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 Background: Sepsis is an organ dysfunction characterized by systemic inflammatory response. Micro(mi)ribonucleic acids 
take part in the regulation of the inflammatory response in many conditions. However, the role and mecha-
nism of miR-106a and anoctamin 1 (ANO1) in the inflammatory response in sepsis remain largely unknown.

 Material/Methods: The serum samples were collected from 31 sepsis patients and healthy volunteers. Lipopolysaccharide (LPS)-
treated RAW264.7 cells were used for the study in vitro. The inflammatory response was investigated via inter-
leukin-6 and tumor necrosis factor-alpha levels using quantitative real-time polymerase chain reaction (qRT-PCR) 
and enzyme-linked immunosorbent assay. The expression abundances of miR-106a and ANO1 were detected 
via qRT-PCR or western blot. The target association between miR-106a and ANO1 was explored using dual-lu-
ciferase reporter analysis.

 Results: The inflammatory response was trigged in sepsis and LPS-treated RAW264.7 cells. miR-106a expression was 
enhanced and ANO1 declined in sepsis and LPS-treated RAW264.7 cells. Overexpression of ANO1 suppressed 
the inflammatory response and knockdown of ANO1 promoted the inflammatory response in RAW264.7 cells. 
ANO1 was directly targeted via miR-106a, and miR-106a reversed ANO1-mediated inflammatory inhibition in 
LPS-treated RAW264.7 cells.

 Conclusions: MiR-106a regulated LPS-induced inflammatory response by targeting ANO1 in RAW264.7 cells, indicating the 
potential value of miR-106a for treatment of inflammatory diseases, including sepsis.
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Background

Sepsis is a deadly disease worldwide, along with systemic 
inflammatory response, leading to organ dysfunction in pa-
tients [1]. Great effort has been made to understand the patho-
genesis of sepsis; it is still a disorder in search of a cure [2]. 
The activation of macrophages is associated with numerous 
inflammatory diseases, including sepsis [3]. Lipopolysaccharide 
(LPS) is a prototypical trigger of sepsis by inducing an inflam-
matory response [4]. Therefore, exploring the mechanism of 
LPS-induced inflammation in macrophages might be helpful 
for understanding the pathogenesis of inflammatory disor-
ders, including sepsis.

Anoctamin 1 (ANO1) is also called transmembrane protein 
16A (TMEM16A), which is vital in several malignancies [5,6]. 
Moreover, Zhang et al. suggest that ANO1 is regulated by LPS 
and decreases the secretion of tumor necrosis factor-alpha 
(TNF-a) and interleukin-8 (IL-8) in LPS-treated A549 cells [7]. 
In addition, Dai et al. revealed that ANO1 could reduce the in-
flammatory response and fibroblast proliferation in idiopathic 
pulmonary fibrosis mice through transforming growth factor-b/
Smad3 signaling [8]. Hence, ANO1 might play an anti-inflamma-
tory role in some inflammatory-related diseases. More impor-
tant, the emerging evidence demonstrates that ANO1 can de-
crease expression of TNF-a and IL-6 in LPS-induced sepsis [9]. 
However, the mechanism underlying the action of ANO1 in 
sepsis is largely unclear.

Microribonucleic acids (miRNAs) are a class of noncoding RNAs 
that target mRNA to participate in the development of sep-
sis [10]. Thus, we propose that miRNAs are associated with 
the regulation of ANO1. miR-106a is a member of the miR-17 
family that plays important roles in progression of human can-
cers, such as gastric cancer, breast cancer, and oral carcino-
ma [11–14]. Importantly, miR-106a contributes to the inflam-
matory response in vitro and in vivo [15]; miR-106a knockdown 
has been found to weaken inflammation in inflammatory bowel 
disease [16]. Furthermore, the miR-17 family (miR-17/20a/106a) 
is suggested to regulate macrophage inflammatory response 
by signal-regulatory protein a (SIRPa) [17]. Moreover, miR-
17/20a/106a are aberrantly expressed in sepsis mice induced 
by cecal ligation and puncture, and miR-106a level was high-
er than miR-17/20a in the blood of sepsis mice [18]. In addi-
tion, miR-106a could exacerbate sepsis-induced acute kidney 
injury by decreasing the inflammatory response [19]. Hence, 
we propose that miR-106a plays an important role in regulat-
ing the inflammatory response in sepsis. However, the func-
tion and mechanism of miR-106a in sepsis inflammation are 
largely unknown.

