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Purpose: Recent evidence has shown the involvement of inflammation in the development of
diabetic peripheral neuropathy (DPN). MicroRNA-146a (miR-146a) is closely involved in the
inflammatory response. However, the role of miR-146a in the inflammatory reaction in DPN
has not been clarified. This study was designed to explore the role of miR-146a in the regulation
of inflammatory responses in DPN.

Methods: Rats were randomly divided into three groups (n=6 per group): control group, type 2
diabetes mellitus (T2DM) group and DPN group. T2DM and DPN rats were intraperitoneally
injected with streptozotocin. Sciatic nerve conduction velocity (NCV) was determined at the
6th week and the 12th week in each group. The expression of microRNAs was detected by
quantitative real-time polymerase chain reaction in three sciatic nerves for each group of rats.
Expression of inflammatory cytokines in nerve tissues and plasma was measured by Western
blot and Bio-Plex Pro™ assays.

Results: The NCV and expression levels of miR-146a in the DPN group were significantly
decreased (P<<0.01) compared to the other two groups. Expression of tumor necrosis factor alpha
(TNF-av), interleukin 1 beta (IL-1f) and nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-xB) in the DPN group was significantly increased compared with the control and
T2DM groups (P<<0.01). Pearson’s correlation analysis showed that the expression level of
miR-146a was negatively correlated with the levels of IL-13, TNF-o and NF-xB.
Conclusion: miR-146a is involved in the pathogenesis of DPN, and its expression level is
closely related to the inflammatory responses that aggravate sciatic nerve injuries.
Keywords: type 2 diabetes mellitus, diabetic peripheral neuropathy, microRNA-146a, NF-xB,
cytokines

Introduction

Diabetes mellitus (DM) is a group of metabolic disorders characterized by hyperglycemia
and dysinsulinemia, which are responsible for the highest prevalence of chronic meta-
bolic disease in the world. The main type of DM is T2DM, which commonly causes
a diabetic peripheral neuropathy (DPN) complication. Approximately 30%—-50% of
T2DM patients are associated with peripheral neuropathy.' The pathological mechanism
of DPN is widely accepted as multifactorial and can include metabolic toxicity, vascu-
lar injury, neurotrophic factor deficiency, oxidative stress, autoimmune disorders and
genetic susceptibility, along with other factors.>* Control of blood glucose and blood
pressure, supplementation with neurotrophic factors, improvement of microcirculation
and antioxidant therapies can all be applied in clinical practice; however, most patients
still inevitably suffer from peripheral nerve damage. This suggests that DPN may have a
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different pathogenesis. Recent studies have illustrated that the
inflammatory response plays a pivotal role in the development
and progression of DPN.*¢ The pathological changes result-
ing from DPN are axonal degeneration in unmyelinated nerve
fibers and segmental or diffuse crenation and demyelination
in myelinated nerve fibers. Additionally, the inflammatory
response caused by the exposure of the antigenic components
of nerve tissues is the leading cause of demyelination. While
in a state of long-term hyperglycemia, T cells produce various
cytokines which can have toxic effects on neurons and glial
cells, leading to demyelination changes. Molecular studies
have revealed that abnormal expression of inflammatory
cytokines in the microvasculature around peripheral nerves
is found in DPN patients and relevant animal models.”® The
precise process by which inflammatory damage to peripheral
nerves occurs requires further clarification.

MicroRNAs (miRNAs) are endogenous noncoding,
single-stranded RNAs ~22 nucleotides in length. A con-
siderable number of miRNAs have been identified, most of
which have the characteristics of regulating posttranscrip-
tional gene expression.” There has been speculation that
miRNAs regulate one-third of human genes.' miRNAs play
a pivotal role in numerous biological processes such as cell
proliferation, apoptosis, differentiation and metabolism, by
mainly pairing with target-specific bases and causing target
mRNA degradation or inhibiting its translation process.
Participation of microRNA-146a (miR-146a) in the regula-
tion of acute and chronic inflammatory responses has been
extensively researched.!"'> Previous studies have elucidated
that miR-146a plays an anti-inflammatory role in various
immune cell types by repressing expression of the target
gene nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-xB).!*!* Intense induction of inflammatory
biomarkers was observed in miR-146a-deficient mice. It was
surmised that miR-146a significantly regulates the inflamma-
tory response. However, the function of miR-146a in DPN
requires further investigation. This study was designed to
explore the role of miR-146a in regulating the inflammatory
response in DPN rats.

