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Long non-coding RNA-HOTAIR promotes the progression of
sepsis by acting as a sponge of miR-211 to induce IL-6R expression
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Abstract. Sepsis remains the primary cause of death in inten-
sive care units and multiple long non-coding RNAs (IncRNAs)
have been demonstrated to be dysregulated in samples of
patients with sepsis. However, whether IncRNA-HOTAIR is
involved in the etiology of sepsis remains unclear. The aim
of the present study was to investigate the role of HOTAIR
in sepsis and to reveal the associated mechanisms. A bioin-
formatics analysis and dual-luciferase reporter assay was
performed to evaluate the interaction between HOTAIR and
miR-211, as well as miR-211 and IL-6R. An animal model
of sepsis was established in mice via cecal ligation and
puncture. Interferon (IFN)-v, interleukin (IL)-6, IL-17, tumor
necrosis factor (TNF)-a, IL-1p, IL-6 receptor (R), microRNA
(miR)-211 and HOTAIR expression was measured using
reverse transcription-quantitative PCR. Cellular proliferation
and apoptosis of monocytes were assessed using cell counting
kit-8 assay and flow cytometry, respectively. miR-211 was
revealed to be targeted by HOTAIR and IL-6R. The expres-
sion of IFN-vy, IL-6,IL-17, TNF-a, IL-1{3, IL-6R and HOTAIR
was significantly upregulated in the septic mice, whereas
miR-211 expression was downregulated. The overexpression
of hox transcript antisense RNA (HOTAIR) and knockdown
of miR-211 were associated with an increased expression of
IFN-y, IL-6, IL-17, TNF-a, IL-1f and IL-6R in monocytes,
while the overexpression of miR-211 exhibited the opposite
effect. HOTAIR overexpression and miR-211 knockdown
significantly inhibited cellular proliferation and promoted
monocyte apoptosis, whereas the overexpression of miR-211
exhibited the opposite effects in monocytes. Therefore,
HOTAIR may promote the progression of sepsis by indirectly
regulating the expression of IL-6R via miR-211.
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Introduction

Sepsis is a serious clinical condition caused by multiple agents,
including bacterial, viral and fungal infections, which subse-
quently initiates the inflammatory response, leading to organ
failure in the affected host (1). Currently, sepsis remains the
primary cause of death in intensive care units (ICU), despite
recent advancements in medical technology (2,3). It has been
estimated that in 2017, the percentage of admissions to the [CU
caused by sepsis is ~25% and is associated with a mortality
rate >50% worldwide (2,4). Although the precise patho-
physiology of sepsis remains unclear, increasing evidence has
indicated that it may move from an early hyper-inflammatory
phase characterized by systemic inflammation induced by
the excessive release of pro-inflammatory factors, followed
by a late immuno-suppressive phase, characterized by the
apoptosis of immune cells (including monocytes and lympho-
cytes) (5,6). Furthermore, apoptosis that occurs in the cells
of tissues in the site of primary infection during sepsis can
result in microvascular dysfunction, which subsequently leads
to organ failure (7,8). Therefore, inhibiting sepsis-induced
apoptosis may be a potential therapeutic approach for patients
with sepsis.

Long non-coding RNAs (IncRNAs) and microRNAs
(miRNAs) are two important ncRNAs, which are charac-
terized by a lack of protein encoding ability (9-12). These
ncRNAs have been demonstrated to be involved in multiple
biological processes, including apoptosis, proliferation and
differentiation (13-15). miRNAs are a type of short RNA
molecule consisting of ~20-22 nucleotides that negatively
regulate gene expression by binding to the 3'-untranslated
regions (3'-UTR) of the mRNA of a target gene (16). Aberrant
miRNA expression has been observed in a number of human
diseases, including cancer, neurodegenerative disorders and
inflammatory-associated disorders (17-19). LncRNAs also
participate in the progression of various human diseases,
including cancer (20,21), cardiovascular disease (22) and
rheumatic diseases (23) by acting as a miRNA sponge (24).
LncRNA-hox transcript antisense RNA (HOTAIR) has been
previously reported to function as an oncogenic molecule in
a number of human malignancies including lung (25), pros-
tate (26), gastric (27) and colorectal cancer (28), etc.. Recently,
HOTAIR was observed to be upregulated in mice and
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cardiomyocytes following lipopolysaccharide (LPS)-induced
sepsis, in which silencing HOTAIR protected the cardiac
function of septic mice by downregulating tumor necrosis
factor-o (TNF-a) via the NF-«B signaling pathway (29).