Bioinformatics analysis predicts the existence of potential 
complementary sequences of miR-106a and ANO1. Hence, we 

assumed that miR-106a could target ANO1 to regulate the in-
flammatory response. In the current research, we detected the 
abundances of miR-106a and ANO1 in sepsis patients and in 
LPS-treated RAW264.7 cells, a mouse macrophage cell line 
widely used for the study on sepsis in vitro [20,21]. Moreover, 
we explored the role of ANO1 in LPS-induced inflammatory 
response and analyzed the target relationship between miR-
106a and ANO1 in RAW264.7 cells.

Material and Methods

Sepsis patients and serum collection

Thirty-one sepsis patients (14 males and 17 females, ages 
45–60 years) and 31 healthy volunteers without infection (15 
males and 16 females, ages 43–55 years) were recruited from 
the First Affiliated Hospital of Soochow University. Information 
on the human subjects is shown in Table 1. Peripheral venous 
blood was collected from all subjects who signed the informed 
consents. After keeping for 1 h, the blood samples were centri-
fuged at 1000×g for 10 min for serum separation. The serum 
was collected and used for further experiments. This research 
was approved by the Ethics Committee of the First Affiliated 
Hospital of Soochow University.

Cell culture and treatment

Murine macrophage RAW264.7 cells were obtained from 
American Type Culture Collection (Manassas, VA, USA) and 

Sepsis
patients

Healthy 
patiens

Gender (Female/Male) 14/17 16/15

Age, year (mean±SD)  49.8±12.5  53.6±11.8

Pneumonia  10 (10/31)

Urinary tract infection  7 (7/31)

Central nervous system 
infection

 9 (9/31)

Intraabdominal infection  3 (3/31)

Other  2 (2/31)

WBC (109/L)  16.8±1.4

CRP (mg/L)  108.6±22.5

Leukocyte median 
(range)/μL 

14.3×103

SOFA score  7.6±2.3

Table 1.  Clinicopathological characteristics of the 31 healthy 
patients and 31 sepsis patients.

WBC – white blood cell; CRP – C-reactive protein; 
SOFA – sequential organ failure assessment.
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grown at 37°C in 5% CO2 in RPMI-1640 medium (Gibco, Grand 
Island, NY, USA) with 10% fetal bovine serum (Gibco) as well as 
1% penicillin-streptomycin solution (Procell, Wuhan, China). To 
stimulate a sepsis-like inflammatory environment, RAW264.7 
cells were exposed to 1 μg/mL LPS (Solarbio. Beijing, China) 
for 24 h.

Cell transfection

The ANO1 sequences were cloned into pcDNA3.1 vector 
(Thermo Fisher, Wilmington, DE, USA) to generate the overex-
pression vector of ANO1, with empty vector as control (pcD-
NA). The short interfering RNA (siRNA) for ANO1 (si-ANO1, 
5’-AAGUAUAGUCCAUACUUGCAU-3’), siRNA negative control 
(si-NC, 5’-UUCUCCGAACGUGUCACGU-3’), miR-106a mimic 
(5’-CAAAGUGCUAACAGUGCAGGUAG-3’), mimic negative con-
trol (miR-NC, 5’- CGAUCGCAUCAGCAUCGAUUGC-3’), miR-106a 
inhibitor (in-miR-106a, 5’-UAGAACUCAAAAAGCUACCUG-3’), 
and inhibitor negative control (in-miR-NC, 5’-CUAACGCAUGC 
ACAGUCGUACG-3’) were provided by GenePharma (Shanghai, 
China). Transfection was conducted in RAW264.7 cells via 
Lipofectamine 3000 (Thermo Fisher) for 24 h.

