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Abstract. MicroRNAs (miRNAs) have been investigated 
widely as key regulators of gene expression in different diseases 
by affecting the miRNA‑mediated regulatory function. Human 
enterovirus 71 (HEV71) can cause a series of human diseases, 
including encephalitis. Chemokine (C‑C motif) ligand 2 (CCL2) 
is one of the important genes involved in regulating inflamma-
tion. However, the mechanisms underlying HEV71 encephalitis 
mediated by CCL2 remain to be elucidated. In the present study, 
reverse transcription‑quantitative polymerase chain reaction 
analysis was used to determine the expression level of miR‑206 
and the mRNA expression of CCL2 in samples. Western blot 
analysis was used to detect the protein levels of CCL2. A lucif-
erase assay was used to verify the miR‑206 target site in CCL2. 
A CCK‑8 assay and flow cytometry were used to determine 
cell proliferation and apoptosis. The results demonstrated that 
miR‑206 was downregulated in severe HEV71 encephalitis. 
Using bioinformatics analysis, miR‑206 was predicted to target 
the human CCL2 3'‑untranslated region (3'‑UTR). A dual‑lucif-
erase assay demonstrated that miR‑206 downregulated the 
expression of CCL2 by directly targeting its 3'‑UTR, whereas 
CCL2 3'‑UTR mutations completely eliminated its interaction 
with miR‑206. The expression levels of miR‑206 and CCL2 
were inversely correlated in cerebrospinal fluid. The expression 
of exogenous miRNA, which mimicked miR‑206 miRNA, 
decreased the protein and mRNA levels of CCL2, whereas the 
suppression of endogenous miR‑206 resulted in an increase 
of the protein and mRNA levels of CCL2. The present study 
also found that miR‑206 promoted NPC cell proliferation and 
reduced the apoptosis of NPC cells via CCL2. The mechanism 

is likely to involve suppression of the expression of miR‑206 and 
upregulation of the expression of CCL2, important in regulating 
the progress of HEV71 encephalitis. In conclusion, miR‑206 may 
be useful in the prognosis and treatment of HEV71 encephalitis.

Introduction

As a single‑stranded, positive‑sense RNA virus, human entero-
virus 71 (HEV71) belongs to the genus Enterovirus, family 
Picornaviridae (1). HEV71 contributes to neurological compli-
cations, meningitis, encephalitis, and contributes to mortality 
rates in young children and infants; it may be one of the pioneer 
pathogens of hand‑foot‑and‑mouth disease (HFMD), which 
is a life‑threatening, newly emerging pathogen in children, 
specifically in the Asia‑Pacific region (2).

A wide spectrum of clinical manifestations can be induced 
by HEV71 infection, including respiratory infections, mild 
febrile illness, characteristic cutaneous diseases, including 
HFMD, herpangina, and severe complications, including acute 
flaccid paralysis, brainstem encephalitis, encephalitis, hepa-
titis and myocarditis (3). A systemic inflammatory response 
syndrome, which is produced by the release of cytokines 
and chemokines, and/or direct lesions, can result in severe 
complications in HEV71 (3). The overexpression of chemo-
kine cascades, including interleukin (IL) 8, chemokine (C‑C 
motif) ligand 2 (CCL2), and C‑X‑C motif chemokine 10, in 
the central nervous system (CNS) compartment are reported to 
have a significant effect on elicitation of the immune response 
to HEV71 (4).

Chemokines are important secondary inflammatory 
mediators released in response to stimuli. As second‑order 
cytokines, they have specialized functions in inflamma-
tion. The role of a number of these specialized mediators 
in the human intervertebral disc remain to be elucidated. 
Investigations by Schroeder et al on disc degeneration with 
acute or chronic pain focused on chemokine profiles (5). It 
was reported that small inducible cytokine A2 and CCL2, also 
known as monocyte chemotactic protein‑1, may be associ-
ated with inflammatory mediators in low back pain and the 
resorption of herniated disc tissue. Studies by Kikuchi et al 
and Yoshida et al found, through laboratory experiments, that 
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treatment of human annulus cells with 1,25(OH)2D3, led to 
significant decreases (P=0.002) in the production of vascular 
endothelial growth factor and CCL2 (6‑8).

