than in the control group
(Figure 1, P< 0.05), indicating the involve-
ment of TUG1 in sepsis.

TUG1 directly interacted with miR-27a

IntaRNA (http://rna.informatik.uni-freiburg.
de/IntaRNA/Input.jsp) was used to predict

potential interactions between TUG1 and

miR-27a. We observed that TUG1 and

miR-27a may interact through base pairing

(Figure 2a). The dual luciferase reporter

assay was performed by transfecting TUG1

vectorþNC miRNA (NC group) or TUG1

vectorþmiR-27a mimic (miR-27a group)

into AC16 cells. Significantly lower relative

luciferase activity was observed in the miR-

27a group than in the NC group (Figure 2b,

P< 0.05).

TUG1 overexpression led to decreased

TNFA expression

The interaction between TUG1 and miR-27a

was further explored by transfecting TUG1

expression vector or miR-27a mimic into

AC16 cells. Overexpression of TUG1 and

miR-27a was confirmed by qPCR at

24 hours post-transfection (Figure 3a,

P< 0.05). Compared with the C and NC

groups, overexpression of TUG1 or miR-

27a failed to affect the expression of each

Figure 1. Plasma TUG1 is downregulated in
sepsis. Plasma levels of TUG1 in sepsis patients
(n¼ 70) and healthy controls (n¼ 70) were mea-
sured using qPCR. Data were compared between
two groups by an unpaired t-test. The PCR was
repeated three times and data are expressed as
mean values. The bars represent the mean value of
the two groups, the whiskers represent the stan-
dard deviations of all data in each group, and the
data points indicate the exact value of each sample
in the groups. *P< 0.05. TUG1, taurine-upregu-
lated gene 1; qPCR, real-time quantitative PCR.
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Figure 2. TUG1 directly interacted with miR-27a. IntaRNA (http://rna.informatik.uni-freiburg.de/IntaRNA/
Input.jsp) was used to predict the potential interaction between TUG1 and miR-27a (a). Dual luciferase
reporter assay was performed by transfecting AC16 cells with TUG1 vectorþNC miRNA (NC group) or
TUG1 vectorþmiR-27a mimic (miR-27a group) (b). Data were compared by unpaired t-test. Experiments
were repeated three times and mean values are shown; error bars represent standard deviations. *P< 0.05.
TUG1, taurine-upregulated gene 1; AC16, human cardiomyocyte cell line; NC, negative control.

Figure 3. TUG1 overexpression led to decreased TNFA mRNA expression. The interaction between TUG1
and miR-27a was further explored by transfecting TUG1 expression vector or miR-27a mimic into AC16
cells. Overexpression of TUG1 and miR-27a was confirmed by qPCR at 24 hours post-transfection (a). The
effect of TUG1 or miR-27a overexpression on the expression of each other was also analyzed by qPCR at
24 hours post-transfection (b). Effects of TUG1 and miR-27a on the expression of TNFA in AC16 cells were
analyzed by qPCR and western blot at the mRNA (c) and protein (d) levels, respectively. Experiments were
repeated three times and mean values are shown; error bars represent standard deviations. *P< 0.05.
TNFA, tumor necrosis factor-a gene; TUG1, taurine-upregulated gene 1; AC16, human cardiomyocyte cell
line; qPCR, real-time quantitative PCR.
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other (Figure 3b). The function of miR-27a
in inflammatory responses is mainly mediat-
ed by upregulation of TNFA. Therefore,
effects of TUG1 and miR-27a on the expres-
sion of TNFA in AC16 cells were analyzed
by qPCR and western blot at the mRNA
(Figure 3c) and protein (Figure 3d) levels,
respectively. We observed that miR-27a
overexpression led to upregulation of
TNFA (P< 0.05). TUG1 overexpression
showed the opposite and reduced the effects
of miR-27a overexpression (P< 0.05).

