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miR‑146a reduces depressive behavior
by inhibiting microglial activation
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Abstract. Depression is one of the major psychiatric diseases
affecting the quality of life for individuals worldwide.
Numerous reports have investigated depression, although its
etiology remains to be elucidated. microRNA (miR)‑146a
is suggested to regulate innate immune and inflammatory
responses. However, it is unclear whether miR‑146a is involved
in depression. Depression model mice were established
using lipopolysaccharide‑induced depression and chronic
unpredictable mild stress, separately. miR‑146a mimic and
short interfering RNA were used to treat depressed mice.
Depression‑like behaviors and levels of pro‑inflammatory
cytokines were measured, while ionized calcium binding
adapter molecule 1 (Iba‑1) expression in hippocampus was
quantified by immunohistochemistry. Neuroinflammatory
factor levels in hippocampus were measured by western
blotting. BV‑2 cells were used to confirm that miR‑146a
suppressed microglia activation. Compared with control mice,
the two depressed mouse models showed clearly decreased
sucrose preference and significantly increased immobility
time in the forced swimming test and tail suspension test
(P<0.05). miR‑146a overexpression significantly increased
sucrose preference and reduced immobility time in depressed
mice (P<0.05). However, total distance traveled in the loco‑
motor activity test did not differ among groups. Compared
with controls, expression levels of Iba‑1, inducible nitric oxide,
IL‑1β, TNF‑ α, interleukin 1 receptor associated kinase 1
(IRAK1), TNF receptor‑associated factor 6 (TRAF6) and
phosphorylated NF‑κ B p65 were significantly increased in
depressed mice (P<0.05). miR‑146a overexpression effectively
inhibited expression of these neuroinflammatory proteins,
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while miR‑146a silencing significantly upregulated their
expression (P<0.05). Consistent with these in vivo results,
miR‑146a mimic treatment inhibited TNF‑α, IL‑1β, IRAK1
and TRAF6 expression in BV‑2 cells. miR‑146a improved
depressive behaviors in depressed model mice by inhibiting
microglial activation and neuroinflammatory factor expression.
Introduction
Depression is the fourth most prevalent disease in the world,
with about 322 million individuals suffering from it world‑
wide, accounting for about 4.4% of the global population (1).
Depression (and suicide) has begun to appear in those of increas‑
ingly younger age (in university students and even in primary
and secondary school students). Common symptoms include
inattention, negative self‑evaluation, a sense of self‑guilt and
worthlessness (even in mild episodes), self‑injuring or suicidal
ideas or behaviors and sleep disorders (2). Depression does
not belong to the class of neurodegenerative diseases, but its
occurrence is closely related to microglial activation (3,4).
Microglial activation occurs as a response to neuroin‑
flammation and is a potential target for treating depression.
Ionized calcium binding adapter molecule 1 (Iba‑1) is a
specific marker of microglial activation, which has been
shown by previous studies to be significantly increased in the
hippocampus of stressed rats (5). Activation of microglia can
be classified into either M1 or M2 microglial activation (6).
When M1 microglia are activated, expression levels of proin‑
flammatory cytokines are raised, such as inducible nitric
oxide synthase (iNOS), TNF‑ α and IL‑1β (7). It is known
that the abundant expression of Toll‑like receptor (TLR)
4 induces microglial activation, triggering the association
of recombinant interleukin 1 receptor‑associated kinase 1
(IRAK1) and TNF receptor‑associated factor 6 (TRAF6) (8).
Thus, blocking microglial activation is of great importance
in treating neuroinflammation‑associated diseases, including
depression.
miR‑146 contains two evolutionarily conserved genes:
miR‑146a and miR‑146b. In individuals, these loci are located
at chromosomes 5 and 10 respectively and they differ by only
2 nucleotides at the 3'terminus (9). In 2006, Taganov et al (10)
first reported that miR‑146a can suppress the immune
response via the NF‑κ B signaling pathway. It also negatively
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regulates the expression of TLR4 pathway‑related molecules
and downstream inflammatory factors (11,12). Studies have
found that increasing miR‑146a expression reduces microglia‑
mediated neuroinflammatory responses, while silencing
miR‑146a expression induces the opposite effect (13,14).
