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Abstract

Diabetic cardiomyopathy (DCM) is the lead-
ing cause of morbidity and mortality in dia-
betic population worldwide, characteristic by
cardiomyocyte hypertrophy, apoptosis and
myocardial interstitial fibrosis and eventually
developing into heart failure. Non-coding
RNAs, such as microRNAs (miRNAs), circu-
lar RNAs (circRNAs), long non-coding RNAs
(IncRNAs) and other RNAs without the pro-
tein encoding function were emerging as a
popular regulator in various types of processes
during human diseases. The evidences have
shown that miRNAs are regulators in diabetic
cardiomyopathy, such as insulin resistance,
cardiomyocytes apoptosis, and inflammatory,
especially their protective effect on heart func-
tion. Besides that, the functions of IncRNAs
and circRNAs have been gradually confirmed
in recent years, and their functions in DCM
have become increasingly prominent. We
highlighted the nonnegligible roles of non-
coding RNAs in the pathological process of
DCM and showed the future possibilities of
these non-coding RNAs in DCM treatment. In
this chapter, we summarized the present
advance of the researches in this filed and
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raised the concern and the prospect in the
future.
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Diabetic cardiomyopathy (DCM) was the spe-
cific abnormality of myocardial structure and
function in diabetic patients, and does not coexist
with cardiovascular diseases such as coronary
artery disease and hypertension [1]. DCM was
characterized by myocardial dilation, hypertro-
phy, decreased left ventricular diastolic, systolic
function, and eventually develops into heart fail-
ure. About 75% of the human genomic DNA
sequence can be transcribed, and nearly 74% of
the transcripts are non-coding RNAs, which play
an important role in maintaining the normal
physiological function and the occurrence and
progress of diseases in organisms. Various non-
coding RNAs have been shown to be involved in
regulating the occurrence of DCM, including
miRNA and other types of non-coding RNA. In
this review, we summarized current studies of
non-coding RNA and DCM.
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1 Introduction of Diabetic
Cardiomyopathy

There were two types of diabetes which named
type 1 and type 2 diabetes. Type 1 diabetes was
caused by insufficient insulin secretion and type
2 diabetes was caused by insulin resistance and
gestational-related diabetes mellitus. The com-
plications of diabetes, including diabetic micro-
angiopathy and diabetic macroangiopathy, were
the main causes of disability and death of diabe-
tes mellitus. The incidence of diabetes was
increased year by year due to the increased obe-
sity population and rapid ageing population.
According to the data from International Diabetes
Alliance research project, near 451 million peo-
ple worldwide suffer from diabetes in 2017. And
it was estimated that 693 million people around
the world will be diagnosed as diabetes by 2045.
As the complication of diabetes mellitus, diabetic
cardiomyopathy (DCM) received more attention
by clinicians [2]. In 1972, Rubler observed 4 dia-
betic patients with congestive heart failure, and
found that these patients had no other potential
causes of heart failure, such as coronary artery
disease, dilated cardiomyopathy or hypertension,
except diabetes mellitus [3]. Both type 1 and type
2 diabetes could be complicated with DCM,
associated with the main pathological changes,
including cardiomyocyte hypertrophy, extracel-
lular matrix deposition, myocardial microvascu-
lar basement membrane thickening, and
interstitial fibrosis [4, 5]. Until now, there is no
corresponding clinical guidelines or consensus
for diagnosis and management of patients with
DCM [6]. The diagnosis of DCM still belongs to
exclusive diagnosis, mainly diagnosed by clinical
history of diabetes mellitus, manifestations and
symptoms of cardiac dysfunction, combined with
laboratory examinations such as echocardiogra-
phy [7]. With the excluded of coronary heart dis-
ease, hypertensive heart disease, dilated
cardiomyopathy and other heart diseases.
According to the changes of cardiac structure and
cardiac function, DCM can be divided into three
stages. Stage 1, there are changes in cardiac
structure and no changes in diastolic function.

Left ventricular ejection fraction (EF) is normal
and subclinical. Changes of cardiac structure are
aggravated in stage 2, with ventricular hypertro-
phy, myocardial fibrosis, decreased ventricular
diastolic function in cardiac function, and gradu-
ally abnormal systolic function, EF value < 50%.
Cardiac structural changes further aggravated in
stage 3, cardiac microvascular changes, ventricu-
lar hypertrophy and myocardial fibrosis further
aggravated, with global diastolic and systolic dis-
orders occurred [8, 9].