Materials and methods

Reagent
Streptozotocin (STZ) was purchased from Sigma-Aldrich
Co. (St Louis, MO, USA).

Establishment of the DPN animal model
and grouping

Eighteen male Sprague—Dawley rats (140—-160 g) were pur-
chased from the Department of Laboratory Animal Science

of Fudan University. Animal use was in accordance with the
Shanghai Animal Management Committee regulations. All
animal experiments were approved by the Ethics Committee
of Animal Care of Jinshan Hospital. Experimental methods
were implemented according to the National Institutes of
Health Guide for the Care and Use of Laboratory Animals.
Rats were randomly divided into three groups with six rats
in each group: control group, T2DM group and DPN group.
The control group was given clean common feed. The T2DM
group was fed common feed for 6 weeks, and then they were
given a high-sugar and high-fat diet containing 10% lard,
20% sucrose and 70% regular feed for another 6 weeks.
Then, the T2DM group was intraperitoneally injected with
STZ at a dosage of 35 mg/kg.'’ Fasting blood glucose levels
(fasted for 12 hours, with water) were measured 72 hours
after intraperitoneal injection. Rats with blood glucose
levels >16.7 mmol/L were classified as T2DM rats. In the
DPN group, the rats were administered STZ intraperitoneally
after being fed the high-fat and high-sugar diet for 6 weeks,
resulting in T2DM. The same rats were then fed the high-fat
and high-sugar diet for an additional 6 weeks to establish a
DPN model.'®

Determination of nerve conduction

velocity

The nerve conduction velocity (NCV) in all the rats was
determined at the 6th week and the 12th week. Rats were
anesthetized using 10% chloral hydrate (0.3—-0.4 mL/100 g).
The sensory nerve conduction velocity (SNCV) and motor
nerve conduction velocity (MNCV) were measured and
recorded as previously described in our publication.'®

gRT-PCR analysis

TRIzol reagent (Clontech Laboratories Inc., Mountain View,
CA, USA) was used to extract total RNA from sciatic nerve
tissues according to the manufacturer’s protocol. cDNA of
miR-146a was then synthesized using the Mir-X miRNA
First-Strand Synthesis Kit (Clontech Laboratories Inc.).
Quantitative real-time polymerase chain reaction (qRT-
PCR) of miR-146a was conducted using the Mir-X miRNA
gRT-PCR SYBR Kit (Clontech Laboratories Inc.) with the
Applied Biosystems 7300 Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA). The expression level of
miRNA was detected using the 224 system and normalized
using U6 snRNA levels as an internal quantitative control.

Bio-Plex Pro™ assays
The magnetic bead-based multiplex Bio-Plex Pro™ assay
kit (Bio-Rad Laboratories, Hercules, CA, USA) was used
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to measure interleukin 1 beta (IL-1PB) and tumor necrosis
factor alpha (TNF-0) levels. Plasma samples were thawed
and centrifuged twice at 4°C, after which IL-1p and TNF-o
were detected with the Bio-Plex Pro™ assay kit according
to the manufacturer’s instructions. Finally, the results were
analyzed using the Bio-Plex 200 system and the Bio-Plex
Manager software (Bio-Rad Laboratories).

Western blot assay

Total protein was isolated from sciatic nerve tissues with
sodium dodecyl sulfate (SDS) lysis buffer (Beyotime,
Shanghai, China) and mixed with 1% phenylmethylsulfo-
nyl fluoride (Beyotime). Equal amounts of protein were
analyzed with 10% SDS-polyacrylamide gel electrophoresis
and transferred to polyvinylidene difluoride membranes.
The membranes were blocked in 5% nonfat milk at room
temperature for 1 hour and then incubated with primary
antibodies at 4°C overnight. The primary antibodies used
were a monoclonal rabbit p65 antibody (1:1,000 dilution; Cell
Signaling Technology, Danvers, MA, USA), p50 antibody
(1:1,000 dilution; Cell Signaling Technology) and an anti-[3-
actin primary antibody (1:5,000 dilution; Proteintech Group
Inc., Chicago, IL, USA). Suitable horseradish peroxidase-
conjugated antibodies (1:5,000 dilution) were incubated with
the membrane at room temperature for at least 2 hours. The
membrane was covered with enhanced chemiluminescence
solution (Merck Millipore, Billerica, MA, USA), and signals
were detected using ECL-Plus (Merck Millipore) and quanti-
fied using ImageJ Software (National Institutes of Health,
Bethesda, MD, USA).