The present study investigated the effect of miR‑146a on
depression model mice and further investigated microglia‑
mediated neuroinflammatory responses in hippocampal and
BV‑2 cells, including iNOS, TRAF6, IRAK1 and NF‑κ B.

study the effect of miR‑146a on depressed mice, a CUMS
depression model was established. According to previous
reports, the present study employed stimulation with different
sources of stress, including fasting, water prohibition, isola‑
tion, cage tilting, cage emptying, diurnal inversion, restraint,
environmental dampness, stroboscopic lighting and diurnal
disturbance (18,19). Every day, two or three stress sources
were randomly selected and the model was repeated every
Monday for five consecutive weeks.

Materials and methods

Animal groups in CUMS depression. A total of 72 mice were
divided into 6 groups, 12 mice in each group: i) Control group
(Control), in which the mice were not treated; ii) depression
group (CUMS), in which the CUMS model was induced
in mice; iii) miR‑146a‑overexpressing control + depres‑
sion group (mimic‑NC+CUMS), in which one week before
CUMS, mice were hippocampally injected with a blank
vector containing miR‑146a mimic; iv) miR‑146a‑overex‑
pressing + depression group (miR‑146a mimic+CUMS), in
which one week before CUMS, mice were hippocampally
injected with miR‑146a mimic; v) miR‑146a‑silenced
control + depression group (si‑NC+CUMS), in which one
week before CUMS, a blank vector containing miR‑146a
siRNA was hippocampally injected; and vi) miR‑146a‑
silenced + depression group (si‑miR‑146a+CUMS), in
which one week before CUMS, the miR‑146a siRNA was
hippocampally injected.

Animals. A total of 144 healthy male C57BL/6J mice, weighing
25‑30 g at 6‑8 weeks of age, were purchased from Jinan
Pengyue Experimental Animal Breeding Co., Ltd. [animal
production license no. SCXK (lu) 2014‑0007]. All experi‑
ments followed the requirements for animal ethics specified by
the Institutional Animal Care and Use Committee (IACUC)
of Binzhou People's Hospital (approval no. 201910072). Mice
were raised in a clean environment with a temperature of
20±2˚C, relative humidity of 50‑70%, 12‑h light/dark cycle and
food and water ad libitum. Following adaptive feeding for one
week, animals underwent experimental grouping and model
preparation.
Lipopolysaccharide (LPS)‑induced depression model.
Following Ren et al (15), animals were treated with LPS using
intraperitoneal injection (ip) at 0.83 mg/kg for five consecutive
days to establish the depression model.
Animal groups in LPS induced depression. In order to test
the effect of miR‑146a on LPS induced depression mice,
72 mice were divided into 6 groups, 12 mice in each group:
i) Control group (Control; 0.9% saline, intraperitoneal
injection); ii) LPS group (LPS; 0.83 mg/kg, intraperitoneal
injection); iii) miR‑146a mimic (brain injection of miR‑146a
mimic and i.p. LPS); iv) mimic‑negative control (NC; brain
injection of miR‑146a mimic NC and i.p. LPS); v) miR‑146a
short interfering (si)RNA (brain injection of miR‑146a siRNA
and i.p. LPS); and vi) siRNA‑NC (brain injection of miR‑146a
siRNA NC and i.p. LPS). miR‑146a mimic (5'‑UGAGAACUG
AAU UCCAUGGGUU‑3'), miR‑146a mimic negative control
(5'‑UUGUACUACACAAAAGUACUG‑3'), miR‑146a siRNA
(5'‑AACCCAUGGA AUUCAGUUCUCA‑3') and miR‑146a
siRNA negative control (5'‑CAGUACU UUUGUGUAGUA
CAA‑3') were all purchased from Guangzhou RiboBio
Co., Ltd. One week before LPS injection, 1 µl miR‑146a
mimic (0.5 nmol/µl), 5 µl miR‑146a siRNA (0.5 nmol/µl)
and NC (0.5 nmol/µl) were injected into the hippocampus
(0.2 µl/min) at 2.06 mm at antero‑posterior, approximately
1.5 mm medio‑lateral and 2 mm below the skull surface using
a 33‑gauge beveled NanoFil needle, a NanoFil syringe and
a Microsyringe Pump Controller (16). The miR‑146a mimic
and siRNA were injected once every two days. After 1 week,
animals were co‑treated with LPS or normal saline using
intraperitoneal injection for five consecutive days.