Non‑coding, single‑stranded RNA nucleotides with a 
length of 18‑25 are found in the genomes of all multicellular 
organisms and certain viruses, and microRNAs (miRNAs) 
are a class of these nucleotides (9). miRNAs bind mRNAs to 
complementary sequences in the mRNA to functionally result 
in the degradation of mRNAs or prevention of the translation 
of mRNAs (10). Therefore, miRNAs can regulate immunity, 
oncogenesis, apoptosis, development, proliferation, cell differ-
entiation and cell cycle (11‑13).

The differential expression of miRNAs, including miR‑206, 
have been identified in severe HEV71 encephalitis (14), and it 
has been shown that levels of CCL2 are associated with the 
severity of HEV71 encephalitis (15,16). In the present study, 
by performing an online miRNA database search (www.mirdb 
.org), CCL2 was identified as a virtual target of miR‑206. The 
present study aimed to validate CCL2 as a target of miR‑206, 
and to investigate whether miR‑206/CCL2 are functionally 
involved in determining the severity of HEV71 encephalitis.

Materials and methods

Subjects. The present study recruited 74 suspected cases of 
HEV71 encephalitis, including mild cases (n=40) and severe 
cases (n=34), at the Department of Pediatrics, Qilu Hospital 
of Shandong University (Shandong, China). All patients 
were admitted between August 2013 and December 2014 (54 
males and 20 females; age, 15.2‑41.2 months old; weight, 
10.39‑15.67 kg). All 74 cases were diagnosed as HEV71 
encephalitis. The patients were divided into two groups, 
comprising a HEV71‑infected encephalitis group and an 
HFMD without complications group. HFMDs were diag-
nosed according to the following clinical features: Typical 
ulcers on lips, and rashes on the hands and feet. Reverse 
transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis was performed to detect the HEV71 
virus infection. On the day of admission, throat swabs or 
cerebrospinal fluid (CSF) samples were collected from each 
subject for RNA extraction. A diagnosis of encephalitis 
was made when subjects met the following criteria: White 
blood cell count >5/mm3 in the CSF; parenchymal damage 
detected by MRI or CT scan. Each subject went through a 
regular physical examination and other laboratory tests in 
the following 3 days, from which baseline values of clinical 
and laboratory characteristics were collected. The study 
protocol was approved by the Clinical Research Ethics 
Committee of Shandong University. Written Informed 
consent was obtained from each subjects' guardian prior to 
commencement of the study.

CCL2 ELISAs. CSF (2 ml) was collected and centrifuged at 
1,600 x g for 10 min to remove particles. The levels of CCL2 
were determined using a Cusabio ELISA kit (Cusabio Biotech 
Co., Ltd., Wuhan, China) according to the manufacturer's 
protocol. In brief, the kit contained a microplate precoated with 
monoclonal antibody against CCL2 and a peroxidase‑bonded 
anti‑CCL2 polyclonal antibody. The detecting sensitivity 
was 5 pg/ml.

RNA isolation and RT‑qPCR analysis. Total RNA were 
extracted using an RNA extraction kit (Ambion; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). The RNA 
extract was used to generate the first strand cDNA using the 
SuperRT cDNA Synthesis kit (Kangwei Biotech Co., Ltd., 
Beijing, China). The qPCR reaction (total volume, 20 µl) was 
performed using UltraSYBR Green qPCR Master mix (with 
ROX I) (Kangwei Biotech Co., Ltd.) and the LightCycler 
480 Real‑Time PCR system (Roche Diagnostics GmbH, 
Mannheim, Germany). The primer sequences were as follows: 
CCL2 (forward 5'‑ATG​CAG​TTA​ATG​CCC​CAC​TC‑3', reverse 
5'‑TTC​CTT​ATT​GGG​GTC​AGC​AC‑3'), miR‑206 (3'‑UGG​
AAU​GUA​AGG​AAG​UGU​GUG​G‑5'), GAPDH (forward 
5'‑GAA​GAT​GGT​GAT​GGG​ATT​TC‑3', reverse 5'‑GAA​GGT​
GAA​GGT​CGG​AGT​C‑3'), U6 (forward 5'‑CTC​GCT​TCG​
GCA​GCA​CAT​ATA​CT‑3', reverse 5'‑ACG​CTT​CAC​GAA​TTT​
GCG​TGT​C‑3'). All samples were run in duplicate and the 
reaction conditions were as follows: pre‑denaturation at 94˚C 
for 5 min, followed by 40 cycles of denaturation at 94˚C for 
30 sec, annealing at 50˚C for 40 sec and extension at 72˚C for 
40 sec. The 2‑ΔΔCq relative quantification method was used to 
calculate the expression levels of miRNA (17). The expression 
of U6 was used as an internal control. Values were expressed 
as fold differences of the expression of miR‑206 and CCL2 
relative to that of U6.