Quantitative	real-time	polymerase	chain	reaction	
(qRT-PCR)

Trizol reagent (Thermo Fisher) was applied to RNA extraction 
from cells or serum. Complementary deoxyribonucleic acid 
(cDNA) was synthesized using 500 ng of RNA with PrimeScript 
One Step qRT-PCR kit (Takara, Tokyo, Japan) or specific miRNA 
reverse transcription kit (Haigene, Ha’erbin, China). The cDNA 
was mixed with SYBR (Thermo Fisher) as well as specific prim-
ers (Sangon, Shanghai, China) for qRT-PCR. Each sample was 
prepared in triplicate, and the qRT-PCR experiment was re-
peated 3 times. b-Actin or U6 was used as reference control. 
The primers were listed as: hsa-IL-6:
forward 5’-GTCCAGTTGCCTTCTCCCTGG-3’,
reverse 5’-CCCATGCTACATTTGCCGAAG-3’;
hsa-TNF-a: forward 5’-CTGGGCAGGTCTACTTTGGG-3’,
reverse 5’-CTGGAGGCCCCAGTTTGAAT-3’;
hsa-ANO1: forward 5’-AGAGGAAGAGGAGGCTGTCA-3’,
reverse 5’-TGACTGTGACCCGGATGTTG-3’;
hsa-miR-106a: forward 5’-AAAAGTGCTTACAGTGCAGGTAG-3’,
reverse 5’-TTACCTAGCGTATCGTTGAC-3’;
hsa-U6: forward 5’-CTCGCTTCGGCAGCACATATACT-3’,
reverse 5’-TTACCTAGCGTATCGTTGAC-3’;
hsa-b-actin: forward 5’-CTCGCCTTTGCCGATCC-3’,
reverse 5’-TCTCCATGTCGTCCCAGTTG-3’;
mmu-IL-6: forward 5’-CCCCAATTTCCAATGCTCTCC-3’,
reverse 5’-CGCACTAGGTTTGCCGAGTA-3’;
mmu-TNF-a: forward 5’-TAGCCCACGTCGTAGCAAAC-3’,
reverse 5’-ACCCTGAGCCATAATCCCCT-3’;
mmu-ANO1: forward 5’-ATGGGTATCACCAGCCTCCT-3’,

reverse 5’-ACAGCTTCCTCCTCCTCCTC-3’;
mmu-miR-106a: forward 5’-CAAAGTGCTAACAGTGCAGGTAGC-3’,
reverse 5’-TTACCTAGCGTATCGTTGAC-3’;
mmu-U6: forward 5’-GCGCGTCGTGAAGCGTTC-3’,
reverse 5’-TTACCTAGCGTATCGTTGAC-3’;
mmu-b-actin: forward 5’-CCACCATGTACCCAGGCATT-3’,
reverse 5’-CGGACTCATCGTACTCCTGC-3’.
Relative RNA level was calculated by 2–DDCt method [22].

Enzyme-linked immunosorbent assay (ELISA)

The contents of IL-6, TNF-a, IL-1Ra, and IL-10 in serum or cell 
medium were analyzed via specific human or mouse ELISA kit 
(Thermo Fisher) following the protocols of the manufacturer. 
The absorbance was examined at 450 nm through a micro-
plate reader (BioTek, Winooski, VT, USA) and the concentra-
tions of IL-6, TNF-a, IL-1Ra, and IL-10 were calculated follow-
ing the standard curve. This experiment was conducted 3 times 
with the triplicate samples.

Western blot

RAW264.7 cells were lysed in the ice-cold protein extraction 
buffer (Solarbio) for total protein isolation. The concentra-
tions of protein were detected using a bicinchoninic acid as-
say kit (Thermo Fisher). The protein was mixed with loading 
buffer with a final concentration of 2 mg/mL and denatured 
at 100°C for 10 min. Next, 10-μL protein samples in triplicate 
were loaded onto sodium dodecyl sulfate-polyacrylamide gels, 
electrophoresed, and transferred onto polyvinylidene difluoride 
membranes (Solarbio). The membranes were blocked with 5% 
blocking buffer for 1 h and then incubated with primary an-
tibodies against ANO1 (ab72984, 1: 1000 dilution, Abcam, 
Cambridge, UK) overnight and horseradish peroxidase-conju-
gated IgG (secondary antibody; ab6721, 1: 10 000 dilution) for 
2 h. b-Actin (ab8227, 1: 3000 dilution, Abcam) was the load-
ing control. The protein bands were visualized with ECL west-
ern blotting substrate (Solarbio) and exposed to X-ray films in 
the dark. The relative protein level of ANO1 was assessed by 
QuantityOne (Bio-Rad, Hercules, CA, USA). The entire experi-
ment was performed 3 times.