Chronic unpredictable mild stress (CUMS) depression model.
Studies have shown that microglial cells are closely involved
in the occurrence of depression (3,17). Therefore, to further

Behavioral testing
Sucrose preference test (SPT). The test was divided into two
parts, the training period and the testing period. During the
48‑h training period, mice were given 2 bottles of sucrose
water (1% concentration) during the first 24 h and 1 bottle of
sucrose water (1% concentration) and 1 bottle of pure water
during the second 24 h. In the 8 h before the test, the mice did
not eat, nor did they drink any water. During the test period
of 2 h, each animal was given 1 bottle of sucrose water (1%
concentration) and 1 bottle of pure water. To avoid biases in
the results caused by positional preferences, the positions of
the two bottles were changed after 1 h of testing. Following
the test, the sucrose water preference index (sucrose water
preference index=sucrose water consumption/total liquid
consumption x100%) was calculated (20).
Forced swimming test (FST). Mice were put in a transparent
cylinder with a height of ~22 cm, a diameter of ~14 cm and a
water depth of ~15 cm. The water temperature was ~20‑25˚C.
The forced swimming lasted for 6 min (21).
Tail suspension test (TST). The inverted tail of each mouse
being tested was fixed to the tail suspension device, with the
head of the mouse ~5 cm away from the table, so that there was
no place the mouse could grasp. There were baffles between
the mice to block the line of sight, in order to prevent mutual
interference. The percentage of time during the last 4 min that
each mouse spent immobile within the complete 6 min testing
time was recorded (22).
Locomotor activity. Locomotor activity was measured
according to the protocol previously described (23). Briefly,
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each mouse was monitored in a 30x30x30 cm open‑field
cage. The total distance travelled by each mouse was
measured over 30 min using open‑field activity software
(Med Associates). To avoid affecting the behavior of the next
experimental animal, the cage was cleaned in between trials
using 20% alcohol.
Reverse transcription‑quantitative (RT‑q) PCR. RT‑qPCR
was performed according to the manufacturer's instructions.
Total RNA was extracted from both sides of the hippocampus
in one single mouse (100 mg) using a Total RNA Isolation kit
(cat. no. A27828; MagMAX MiRVana Total RNA Isolation
kit; Thermo Fisher Scientific, Inc.). RNA (10 µl), Oligo
(dT)18 Primer (0.5 µl) and Random Hexamer Primer (0.5 µl)
were mixed, then made up to 15 µl using ribonuclease free
deionized water. The mixture were reacted at 65˚C for 5 min
then cooled to room temperature. Subsequently, 4 µl 5X
Reaction Buffer and 1 µl Servicebio RT Enzyme Mix (Wuhan
Servicebio Technology Co., Ltd.) were added. The reac‑
tion conditions were: 42˚C 60 min, 70˚C 5 min. qPCR was
subsequently performed using SYBR Green qPCR Master
Mix (MedChemExpress) and 2 µl cDNA as a template. The
reaction conditions were: 10 min at 95˚C, 15 sec at 95˚C and
1 min at 60˚C. The RNA was amplified for a total of 40 cycles.
The relative expression of miR‑146a mRNA was calculated
with U6 as the internal parameter using the 2‑ΔΔCq method (24).