It has been well documented that sepsis may be medi-
ated by multiple inflammatory cytokines, including TNF-a,
interleukin-6 (IL)-6 and IL-1p (30,31). In addition, emerging
studies have revealed an association between plasma inflam-
matory cytokine concentrations and mortality in patients with
sepsis (30,32). In particular, the upregulation of IL-6 and its
receptor, IL-6R, has been frequently observed in patients with
sepsis and the production of IL-6 was demonstrated to be a
good prognostic agent in the early phase of sepsis (33,34).
These results indicate that IL-6 and its receptor may function
as two potential therapeutic targets for patients with sepsis.

In the present study, HOTAIR and IL-6R were revealed to
be targeted by miR-211; however, since it remains unknown
how the interaction between HOTAIR, IL-6R and miR-211
contribute to the etiology of sepsis, the aim of the present study
was to investigate the effects of the HOTAIR/miR-211/IL-6R
axis on the pathogenesis of sepsis.

Materials and methods

Establishment of an animal model of sepsis. CSTBL/6 mice (age,
8 weeks; mean weight, 23.4+0.92 g; weight range, 22-25 g) were
purchased from the Animal Experiment Center of the Institute
of Radiation Medicine of the Chinese Academy of Medical
Sciences and all of the animal protocols used in the present
study were approved by the Institute of Radiation Medicine
of the Chinese Academy of Medical Sciences. All the animals
were raised for seven days to adapt to the environment prior to
experimentation. Animals were raised with sufficient water and
feed, at a temperature of 20-24°C, humidity of 50-60% with a
12-h light/dark cycle. A total of 8 male C57BL/6 mice (8 weeks
old) were used to induce sepsis via cecal ligation and puncture
(CLP). After anesthetizing the mice with 2% pentobarbital
sodium (50 mg/kg, intraperitoneally), a small incision was made
in the abdomen. The cecum of the mice was then exposed and a
sterile 21-gauge needle was used to puncture the cecum twice to
extrude fecal matter. Subsequently, the cecum was returned into
the abdominal cavity and the incision was closed in two layers.
Control mice (n=8) were treated the same as the experimental
animals, but without CLP.

Monocytes isolation. Following the establishment of the
mouse model 48 h following CPL, C57BL/6 mice in the
sepsis and control groups were decapitated and the spleen
was subsequently removed. After washing with PBS, the
spleen was broken by collagenase (cat. no. 17104019; Gibco;
Thermo Fisher Scientific, Inc.) for 5 mins at 37°C, filtered
through a 74 ym pore size strainer (BD Biosciences) to create
a single-cell suspension. Cell concentration was determined
using a hemocytometer (Hausser Scientific) and adjusted to
1x10® cells/ml. After which the mouse monocytes were puri-
fied using CD11b MicroBeads (cat. no. 130-049-001; Miltenyi
Biotec GmbH) according to the manufacturer's protocol.

Cell culture. Monocytes were isolated from the spleens
as aforementioned and maintained in DMEM medium
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(Sigma-Aldrich; Merck KGaA) containing 10% fetal bovine
serum (FBS; Thermo Fisher Scientific, Inc.) with 1% penicillin
and streptomycin (Gibco; Thermo Fisher Scientific, Inc.) at
37°C in a humidified incubator with 5% CO,.

