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Abstract

Purpose: To determine the influence of miR-140-5p on morphine tolerance in rats.

Methods: Sprague-Dawley (SD) rats were randomly divided into morphine tolerance (MT) and saline
control (NS) groups, respectively. Rats in MT group were injected with 10 uL (10 ug) morphine twice
daily for seven consecutive days while those in NS group were administered the equivalent volume of
normal saline. The maximum effect of morphine (MPE) was computed from tail-flick test results. MiR-
140-5p mimics and toll-like receptor 4 (TLR4) lentivirus were transfected separately or co-transfected
into model rats. MiR-140-5p and TLR4 expression were determined by quantitative real-time
polymerase chain reaction (RT-qPCR) or western blotting. Dual-luciferase reporter assay was used to
verify the target relationship between miR-140-5p and TLR4.

Results: The expression of miR-140-5p was decreased, while the expression of TLR4 increased in
morphine-tolerant rats (p < 0.05). TLR4 was a target of miR-140-5p. At 24 and 48 h after injection, MPE
clearly increased and TLR4 expression was reduced under miR-140-5p overexpression or TLR4
knockdown (p < 0.05). Moreover, there were no significant changes in MPE or levels of TLR4 when
miR-140-5p and TLR4 were co-transfected into morphine-tolerant rats.

Conclusion: MiR-140-5p inhibits morphine resistance in rats via targeted regulation of TLR4
expression. These provide a theoretical basis for the clinical management of morphine tolerance.
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INTRODUCTION

Numerous malignant tumors can cause patients
unbearable pain when tumors develop to a
certain stage. In addition to the pain caused by
the tumor itself, the local compression of
intravascular nerves, viscera, or bones by the
tumor, the elevation of intracranial pressure
caused by tumor metastasis to the brain, and the

pathological fracture, obstruction, and pressure
sores caused by metastasis to bone can result in
pain [1]. Morphine is the primary effective
analgesic for patients with advanced cancer, but
long-term morphine use can lead to drug
tolerance. There is increasing evidence that
morphine tolerance is a complex process.
Currently, studies on the mechanisms of
morphine tolerance are not limited to neurons;
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intraperitoneal injection of morphine can lead to
significant morphine tolerance, while causing
significant hypertrophy of astrocytes in the spinal
cord as well as in the hippocampus [2].
Nonetheless, the specific mechanisms of
morphine resistance remain to be further
investigated [3].

MicroRNAs function by silencing target genes at
the transcriptional and post-transcriptional levels
[4]. A study reported that microRNAs are also
linked to morphine tolerance [5]. Moreover, miR-
140-5p is expressed at low levels in a variety of
cancer tissues, and exerts a vital influence in
cancer invasion and metastasis [6-8]. However,
the influence of miR-140-5p in morphine
tolerance and its mechanism have not been
reported and are uncertain.

Toll-like receptor 4 (TLR4) is a transmembrane
signaling receptor that promotes the synthesis
and release of cytokines, mediates systemic
immune pathological damage, and promotes
resistance to viral infections [9]. TLR4 has
recently been identified as a drug target for pain
treatment [9]. Li et al. pointed out that morphine
promotes the development of morphine tolerance
through activation of TLR4 [10]. In addition, other
studies have shown that the TLR4 gene is
specifically controlled by miR-140-5p [11, 12]. In
any case, the regulatory roles of miR-140-5p and
TLR4 in the development of morphine tolerance
remain to be explored further. Therefore, the
present study focused on the level of miR-140-5p
expression in  morphine tolerance, and
preliminarily investigated the effect of miR-140-
5p-targeted regulation of TLR4 on the
development of morphine tolerance.