Comprehensive treatment, including lifestyle
interventions, were currently used in the treat-
ment of DCM [10]. Quitting smoking, limiting
alcohol, controlling salt intake, optimizing diet
and moderate exercise were first proposed [11-
15]. The injection of metformin, thiazolidinedio-
nes and glucagon-like polypeptide (GLP-1)
analogues not only made effects on diabetes mel-
litus, especially improved insulin resistance and
promoted glucose uptake and utilization, but also
resisted myocardial cell damage and prevented
cardiac remodeling [16]. Other medications that
were used in cardiovascular system were also
considered to have therapeutic effects on DCM,
including renin-angiotensin-aldosterone system
(RASYS) inhibitors, beta-blockers, calcium chan-
nel antagonists, statins, and trimetazidine.
According to the latest ADA/AHA guidelines,
RASS inhibitors should be used as first-line
drugs in patients with diabetes mellitus and
hypertension [17]. Although drug therapy could
improve the progression of DCM, the negative
effects of drug could not be avoided. A compre-
hensive treatment was still in an urgent need.

2 Current Research
on the Pathogenesis of DCM

The pathogenesis of DCM has not been fully elu-
cidated till now. Abnormal insulin signal trans-
duction, metabolic disorders, microangiopathy,
myocardial interstitial fibrosis, imbalance of cal-
cium regulation, and cardiac autonomic neuropa-
thy might be involved in the occurrence and
development of DCM. Thus, enhanced under-
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standing of DCM will provide clues to prevent
the occurrence and diagnosis of DCM.

2.1 Insulin Resistance
and Abnormal Insulin

Metabolic Signaling

Insulin resistance in myocardial was a metabolic
and functional disorder accompanied by the
development of DCM. In normal heart, insulin
affected the mammalian target of rapamycin
(mTOR)-S6 kinase 1(S6K1) pathway to regulate
myocardial metabolism through the targeting of
phosphatidylinositol 3 kinase/protein kinase B
signaling pathway [18, 19]. Insulin could also
regulate glucose transport, glycolysis, glycogen
synthesis, protein synthesis, lipid metabolism in
cardiac myocytes, and affect myocardial contrac-
tile function [20]. Different from the regulation
of cardiomyocyte in physiological states, insulin
resistance leaded to the imbalance between myo-
cardial metabolism and growth activity, which
was mainly regulated by mitogen-activated pro-
tein kinase signaling pathway [21]. It has been
found that impaired insulin-mediated glucose
uptake occurs before impaired insulin-activated
protein kinase B signaling pathway in insulin-
resistant animal models, and this defect was
caused by the decrease of glucose transporter 4
and abnormal translocation of glucose trans-
porter 4 membrane (GLUT4) [22, 23]. Insulin
resistance in cardiomyocytes could lead to func-
tional disorders and metabolic changes. The inhi-
bition of insulin signal transduction in
cardiomyocytes was one of the markers of
DCM. Insulin resistance during the development
of DCM was associated with the increased risk of
left ventricular hypertrophy and heart failure.

2.2 Direct Myocardium Injury by

Metabolic Disorder

Metabolic disorder, mainly referred to hypergly-
cemia and glucotoxicity, was an important factor
to trigger DCM [24]. Metabolic disorder, could

first cause the biological changes on cardiac
myocytes, which lead to subclinical myocardial
dysfunction. Then the dysfunction developed
into myocardial small vessel disease, microcircu-
lation disorder and cardiac autonomic neuropa-
thy, and eventually heart failure occurred.
Glycolipid metabolism disorder that owing to
interactions between lipid metabolic disorder and
hyperglycemia in diabetic patients could directly
affect the function of mitochondria, and the dys-
function of mitochondria future affected the
metabolism of cardiac myocytes and caused the
dysfunction of cardiomyocytes, which was an
important reason for the occurrence and develop-
ment of DCM [25-27].

