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Abstract: Long non-coding RNAs (IncRNAs) are a group of non-coding RNAs longer than
200 nucleotides, which are defined as transcripts. The IncRNAs are involved in regulating
gene expression at epigenetic, transcriptional, and post-transcriptional levels. Recent studies
have found that IncRNA is closely related to many diseases like neurological diseases,
endocrine and metabolic disorders. Diabetic peripheral neuropathy (DPN) is one of the
most common chronic complications of diabetes mellitus. In this review, we highlight the
latest research related to IncRNAs in DPN.
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Introduction

Long non-coding RNAs (IncRNAs) refer to non-coding RNAs with a length higher
than 200 nucleotides. In mammalian, they account for the most substantial propor-
tion of non-coding transcriptome.’ Recent studies have shown that IncRNAs have
essential regulatory functions and are involved in almost all biological processes
and pathways.”® And some studies indicate IncRNAs may participate in the
pathogenesis of diabetic peripheral neuropathy (DPN).** In this review, the latest
progress of IncRNAs in DPN will be demonstrated.

Pathophysiology of DPN

DPN is one of the most common severe and chronic complications affecting
about 60-90% of patients with type 2 diabetes. In the early stage of diabetes,
clinical symptoms and signs of peripheral neuropathy are not apparent.
However, its nerve structure and function have been damaged, which means
peripheral nerve showed segmental demyelination changes and often accompa-
nied by axonal degeneration.® Nowadays, the pathogenesis of DPN is unclear,
which is currently recognized as a multifactor. The main mechanisms of patho-
genesis include metabolic toxicity, vascular injury, neurotrophin deficiency,
oxidative stress, autoimmune, genetic susceptibility and other factors.” !
Despite achieve control of blood sugar and blood pressure, supplemental neuro-
trophic factor, improve microcirculation and antioxidant therapy in clinical
practice. However, most of the patients still inevitably suffer peripheral nerve
injury. At present, DPN has become the leading cause of disability in type 2

diabetes mellitus.'>!3
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Function of LncRNA

Non-coding RNAs (ncRNAs) can be divided into short
ncRNAs (<200 nt in length) and IncRNAs according to the
base of size.'*'> LncRNAs range from 200 nt to more than
100 kb and often lack an apparent open reading frame.'®'” It
has been confirmed IncRNAs regulate gene expression at
epigenetic, transcriptional, and post-transcriptional levels.”
LncRNAs participate in a diverse range of molecular and
biological processes, and dysregulation of various human
diseases. Many studies have demonstrated that IncRNAs
disorders are involved in cancer, cardiovascular, neurodegen-
erative, and genetic diseases. Recent studies have posited that
IncRNAs may also become a significant factor in DPN.*>-'#
One clinical study found that there were 446 and 1327
differentially expressed IncRNAs between DM and DPN
patients by the microarray analysis, respectively. Although
there are more and more researches on IncRNAs, the specific
biological role of most IncRNAs is still unknown. It may be
possible to explain the specific function of IncRNAs by
analyzing the action mechanism of mRNA co-expressed
with IncRNAs. The KEGG pathway analysis of mRNAs co-

Table | Related LncRNAs in Diabetic Peripheral Neuropathy

expressed by differentially expressed IncRNAs between DM
and DPN found that the most widely covered is the MAPK
signaling pathway, which may be one of the specific mechan-
isms of IncRNAs participating in DPN.* At the same time,
IncRNAs compete to occupy a large number of miRNAs in
the cell, buffering and reducing their ability to interfere with
the target mRNA like a sponge. Studying these ceRNA
relationships has become a breakthrough for studying
IncRNAs in DPN. (Table 1; Figure 1).

LncRNA BC168687

Diabetic neuropathic pain (DNP) is the most common clin-
ical symptom of DPN. DNP affects patients’ quality of life
and causes great pain. There are reports in the literature that
nociceptive TRP (Transient receptor potential) channels are
involved in inflammatory pain, neuropathic pain, visceral
pain, and pathological pain.'” Several of these studies have
shown that activation of transient receptor potential vanil-
loid type 1 (TRPV1) in neurons plays an important role in
peripheral neuralgia caused by diabetes.”’ ?* A research
showed that in the streptozotocin-induced diabetic rat