METHODS

Animal grouping and treatments

Male Sprague-Dawley (SD) rats (n = 120) were
provided by the Department of Laboratory Animal
Science of Fudan University (Shanghai, China),
and weighed 250 - 300 g. Rats with no signs of
infection or movement disorders were selected,

Table 1: Primers used for qRT-PCR

and randomly divided into the morphine
tolerance (MT) group and saline control (NS)
group. In the MT group, 10 pyL (10 pg) morphine
(Shenyang First Pharmaceutical Co. Ltd,
Shenyang, China) was injected into rats twice
daily for seven consecutive days, using the
modified Yaksh's intra-sheath cannula method to
establish morphine tolerance models [13]. In the
NS group, 10 yL normal saline was injected into
rats at the same time on seven consecutive
days, using the same method as the MT group.
The remaining 100 SD rats were also injected
with 10 pL morphine to establish morphine
tolerance models for subsequent experiments.
Animal experiments followed the Guide for the
Care and Use of Laboratory Animals [14] and
were approved by the Ethics Committee of the
Second Affiliated Hospital of Dalian Medical
University (approval no. AEE19089).

Behavioral assessment

Tails of the rats were placed on the thermal
radiometer, the radiation temperature was 54 °C,
and the cut-off time was 35 s. After placing for 5
min, the rat flicked the tail when it felt pain, and
the machine automatically recorded the flicking
time. The tail-flick time before injection was taken
as the base time, and the tail-flick time after
injection was taken as the effect time. The
maximum effect of morphine (M) was computed
asin Eq 1.

MR effect tine = hase time
W OoIT tinie = base tie
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Quantitative real-time chain

reaction (QRT-PCR)

polymerase

The intumescentia lumbalis was taken from
anesthetized rats to extract the total RNA using
TRIzol solution (Sangon Biotech, Shanghai,
China). The TransScript All-in-One First-Strand
cDNA Synthesis SuperMix for gPCR kit
(TransGen Biotech, Beijing, China) was used to
detect mMRNA expression. The reaction system
for gqRT-PCR referred to the kit instructions. The
primers are listed in Table 1.

Primer Sequence (5' to 3')

miR-140-5p Forward CTGTGTCCTGCCAGTGGTTTT
Reverse CGGTATCCTGTCCGTGGTTCT

uée Forward CGCTTACAGCAGACATAC
Reverse TTCACGAATTTGCGTGTCAT

TLR4 Forward GGTCAGACGGTGATAGCGAG
Reverse GGATTTCACACCTCCACGCA

GAPDH Forward TCGGAGTCAACGGATTTGGT
Reverse TTCCCGTTCTCAGCCTTGAC
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Transfection

After the rats were anesthetized with 350 mg/kg
chloral hydrate, the L5-6 spinous gap of the rat
was used as the puncture point, and a vertical
distance of 3 cm between the highest point on
the back of rat and the puncture point was
maintained for intrathecal catheterization [15,16].
Then, the rats were randomly divided into miR-
140-5p mimics group, mimics NC group, TLR4
group, miR-140-5p mimics + TLR4 group and
empty vector group (n = 20 each group). Rats in
the miR-140-5p mimics group or mimics NC
group were intrathecally injected with 30 pL
synthetic miR-140-5p mimics or NC mimics. Rats
in the TLR4 group or empty vector group were
intrathecally injected with 100 yL TLR4 lentivirus
or empty vector lentivirus, synthesized by
Genepharma Co., Ltd. Rats in the miR-140-5p
mimics + TLR4 group were intrathecally injected
with 30 yL miR-140-5p mimics and 100 yL TLR4
lentivirus at the same time. For morphine
excitation experiments, ten rats in each group
were injected with 10 pL (5 jg) morphine
intrathecally before, or 24 or 48 h after, and then
%MPE was calculated for each group.