Dual-luciferase	reporter	analysis

The complementary sites of miR-106a and ANO1 were pre-
dicted by DIANA Tools – microT-CDS online (http://diana.imis.
athena-innovation.gr/DianaTools/index.php?r=microT_CDS/in-
dex). The 3’ untranslated region (UTR) sequence of ANO1 with 
the wild-type (WT) (UGCAGU) or mutant (MUT) (ACGUCA) miR-
106a binding sites were inserted downstream of the luciferase 
gene in pmiR-RB-REPORT vector (RiboBio, Guangzhou, China) 
to generate corresponding luciferase reporter vectors ANO1 
3’-UTR WT or MUT, respectively. For dual-luciferase reporter 
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assay, the constructed luciferase reporter vectors ANO1 3’-UTR 
WT or MUT were cotransfected with miR-NC, miR-106a mim-
ic, in-miR-NC, or in-miR-106a into RAW264.7 cells. After 48 h, 
luciferase activity was examined with a specific luciferase as-
say system (GeneCopoeia, Rockville, MD, USA). Each sample 
was prepared in triplicate, and the entire experiment was re-
peated 3 times.

Statistical analysis

The experiments were conducted with 3 biological replicates×3 
technical replicates, unless otherwise indicated. Data were 
shown as mean±standard deviation. The t test was applied to 
identify the difference between 2 groups. Analysis of variance 
followed by Tukey’s test was performed to compare the differ-
ence for multiple groups. The statistical analysis was conduct-
ed via GraphPad Prism 6 (GraphPad, La Jolla, CA, USA). P<0.05 
indicated a statistically significant difference.
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Figure 1.  miR-106a expression is increased and anoctamin 1 (ANO1) expression is decreased in sepsis. (A, B) Messenger ribonucleic 
acid (mRNA) abundances of interleukin (IL)-6 and tumor necrosis factor-alpha (TNF-a) were detected in the serum samples of 
sepsis patients or healthy volunteers by quantitative real-time polymerase chain reaction. (C, D) Secretion levels of IL-6 and 
TNF-a were detected in the serum samples of sepsis patients or healthy volunteers by enzyme-linked immunosorbent assay. 
(E, F) Abundances of miR-106a and ANO1 mRNA were examined in patients’ serum or that of healthy volunteers. * P<0.05.
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Results

miR-106a expression is enhanced and ANO1 expression is 
reduced in sepsis

To probe the roles of miR-106a and ANO1 in sepsis, the abun-
dances of miR-106a and ANO1 were detected in the serum 
samples of sepsis patients. A total of 31 sepsis patients and 
31 healthy volunteers was recruited and the expression of 
inflammatory cytokines was measured in the serum. As dis-
played in Figure 1A and 1B, the mRNA levels of IL-6 and TNF-a 

were evidently enhanced in the serum samples of sepsis pa-
tients compared with those in the healthy group. Moreover, 
the levels of IL-6 and TNF-a in the serum were also elevat-
ed in the sepsis group in comparison with the healthy group 
(Figure 1C, 1D). These data confirmed that sepsis was an in-
flammatory disease. Furthermore, miR-106a expression was ab-
normally upregulated and ANO1 mRNA abundance was mark-
edly decreased in sepsis patients when compared with those 
in the healthy group (Figure 1E, 1F). These data indicated that 
miR-106a and ANO1 might be involved in sepsis development.
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Figure 2.  miR-106a expression is increased and anoctamin 1 (ANO1) expression is decreased in lipopolysaccharide (LPS)-treated 
RAW264.7 cells. (A, B) Messenger ribonucleic acid levels of interleukin (IL)-6 and tumor necrosis factor-alpha (TNF-a) 
were measured in RAW264.7 cells after treatment with LPS or not by quantitative real-time polymerase chain reaction. 
(C, D) Secretion levels of IL-6 and TNF-a were detected after treatment with LPS or not by enzyme-linked immunosorbent 
assay. (E, F) Abundances of miR-106a and ANO1 protein were detected after treatment with LPS or not. * P<0.05.
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miR-106a	level	is	increased	and	ANO1	level	is	
downregulated in LPS-treated RAW264.7 cells