Statistical analysis
Data are expressed as the mean + standard deviation. Statistical
analyses were performed using SPSS 23.0 (IBM Corp.,
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Armonk, NY, USA). One-way analysis of variance was
performed for multiple-sample analyses. Pearson’s cor-
relation analysis was carried out to clarify the relationship
between miR-146a and inflammatory cytokines. All tests
were considered significant with P<<0.05.

Results
Change of NCV in DPN rats

To evaluate differences in nerve electrophysiology among
groups, the MNCV and SNCV were determined. As shown in
Figure 1, no significant differences existed in either MNCV
or SNCV among any groups at the sixth week (P>0.05).
Over time, the MNCV and SNCV gradually decreased in
the DPN group compared to the control and T2DM groups
(P<<0.01). However, the MNCV and SNCV of the control and
T2DM groups remained statistically unchanged compared
to the previous detection values (P>0.05). In addition, we
found that there was no significant difference in either the
MNCYV or SNCV between control and T2DM groups at the
12th week (P>0.05). This indicates that MNCV and SNCV
were not affected in the early stages of T2DM.

Expression of miR-146a in each group

To identify the miRNA expression levels in the three groups
of rats, we performed qRT-PCR. As shown in Table 1,
qRT-PCR analysis verified that miR-146a expression was
downregulated in the sciatic nerves of the rats in the DPN
group compared to the control group (P<<0.01), while it
was upregulated in the T2DM group (P<<0.05). Moreover,
miR-146a expression in the T2DM group was higher than
that in the DPN group (P<<0.01). This showed that miR-146a
expression was increased during early stages of T2DM but
decreased when DPN developed.
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Figure | NCV values for each group (m/s). (A) MNCV values among groups at different times. (B) SNCV values among groups at different times. *P<<0.01 versus

DPN group.

Abbreviations: NCV, nerve conduction velocity; MNCV, motor nerve conduction velocity; SNCV, sensory nerve conduction velocity; T2DM, type 2 diabetes mellitus;

DPN, diabetic peripheral neuropathy.
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Table | Differential expression of miR-146a in sciatic nerves of
each group, measured using qRT-PCR analysis

miRNA
miR-146a

T2DM
1.228+0.069**

DPN
0.362+0.064

Control
1.000+0.157

Notes: *P<<0.05 versus control group. "P<<0.01 versus DPN group. The data is
shown as mean * SD.

Abbreviations: miR-146a, microRNA-146a; qRT-PCR, quantitative real-time poly-
merase chain reaction; T2DM, type 2 diabetes mellitus; DPN, diabetic peripheral
neuropathy.

Expression of cytokines in each group

The level of inflammatory cytokines in the plasma of each
group was determined using the Bio-Plex Pro™ assay. No
statistical significance existed in the expression levels of
TNF-0. and IL-1B between the control and T2DM groups.
However, the expression of TNF-o. and IL-1B in the DPN
group was higher than that in the control and T2DM groups,
suggesting that rats in the DPN group had an intense inflam-
matory reaction (P<<0.01, Table 2).

Expression of NF-kB p65 and p50 in

each group

The total protein from sciatic nerve tissues of the control,
T2DM and DPN groups was extracted and detected by
Western blot. Dramatically decreased expression levels of
NF-xB p65 and p50 were observed in the T2DM group com-
pared to the control group (P<<0.01). Expression of NF-xB
p65 and p50 in the DPN group was significantly higher than
that in the control and T2DM groups (P<<0.01, Figure 2).
This indicates that the component of NF-kB signaling that
includes p65 and p50 in the sciatic nerve of the DPN group
was increased but decreased in the T2DM group.

Analysis of the association between
miR-146a, cytokines and NF-xB

The correlation between miR-146a and cytokines was exam-
ined by Pearson’s correlation analysis. As Figure 3 shows,
there was a negative correlation between the expression of
miR-146a and NF-xB p65 and p50, consistent with the cor-
relation between the expression of miR-146a and TNF-a and
IL-1pB. This demonstrated that the expression of TNF-o and

Table 2 Expression of cytokines in each group

Cytokine Control T2DM DPN
IL-1B 116.056£1,119.052% 173.253+13.719* 13.502+15.308
TNF-o 921.868+129.594%  933.066+67.387  1,749.034+289.706

Notes: “P<0.01 versus DPN group. The data is presented as mean + SD in pg/mL.
Abbreviations: T2DM, type 2 diabetes mellitus; DPN, diabetic peripheral neuro-
pathy; IL-1p, interleukin | beta; TNF-0, tumor necrosis factor alpha.