Western blotting

Ten rats from each group were anesthetized
before or 24 or 48 h after injection, and the
tissues of intumescentia lumbalis were taken.
The tissues were lysed in RIPA lysis buffer
(Sangon Biotech) and placed on ice for a while.
The protein content of the supernatant was
determined using the BCA Protein Assay Kit
(Sangon Biotech). Then 35 ug total protein was
electrophoresed by SDS-PAGE and transferred
to PVDF membrane. The membrane with protein
was blocked with 2% bovine serum albumin
(BSA) solution (Sangon Biotech), and incubated
with TLR4 antibody (1 mg/mL, 1:1500, ab22048,
Abcam, Cambridge, USA) overnight at 4 °C.
After incubation, the membrane was treated with
goat anti-mouse IgG secondary antibody (1
mg/ml, 1:2000, ab150120, Abcam) for 1 h. Then,
the membrane was developed by adding ECL
solution and analyzed using the gel imaging
analysis system. The GAPDH antibody was used
as a reference.

Dual-luciferase reporter assay

Cell transfection was performed according to the
instructions for Lipofectamine 2000 reagent
(Thermo Fisher Scientific). TLR4-wild type (WT)
or TLR4-mutant (MUT) plus miR-140-5p mimics
were co-transfected into HEK293 cells. The
relative luciferase activity was calculated

according to the Dual-Luciferase® Reporter
Assay System protocol (Promega, USA).

Statistical analysis

All experiments were repeated three times. The
data were analyzed using SPSS 22.0 software
(SPSS Inc., USA). Measurement data were
tested for normal distribution using Shapiro-Wilks
(S-W). The comparison of mean differences
between multiple groups was processed using
analysis of variance (ANOVA), and the
correlation between the two groups was
analyzed by Spearman's correlation analysis.

RESULTS

Establishing the morphine tolerance rat
models

The %MPE of rats in the MT group was clearly
increased after morphine injection on days 1, 3,
and 5 compared to the NS group (p < 0.05,
Figure 1). The %MPE in the MT group gradually
weakened from the 1st to the 7th days (p < 0.05),
and on the 7th day, the rats in the MT group
showed little difference in %MPE compared with
the NS group. Hence, the above results indicated
that the morphine tolerance model was
successfully established in rats.
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Figure 1: Morphine tolerance of the rats. 2P < 0.05 for
MT group compared with NS group; ®p < 0.05 for days
3, 5 and 7 compared with day 1

Expression of miR-140-5p and TLR4 in spinal
cord of model rats

RT-gPCR results in Figure 2 show that levels of
miR-140-5p in the MT group were decreased,
while the expression of TLR4 was significantly
higher, than in the NS group. Moreover, the
expression level of miR-140-5p was highly
negatively correlated with TLR4 (r = -0.762, p <
0.05).
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Figure 2: Expression of miR-140-5p and TLR4 in
spinal cord of model rats. 2P < 0.05

Effect of miR-140-5p mimics or TLR4 on
morphine tolerance in rats

As shown in Figure 3, there was no significant
difference in %MPE between the groups before
injection, but MPE did change significantly 24
and 48 h after morphine injection in the miR-140-
5p mimics group, in comparison to the mimics
NC group (p < 0.05). In contrast, MPE was
significantly reduced by TLR4 overexpression (p
< 0.05). However, there was no significant
change in MPE of rats in the miR-140-5p mimics
+ TLR4 group.
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Figure 3: Effects of miR-140-5p mimics or TLR4 on
morphine tolerance in rats. 2P < 0.05

Effect of miR-140-5p mimics or TLR4 on TLR4
expression

Western blotting results in Figure 4 showed that
there were no differences in TLR4 expression
among the groups before injection. TLR4
expression level was reduced in the miR-140-5p-
overexpressing group and was increased in the
TLR4 group when compared with the empty
vector group (p < 0.05). However, there was no
significant change in TLR4 expression in the
miR-140-5p mimics + TLR4 group. In summary,
the injection of miR-140-5p mimics in morphine-
tolerant rats could target the expression of TLR4.
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Figure 4: Effect of miR-140-5p mimics or TLR4 on
TLR4 expression. MiR-140-5p mimics, NC mimics,
TLR4 lentivirus, or empty lentiviral vector were injected
into model rats. The TLR4 expression was measured
by western blotting before injection, and at 24 and 48
h after morphine injection

TLR4 was a target of miR-140-5p

A binding site for miR-140-5p in TLR4 was
predicted on the Targetscan website
(www.targetscan.org), as shown in Figure 5 A.
Dual-luciferase reporter assay results in Figure 5
B show that luciferase activity in the TLR4-WT +
miR-140-5p mimics group was lower than that in
the TLR4-WT + mimics NC group (p < 0.05).
However, the activity of luciferase in the TLR4-
MUT + miR-140-5p mimics group had not
changed compared with the TLR4-MUT + mimics
NC group. These results proved that miR-140-5p
targeted TLRA4.