RT‑qPCR was performed in triplicate. The primer sequences
were: miR‑146a, F: 5'‑CCTGAGAAGTGAATTCCATGGG‑3'
and R: 5'‑CTCA ACTGGTGTCGTGGAGTCGGCA AT TCA
GTTGAGAACCCATG‑3'; U6, F: 5'‑GGAGATTACTGCCCT
GGCTCCTA‑3' and R: 5'‑GACTCATCGTACTCCTGCTTG
CTG‑3'.
ELISA. The concentrations of TNF‑α (cat. no. BMS607‑3FIVE)
and IL‑1β (cat. no. BMS6002) in the hippocampal tissue
(100 mg) of mice or BV‑2 cells (100 mg) were analyzed using
an ELISA kit (Thermo Fisher Scientific, Inc.), according to the
manufacturer's instructions.
Immunofluorescence. Following the behavioral tests, mice
were anesthetized using 0.3% pentobarbital sodium (45 mg/kg)
and sacrificed by decapitation. The hippocampus was dissected
from the brain tissues and a portion was preserved at ‑80˚C,
while another portion was fixed in 4% paraformaldehyde at
room temperature overnight, dehydrated and embedded in
paraffin. Then the sections were cut into 4‑µm thick sections.
The sections were dewaxed, treated with citrate buffer
(pH 6.0) antigen for 10 min, inactivated with 3% H 2O2 for
20 min and sealed with 5% BSA (cat. no. ml064298; Shanghai
Enzyme‑linked Biotechnology Co., Ltd.) for 20 min. Rabbit
anti‑Iba‑1 antibody (1:200; cat. no. ab48004, Abcam) was
incubated and reacted overnight at 4˚C. Following rewarming,
donkey polyclonal Secondary Antibody to Goat IgG‑H&L
(Alexa Fluor® 488; 1:200; cat. no. ab150129, Abcam) was incu‑
bated with secondary antibodies for 2 h at room temperature
in dark. Following washing with PBS, DAPI (cat. no. I029‑1‑1,
Nanjing Jiancheng Bioengineering Institute) was added and
cultured for 3 min at room temperature. Following washing
with PBS, anti‑fluorescence quenching sealing agent (cat.
no. IH0252; Beijing Leagene Biotech Co., Ltd.) was used to
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seal. A total of five fields were randomly selected at x400
magnification using a MiRax Scan (Zeiss GmbH, Jena) and the
results were analyzed using ImageJ 1.49p (National Institutes
of Health).
Western blotting. The expression levels of iNOS, IL‑1β,
TRAF6, IRAK1 and NF‑κ B p65 in the hippocampus of
each group or in BV‑2 cells were detected by western blot‑
ting. Total protein in the tissue (100 mg) or BV‑2 cells was
extracted using RIPA buffer containing protein inhibitors (cat.
no. W062‑1‑1; Nanjing Jiancheng Bioengineering Institute)
and the concentration of the protein sample was measured
with a quantitative BCA Protein Assay kit (cat. no. 23225;
Thermo Fisher Scientific, Inc.). Samples (40 µg) from each
group were collected, separated by 10% SDS‑PAGE using a
Mini‑PROTEAN 3 (Bio‑Rad Laboratories, Inc.) and trans‑
ferred to a PVDF membrane (EMD Millipore). Blocking
was performed using 5% skimmed milk for 1 h at 37˚C and
5% BSA was used to dilute the following rabbit anti‑mouse
primary antibodies: iNOS (1:250; cat. no. ab15323; Abcam);
IL‑1β (1:2,000; cat. no. ab9722; Abcam); TNF‑ α (1:1,000,
cat. no. ab183218; Abcam); TRAF6 (1:500; cat. no. ab62488;
Abcam); IRAK1 (1:2,000; cat. no. ab238; Abcam); NF‑κ B p65
(1:1,000; cat. no. ab16502; Abcam); and β‑actin (1:1,000; cat.
no. ab8227; Abcam). Following incubation at 4˚C overnight,
the membranes were washed 3 times with TBST (TBS, 1 ml/l
Tween‑20) for 10 min each time. Then they were incubated in
goat anti‑rabbit HRP IgG (1:2,000; cat. no. ab6721; Abcam)
for 2 h at room temperature and the membrane was washed 3
times, for 10 min each time. Detection was performed using
the enhanced chemiluminescence kit (cat. no. SW2010; Beijing
Solarbio Science & Technology Co., Ltd.). ImageJ software
1.49p (National Institutes of Health) was used for grayscale
image analysis.