Hyperglycemia can induce myocardial injury
through direct and indirect pathways, which was
the key factor in the progression of
DCM. Mitochondrial damage, which was
induced by hyperglycemia, was mainly related to
abnormal polyol pathway activation. This dam-
age future increased the expression of advanced
glycation end products (AGEs), the activation of
hexamine pathway and protein kinase C pathway.
AGEs accumulation leaded to development of
cardiac fibrosis and stiffness, increased connec-
tive tissue cross-linking, and impaired diastolic
relaxation. AGE receptors (AGERs) on the cell
surface were activated by AGEs, and then the
expression of various inflammatory mediators
was increased. Ultimately, these lead to the depo-
sition of matrix components through the mitogen-
activated protein kinase (MAPK) and Janus
kinase (JAK) signaling pathways [28, 29].

In addition, dysfunction of cardiac myocytes
and accumulation of abnormal substances caused
by energy utilization disorders could also lead to
DCM. In physiological state, fatty acid oxidation
(FAO) provided nearly 70% of the energy
required for cardiomyocytes, and glycolysis was
another 30-40% source of energy, while almost
all of the energy of diabetic patients came from
the oxidation of non-esterified fatty acids due to
the impairment of glucose utilization [30, 31].
These leaded to accumulation of lipid metabo-
lites, such as diacylglycerols, ceramides, uncou-
pling protein 3, and the production of reactive
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oxygen species in mitochondria and peroxidase
bodies in cardiac myocytes affecting myocardial
energy supply, inducing inflammation, and lead-
ing to myocardial fibrosis, myocardial cell necro-
sis and myocardial dysfunction. In addition,
ceramide was the intracellular apoptotic
messenger, which induced cardiomyocyte apop-
tosis by activating NF-xB translocation to the
nucleus, up-regulating inducible nitric oxide syn-
thase and activating cysteine protease [32, 33].
Besides, ceramide directly activated atypical
PKCs to phosphorylate and inhibit the insulin
metabolic through Akt signaling, attenuating
GLUT4 translocation and insulin-induced glu-
cose uptake [34].

2.3 Calcium lon Regulation

Imbalance

The mechanism of calcium regulation was related
to early concealed ventricular systolic dysfunc-
tion in DCM. Calcium ion levels in cardiac myo-
cytes mainly depend on the calcium channels in
cell membranes and sarcoplasmic reticulum. In
diabetic individuals, oxidative stress caused by
accumulation of toxic metabolites from disor-
dered lipid metabolism might be the main cause
of the imbalance of calcium regulation [35].
Lipid toxicity weakened calcium uptake in sarco-
plasmic reticulum and other calcium exchange
activities, and decreased calcium processing
capacity in cardiomyocytes through inhibited
ATPase activity on the cardiomyocyte mem-
branes [36]. Some studies shown that the activi-
ties of sarcoplasmic reticulum calcium ATPase
isomer 2, carnitine receptor and sodium-calcium
exchanger in DCM patients are significantly
reduced, which further reduced the release of sar-
coplasmic reticulum stored calcium ions and the
recovery of calcium ions from diastolic sarco-
plasmic reticulum, resulting in the accumulation
of calcium ions in the cytoplasm of end-diastolic
myocardial cells, the decrease of myocardial
compliance, and the impairment of myocardial
diastolic and systolic functions [37]. In addition,
the increase of AGEs induced by hyperglycemia
could also lead to imbalance of calcium regula-

tion in cardiac myocytes and affect myocardial
contractile function ultimately [38, 39].

2.4  Mitochondrial Dysfunction

and Oxidative Stress

The swelling and fragmentation of mitochondria
in diabetic patients might impaired mitochondrial
function, suggesting the involvement of impaired
mitochondrial morphology and dysfunction in
the pathogenesis of DCM. The function of mito-
chondrial has been altered due to metabolic dis-
order in DCM patients. As mentioned above,
increased fatty acid uptake and beta-oxidation
during diabetic cardiomyopathy might exceed
mitochondrial respiratory capacity. Hence, mito-
chondria played an important role in abnormal
energy metabolism and accumulation of toxic
lipid products in cardiomyocytes [40].

Cardiomyocytes not only decomposed fatty
acids, but also accumulated intermediate prod-
ucts and phospholipids of glycolysis pathway.
The increased fatty acid concentration in cardio-
myocyte of DCM patients could induce the acti-
vation of peroxisome proliferator-activated
receptor alpha (PPAR-alpha) [41]. These pro-
moted the expression of fatty acid oxidation and
its uptake genes, which inhibited the pyruvate
dehydrogenase kinase activation and impaired
the oxidative capacity of glucose, in order to
increase the uptake of fatty acids by mitochon-
dria, increase myocardial oxygen consumption
and reduce heart rate [42]. Therefore, mitochon-
dria metabolized fatty acids accompanied with
the increased cardiac oxygen consumption,
resulting in changes in cardiac structure and
function, leading to DCM.