Cell culture and transfection. U‑251 cells (Ybiotech, Beijing, 
China) were maintained in DMEM (HyClone; GE Healthcare 
Life Sciences, Logan, UT, USA) supplemented with 10% fetal 
bovine serum (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C 
in 5% CO2 humidified atmosphere. miR‑206 mimics or inhib-
itor and CCL2 small interfering (si)RNA (50 nM) (Shanghai 
GenePharma Co., Ltd., Shanghai, China) were transfected 
into the U‑251 cells (1x105 cells) using Lipofectamine 2000 
transfection reagent (Thermo Fisher Scientific, Inc.) in accor-
dance with the manufacturer's protocol. In addition, scrambled 
controls were transfected into cells as negative controls. The 
transfection efficiency of the U‑251 cells was confirmed using 
RT‑qPCR analysis.

Vector construction and mutagenesis. The 3'untranslated 
region (UTR) of CCL2 containing the putative binding site 
of miR‑206 was identified by searching the online miRNA 
database  (18,19). The CCL2 3'UTR was amplified using 
PCR, and the PCR products were isolated using agarose gel 
(2%). The fragments were then purified and inserted into a 
pGL3‑control vector (Promega Coproration, Madison, WI, 
USA). Mutagenesis was performed for the same site and 
inserted into the control vector (Promega Corporation) using 
PCR. The miR‑206 primers were added into the reverse tran-
scription system. The miRNA reverse transcription program is 
consistent with the common mRNA procedures (20).

Luciferase assay. A dual‑luciferase reporter assay (Promega 
Corporation) was used to investigate the effects of the 
miR‑206 (targeting the putative 3'UTR binding site) on 
luciferase activity. In brief, the cells were seeded into a 
96‑well plate (3x104 cells/ml; 200 µl/well) overnight prior to 
transfection. On the day of transfection, the U‑251 cells were 
cotransfected with the wild‑type (WT) or mutant type (MT) 
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vector and miR‑206 or the negative control vector. At 2 days 
post‑transfection, the cells were subjected to dual‑luciferase 
reporter assays. The luciferase activity of a Renilla control 
plasmid was also analyzed as in internal control. The results 
were recorded as ratios of miR‑206 luciferase activity relative 
to that of Renilla.

Western blot analysis. Western blot analysis was performed 
to assess the effect of miR‑206 on protein expression in the 
U‑251 cells. The U‑251 cells were lysed and purified, and the 
protein level was determined using an Enhanced BCA Protein 
Assay kit (Sigma‑Aldrich; Merck Millipore, Darmstadt, 
Germany). The extracts, containing 25 µg of total proteins, 
were loaded on 10% SDS‑polyacrylamide gel. Following 
electrophoresis, the protein blots were transferred onto a 
polyvinylidene difluoride (PVDF) membrane. The membrane 
was washed with PBS and then blocked in 10% skimmed milk 
at 4˚C overnight. The PVDF membranes were incubated with 
the following antibodies at 4˚C overnight: Rabbit anti‑CCL2 
(IC479A; 1:700; R&D Systems, Inc., Minneapolis, MN, USA) 
or rabbit anti β‑actin (a8227; 1:300; Abcam, Cambridge, 
UK), and subsequently incubated with goat anti‑rabbit IgG 
(CW0111S; 1:2,200; Kangwei Biotech Co., Ltd.) for 2.5 h at 
room temperature. The conjugated proteins were visualized 
using an enhanced chemiluminescence detection kit (Pierce; 
Thermo Fisher Scientific, Inc.). Fluor Chen 2.0 software 
(Olympus, Yokohama, Japan) was used to analyzed the density 
values. β‑actin was used as an internal control, with values 
presented as the expression of CCL2 relative to that of β‑actin.

Statistical analysis. For each experiment, replicate samples 
were subjected to analyses at least three times and the results 
were compared using Student's t test. All data analyses 
were performed using SPSS 19.0 (IBM SPSS, Armonk, NY, 
USA). Comparisons among more than three groups were 
performed using one‑way, two‑way or three‑way analysis 
of variance (ANOVA) without repeated measures, as appro-
priate. Comparisons among less than three were performed 
using one‑way ANOVA followed by Dunnett's post hoc test. 
Comparisons among three or groups were performed using 
two‑ or three‑way ANOVA followed by a stratified independent 
t‑test with Bonferroni corrections for multiple comparisons. 
P≤0.05 was considered to indicate a statistically significant 
difference. The values from all experiments are expressed as 
the mean ± standard deviation.