Transfections of miRNA mimics and inhibitors. Negative
control (NC or scramble for mimics and inhibitors; 5'-UUC
UCCGAACGUGUCACGUTT-3"), miR-211 mimics (5'-UUC
CCUUUGUCAUCCUUUGCCU-3") and miR-211 inhibitors
(5'-AGGCAAAGGATGACAAAGGGAA-3') were synthe-
sized by Shanghai GenePharma Co., Ltd. Monocytes
(5x10* cells/well) were seeded in 6-well plates and transfected
with NC (50 nM), miR-211 mimics (50 nM) and miR-211
inhibitors (50 nM) using Lipofectamine® 2000 Reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), according to
manufacturer's protocol. Subsequent experiments were
performed 48 h following transfection.

Vector construction and transfection. DNA was extracted
from the 293T cells using TIANamp Genomic DNA Kit
(Tiangen Biotech Co., Ltd.) according to manufacturer's
protocol. HOTAIR was amplified using Tag PCR Master
Mix Kit (Qiagen, Inc.) with Xhol and BamH] restriction sites.
The temperature protocol for the PCR consisted of 94°C
for 3 min; followed by 30 cycles of 94°C for 30 sec, 55°C
for 30 sec and 72°C 1 min; and final extension at 72°C for
5 min. The primers for amplification were forward, 5'-CCG
CTCGAGACATTCTGCCCTGATTTCCGGAACC-3' and
reverse, 5'-CGCGGATCCCCACCACACACACACAACCTA
CAC-3'. HOTAIR DNAs were inserted into the pcDNA3.0
vector (Invitrogen; Thermo Fisher Scientific, Inc.) according
to previous studies (35,36). A total of 1x10° monocytes
were seeded into 6-well plates and transfected with the
HOTAIR-expression vector or empty vector (control) using
Lipofectamine® 2000 Reagent (Invitrogen; Thermo Fisher
Scientific, Inc.).

RNA extraction and reverse transcription-quantitative
PCR (RT-gPCR) assay. The total RNA isolated from the
splenic tissues of septic and control mice, monocytes trans-
fected with HOTAIR, miR-211 mimics, miR-211 inhibitor
and corresponding controls were all prepared using the
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. cDNA was subse-
quently synthesized using PrimeScript™ RT Master Mix
(Takara Biotechnology Co., Ltd.) using 50 ng total RNA with
the temperature protocol consisting of 95°C for 30 sec and
60°C for 30 mins. The amplification of interferon (IFN)-v,
IL-6, IL-17, TNF-a, IL-1B, IL-6R, miR-211 and HOTAIR
was performed using a Bestar® SYBR Green qPCR master
mix (DBI Bioscience; Shanghai Xinghan Biotechnology
Co., Ltd.) kit using an ABI PRISM 7500 system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The thermocy-
cling conditions were: 95°C for 2 min; followed by 30 cycles
of 95°C 10 sec, and 60°C 34 sec. The primer sequences used
were listed in Table I. The expressions of IFN-vy, IL-6, IL-17,
TNF-a, IL-1p, IL-6R and HOTAIR were normalized to the
level of GAPDH, whereas miR-211 expression was normal-
ized to the level of U6. The relative expression levels were
analyzed using 24% method (37).
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Table I. Primer sequences for RT-qPCR assay used in this
study.

Gene Sequence
GAPDH-F  5-TGTTCGTCATGGGTGTGAAC-3'
GAPDH-R  5'-ATGGCATGGACTGTGGTCAT-3'
U6-F 5'-CTCGCTTCGGCAGCACA-3'
U6-R 5'-AACGCTTCACGAATTTGCGT-3'
IFN-y-F 5'-AGCGGATAATGGAACTCTTTTCTTAG-3'
IFN-y-R 5'-AAGTTTGAAGTAAAAGAAGACAATT
TGG-3'
IL-6-F 5-AGTTGCCTTCTTGGGACTGA-3'
IL-6-R 5'-CAGAATTGCCATTGCACAAC-3'
IL-17-F 5'-CCGGACTGTGATGGTCAA-3'
IL-17-R 5'-CTCATTGCGGTGGAGATT-3'
TNF-a-F 5'-CGGGCAGGTCTACTTTGGAG-3'
TNF-a-R 5-CAGGTCACTGTCCCAGCATC-3'
IL-1B-F 5'-CTTCTTCGACACATGGGATAAC-3'
IL-1p-R 5-TTTGGGATCTACACTCTCCAGC-3'
IL-6R-F 5'-TGAGCTCAGATATCGGGCTGAAC-3'
IL-6R-R 5'-CGTCGTGGATGACAC AGTGATG-3'
miR-211-F  5-TTGTGGGCTTCCCTTTGTCATCCT-3'
miR-211-R  5'-TGCTGTGGGAAGTGACAACTGA-3'
HOTAIR-F 5-CAGTGGGGAACTCTGACTCG-3'
HOTAIR-R 5'-GTGCCTGGTGCTCTCTTACC-3'