ROS came from NADPH oxidases, xanthine
oxidase, uncoupling of nitric oxide synthase, the
process of arachidonic acid metabolism and micro-
somal P-450 enzymes [43]. Diabetes mellitus
resulted in a large number of ROS aggregation, due
to the rapid increase of ROS production and the
relative inadequacy of antioxidant capacity [44].
ROS induced by diabetes could lead to structural
damage of myocardial mitochondria, and further
damage mitochondrial function by inducing the
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opening of mitochondrial membrane permeability
channels [45]. ROS produced by mitochondria
could also induced DCM mainly through PKC sig-
naling pathways and hexosamine pathway [46, 47].

25 Other Pathophysiological

Mechanisms of DCM

Microangiopathy and vascular injury DCM were
independent of coronary artery disease, which
were mainly manifested as microangiopathy.
Microangiopathy was an important pathological
change in the development of diabetes mellitus
[48], which mainly included morphological
changes of vascular endothelial cells, reduction
of mitochondria and capillary basement mem-
brane thickening, small artery thickening, capil-
lary microaneurysm and decrease of capillary
density [49]. The typical characteristics of micro-
angiopathy were microcirculation disturbance.
Cardiac microangiopathy might occur prior to
clinical symptoms in DCM patients, leading to
chronic myocardial ischemia, extensive focal
myocardial necrosis, and even heart failure, car-
diogenic shock and sudden death. The damage of
vascular endothelial cells and vascular smooth
muscle cells that were caused by oxidative stress
were the main cause of pathological changes of
blood vessels in diabetic patients, and might be
the most important initiating events of cascade
reaction of vascular pathological changes [50].
Autophagy was inhibited at high glucose con-
centration (e.g. diabetes), which might be related
to the development of DCM [51]. Autophagy in
response to cardiac energy stress was mediated
by a network of AMPK and insulin signaling
pathways, which were the main regulator of cel-
lular and systemic energy balance [52]. As a
response to exercise, hypoxia, oxidative stress
and glucose deficiency, the AMPK and insulin
signaling pathways were activated to accommo-
date the increase in intracellular insulin and
AMP/ATP ratios. New evidence suggested that
AMPK regulated not only cell energy, but also
other cellular processes, including protein syn-
thesis, cell growth and autophagy [53-55]. The
activity of AMPK decreased at high glucose con-

centration, leading to autophagy disorder [56]. In
streptozotocin-induced type 1 diabetic mice,
overexpression of alpha-MHC-Beclin 1could
activate autophagy of cardiomyocytes, thus fur-
ther accelerate the diabetes mellitus induced car-
diomyocytes damage [57]. However, there
existed debate in the autophagic changes that
were found in diabetes and its complications, dif-
ferent results were observed in different tissues.
Therefore, further research was needed before
potential drugs could be used clinically.

3 Non-coding RNAs and DCM

Non-coding RNAs were mainly defined as a class
of RNA that did not encode proteins, including
RNAs with definite functions, such as rRNAs,
tRNAs, snRNAs, snoRNAs, and microRNAs
(miRNAs), as well as RNAs with unknown func-
tions. These RNAs shared some common fea-
tures, such as they could perform biological
functions at the RNA level without being trans-
lated into proteins after their transcribed from the
genome. Long non-coding RNAs (IncRNAs) and
circular RNAs (circRNAs) were the novel mem-
bers of non-coding RNA family, whose functions
and regulatory approaches have not been com-
pletely revealed. This suggested that non-coding
RNA was still of great values in the diagnosis,
evaluation and treatment of DCM. The current
research progress in this field will be introduced
here.