Results

miR‑206 is downregulateed in severe HEV71 encephalitis. To 
identify miRNAs involved in regulating the severity of HEV71 
encephalitis, the present study compared miRNA expression 
levels between severe HEV71 encephalitis and mild HEV71 
encephalitis samples. It was found that miR‑206 was consis-
tently downregulated in severe HEV71 encephalitis (Fig. 1). 
Therefore, the present study focused on miR‑206, and it was 
hypothesized that miR‑206 may regulate the transformation 
of mild HEV71 encephalitis into severe HEV71 encephalitis.

CCL2 expression transcripts are targeted by miR‑206. One of 
the primary challenges in examining miRNAs is to identify 

target genes and correlate their downregulation with cellular 
properties. Computational algorithms have been used to 
predict putative miR‑206 targets based on complementarity 
to the 3'UTR of the target mRNA. Using bioinformatics 
analysis, miR‑206 was predicted to target the human CCL2 
3'‑UTR (Fig. 2). To investigate whether miR‑206 is a regulator 
of CCL2, further experiments were performed. Firstly, lucif-
erase reporter vectors were constructed containing a WT or 
MT CCL2 3'‑UTR downstream of Renilla luciferase (Fig. 2). 
The miR‑206 mimic and corresponding reporter vectors were 
co‑transfected into U‑251 cells, and a dual‑luciferase assay 
was performed 48 h following transfection. The results of 
the dual‑luciferase assay showed that miR‑206 significantly 
suppressed the expression of luciferase if the reporter vector 
contained the WT CCL2 3'‑UTR. By contrast, target region 
mutation completely eradicated this interaction (Fig. 3). To 
determine whether miR‑206 disrupted the expression of CCL2 
in a human cell line, miR‑206 mimics were transfected into 
U‑251 cells, with blank and scramble serving as a negative 
control, and CCL2 siRNA serving as a positive control. The data 
showed that the mRNA and protein expression levels of CCL2 
were suppressed by the miR‑206 mimic (Fig. 4A and B). Similar 
experiments were performed using an miR‑206 inhibitor, and 

Figure 1. miR‑206 is downregulated in severe HEV71 encephalitis. 
Expression of miR‑206 in RNA samples extracted from HEV71 encephalitis 
tissue with severe (n=34) or mild (n=40) symptoms. Expression of miR‑206 
was normalized to that of U6. miR, microRNA.

Figure 2. Schematic showing the predicted miR‑206 binding sites in the 
3'untranslated region of CCL2 mRNA. The Mt construct was produced 
by eliminating the base pairing between the miRNA and its target. miR, 
microRNA; CCL2, (C‑C motif) chemokine ligand 2; Wt, wild‑type; Mt, 
mutant type.
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the decrease in miR‑206 led to an increase in the mRNA and 
protein levels of CCL2 (Fig. 4A and B). To determine whether 
miR‑206 negatively regulates endogenous CCL2 in human 
HEV71 encephalitis, the expression levels of miR‑206 and 
CCL2 were measured in the CSF samples using RT‑qPCR 
analysis. The association between the expression of miR‑206 
and CCL2 were also evaluated using Pearson rank correlation 
analysis (Fig. 5). The results indicated a statistically significant 
inverse correlation between miR‑206 and CCL2, indicating 
that miR‑206 suppressed the expression of CCL2 in the human 
brain. These results showed that miR‑206 directly targeted the 
CCL2 3'UTR and suppressed the expression of CCL2.

Expression of CCL2 is upregulated during the transforma‑
tion of mild to severe HEV71 encephalitis. The present 
study hypothesized that the reduction in miR‑206 leads to a 
further increase in the expression of CCL2 in severe HEV71 

Figure 3. Reporter gene containing the predicted miR‑206 binding site in its 
3'UTR, with either wild‑type or mutant pairing regions shows suppressed 
luciferase activity. U‑251 cells were co‑transfected with miR‑206 mimic and 
the indicated CCL2 3'UTR‑luciferase reporter. Blank and scramble served as 
a negative control. Luciferase activity was assayed 48 h later. The data are 
presented as the mean ± standard deviation, normalized to the blank control, 
of three independent experiments. *P<0.05 vs. scramble control group. 
CCL2, (C‑C motif) chemokine ligand 2; 3'UTR, 3'untranslated region; miR, 
microRNA.