To establish an inflammatory model in vitro, RAW264.7 cells 
were stimulated by LPS for 24 h. After treatment with LPS, 
the mRNA levels of IL-6 and TNF-a were remarkably increased 
(Figure 2A, 2B). Furthermore, the secretion levels of IL-6 and 
TNF-a in the medium were evidently elevated in LPS-treated 
cells compared with those in the control group (Figure 2C, 2D). 
To explore the role of miR-106a and ANO1 in LPS-induced in-
flammation, their abundances were first detected in LPS-treated 
RAW264.7 cells. As shown in Figure 2E and 2F, treatment with 
LPS led to obviously increased miR-106a and decreased ANO1 
protein in RAW264.7 cells. These findings indicated that miR-
106a and ANO1 might be associated with LPS-induced inflam-
mation in RAW264.7 cells.

ANO1 inhibits inflammatory response in LPS-treated 
RAW264.7 cells

To analyze the effect of ANO1 on LPS-induced inflamma-
tion, RAW264.7 cells were transfected with pcDNA, ANO1 

overexpression vector, si-NC, or si-ANO1 before treatment 
with LPS. The transfection efficacy was confirmed by western 
blot. The abundance of ANO1 protein increased 2.94-fold via 
transfection of ANO1 overexpression vector and decreased 
68% by the use of siRNA for ANO1 when compared with their 
corresponding controls (Figure 3A). Moreover, the analyses of 
qRT-PCR and ELISA revealed that overexpression of ANO1 sig-
nificantly decreased the expression of IL-6 and TNF-a in LPS-
treated cells, whereas knockdown of ANO1 exhibited an op-
posite effect on these inflammatory cytokines (Figure 3B–3E). 
Overexpression of ANO1 evidently increased the levels of IL-1Ra 
and IL-10 in LPS-treated cells (Supplementary Figure 1A, 1B). 
These data indicated that ANO1 played an anti-inflammatory 
role in RAW264.7 cells treated with LPS.

ANO1 is a target of miR-106a in RAW264.7 cells

The association between miR-106a and ANO1 was explored 
in RAW264.7 cells. DIANA Tools – microT-CDS online predict-
ed that ANO1 might be a target of miR-106a (Figure 4A). To 
validate this prediction, ANO1 3’-UTR WT and MUT were con-
structed and dual-luciferase reporter assay was carried out. 
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Figure 3.  Overexpression of anoctamin 1 (ANO1) inhibits lipopolysaccharide (LPS)-induced inflammatory response in RAW264.7 
cells. (A) Protein expression of ANO1 was detected in LPS-treated RAW264.7 cells with transfection of pcDNA, ANO1 
overexpression vector, short interfering (si)-NC, or si-ANO1 by western blot. (B, C) Messenger ribonucleic acid levels of 
interleukin (IL)-6 and tumor necrosis factor-alpha (TNF-a) were examined in LPS-treated RAW264.7 cells with transfection of 
pcDNA, ANO1 overexpression vector, si-NC, or si-ANO1 by quantitative real-time polymerase chain reaction. (D, E) Secretion 
levels of IL-6 and TNF-a were detected in cells transfected with pcDNA, ANO1 overexpression vector, si-NC, or si-ANO1 by 
enzyme-linked immunosorbent assay. * P<0.05.
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As displayed in Figure 4B and 4C, luciferase activity was ob-
viously decreased by 65% by miR-106a overexpression and 
increased 2.69-fold by miR-106a knockdown in the ANO1 3’-
UTR WT group, but it was not altered in the ANO1 3’-UTR MUT 
group. Moreover, the effect of miR-106a on ANO1 expression 
was detected in RAW264.7 cells. The results showed that ANO1 
protein level was notably reduced by miR-106a overexpres-
sion and enhanced by miR-106a knockdown (Figure 4D, 4E). 
These findings indicated that ANO1 was directly targeted by 
miR-106a in RAW264.7 cells.