TUG1 inhibits LPS-induced apoptosis of
AC16 cells through TNF-a and miR-27a

AC16 cells were first incubated with LPS at
0, 100, 200 or 300 ng/mL for 48 hours, and
then TUG1 expression was measured by
qPCR assay. The LPS treatment downregu-
lated TUG1 expression in a dose-dependent
manner (Figure 4A, P< 0.05). A cell apo-
ptosis assay was performed to analyze the
effects of transfection on the apoptosis of
AC16 cells. Cell apoptosis analysis showed
that TNFA and miR-27a overexpression

promoted the apoptosis of cardiomyocytes
induced by LPS. TUG1 overexpression had
the opposite effect and attenuated the
effects of TNFA and miR-27a overexpres-
sion (Figure 4b, P< 0.05).

Discussion

This study mainly investigated the roles of
TUG1 in sepsis. We found that TUG1 was
downregulated in sepsis and may regulate
the expression of TNFA through miR-27a
to inhibit the apoptosis of cardiomyocytes
induced by LPS.

The development of sepsis is accompanied
by changes in expression levels of a large
number of lncRNAs.14 Some differentially
expressed lncRNAs have been shown to
play critical roles in the development of
sepsis.15,16 For instance, lncRNA MALAT1
interacts with the p38 MAPK/NFjB signal-
ing pathway and miR-125b to regulate cardi-
ac dysfunction and inflammation induced by
sepsis.15 LncRNA H19 regulates the expres-
sion of miR-874 by competing with aqua-
porin 1 to participate in the development of

Figure 4. TUG1 inhibits LPS-induced apoptosis of AC16 cells through TNFA and miR-27a. AC16 cells were
first incubated with LPS at doses of 0, 100, 200 or 300 ng/mL for 48 hours, followed by the measurement of
TUG1 expression by qPCR assay (a). Cell apoptosis assay was performed to analyze the effects of trans-
fections on the apoptosis of AC16 cells (b). Experiments were repeated three times and mean values are
shown; error bars represent standard deviations. *P< 0.05. LPS, lipopolysaccharide; TNFA, tumor necrosis
factor-a; TUG1, taurine-upregulated gene 1; AC16, human cardiomyocyte cell line; qPCR, real-time quan-
titative PCR.
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LPS-induced sepsis.16 In this study, we
reported for the first time the downregulation

of TUG1 in sepsis, indicating its possible
involvement in this disease.

The heart is one of the most commonly
affected organs in sepsis, and heart failure
caused by sepsis leads to an unacceptably

high mortality rate.17 In this study, we
observed a decreased rate of LPS-induced

apoptosis of cardiomyocytes after TUG1
overexpression, indicating a potential protec-
tive role of TUG1 in sepsis-induced apoptosis

of cardiomyocytes. Therefore, TUG1 overex-
pression may serve as a potential therapeutic
target for the treatment of sepsis. However,

clinical studies are needed to further test the
clinical application of TUG1. In addition,

sepsis induces dysregulation of multiple
organs. More studies are needed to analyze
the protective roles of TUG1 in other organs

of sepsis patients.
In a recent study, Wang et al. reported that

miR-27a was overexpressed in sepsis and can
upregulate the expression of TNFA to pro-

mote the development of sepsis.12 Consistent
with this, we observed upregulated TNFA
expression in AC16 cells after miR-27a over-

expression. In addition, we showed that
TNFA and miR-27a interacted in the regula-
tion of LPS-induced apoptosis of AC16 cells.

Interestingly, miR-27a is predicted to
interact with TUG1, whereas overexpres-

sion of miR-27a failed to affect expression
of TUG1. Therefore, TUG1 is unlikely to be

a target of miR-27a. Instead, TUG1 over-
expression led to decreased expression of
TNFA. Therefore, TUG1 may sponge

miR-27a to downregulate TNFA.
In conclusion, TUG1 is downregulated in

sepsis and may sponge miR-27a to downre-
gulate expression of TNFA, thereby inhibit-

ing apoptosis of AC16 cells induced by LPS.
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