Figure 4. Protein and mRNA levels of CCL2 are inhibited by miR‑206. 
miR‑206 mimics or inhibitor were transfected into U‑251 cells, respectively. 
(A) Western blot was used to analyze the protein levels of CCL2. (B) Relative 
mRNA expression levels of CCL2 were determined using reverse transcrip-
tion‑quantitative polymerase chain reaction analysis. Blank and scramble 
controls were used as a negative control. CCL2 siRNA served as a positive 
control. Values are presented as the mean ± standard deviation. *P<0.05 vs. 
scramble control group; #P<0.05 vs. CCL2 siRNA group. CCL2, (C‑C motif) 
chemokine ligand 2; miR, microRNA; CSF, cerebrospinal fluid; siRNA, 
small interfering RNA.

Figure 6. CCL is upregulated in CSF of patients with severe HEV71 encepha-
litis. Expression levels of CCL2 were determined in RNA samples extracted 
from CSF from patients with severe (n=34) or mild (n=40) HEV71 encepha-
litis symptoms. Expression of CCL2 was normalized to GAPDH. CCL2, 
(C‑C motif) chemokine ligand 2; CSF, cerebrospinal fluid.

Figure 5. Expression levels of miR‑206 and CCL2 are inversely correlated. 
The expression levels of miR‑206 and CCL2 were measured in glioma samples 
using reverse transcription‑quantitative polymerase chain reaction analysis. 
U6 and GAPDH served as internal normalized references for miR‑206 
and CCL2, respectively. The association between the expression levels of 
miR‑206 and CCL2 were evaluated using Pearson rank correlation analysis. 
The results indicated a statistically significant inverse correlation (r =‑0.5202; 
P <0.05). CCL2, (C‑C motif) chemokine ligand 2; miR, microRNA; CSF, 
cerebrospinal fluid.
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encephalitis. To support this, RT‑qPCR analysis was used to 
determine the mRNA expression level of CCL2 in the two 
groups (Fig. 6). The results showed that the expression of 
CCL2 was upregulated in the transformation of mild to severe 
HEV71 encephalitis.

miR‑206 affects cell proliferation and apoptosis by regulating 
the expression of CCL2. CCL2 is important in regulating 
inflammation, and high expression levels of CCL2 indicate 
severe inflammation. Consequently, the present study hypoth-
esized that miR‑206 also regulates cell proliferation and 
apoptosis. To confirm this, the miR‑206 mimics and inhibitor 
were introduced into the U‑251 cells, with blank and scramble 
siRNA as a negative control, and CCL2 siRNA as a positive 
control. The results showed that miR‑206 induced U‑251 cell 
proliferation and reduced apoptosis (Fig. 7).

Discussion

The miRNA‑mediated regulation of chemokines allows for 
an alternative classification system of chemokines and varies 
markedly between individual chemokines. The disturbed flow 
combining with oxidized low‑density lipoprotein suppresses 
the miR‑92a expression levels in a signal transducer and acti-
vator of transcription 3‑dependent manner and thus increases 
the release of endothelial CCL2 (21). The miR‑92a‑mediated 
repression of the target suppressor of cytokine signaling 
(SOCS) 5 also attenuates the expression of CCL2, which is 
elevated by limiting endothelial inflammation myeloid‑specific 
deficiency of KLF2 in mice, by reducing the expression of 
miR‑150 (22), which negatively regulates miR‑124a to target 
CCL2. CCL2 can be induced by stimulation from IL‑1β), and 
it increases the endothelial expression of miR‑146a/b, targeting 
IL‑1 receptor‑associated kinase 1/2 and tumor necrosis factor 
receptor associated factor 6. If monocytes transmigrate into the 
intima, they differentiate into macrophages, and secrete CCL2 
further propagating inflammation. In inflammatory macro-
phages, CCL2 is expressed by miR‑155, and in macrophages 
of atherosclerotic lesions this expression is upregulated (23). 
In the present study, it was found that miR‑206 was consis-
tently downregulated in severe HEV71 encephalitis (Fig. 1). 
Therefore subsequent investigations focused on miR‑206. It 
was also shown that the expression of CCL2 was upregulated 
during the transition between mild and severe HEV71.