miR-106a	overexpression	abates	the	effect	of	ANO1	on	
inflammatory response in LPS-treated RAW264.7 cells

To explore whether miR-106a could regulate ANO1-mediated 
inflammatory response, RAW264.7 cells were transfected with 
pcDNA, ANO1 overexpression vector, ANO1 overexpression 
vector+miR-NC, or miR-106a mimic before treatment with 
LPS. As shown in Figure 5A and 5B, the mRNA and protein 
abundances of ANO1 were notably enhanced by transfection 

of ANO1 overexpression vector, whereas it was weakened by 
cotransfection of ANO1 and miR-106a. Moreover, introduc-
tion of miR-106a reversed the suppressive effect of ANO1 on 
expression of IL-6 and TNF-a mRNA in RAW264.7 cells treat-
ed with LPS (Figure 5C, 5D). Addition of miR-106a also at-
tenuated ANO1-mediated inhibition of IL-6 and TNF-a in the 
cell medium (Figure 5E, 5F). Furthermore, miR-106a overex-
pression markedly decreased the levels of IL-1Ra and IL-10 
(Supplementary Figure 1C, 1D). These findings suggested that 
miR-106a regulated LPS-induced inflammatory response by 
ANO1 in RAW264.7 cells.

Discussion

Sepsis is a problem associated with the inflammatory re-
sponse [23]. LPS-induced macrophage activation and deac-
tivation are associated with sepsis development [24]. ANO1, 
also known as TMEM16A, plays an important role in human 
diseases [25]. A previous report showed that ANO1 mediated 
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Figure 4.  Anoctamin 1 (ANO1) is a target of miR-106a in RAW264.7 cells. (A) Binding sequence of miR-106a and ANO1 was searched 
via DIANA Tools – microT-CDS. (B, C) Luciferase activity was measured in RAW264.7 cells cotransfected with ANO1 
3’-untranscribed region wild-type or mutant and miR-NC, miR-106a mimic, in-miR-NC, or in-miR-106a. (D, E) Protein level of 
ANO1 was detected in RAW264.7 cells transfected with miR-NC, miR-106a mimic, in-miR-NC, or in-miR-106a. * P<0.05.
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Figure 5.  Overexpression of miR-106a attenuates anoctamin 1 (ANO1)-mediated inflammatory inhibition in lipopolysaccharide (LPS)-
treated RAW264.7 cells. (A, B) Messenger ribonucleic acid (mRNA) and protein levels of ANO1 were measured in cells with 
transfection of pcDNA, ANO1 overexpression vector, ANO1 overexpression vector+miR-NC, or miR-106a mimic. (C, D) mRNA 
levels of interleukin (IL)-6 and tumor necrosis factor-alpha (TNF-a) were measured in LPS-treated RAW264.7 cells transfected 
with pcDNA, ANO1 overexpression vector, ANO1 overexpression vector+miR-NC, or miR-106a mimic via quantitative real-
time polymerase chain reaction. (E, F) Secretion levels of IL-6 and TNF-a were detected in cells transfected with pcDNA, ANO1 
overexpression vector, ANO1 overexpression vector+miR-NC, or miR-106a mimic by enzyme-linked immunosorbent assay. 
* P<0.05.

by LPS treatment was associated with the development of in-
flammatory disorders [7]. In this research, we aimed to inves-
tigate the function of ANO1 and miR-106a in the LPS-induced 
inflammatory response in vitro. Here we first investigated the 
anti-inflammatory role of ANO1 in LPS-treated RAW264.7 cells 
and confirmed that miR-106a could target ANO1 to regulate 
LPS-induced inflammation.