Cell culture and treatment. The mouse microglial BV‑2 cells
were purchased from the Shanghai Institute of Biochemistry
and Cell Biology. The cells were cultured in DMEM/F12
medium supplemented with 10% fetal bovine serum and 1%
penicillin streptomycin (Gibco; Thermo Fisher Scientific, Inc.)
in 5% CO2 at 37˚C.
BV‑2 cells were randomly divided into 4 groups with
3 replicates: i) Control cells (Control); ii) LPS‑treated (cells
were stimulated with 1 µg/ml LPS) (16); iii) LPS + miR‑146a
mimic (miR‑146a+LPS; cells were cultured with 1 µg/ml LPS
for 24 h, then transfected with 50 nM miR‑146a mimic); and
iv) LPS + miR‑146a negative control (miR‑146a‑NC+LPS).
miR‑146a mimic (5'‑UGAGAACUGAAUUCCAUGGGUU‑3')
and negative control (Guangzhou RiboBio Co., Ltd.) were
transfected using Lipofectamine® 3000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) at 37˚C and then added to
the BV‑2 cells. Following transfection for 48 h, miR‑146a
expression was assessed by RT‑PCR.
Statistical analysis. Data analysis was performed using SPSS
19.0 software (IBM Corp.). All results are presented as the
mean ± standard deviation. Multiple data sets were compared
using the one‑way analysis of variance and Tukey's test was
used for subsequent analyses. P<0.05 was considered to indi‑
cate a statistically significant difference.
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Figure 1. Overexpression of miR‑146a reduced depression behaviors in LPS‑induced mice. (A) miR‑146a expression in every group. (B) Sucrose prefer‑
ence (C) Forced swimming test (D) Tail suspension test. (E) Locomotor activity. *P<0.05 and **P<0.01 vs. control group; ##P<0.01 vs. LPS group; &&P<0.01 vs.
mimic‑NC group; %%P<0.01 vs. siRNA‑NC group. miR, microRNA; LPS, lipopolysaccharide; NC, negative control; si, short interfering.

Results
Overexpression of miR‑146a suppresses LPS‑induced
depression in mice. One week before LPS injection, miR‑146a
mimic and siRNA were injected into mice once every two days.
After 1 week, mice were co‑treated with LPS. Hippocampal
miR‑146a expression was measured in each experimental group
using RT‑PCR, as shown in Fig. 1A. Expression of miR‑146a

was significantly enhanced in the miR‑146a mimic group,
while miR‑146a silencing effectively decreased miR‑146a
expression in the miR‑146a siRNA group (P<0.05). The
behavior of the mice in each group was tested and the results
are shown in Fig. 1B‑E. Compared with the control group, LPS
induction significantly decreased sucrose preference (Fig. 1B)
and significantly increased the scores on the FST (Fig. 1C) and
the TST (Fig. 1D; all P<0.05). Overexpression of miR‑146a
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Figure 2. Overexpression of miR‑146a suppressed the activation of microglia cells in the hippocampus of LPS induced mice. The expression level of Iba‑1 in
the hippocampus was measured by immunofluorescence. Magnification, x400. **P<0.01 vs. control group; ##P<0.01 vs. LPS group; &&P<0.01 vs. mimic‑NC
group; %%P<0.01 vs. siRNA‑NC group. miR, microRNA; LPS, lipopolysaccharide; Iba‑1, ionized calcium binding adapter molecule 1; NC, negative control;
si, short interfering.

significantly enhanced sucrose preference and reduced the
scores on the FST and the TST in the LPS‑induced mice.
miR‑146a silencing significantly decreased sucrose preference
and increased scores on the FST and the TST in LPS‑induced
mice (all P<0.05). However, there was no significant difference
in the total distance traveled among groups (P>0.05; Fig. 1E).