LncRNAs Localization Potential Regulatory Mechanism of References
LncRNAs
BC1686871 DRG neurons of diabetic rats TWL|, MWT] [24,25]
TRPVI receptors?, TNF-o and IL-1B1
P2X71, NO1T
uc.48+1 SCG of diabetic sympathetic neuropathy; DRG P2X71 [26,32]
neurons of diabetic rats; serum samples of diabetic TWL|, MWT]
patients P2X3 protein and mRNA?T
NONRATTO0219721 | DRG neurons of diabetic rats TNF-af [33-36]
P2X3 receptor]
P2X7 mRNA and proteint
KCNA2-AS?T First-order sensory neurons of rat DRG Kcna2| [39]
Total voltage-gated potassium current]
Excitability in DRG neurons?
XIST? Spinal cord of CCl rats Regulating of miRNA-137/TNFAIPI axis [41]
CCATI| Spinal dorsal horn, DRG neurons, hippocampus, and | Pain threshold? [38]
ACC of CCl rats SGK31by modulating miR-155 axis
MRAKO0097131 DRG neurons of CCl rats P2X3 receptor| [40]
MALAT It Rats of diabetic gastroparesis, diabetic patients with | a-SMA| Influencing the potential of cell migration | [42]
diabetic gastroparesis symptoms Cell apoptosis in human gastric smooth muscle
cellst

Note: The arrows indicate up/down expression levels.

Abbreviations: a-SMA, a-smooth muscle aorta; DRG, dorsal root ganglion; SCG, superior cervical ganglia; SGK3, serum and glucocorticoid regulated protein kinase 3;
TNFAIPI, tumor necrosis factor, alpha-induced protein |; TRPVI, transient receptor potential vanilloid type I.
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Figure | Related IncRNAs in diabetic peripheral neuropathy.Abbreviations: 0-SMA, a-smooth muscle aorta; DPN, diabetic peripheral neuropathy; mRNA, messenger RNA;
SGK3, serum and glucocorticoid regulated protein kinase 3; TNFAIPI, tumor necrosis factor, alpha-induced protein |; TRPVI, transient receptor potential vanilloid type I.

model, IncRNA BC168687 siRNA increased the thermal
withdrawal latency (TWL) and mechanical withdrawal
threshold (MWT) of diabetic rats and alleviated DPN by
regulating transient receptor potential vanilloid type 1
(TRPV1) and cytokines (TNF-o and IL-1PB).%* The produc-
tion of TNF-a and IL-1f and other inflammatory factors is
closely related to the activation of ERK (extracellular regu-
lated protein kinases) and p38 pathways.?* This study indi-
cates that IncRNA BC168687 siRNA can up-regulate the
expression of p-ERK and p-p38 in DRG of DNP rats. ERK
and p38 signaling pathways may be involved in the process
of IncRNA BC168687 siRNA to relieve TRPV1-mediated
DNP.Besides, another study found that IncRNA BC168687
siRNA could decrease the expression of P2X7 in dorsal root
ganglion (DRG) neurons and the concentrations of NO in
serum in DPN rats, thus attenuating DPN.?

LncRNA uc.48+

One study about IncRNA array analysis in rats revealed that
in the SCG of diabetic sympathetic neuropathy, the expres-
sion of the IncRNA uc.48+ was significantly increased. At
the same time, one study showed that both in the DRG and
the DM patients’ serum samples, the expression of IncRNA
uc.48+ were increased. Moreover, the experiments showed

that the MWT and TWL values of DM rats treated with
siRNA of IncRNA uc.48+ were increased compared to
those of DM rats, while compared with DM rats.*® In order
to further study whether the target of IncRNA uc.48 + exists
in the pathophysiology of DPN, the data showed that In
a subpopulation of small-diameter primary afferent neurons,
the P2X3 receptor, as a suitable targeting marker for analge-
sics, had the highest expression and played an important role
in the pain transmission of peripheral neurons.”’ >’ After the
completion of the experiment, the expression of P2X3 pro-
tein and mRNAs in DRG of DM rats was increased, and they
was significantly reduced after treatment with IncRNA uc.48
+ siRNA. These changes are in common with the 10D ratio
of p-ERK1/2, ERK1/2 and the expression of TNF-a. The
results suggested that uc.48 + siRNA treatment could reduce
the activation and phosphorylation of ERK1/2 in DRG of
DM rats, and then reduce the hyperalgesia mediated by P2X3
receptor.

Diabetic autonomic neuropathy belongs to a subtype of
DPN, which includes the sympathetic ganglionic dysfunc-
tion. P2X7 receptors in the superior cervical ganglia
(SCQ) are involved in the pathological changes of cardiac
dysfunction.* It has been found IncRNAuc.48+ and P2X7
receptor in superior cervical ganglia (SCG) participates in
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the pathological changes which happen when Cardiac
dysfunction. Cardiovascular complications of DM come
from the damage of blood vessels and autonomic nerve
fibers that govern the heart, which control heart rate and
hemodynamics. Clinically, abnormal changes in HR and
blood pressure are related to diabetic sympathetic
neuropathy.®’ The IncRNAuc.48+ small interference
RNA (siRNA) improved the cardiac autonomic dysfunc-
tion and reduced P2X7 upregulation by up-regulating ratio

of p-ERK1/2 to ERK1/2 in SCG of type 2 diabetic rats.*

LncRNA NONRATTO021972

One research found that the concentration of LncRNA
NONRATTO021972 was significantly higher in the blood
of patients with type 2 diabetes, and the level of LncRNA
NONRATTO021972 was positively correlated with neuro-
pathic pain scores. The animal experiment showed that
LncRNA NONRATT021972 siRNA could alleviate
inflammation by reducing TNF-a.*