As critical regulators, miRNAs contribute to inflammatory 
cytokine signaling, and adult skeletal muscle differentiation 
and maintenance  (24‑27). miR‑206, miR‑133a, miR‑133b 
and miR‑1 act as critical regulators for myoblast‑to‑myocyte 
differentiation in order to regulate the multiple genes affecting 
myogenesis, including serum response factor, myogenin 
and myogenic differentiation antigen 1 (27,28). It has also 
been reported that miRNAs are critical in regulating innate 
and adaptive immune responses. For example, miR‑221 
and miR‑155 target SOCS‑1, following lipopolysaccharide 
(LPS) stimulation of cells, which regulates the produc-
tion of cytokines in human dendritic cells (29). In addition, 
miR‑101 negatively regulates the expression of MKP‑1 in 
LPS‑stimulated macrophages and thus positively regulates 
the production of inflammatory cytokines (30). Therefore, 
miR‑34a, miR‑98 and miR‑147 are negative regulators of 
inflammation for LPS‑induced macrophages  (31). It was 
previously reported that miR‑146a, miR‑200b and miR‑200c 
regulate the production of proinflammatory cytokines through 
Toll‑like receptor 4 signaling (32). In the present study, the 
results of the dual‑luciferase assay showed that miR‑206 
significantly suppressed luciferase expression when the 
reporter vector contained a WT CCL2 3'‑UTR. By contrast, 
the MT target regions completely eradicated this interaction. 
In addition, a statistically significant inverse correlation was 
found between miR‑206 and CCL2, which indicated that 
miR‑206 suppressed the expression of CCL2 in the human 
brain. These results showed that miR‑206 directly targeted the 
CCL2 3' UTR, suppressing the expression of CCL2.

Banisadr et al found that the presence of conserved adjacent 
cysteine residues can be used to define chemokines, including 
CCL2 and CCL5, which belong to the CC subfamily, and that 
chemokines are primarily associated with T cells, macrophages, 

Figure 7. Effects of miR‑206 on the viability and apoptosis of NPC cells. 
(A) miR‑206 mimics or inhibitor were transfected into NPC cells. A cell 
counting kit‑8 assay was used to determine the effect of miR‑206 on cell 
viability. Blank and scramble controls served as a negative control, siRNA 
against CCL2 served as a positive control. (B) miR‑206 mimics or inhibitor 
were transfected into NPC cells. Apoptotic assay were performed to deter-
mine the effect of miR‑206 on cell apoptosis. Scramble served as a negative 
control, siRNA against CCL2 served as a positive control. *P<0.05 vs. 
scramble control group; #P<0.05 vs. CCL2 siRNA group. CCL2, (C‑C motif) 
chemokine ligand 2; miR, microRNA; CSF, cerebrospinal fluid; siRNA, 
small interfering RNA.
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and the recruitment of monocytes (33). In addition, Carr showed 
that CCL2 is produced in response to infection or injury, and 
is chemotactic for memory T cells, dendritic cells and mono-
cytes (34). Banisadr et al and Hickman and Khoury found that 
resident CNS cell populations, including microglia, neurons and 
astrocytes, can produce CCL2, and Carrillo‑de Sauvage reported 
that CCL2 can mediate neuroinflammatory processes, including 
T‑cell extravasation, into the brain (33,35,36). Following infec-
tion with viruses, for example West Nile virus, herpes virus and 
Dengue fever virus, as a chemoattractant for monocytes and  
T cells, CCL5 is involved in neuroinf lammatory 
responses (37‑39). It was observed in the experimental infection 
of mice with an abortive RABV by Phares et al, that the upregu-
lation of various inflammatory mediators, including chemokines 
CCL2, CCL5 and CXCL10, precedes cellular recruitment and 
virus clearance (40). In addition, infection with acute RABV 
isolates, including EBLV‑2 and the pathogenic silver‑haired bat 
virus, upregulates the levels of chemokine mRNA transcripts 
in mice (41‑43). In the present study, miR‑206 mimics were 
transfected into U‑251 cells, with blank and scramble siRNAs 
as a negative control, and CCL2 siRNA as a positive control. 
The data revealed that the mRNA and protein of CCL2 were 
suppressed by the miR‑206 mimic (Fig. 4A and B).

In conclusion, the results of the present study confirmed 
CCL2 as a direct target of miR‑206, and showed that the 
upregulation of CCL2 caused by the downregulation of 
miR‑206 was responsible for the development of severe 
HEV71 encephalitis.
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