Overexpression of miR‑146a suppresses microglial cell
activation in the hippocampus of LPS‑induced mice. Iba‑1
was used as a specific marker of microglia cells and its expres‑
sion was measured using immunofluorescence, as shown in
Fig. 2. LPS induced a significant increase in Iba‑1 expression
in the hippocampus compared with the control group (P<0.01).
Overexpression of miR‑146a significantly attenuated the level
of Iba‑1 in the hippocampus of LPS‑induced mice, while
miR‑146a silencing markedly increased the expression of
Iba‑1 (P<0.05).
Overexpression of miR‑146a inhibits the expression of
microglia‑mediated neuroinflammatory proteins in the
hippocampus of LPS‑induced mice. Expression levels of
microglia‑mediated neuroinf lammatory proteins were
measured in the hippocampus of the experimental mice
(Fig. 3). Compared with the control group, the expression
levels of iNOS, IL‑1β, TNF‑α, IRAK1, TRAF6 and p‑NF‑κ B
p65 in the LPS‑induced group were significantly increased
(P<0.05). Overexpression of miR‑146a effectively inhibited the
expression levels of these neuroinflammatory proteins, while
miR‑146a silencing significantly upregulated their expression
compared with LPS group (P<0.01).
Overexpression of miR‑146a reduces depressive behaviors
in CUMS mice. In order to study the effect of miR‑146a on
depressed mice, miR‑146a mimic and siRNA were used to
treat CUMS mice (Fig. 4A). Compared with the untreated
CUMS group, miR‑146a expression in the hippocampal
region of CUMS mice was effectively increased following
treatment with miR‑146a agomir, but significantly decreased
following treatment with miR‑146a antagomir (both P<0.05).
The behaviors of CUMS mice were also tested (Fig. 4B‑D). In
contrast to the Control group, sucrose preference (Fig. 4B) was

notably decreased in the CUMS group, but scores on the FST
(Fig. 4C) and the TST (Fig. 4D) were significantly increased
(all P<0.05). Following overexpression of miR‑146a, sucrose
preference was clearly increased in the CUMS mice and
scores on the FST and the TST were significantly decreased
(all P<0.05). Meanwhile, miR‑146a silencing led to more
serious behavioral impairments compared with those in the
CUMS group (P<0.05). There was no difference in locomotor
activity among groups (P>0.05; Fig. 1E).
Overexpression of miR‑146a suppresses activation of microglia
in the hippocampus of CUMS mice. The expression level of
Iba‑1 in the hippocampus of CUMS mice was measured by
immunofluorescence, as shown in Fig. 5. Iba‑1 expression was
effectively increased in CUMS mice compared with that in
control mice (P<0.05). Overexpression of miR‑146a signifi‑
cantly suppressed Iba‑1 expression in the hippocampus of
CUMS mice, while miR‑146a silencing significantly promoted
Iba‑1 expression (both P<0.05). This indicates that microglia
in the hippocampus of CUMS mice become abnormally acti‑
vated and that overexpression of miR‑146a can significantly
reduce such activation.
Overexpression of miR‑146a suppresses microglia‑mediated
neuroinflammatory proteins in the hippocampus of CUMS
mice. The expression levels of iNOS, IL‑1β, TNF‑α, IRAK1,
TRAF6 and p‑NF‑κ B p65 in the hippocampus in CUMS mice
were significantly enhanced compared with those in control
mice (P<0.05; Fig. 6). Overexpression of miR‑146a effectively
lowered the expression levels of these proteins, while miR‑146a
silencing effectively increased their expression (P<0.05;
Fig. 6). These data suggest that overexpression of miR‑146a
markedly inhibits microglia‑mediated neuroinflammatory
protein expression.