3.1 miRNA and Pathogenesis

of DCM

Among all non-coding RNAs, miRNAs were one
of most concerned regulatory RNAs. The classi-
cal way of miRNAs function was through bind-
ing to complementary sequences on the target
gene mRNA to take effect as a post-transcriptional
inhibitor of target gene expression [58]. Although
the latest research reported the non-canonical
molecular mechanisms of miRNA, the follow-up
functional researches were still underway [59].
Their functions covered a wide range of aspects,



186

L. Xia and M. Song

including organism growth, development, main-
tenance of homeostasis and disease occurrence.
In the past decade, there have been continuous
studies on the role of miRNAs in the develop-
ment and progression of DCM. The expression
pattern of miRNAs during diabetic cardiomyopa-
thy were revealed in 2011. 19 miRNAs and 16
miRNAs expression were detected by miRNA
array and real-time RT-PCR in diabetic heart. GO
pathway analyze and target gene analyze also
showed the close relationship above miRNA and
the Typical pathological process of DCM, such as
cardiac hypertrophy and myocardial fibrosis [60].
In 2013, researchers identified 43 different
expression miRNAs in mice heart from strepto-
zotocin induced DCM, which 37 miRNAs were
downregulated and 6 miRNAs were upregulated.
Ultimately, the decrease of miR-1, miR-499,
miR-133a, and miR-133b and increase of miR-21
were identified by RT-qPCR. Interestingly, miR-
1, miR-499, miR-133a, and miR-133b were also
involved in the antioxidant effect that were pro-
duced by N-acetylcysteine (NAC)-treatment in
DCM [61].

miRNAs were Involved

in Cardiomyocytes Injury or Cell
Survival

Among the members of the miR-30 family, miR-
30d and miR-30c have been reported to play dif-
ferent roles in DCM. It was reported that
decreased expression of miR-30c could lead to
the activation of p53/p21 pathway and cardio-
myocyte apoptosis. Downregulation of miR-30c
was a mediator of myocardial hypertrophy in
response to high glucose condition by upregula-
tion of Cdc42 and Pakl genes [62]. Through its
target gene PGC-1B miR-30c could also affect
cardiomyocyte apoptosis, which was produced
by affecting the utilization of glucose and the
accumulation of lipids in cardiomyocytes [63].
Interestingly, miR-30d was identified as a regula-
tor of cardiomyocyte pyroptosis, the pro-
inflammatory programmed cardiomyocyte death
in DCM rat model. Beside miR-30 family, miR-9
was another regulating miRNA of ventricular
cardiomyocytes pyroptosis, whose rised a poten-
tial therapeutic target for DCM [64]. In addition,

3.1.1

knockdown MiR-195 could extenuated the car-
diac dysfunction and cardiomyocytes apoptosis
in diabetic mice [65].

3.1.2 miRNA Related to DCM Induced
Cardiac Injury

As the second found miRNA family in C. ele-
gans, Let-7 functioned during tissue develop-
ment, metabolic process, aging and immunology
function [66]. 1in28/let-7 was a typical regulator
of insulin-PI3K-mTOR signaling in skeletal
muscles, which was the largest metabolic organ
in the human body [67]. Let-7 also restrained the
amino acid-sensing pathway to inhibit mTOR-
induced anabolism and autophagic catabolism
[68]. The overexpression of let-7 revealed glu-
cose intolerance and insulin insensitivity in mice
[67, 69]. Inhibition of let-7 family was found as a
therapeutic method against ischemia-reperfusion
injury in diabetic rats via improving glucose
uptake and insulin resistance.

miR-21 was a novel miRNA related to virous
pathological changes in the heart, such as miR-
21-3p regulated sepsis-associated or aging
induced cardiac dysfunction. Overexpression of
miR-21 that was induced by high glucose
increased macrophage apoptosis, which partici-
pated in atherosclerosis. The inhibition of miR-
21 leaded to weight loss in db/db mice by
targeting TGFRB2, PTEN, and Sproutyl and 2,
which provided a safety and effective method to
get a weight control in animal model. Long-term
miR-21 knockout also abolished the effect on
heart induced by obesity, reduced cardiac func-
tion and cardiac fibrosis [70]. In addition to dis-
orders of lipid metabolism  induced
cardiomyopathy, cardiomyocyte apoptosis asso-
ciated with glucose metabolism was also regu-
lated by miR-21. Under the high
glucose-stimulated, miR-21 targeted DSFP8 to
activate the p38 pathway and c-Jun N-terminal
kinase (JNK)/stress-activated kinase (SAPK)
pathway, resulting in cardiac fibroblast prolifera-
tion and collagen synthesis [71].