IFN-v, interferon-v; IL, interleukin; TNF-a., tumor-necrosis factor-a;
miR, microRNA; HOTAIR, hox transcript antisense RNA.

Western blot assay. The proteins were isolated from the
spleens of septic and control mice, monocytes transfected
with HOTAIR, miR-211 mimics or miR-211 inhibitor and
corresponding control using RIPA Lysis Buffer System
(Santa Cruz Biotechnology, Inc.) supplemented with 1.5 mM
PMSF (Sigma-Aldrich; Merck KGaA). The lysates were then
subjected to centrifugation at 12,000 x g for 15 min at 4°C,
after which the supernatants were collected. The protein
concentration was determined using a bicinchoninic acid
kit (Pierce; Thermo Fisher Scientific, Inc.). A total of 30 ug
proteins per lane were isolated using 10% SDS-PAGE and
transferred onto nitrocellulose membranes (EMD Millipore;
Merck KGaA) and incubated with 5% skimmed milk at room
temperature for 2 h. The membranes were then incubated
with primary rabbit antibodies against IFN-y (1:1,000; cat.
no. ab77246), IL-6 (1:2,000; cat. no. ab6672), IL-17 (1:500; cat.
no. ab136668), TNF-a (1:500; cat. no. ab6671), IL-1{ (1:1,000;
cat. no. ab200478), and IL-6R (1:200; cat. no ab128008; all
Abcam) at 4°C for 8 h. The membranes were incubated
with horseradish peroxidase-conjugated donkey anti-rabbit
secondary antibodies (1:2,000; cat. no. ab7083; Abcam) at
room temperature for 2 h. Finally, the signals were detected
using enhanced chemiluminescent (ECL) kit (Pierce; Thermo
Fisher Scientific, Inc.). The grayscale values of the membranes
were counted using an ImagelJ software (ver. 1.51d; National
institutes of Health).
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Bioinformatics analysis. TargetScan (http://targetscan.
org/) was applied to analyze the possible binding sites
between HOTAIR and miR-211 and between miR-211 and
IL-6; TargetScan (http://targetscan.org/) (38), StarBase v2.0
(http://starbase.sysu.edu.cn/) (39) and miRDB (http://mirdb.
org/miRDB/) (40) databases were utilized to analyze the
possible binding site of IL-6 as the downstream target of
miR-211.