Overexpression of miR‑146a suppresses the neuroinflam‑
matory response in LPS‑induced BV‑2 cells. The expression
of miR‑146a was quantified, as shown in Fig. 7A. Following
transfection with miR‑146a mimic, the level of miR‑146a
was clearly increased compared with that of the LPS
group (P<0.05). Additionally, transfection with miR‑146a
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Figure 3. Overexpression of miR‑146a inhibited neuroinflammatory response in hippocampus of LPS‑induced mice. (A) The relative expression of iNOS,
IL‑1β, TNF‑ α; (B) The relative expression of IRAK1, TRAF6, p‑NF‑κ B p65/ NF‑κ B p65. *P<0.05 and **P<0.01 vs. control group; #P<0.05 and ##P<0.01
vs. LPS group; &&P<0.01 vs. mimic‑NC group; %%P<0.01 vs. siRNA‑NC group. miR, microRNA; LPS, lipopolysaccharide; NC, negative control; si, short
interfering; iNOS, inducible nitric oxide synthase; IRAK1, recombinant interleukin 1 receptor‑associated kinase 1; TRAF6, TNF receptor‑associated factor 6;
p‑, phosphorylated.
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Figure 4. Overexpression of miR‑146a repressed depression behaviors in CUMS mice. (A) miR‑146a expression of mice. (B) Sucrose preference. (C) Forced
swimming test. (D) Tail suspension test. (E) Locomotor activity. **P<0.01 vs. control group; ^^P<0.01 vs. CUMS group; @@P<0.01 vs. mimic‑NC + CUMS
group; $$P<0.01 vs. siRNA‑NC + CUMS group. miR, microRNA; CUMS, chronic unpredictable mild stress; NC, negative control; si, short interfering.
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Figure 5. The expression level of Iba‑1 in the hippocampus of CUMS mice was measured by immunofluorescence (magnification, x400). **P<0.01 vs. control
group; ^^P<0.01 vs. CUMS group; @@P<0.01 vs. mimic‑NC + CUMS group; $$P<0.01 vs. siRNA‑NC + CUMS group. Iba‑1, ionized calcium binding adapter
molecule 1; CUMS, chronic unpredictable mild stress; NC, negative control; si, short interfering; miR, microRNA; AU, arbitrary units.

mimic notably decreased the levels of IL‑1β and TNF‑α in
LPS‑induced BV‑2 cells compared with those of LPS‑treated
cells (Fig. 7B; P<0.05). The western blotting results showed
that levels of IL‑1β, TNF‑α, IRAK1 and TRAF6 were signifi‑
cantly reduced in the miR‑146a+LPS group compared with
those in the miR‑146a‑NC+LPS group (Fig. 7C; P<0.05).
Discussion
In the present study, two mouse models of depression were
established, namely the LPS‑induced depression and CUMS
depression models. Notably, miR‑146a was expressed at a high
level in depressed mice accompanied with increased expres‑
sion of IRAK1 and TRAF6. Further investigation showed
that overexpression of miR‑146a suppressed microglial acti‑
vation in the hippocampus of depressed mice and inhibited
neuroinflammation‑related proteins, including iNOS, IL‑1β,
IRAK1, TRAF6 and p‑NF‑κ B p65. From these contradictory
results, it may be that the expression of miR‑146a was too
low to suppress the expression of inflammatory proteins in
depression models. However, the mechanisms of miR‑146a for
neuroinflammation require further elucidation.
The LPS immune activation model is an important animal
model for studying the cytokine hypothesis of depression.
A number of studies have shown that depression is associ‑
ated with immune activation and manifests as an increased
expression of pro‑inflammatory cytokines (25‑27). Immune
activation results in changes of mood and behavior; there‑
fore, cytokines can be seen as biomarkers for depression.
Cytokines are divided into pro‑inflammatory cytokines and
anti‑inflammatory cytokines (28). The present study found
that the pro‑inflammatory factors iNOS, TNF‑α and IL‑1β
were clearly increased in hippocampus of depressed mice.