Hyperglycemia could affect the action poten-
tial of cardiomyocytes and lead to abnormal sys-
tolic and diastolic function of myocardium
through induce the expression of miR-1/133 in
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cardiomyocytes and inhibit the genes encoding
slowly activating delayed rectifier potassium
channel- KCNE1 and KCNQI. miR-133a over-
expression in heart reversed the diabetes collagen
synthesis induced cardiac fibrosis and repaired
the heart function. The expression of miR-133a
in cardiomyocytes was negatively correlated with
the expression of fibronectin 1, collagen type IV
al, connective tissue growth factor, fibroblast
growth factor and TGF-B1. In diabetic hearts, the
expression of miR-133a was down-regulated,
resulting in an increased risk of myocardial fibro-
sis [72]. Cardiac-specific miR-133a overexpres-
sion mice alleviated diabetes mellitus induced
cardiac fibrosis by inhibiting ERKI1/2 and
SMAD-2 phosphorylation [73]. Application of
miR-133a treatment in vivo. could significantly
extenuated cardiac hypertrophy, fibrosis and
Type 1 diabetes mellitus induced systolic dys-
function [74].

miR-143/145 cluster was an effector of activin
A, whose released from epicardial adipose tissue
was closely related to T2DM. Precursor-miR-143
overexpression decreased insulin-stimulated glu-
cose uptake in cardiomyocytes due to Akt phos-
phorylation. On the contrary, miR-145 had no
effect on the glucose uptake and utilization in
cardiomyocytes. An activin A-p38-miR-143/145-
ORPS axis was built in regulating glucose uptake
by insulin, which was directly related to insulin
resistance during the development of T2DM [75].
However, the function of this pathway in heart
failure and remodeling during DCM was still
needed to be discussed.

miR-451 expression level was upregulated in
T2DM heart, and this upregulation of miR-451
expression was time and dose dependent.
Knockdown miR-451 alleviated the lipotoxicity
in cardiomyocytes by suppression of the LKB1/
AMPK pathway. Cardiac function recovery
accompanied by decreasingthe concentration of
lipid metabolism intermediate and reactive oxy-
gen species production [76]. miR-503 partici-
pated in the protective effect of phase II enzyme
inducer in DCM rat, and related to the antioxi-
dant effect on cardiomyocytes [77].

It was reported that miR-155 is involved in
metabolic diseases and inflammation disease

[78-81]. miR-155 was a direct blocker of IL-13-
induced anti-inflammatory type 2 macrophage by
inhibiting the expression of IL-13Ral. As an
important contributor of excessive inflammatory
response, miR-155 overexpression was also
detected in the virus infected heart [82]. A cova-
lent complex of gold nanoparticle (AuNP) and
thiol-modified antago-miR-155 was made in a
resent study, which transported miR-155 directly
to macrophages. As a high specificity messenger
of macrophage, AuNP-based miR-155 antagonist
was injected into the ovariectomized female mice
diabetic mouse model, which promoted M2 mac-
rophages polarization in vivo. Then, recovered
DCM induced cardiac function, mitigated coor-
dinating inflammation, apoptosis, and fibrosis
[83].

Endothelial to mesenchymal transition (EMT)
was a phenotypic change during endothelial
injury, which was closely related to cardiac fibro-
sis and existed in the pathogenesis of
DCM. Specific overexpression of miR-200b in
endothelial cells were detected to be induced in
diabetic mice heart. Meanwhile, endothelial
miR-200b overexpression blocked the EMT, fur-
ther protected cardiac systolic function in dia-
betic mice.