Dual-luciferase reporter assay. The interaction between
miR-211 and HOTAIR, as well as miR-211 and IL-6R were
verified with a dual-luciferase reporter assay. Wild-type
(WT) HOTAIR, mutant type (Mut) HOTAIR, WT IL-6R and
Mut IL-6R were purchased from Hanbio Co., Ltd. (Hanbio
Biotechnology Co., Ltd.). Briefly, total DNA was extracted
from 293T cells using TIANamp Genomic DNA Kit (Tiangen
Biotech Co., Ltd.), and the 3'-untranslated regions (3'-UTR) of
the wild type (WT) HOTAIR containing the miR-211 binding
sites were amplified using Tag PCR Master Mix Kit (Qiagen
GmbH; cat. no. 201443). The temperature protocol for the PCR
consisted of 94°C for 3 min; followed by 30 cycles of 94°C for
30 sec, 55°C for 30 sec and 72°C 1 min; and final extension
at 72°C for 5 min. The mutant (Mut) 3'-UTR of HOTAIR was
generated by changing the sequence from ‘AAAGGGAA’ to
‘UUUCCCUU’. The DNA products were sub-cloned into the
luciferase vector, psi-CHECK?2 (Promega Corporation) to form
a recombinant reporter plasmid. The WT IL-6R (WT-IL-6R)
and Mut IL-6R (MUT-IL-6R) were constructed in the same
manner as WT-HOTAIR and Mut-HOTAIR. For the miR-211
and HOTAIR dual-luciferase reporter assay, 293T cells were
seeded into 24-well plates at a density of 1x10*cells/well. After
culturing overnight at 37°C, 293T cells were co-transfected with
WT-HOTAIR or Mut-HOTAIR combined with miR-211 mimics
or its negative control using a Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). The collected 293T cells were
seeded into 24-well plates at a concentration of 2x10° cells/well,
and cultured at 37°C overnight. Based on manufacturer's
instructions, the luciferase activities were measured with a Dual
Luciferase Assay System (Promega Corporation) to verify that
the interaction between miR-211 and IL-6R was the same as
miR-211 and HOTAIR. All luciferase activities were normal-
ized to Renilla luciferase activity.

Cell proliferation analysis. Cell Counting Kit-8 (CCK-8;
Sigma-Aldrich; Merck KGaA) was used to evaluate the
effects of HOTAIR and miR-211 on monocyte proliferation.
The transfected monocytes (1x10° cell/well) were seeded into
96-well plates and transfected with HOTAIR, miR-211 mimics
or miR-211 inhibitors for 48 h at 37°C in a humidified incubator
with 5% CO,. The optical density (OD) was then measured at
450 nm using a microtiter plate reader (SpectraMax; Molecular
Devices, LCC).

Cell apoptosis analysis. Annexin V-fluorescein isothiocyanate
(FITC)/propidium iodide (PI) double staining and flow cytom-
etry were performed to determine the effects of HOTAIR and
miR-211 on monocyte apoptosis. After culturing in DMEM
for 48 h at 37°C, monocytes transfected with either HOTAIR,
miR-211 mimic or miR-211 inhibitor were harvested by
centrifugation (1,000 x g for 5 min) and washed twice with
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Figure 1. HOTAIR is directly targeted by miR-211. (A) The putative binding sites of miR-211 in HOTAIR were predicted using online bioinformatics anal-
ysis. (B) The interaction between miR-211 and HOTAIR was verified using a dual-luciferase reporter assay. "P<0.05 vs. control group. Each experiment was
repeated three times. HOTAIR, hox transcript antisense RNA; miR/miRNA, microRNA; WT, wild type; UTR, untranslated region; MUT, mutant.
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Figure 2. The 3'-UTR of the IL-6R is targeted by miR-211. (A) The putative binding sites of miR-211 in IL-6R were predicted using online bioinformatics
analysis. (B) The interaction between miR-211 and IL-6R was verified using a dual-luciferase reporter assay. 'P<0.05 vs. control group. Each experiment was
repeated three times. UTR, untranslated region; IL, interleukin; miR/miRNA, microRNA; MUT, mutant; WT, wild type.

PBS. The monocytes were fixed in 70% ethanol for 2 h at room
temperature and then incubated with annexin V-FITC and
PI (Keygentec) for 10 min in the dark. Finally, the apoptotic
cells were evaluated using flow cytometry (BD Biosciences),
and analyzed using BD CellQuest software (Version 3.3; BD
Biosciences).

Statistical analysis. SPSS software (version 22.0; IBM, Corp.)
was used for all statistical analyses. Each experiment was
repeated at least three times and the data were expressed as the
mean = standard deviation (SD). A Student's t-test was used for
the statistical analyses between two groups and the statistical
differences between more than two groups were analyzed
using a one-way ANOVA followed by Tukey's post hoc test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

HOTAIR is directly targeted by miR-211. The interaction
between miR-211 and HOTAIR was evaluated using online
bioinformatics analysis and a dual-luciferase reporter assay
in 293T cells. The bioinformatics analysis revealed that there
were putative binding sites for miR-211 in HOTAIR (Fig. 1).
Further analysis confirmed that luciferase activity was driven
by WT-HOTAIR as it was significantly attenuated by the
miR-211 mimics. However, no significant difference was
observed with MUT-HOTAIR (P<0.05; Fig. 1).