IL-1p increased gradually with decrease in the expression
of miR-146a.

Discussion

The inflammatory response is likely critical for the devel-
opment and progression of DPN, despite the existence of
various other acceptable pathogenetic factors, which may
explain the nerve damage observed in DPN rats.!” In recent
years, studies have shown that TNF-a is closely related to
DPN and is upregulated in the sciatic nerve of DPN rats.'8
The upregulation of TNF-o. promotes a series of downstream
inflammatory responses, which leads to damage and demy-
elination of the nerve cells, resulting in the final peripheral
nerve dysfunction.'®? The inhibitor of TNF-co,, thTNFR:FC,
alleviates nerve damage in DPN rats.'® There are many
inflammatory factors in addition to TNF-a including inter-
leukin 6, interferon-y, C-reactive protein, adhesion factor,
interleukin 1, interleukin 10, interleukin 12 and monocyte
chemoattractant protein 1 which are involved in the progres-
sion of DPN. It reveals that inflammatory response plays an
important role in the development of DPN.

According to previous research, alloxan and STZ could
be used to induce T2DM rats. Alloxan leads to high mortality
of rats, which limits its use in inducing T2DM rats.?!
However, STZ has no effect on the conduction velocity of
the sciatic nerve in mice and is of no neurotoxicity, which
is suitable for the study of the nervous system complications
involved in DM.?> T2DM can be induced by two different
doses of STZ:? rats fed with common diet could be made
into T2DM models at a dose of 50 mg/kg, while rats fed
with high-fat and high-glucose diet and treated with a dose
of 35 mg/kg could also serve as T2DM models."* The latter
was chosen to produce T2DM model in the present study.
DPN rats are characterized by an obvious decline in MNCV
and SNCV, which is similar to clinical conditions. We have
observed that 6 weeks of uncontrolled diabetes reduced the
miR-146a expression level in the sciatic nerves of DPN group
rats. However, the expression level of NF-kB was increased
in the DPN group. This indicates that miR-146a and NF-xB
may be involved in the pathophysiological mechanism of
DPN.

miRNAs bind to the 3’-untranslated regions of target
mRNA and cause degradation or repression of the transla-
tional process by pairing with target-specific bases. miR-146a
has been identified as being expressed in 20 normal human
tissues and organs, particularly the thymus and spleen, which
are rich in lymphocytes.?* Multiple studies have confirmed
that miR-146a is involved in the inflammatory response.?
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Figure 2 Expression of NF-kB in the sciatic nerve of each group. (A) Western blot analysis showed the expression of NF-kB p65 and p50 in the sciatic nerve of each group.

(B) The relative expression of NF-kB p65 and p50 normalized to B-actin (*P<<0.01).

Abbreviations: NF-xB, nuclear factor kappa-light-chain-enhancer of activated B cells; T2DM, type 2 diabetes mellitus; DPN, diabetic peripheral neuropathy.

Upregulated miR-146a inhibits the production of proin-
flammatory cytokines in degenerative arthritic cartilage.?
In macrophages, upregulation of miR-146a decreases inflam-
matory cytokine secretion induced by oxidized low-density
lipoprotein.?’” The expression of interleukin 1 receptor-
associated kinase 1 (IRAK1) and TNF receptor-associated
factor 6 (TRAF6) is inhibited, and the expression level of
inflammatory cytokines is low in mice transfected with
miR-146a lentivirus, revealing that miR-146a alleviates the
inflammatory response.?®

With the tremendous development of molecular research,
it has been revealed that the pathogenetic pathway of the
inflammatory response is mainly orchestrated through a
transcription factor called NF-kB.?*3* Recent studies dem-
onstrated that the expression of miR-146a is regulated by
several transcription factors such as transcription factor PU.1,
protein C-ets, NF-xB and activator protein 1.3! Moreover,
a variety of microbial components and proinflammatory
cytokines, including lipopolysaccharides (LPSs), TNF-oc and