The increasing evidence indicated that ANO1 could inhibit the in-
flammatory response in some conditions [7,8,26]. Similarly, here 
we found that ANO1 expression was decreased in sepsis sam-
ples and LPS-treated RAW264.7 cells, indicating that low expres-
sion of ANO1 might be required for the process of inflammatory 
injury. There are multiple proinflammatory or anti-inflammatory 
cytokines implicated in sepsis development [27]. Among these, 
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IL-6 and TNF-a are 2 key proinflammatory cytokines, contributing 
to inflammatory injury [28,29]. Zhen et al. reported that ANO1 
knockdown could attenuate knockdown of miR-9-mediated sep-
sis inhibition in the LPS-induced model, uncovering the anti-sep-
sis role of ANO1 [9]. We found that ANO1 inhibited LPS-caused 
inflammatory response by decreasing the expression of proin-
flammatory IL-6 and TNF-a and increasing the levels of anti-in-
flammatory IL-1Ra and IL-10, uncovering the anti-inflammatory 
role of ANO1 in RAW264.7 cells, which was also consistent with 
the report of Zhen et al. This indicated that ANO1 might be a 
promising therapeutic target in inflammatory diseases.

miRNAs can regulate RNA expression by targeting the 3’-UTR, 
which is associated with the inflammatory response [30]. 
Previous works showed that miR-106a could promote the in-
flammatory response in multiple conditions [15–17]. In our 
work, miR-106a expression was elevated in sepsis, indicating 
that high expression of miR-106a might be required for sep-
sis development, which was also consistent with a previous 
work [19]. Furthermore, here we found that miR-106a expres-
sion was enhanced in LPS-treated RAW264.7 cells. Previous 
studies have reported that miR-106a could mediate a LPS-
triggered inflammatory response by regulating SIRPa, toll-
like receptor 4, or IL-1 receptor-associated kinase 4 (IRAK4), 
which are associated with LPS signaling [17,31,32]. The mech-
anism underlying the effect of miR-106a in the inflamma-
tory response is complex. To explore a new mechanism ad-
dressed by miR-106a, this study was the first to confirm that 
ANO1 was a target of miR-106a in RAW264.7 cells, suggesting 
that ANO1 might be important and play an additional role in 
miR-106a-mediated inflammatory response. miR-106a overex-
pression alleviated the effect of ANO1 on the LPS-induced in-
flammatory response, indicating that miR-106a could regulate 

the LPS-induced inflammatory response by targeting ANO1 in 
vitro. These data disclosed the potential role of miR-106a in 
inflammatory disorders including sepsis, which might be rel-
evant to SIRPa, TLR4, IRAK4, ANO1, or another target in dif-
ferent signaling. This needs more exploration in the future.

Nevertheless, the in vivo experiments were limited in the cur-
rent study. Hence, to further assess the roles of miR-106a and 
ANO1 in sepsis development, animal experiments should be 
performed in the future. Previous studies also demonstrated 
that nuclear factor-kB (NF-kB) signaling that was regulated 
by TNF-a was a major mechanism underlying inflammatory 
progression [33–35]. In addition, previous studies suggest-
ed that the NF-kB pathway was activated by miR-106a in gli-
oma cells and inactivated by ANO1 in LPS-treated A549 cells 
[25,36]. Hence, we hypothesized that the NF-kB pathway might 
be responsible for the miR-106a/ANO1-mediated inflammato-
ry response in LPS-treated RAW264.7 cells, which will be ex-
plored in a further study.

Conclusions

This research disclosed the anti-inflammatory role of ANO1 
in LPS-treated RAW264.7 cells. Moreover, miR-106a could tar-
get ANO1 to mediate an LPS-induced inflammatory response. 
This research indicated that miR-106a and ANO1 might be 
used as promising targets for treatment of inflammatory dis-
eases, including sepsis.
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Supplementary Figure 1.  Effect of anoctamin 1 (ANO1) and miR-106a on anti-inflammatory cytokine expression. (A, B) Levels of 
interleukin (IL)-1Ra and IL-10 were detected in lipopolysaccharide (LPS)-treated RAW264.7 cells transfected 
with pcDNA or ANO1 overexpression vector. (C, D) Levels of IL-1Ra and IL-10 were measured in LPS-treated 
RAW264.7 cells transfected with miR-NC or miR-106a mimic. * P<0.05.
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