The 3'-UTR of IL-6R is targeted by miR-211. The interaction
between miR-211 and IL-6 using an online bioinformatics

analysis tool and dual-luciferase reporter assay. The bioin-
formatics analysis indicated that there were putative binding
sites in the 3'-UTR of IL-6 for miR-211 (Fig. 2). Subsequently,
a dual-luciferase reporter assay was performed to verify the
interaction between miR-211 and IL-6 and the results revealed
that the luciferase activity driven by WT-IL-6R was signifi-
cantly reduced by the miR-211 mimics; however, there was no
significant difference in luciferase activity with MUT-IL-6R
following treatment with the miR-211 mimics (P<0.05; Fig. 2).

miR-211 and HOTAIR expression is significantly upregulated
in the spleens of mice with CLP-induced sepsis. To explore
whether miR-211 and HOTAIR were involved in the patho-
genesis of sepsis, a CLP-induced mouse model of sepsis was
established. The animal model of sepsis was initially verified
by detecting the levels of various inflammatory factors in the
spleens via RT-qPCR. The results indicated that the levels of
IFN-v, IL-6, IL-17, TNF-a and IL-1f} expression were signifi-
cantly upregulated in septic mice compared with control mice
(Fig. 3A). In addition, there was a significant upregulation in
IL-6R expression in the septic mice compared with control
mice (P<0.05; Fig. 3A). The level of IFN-v, IL-6,1L-17, TNF-a,
IL-1p and IL-6R expression was further examined via western
blotting. The results demonstrated a significant increase in
IFN-v, IL-6, IL-17, TNF-a, IL-1p and IL-6R in the spleens of
septic mice compared with control mice (P<0.05; Fig. 4). The
expression of miR-211 and HOTAIR in the septic mice was
subsequently examined using RT-qPCR. The results indicated
that the relative levels of miR-211 and HOTIAR were signifi-
cantly increased in the splenic tissues from the septic mice
compared with control mice (P<0.05; Fig. 3B).



EXPERIMENTAL AND THERAPEUTIC MEDICINE 18: 3959-3967, 2019

8.0 * * lCont.rol
= = Sepsis
2
2 60 * ¥
8 *
St
>3
5 40
<
g 2
E

0.0

IFN-y IL-6 IL-17 TNF-a IL-1p IL6R

3963

B

= Control

60 Sepsis

—t
—

4.0

0.0+

miR-211 LncRNA HOTAIR

Figure 3. Expression level of various inflammatory factors, miR-211, and HOTAIR in the spleen. Relative expression level of (A) IFN-v, IL-6, IL-17, TNF-a,
IL-1f and IL-6R and (B) miR-211 and HOTAIR in the spleens of control and septic mice, as determined via reverse transcription-quantitative PCR. "P<0.05 vs.
control group. Each experiment was repeated three times. miR, microRNA; HOTAIR, hox transcript antisense RNA; IL, interleukin; IFN, interferon; TNF,

tumor necrosis factor.
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was determined in the spleens of control and septic animals using western blot analysis. "P<0.05 vs. control group. Each experiment was repeated three times.

IFN, interferon; IL, interleukin; TNF, tumor necrosis factor.