A 200 - B 2,500 -
r?=0.7683 r2=0.8491
[ ] —, —,
1804 P=0.0019 ~ 2,000 P=0.0004
= E
£ =
S 1601 D 15001 o
o
& N
i 3 i
a‘?. 140 . 3 1.000 RaW
2 =z
= 120 o = 500 -
100 . . . 0 . . .
00 05 10 15 00 05 10 15
miR-146a miR-146a

interferon alpha, can induce miR-146a expression. IRAK1
and TRAF6 are two vital molecules in the downstream
pathway of toll-like receptors (TLRs). miR-146a mainly
inhibits target genes IRAK1 and TRAF6 at posttranscrip-
tional levels.?? Low expression levels of miR-146a cause less
inhibition of IRAK1 and TRAF®, resulting in the excessive
expression of cytokines. Another study found that miR-146a
promotes the binding of a transcription inhibitor RelB to
the TNF-a promoter, leading to the selective decreased
expression of acute inflammatory cytokines.** Similar to
previous studies, we observed a high expression of IL-1
and TNF-o, with a decrease in the expression of miR-146a
in DPN group rats. miR-146a expression levels were high in
T2DM group rats, while the expression levels of IL-1f and
TNF-o were relatively low compared with DPN group rats.
Pearson’s correlation revealed that miR-146a is negatively
correlated with IL-1 and TNF-a.. We believe that miR-146a
may have indirectly inhibited the expression of the inflamma-
tory cytokines IL-1B and TNF-o. in the present study.
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Figure 3 The association between miR-146a, cytokines and NF-kB. Correlation between (A) miR-146a and IL-1p (r=0.7683, P<0.01), (B) TNF-o. (’=0.8491, P<0.01),

(C) NF-kB p50 (r=0.8898, P<0.01) and (D) NF-kB p65 (=0.8945, P<0.01).

Abbreviations: miR-146a, microRNA-146a; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells; IL-1f, interleukin | beta; TNF-0, tumor necrosis

factor alpha.
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Previous research has confirmed that NF-xB plays a
key role in the transcription of miR-146a induced by LPS,
TNF-o and IL-1. The NF-kB-binding site in the miR-146a
promoter also confirms that miR-146a is NF-kB dependent.*
NF-xB, a well-known proinflammatory transcription factor,
is found in all cell types and is believed to be comprising
five protein subunits: RelA (p65), RelB, C-Rel, NF-xkB1 (p50
and its precursor molecule p105) and NF-xB2 (p52 and its
precursor molecule p100). These protein subunits have an
amino terminus of ~300 amino acids with a high degree of
homology. This region is called the Rel homologous region,
and it interacts with DNA to form a dimer. In the nonactivated
state, NF-kB is located in the cytosol in a complex with the
inhibitory protein I-xBa.. When the cells are stimulated by
stressors, [-xBo is rapidly cleaved and released. The free
NF-xB in the cytoplasm is then transported into the nucleus
and becomes involved in gene transcriptional regulation
activities, such as cell proliferation, apoptosis and the cel-
lular inflammatory response. The combination of TNF-o.
and interleukins binding to the TLRs has been proposed to
activate TRAF6 and IRAKI1, which in turn promotes the
release of NF-kB and the subsequent stimulation of inflam-
matory gene transcription in the nucleus.®® In the present
study, it was observed that NF-xB p65 and p50 expression
levels were increased in the sciatic nerves of DPN group rats
and decreased in those of T2DM group rats. Expression of
NF-xB p65 and p50 in the sciatic nerves of rats in each group
was consistent with IL-1[3 and TNF-o expression. NF-kB p65
and p50 expression increased when miR-146a expression
was inhibited, contrary to what was observed in the T2DM
group. According to the previous research, we speculate
that hyperglycemia may activate NF-kB and in turn quickly
activate the expression of miR-146a. miR-146a then inhibits
NF-kB through the downregulation of IRAK1 and TRAF6,
resulting in decreased expression levels of IL-1[3 and TNF-or.
However, the expression of miR-146a decreased under
conditions of long-term hyperglycemia, causing a weakened
inhibition of NF-xB p65 and p50 and resulting in increased
levels of IL-1P and TNF-o expression (Figure 4).

Conclusion

We demonstrated that miR-146a is involved in DPN through
the downregulation of the inflammatory reaction. This pro-
vides new insight into the molecular mechanisms of DPN
and a potential basis for diagnosing DPN through the use of
miR-146a. However, exogenous miR-146a intervention may
still be implemented, and the mechanism by which miR-146a
expression decreases in long-term hyperglycemia remains
to be elucidated.

Hyperglycemia

R
‘%B \&@@&aﬁ EZ%%

Figure 4 The potential pathway of miR-146a in the sciatic nerves of DPN group
rats.

Abbreviations: miR-146a, microRNA-146a; DPN, diabetic peripheral neuropathy;
IRAK, interleukin | receptor-associated kinase |; TRAF6, TNF receptor-associated
factor 6; TNF-, tumor necrosis factor alpha; IL-1 B, interleukin | beta.
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