Furthermore, other experiment showed that IncRNA
NONRATT021972 siRNA decreased DNP mediated through
the P2X3 receptor in DRG of T2DM rat model. The TWL
and MWT in T2DM rats were lower compared to control
rats. When treated with LncRNA NONRATT021972 siRNA,
TWL and MWT in T2DM rats were higher compared with
those in T2DM rats. At the same time, compared to T2DM
rats, IncRNA NONRATT021972 siRNA-treated T2DM rats
had significantly lower expression levels of the P2X3 protein
and mRNA. Thus, LncRNA NONRATT021972 siRNA
treatment may suppress the up-regulated expression and
activation of the P2X3 receptor in T2DM rats, and reduce
the hyperalgesia potentiated by the pro-inflammatory cyto-
kine TNF-o.**

Some studies found that LncRNA NONRATT021972
siRNA alleviated activation of p38 MAPK signalling path-
way and expression of the P2X7 receptor in PC12 cells.
Further experiments showed that there was crosstalk
between LncRNA NONRATT021972 and the p38
MAPK signalling pathway. Inhibition of p38 MAPK sig-
nalling decreased the expression of the P2X7 receptor-
induced by LncRNA NONRATTO021972. In the same
way, in the DRG neurons of type 2 DM rats models,
LncRNA NONRATTO021972 siRNA treatment might
decrease the expression levels of P2X7 mRNA and pro-
tein. Moreover, LncRNA NONRATT021972 siRNA treat-
ment reduced the release of inflammatory factors TNF-a,
thereby, this study explores the effects of IncRNA

NONRATT021972 siRNA on DNP mediated by the
P2X7 receptor in the rat DRG.***¢

Other Possible LncRNAs

Growing data has clearly shown that nearly 40% of IncRNAs
is exclusively present in the nervous system. The genome-
wide expression patterns of IncRNAs and genes were inves-
tigated in the spinal dorsal horn of DNP mice. Gene chip
analysis identified 1096 differentially expressed mRNAs and
1481 differentially expressed IncRNAs in DNP mice.
Finally, 289 adjacent and 57 overlapping IncRNA-mRNA
pairs were found, including AKO081017-Uspl5 and
ENSMUST00000150952-Mbp, which may be related to the
pathogenesis of DNP.’

Emerging evidence suggested that IncRNAs play
a crucial role in the development of neuropathic pain.
Neuropathic pain is a chronic and potentially disabling
pain caused by abnormalities in the somatosensory nervous
system, spinal cord injury or various chronic conditions
such as postherpetic neuralgia, autoimmune diseases, can-
cers and metabolic disorders, and diabetes mellitus become
its most common cause. Therefore, DNP and neuropathic
pain still have some similarities in the pathogenesis. Some
studies suggested that specific regulation of IncRNAs, such
as KCNA2-AS, XIST, CCAT1, MRAKO009713 or their
downstream targets might be involved in providing the
development of neuropathic pain. Hence, these dysregu-
lated IncRNAs were speculated to be involved in the occur-
rence, development and process of DNP.*"#!

Diabetic gastroparesis is the manifestation of diabetic
autonomic nerve damage in the digestive system. In a rat
model of diabetic gastroparesis, it was found that expres-
sion of MALAT1 was up-regulated. Furthermore, the
research revealed that the appearance of MALAT! was
increased in the samples from diabetic patients with dia-
betic gastroparesis symptoms, and the inhibition of
MALAT!1 might increase the a-SMA expression, inhibit
the potential of cell migration and induce cell apoptosis in
human gastric smooth muscle cells. Finally, it indicated
that MALAT played an crucial role in the pathogenesis of

diabetic gastroparesis.**

Conclusions

Taken together, IncRNAs are essential regulators of gene
expression. In addition to the articles mentioned, more
IncRNAs will be found to be involved in the pathogenesis
of DPN. At the same time, they have recently been char-
acterized as important modulators of neuronal functions.
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As shown above, some specific IncRNAs participate in the

pathophysiological processes of DPN. This review pro-

vides a better understanding of the emerging roles of
IncRNAs in DPN.

With further research in basic and clinical fields, this

may contribute to new strategies for the development of

novel targeted drugs and biomarkers to treat this disease.
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