Overexpression of HOTIAR and knockdown of miR-211
promotes the inflammatory response in monocytes. To further
explore the biological function of miR-211 and HOTAIR in
sepsis, RT-qPCR was performed to determine the levels of
IFN-vy, IL-6, IL-17, TNF-a, IL-1p and IL-6R in the mono-
cytes transfected with HOTAIR, the miR-211 mimics and
miR-211 inhibitors. The relative level of IFN-vy, IL-6, IL-17,
TNF-a, IL-1p and IL-6R mRNA and protein expression was
demonstrated to be significantly upregulated in the HOTAIR
and miR-211 inhibitor-treated groups compared with that in
the negative control group (P<0.05; Figs. 5A and 6). However,
there was a significant downregulation in the level of IFN-y,
IL-6,1L-17, TNF-a, IL-1p and IL-6R expression in monocytes
treated with the miR-211 mimics compared with the negative
control (P<0.05; Figs. 5A and 6). In addition, miR-211 expres-
sion was significantly decreased in the HOTAIR overexpressed
group, and HOTAIR expression was significantly increased in
the miR-211-silenced group. These results indicated that there
was a negative association between the expression of miR-211
and HOTAIR in monocytes (P<0.05; Fig. 5B).

Overexpression of HOTAIR and knockdown of miR-211
inhibits proliferation and promotes apoptosis in monocytes. A
CCK-8 assay and flow cytometry were performed to investigate
the effects of HOTAIR and miR-211 on cellular proliferation
and apoptosis, respectively, in monocytes. The results revealed
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Figure 5. Effects of HOTAIR and miR-211 overexpression or knockdown on the
mRNA expression of various inflammatory factors, miR-211 and HOTAIR. The
relative level of (A) IFN-y, IL-6,1L-17, TNF-a, IL-1p,and IL-6R and (B) miR-211,
and HOTAIR expression in monocytes transfected with HOTAIR, miR-211
mimics, and miR-211 inhibitor was examined using reverse transcription-quanti-
tative PCR. "P<0.05, “P<0.01 vs. control group; “P<0.05, “P<0.01 vs. NC group.
Each experiment was repeated three times. HOTAIR, hox transcript antisense
RNA; miR, microRNA; IL, interleukin; TNF, tumor necrosis factor; IFN, inter-
feron; IncRNA, long non-coding RNA; NC, negative control for miRNA mimic
and inhibitor; Control, empty vector that do not express HOTAIR.
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Figure 6. Effects of HOTAIR and miR-211 overexpression or miR-211 knockdown on the protein expression of various inflammatory factors. Western blot
analysis was performed to determine the level of IFN-vy, IL-6, IL-17, TNF-a, IL-1f and IL-6R protein expression in cells transfected with HOTAIR, miR-211
mimics and miR-211 inhibitor. "P<0.05 vs. NC group. Each experiment was repeated three times. HOTAIR, hox transcript antisense RNA; miR, microRNA;
IFN, interferon; IL, interleukin; TNF, tumor necrosis factor; IncRNA, long non-coding RNA; NC, negative control.
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Figure 7. Effects of HOTAIR and miR-211 overexpression or miR-211 knockdown on cellular proliferation and apoptosis. (A) A cell counting kit-8 assay was
performed to evaluate the level of cellular proliferation of cells treated with HOTAIR, miR-211 mimics, and miR-211 inhibitor. Data represents the mean +
SD. (B) Monocytes were transfected with HOTAIR, miR-211 mimics or miR-211 inhibitor and the rate of apoptosis was determined using flow cytometry, as
presented (Ba) statistically and (Bb) as plots. Data represents the mean + SD. "P<0.05 vs. NC group. Each experiment was repeated three times. HOTAIR, hox
transcript antisense RNA; miR, microRNA; IncRNA, long non-coding RNA; NC, negative control.

that the rate of cellular monocyte proliferation transfected
with HOTAIR and miR-211 inhibitors was significantly
reduced, whereas the cells transfected the miR-211 mimics
exhibited a significant increase in proliferation compared with
the negative control groups, respectively (P<0.05; Fig. 7A).
Furthermore, monocytes transfected with the HOTAIR and
miR-211 inhibitors demonstrated a significant increase in
apoptosis, whereas those transfected with the miR-211 mimics

showed a significant decrease in apoptosis, compared with the
negative control group (P<0.05, Fig. 7Ba and Bb).