In a study of surgical trauma‑induced cognitive decline in
mice, miR‑146a suppresses hippocampal neuroinflamma‑
tion and improve cognitive function (16). In an Alzheimer's
disease mouse model, intranasal administration of miR‑146a
agomir rescues the pathological process and cognitive impair‑
ment (29). Consistent with these previous studies (16,29),
the present study found that injection of miR‑146a mimic

suppressed TNF‑α and IL‑1β expression and also ameliorated
depression‑like behaviors, as measured by the SPT, FST and
TST. The data suggested that miR‑146a served a positive role in
depression. The theoretical basis of the CUMS model is close
to that of human depression; that is, depression is promoted
by medium‑chronic and low‑level stressors (30). Consistent
with LPS‑induced depression, expression levels of iNOS
and IL‑1β were clearly increased, while miR‑146a inhibited
pro‑inflammatory factor expression.
Recent studies have shown that microglial activation is
closely related to depression (3‑5). Postmortem examina‑
tion of the dorsal anterior cingulate cortex in patients with
major depression has revealed microglial activation and
macrophage aggregation (31). The immune response of the
central nervous system is mainly regulated by microglia and
astrocytes. Similarly, the present study found that microglial
cells were activated in the hippocampus of depressed mice.
Together, these studies suggest that microglial activation can
be considered an important marker of depression. Therefore,
exploring how to inhibit the activation of microglia is essential
to treating patients with depression. miR‑146a has been shown
to serve a protective role in surgical trauma‑induced cognitive
decline in mice via suppression of the IRAK1/TRAF6/NF‑κ B
pathway in the hippocampus (16). Based on these previous
reports, it was hypothesized that miR‑146a acted as a positive
regulator for depression, suppressing microglial activation and
neuroinflammation in the hippocampus.
The results of the present study supported the hypothesis
that miR‑146a effectively inhibited the activation of microglial
cells and suppressed levels of IRAK1, TRAF6 and NF‑κ B
p65 in the hippocampus of depressed mice. The present study
suggested, for the first time to the best of the authors' knowl‑
edge, that miR‑146a acted as an antidepressant by inhibiting
microglial activation. However, more experimental studies
are needed to explore the role that microRNAs serve in the
pathogenesis of depression.
In summary, the present study found that miR‑146a overex‑
pression inhibited microglial activation by reducing levels of
the neuroinflammation‑related proteins TRAF6, IRAK1 and
NF‑κ B p65 in the hippocampus of depressed mice.
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Figure 6. Overexpression of miR‑146a inhibits neuroinflammatory response in hippocampus of CUMS mice. (A) The relative expression of iNOS, IL‑1β,
TNF‑α; (B) The relative expression of IRAK1, TRAF6, p‑NF‑κ B p65/NF‑κ B p65. **P<0.01 vs. control group; ^P<0.05, ^^P<0.01 vs. CUMS group; @P<0.05
and @@P<0.01 vs. mimic‑NC + CUMS group; $P<0.05 and $$P<0.01 vs. siRNA‑NC + CUMS group. miR, microRNA; CUMS, chronic unpredictable mild
stress; iNOS, inducible nitric oxide synthase; IRAK1, recombinant interleukin 1 receptor‑associated kinase 1; TRAF6, TNF receptor‑associated factor 6;
p‑, phosphorylated; NC, negative control; si, short interfering.

10

LIU et al: miR-146a REDUCES DEPRESSIVE BEHAVIOR

Figure 7. Overexpression of miR‑146a inhibits neuroinflammatory response in LPS induced BV‑2 cells. (A) miR‑146a expression in every group; (B) The
expression of TNF‑α and IL‑1β were analyzed by ELISA. (C) The relative expression of IL‑1β, TNF‑α, IRAK1 and TRAF6 were analyzed by western blotting.
*
P<0.05 and **P<0.01 vs. control group; ##P<0.01 vs. LPS group; &&P<0.01 vs. mimic‑NC group. miR, microRNA; LPS, lipopolysaccharide; IRAK1, recom‑
binant interleukin 1 receptor‑associated kinase 1; TRAF6, TNF receptor‑associated factor 6; NC, negative control; si, short interfering; NC, negative control.
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