A TLR4-WT JUTR

miR-140-5p
TLR4-MUT 3UTR
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Figure 5: Target relationship between miR-140-5p
and TLR4. 3P < 0.05

DISCUSSION

MiRNAs are closely with the development of
tumors, cardiovascular diseases, diabetes,
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human genetic diseases, and neurological
disorders. Currently, the function of miRNAs in
morphine tolerance is also receiving increasing
attention. Studies show differences in expression
of certain miRNAs in morphine-tolerant rats, such
as miR-23b, miR-233, miR-190, miR-365 and
miR-873a-5p. MiR-873a-5p promotes the
development of morphine tolerance in mice by
targeting tumor necrosis factor a-induced protein
3 gene (A20) [16,17].

Currently, most of the research on miR-140-5p is
focused on oncology. MiR-140-5p has been
shown to be a tumor suppressor gene, and its
expression is reduced in several cancer types [6-
8]. In addition, Liang et al. reported that miR-140-
5p is also a tissue-specific miRNA that is
predominantly expressed in brain, bone, muscle,
and other specific tissues or organs [18]. MiR-
140-5p is expressed at low levels in hypoxia-
ischemia-injured brain tissues, and it was
confirmed through animal experiments that miR-
140-5p exerts cerebral protection through the
Whnt/B-catenin signaling pathway [19]. Moreover,
miR-140-5p levels are increased in brain tissue
of Alzheimer's disease patients, and miR-140-5p
regulates the expression of sex determining
region Y-box transcription factor 2 (SOX2) and

Disintegrin and metalloproteinase = domain-
containing protein 10 (ADAM10) through
inhibiting miR-140-5p, thus representing a

method for the treatment of Alzheimer's disease
[20]. MiR-140-5p has an essential and complex
function in disease, but its specific mechanism
varies depending on the type of disease.
However, the interrelationship between miR-140-
5p and morphine tolerance has not been
reported. The results in our study indicate that
miR-140-5p expression is down-regulated in
spinal cord of the morphine-tolerant rat model,
and that miR-140-5p reversed morphine
tolerance after injection of miR-140-5p mimics
into morphine-tolerant rats. This study revealed
that miR-140-5p participates in a novel role in the
regulation of morphine tolerance.

TLR4 is an innate immune receptor that is
involved in human immune regulation and
inflammatory response. Morphine binds to
myeloid differentiation factor-2 (MD-2) on TLR4
to activate the TLR4 signaling pathway, which in
turn triggers NF-kB activation and production of
pro-inflammatory factors, ultimately leading to the
development of morphine tolerance [10]. In this
study, by bioinformatics website tools, miR-140-
5p was predicted to bind complementarily to the
3-UTR region of TLR4, and Dual-luciferase
reporter assay results verified that miR-140-5p
has a targeted regulatory effect on TLR4. In
addition, injection of miR-140-5p mimics into

morphine-tolerant  rats  decreased TLR4
expression and attenuated their morphine
tolerance.

CONCLUSION

MiR-140-5p inhibits morphine tolerance in rats by
targeting TLR4. Haghjooy-Javanmard et al
reported that high concentrations of morphine
promoted expression of the TLR4 gene, which is
similar to our results [21]. This study has
provided a preliminary understanding of the
downstream mechanisms by which miR-140-5p
is involved in the formation of morphine
tolerance, and can inhibit morphine tolerance in
rats by targeting TLR4.
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