Discussion
HOTAIR is transcribed by the antisense strand of the

HOXC gene located on chromosome 12 and is an important
IncRNA that was first identified by Rinn et al (41) in 2007,
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using a microarray assay. In addition, evidence has indicated
that HOTAIR regulates chromatin dynamics and induces
gene silencing by interacting with histone methylase and
histone demethylase (42). Additionally, HOTAIR has been
reported to be involved in the etiology of multiple types
of human cancer, including hepatocellular, breast and lung
cancer (43-45). HOTAIR has also been demonstrated to
regulate the expression of miRNAs by acting as a competi-
tive endogenous RNA (ceRNA) (42). For example, HOTAIR
was revealed to possess the binding sites for miR-130a,
which were demonstrated to be critical for the modulation of
miR-130a by HOTAIR (46). In the present study, HOTAIR
was identified to function as a ceRNA of miR-211, and the
expression of HOTAIR and miR-211 were negatively associ-
ated in monocytes.

As a major public health issue, sepsis is frequently accom-
panied by microbial infection, systemic inflammation and
cellular dysfunction, which can ultimately result in tissue
damage, organ failure and even death (47). There are currently
three main hypotheses used to explain the pathogenesis of
sepsis: 1) Pro-inflammatory response; ii) impaired compensa-
tory anti-inflammatory responses; and iii) immune-paralysis,
all of which involve the excessive release of inflammatory
mediators responsible for the initiation and development of
systemic inflammation (1,48). TNF-a was considered to be a
central regulator of the immune response and involved in the
pathophysiological alterations associated with sepsis (49,50).
In addition, TNF-a was demonstrated to promote the release
of inflammatory mediators, including IL-6, IL-8, IL-17 and
IL-1p, which initiate the host inflammatory response (51,52).
IL-6 is primarily released by activated monocytes and has
been demonstrated to be negatively associated with the prog-
nosis of patients with sepsis (53). In the present study, since
miR-211 was observed to bind to the 3'-UTR of IL-6R, it was
hypothesized whether HOTAIR was involved in the pathogen-
esis of sepsis by indirectly regulating the expression of IL-6R
through miR-211.

Currently, various animal models including zebrafish (54),
rat (55) and mice (56) have been established to investigate
the etiology of sepsis, including toxin treatments such as
LPS, zymosan or endotoxins, viable pathogens (including
bacteria), as well as altering the endogenous protective barrier
in animals (including the induction of colonic permeability
leading to bacterial translocation). In addition, CLP is the most
frequently applied model in rodents (57,58), which can be used
to create sepsis-inducing animal models (59-61). Research
has also demonstrated that CLP-induced murine sepsis does
not cause lung injury (62), therefore CLP was used to induce
murine sepsis in the present study.

Recently, the abnormal expression of IncRNAs has been
found in a number of animal models of sepsis, including
mice (29) and rat (63), indicating that IncRNAs may be
involved in the pathogenesis of sepsis (64,05). In the present
study, an animal model of sepsis was established using
CLP in mice, which was verified by detecting the increase
in mRNA and protein levels of IFN-vy, IL-6, IL-17, TNF-a,
IL-1p and IL-6R. In addition, HOTAIR expression was
significantly upregulated, whereas the expression of miR-211
was substantially downregulated in the spleens of septic mice.
Furthermore, both HOTAIR overexpression and miR-211
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knockdown upregulated the expression of IFN-vy, IL-6, IL-17,
TNF-a, IL-1f and IL-6R in monocytes. Treatment with the
miR-211 mimics exhibited the opposite effect in monocytes.

Immune suppression caused by corresponding apoptosis
(in monocytes and lymphocytes), has been reported to be
associated with the pathogenesis of sepsis (5). Therefore, the
abrogation of immune cell apoptosis is considered to be a poten-
tial therapeutic measure for patients with sepsis. In the present
study, HOTAIR overexpression and miR-211 knockdown were
revealed to inhibit cellular proliferation and promote apoptosis
in monocytes, whereas miR-211 overexpression was demon-
strated to induce the opposite effect in monocytes.

In conclusion, the results of the current study indicated
that HOTAIR promoted the progression of sepsis indirectly by
regulating IL-6R expression via miR-211. Therefore, HOTAIR
may be a potential therapeutic target for patients with sepsis.
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