3.2 Other Non-coding RNAs
and DCM
3.2.1 IncRNAs in the Diagnose

and Pathological Process

of DCM
Long non-coding RNAs (IncRNAs) was a class
longer than 200 nucleotides RNA, which without
protein-coding function. IncRNAs had many epi-
genetic forms of regulation, including DNA meth-
ylation, histone modification and regulation of
miRNA [84, 85]. IncRNAs played important roles
in chromosome modification, X-chromosome
silencing, genomic imprinting, transcriptional
interference, transcriptional activation and intra-
nuclear transport [86]. According to the mecha-
nism of action of IncRNA, IncRNAs had the
following functions according to the mechanisms
of action: (1) Transcription occured in the
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upstream promoter region of the protein-coding
gene, which interfered with the expression of
downstream genes (e.g. SER3 gene in yeast). (2)
Regulated the expression of downstream gene
expression by means of RNA polymerase II inhi-
bition or mediating chromatin remodeling and
histone modification (e.g. pI5SAS in mice) [87].
(3) By forming complementary double-stranded
with the mRNA of coding genes, IncRNAs inter-
fered with the cleavage of RNA, thus produced
different forms of cleavage. (4) By forming com-
plementary double-stranded with transcripts of
protein-coding genes, the expression level of
genes was regulated by attracting endogenous
siRNA through DICER. (5) By binding to specific
proteins, IncRNAs transcripts could regulate the
activity of corresponding proteins. (6) As a struc-
tural component, IncRNAs forms nucleic acid-
protein complexes with proteins [88]. (7) By
binding to a specific protein, changed the local-
ization of this protein. (8) As a precursor molecule
of small RNA, such as miRNA and piwi-interact-
ing RNA (piRNA) [89-91].

As a research hotspot in the field of non-
coding RNAs, the role of IncRNAs in DCM has
been gradually revealed [92]. Downregulated
expression of IncRNA homeobox transcript anti-
sense RNA (HOTAIR) was detected in the heart
and serum of DCM patients. Further studies have
found that HOTAIR enhances the viability of car-
diomyocytes by activating PI3K/Akt pathway,
which may provide a possible treatment of
DCM. The latest research focused on the involve-
ment of HOTAIR in animal DCM model and the
molecular mechanism. In STZ-induced mouse
DCM model, specific overexpression of HOTAIR
in cardiac myocytes could improve cardiac func-
tion, reduce myocardial death, inflammation and
oxidative stress [93].

As one of the first reported IncRNAs, IncRNA-
H19 was well studied on its biological functions
and the mechanism of its interaction with other
molecules [94]. The encoding gene of IncRNA-
HI19 and the insulin-like growth factor 2 were
from the same gene cluster, indicating the poten-
tial relationship of IncRNA-H19 with metabo-
lism and blood glucose regulation [95]. Decreased
IGF2 and IncRNA-H19 in pancreatic might play

a key role in the repair of islet ultrastructure and
function in offspring of gestational diabetes mel-
litus [96]. Interestingly, there was a double nega-
tive feedback between IncRNA-H19 and its target
miRNA let-7 in participating the glucose metabo-
lism in muscle cells. More concretely, as a sponge
of let-7, IncRNA-H19 was decreased in the mus-
cle of DM patients, while let-7 was increased.
IncRNA H19-miR-675-VDAC1 was recognized
as the mediate axis in regulating the function of
IncRNA H19 in cardiomyocytes [97]. In DCM,
overexpression of IncRNA-H19 reduced inflam-
mation and oxidative stress, protected myocar-
dial cells from apoptosis, inhibited autophagy.
The inhibitory effect of IncRNA H19 on autoph-
agy of cardiomyocytes was mediated by its direct
binding with EZH2 and restraining DIRAS3
transcription [98].

Metastasis-associated lung adenocarcinoma
transcript 1 (MALAT1) was related to tumor cell
growth invasion and metastasis. It was also rec-
ognized as a significantly upregulated IncRNA in
diabetic rats. Inhibition of MALAT1 in rat heart
could protect heart from DCM induced dysfunc-
tion by significant reducing the cardiomyocytes
apoptosis [99]. Besides that, MALAT1 knock-
down also alleviated the DCM early characteris-
tic  inflammation  response [100]. The
up-regulation of MALAT1 in cardiomyocytes
and hearts of hyperglycemic mice could be coun-
teracted by nitric oxide [101].

Other IncRNAs have also been found to be
involved in the development of DCM. Most of
the studies are concerned about the effects of
IncRNA on cardiomyocyte survival, including
apoptosis, pyroptosis or autophagy.
Overexpression of myocardial infarction associ-
ated transcript (MIAT) was detected in the DCM
mice and showed protective effect on cardiac
function. Similar to other LncRNA, MIAT func-
tioned as a competing endogenous of miR-22-3p,
resulting in the activation of target gene DAPK?2
[102]. Inhibition of Kcnqlotl reduced cardio-
myocytes pyroptosis hence affecting the function
of cardiac function in mice DCM model, which
was also identified as a sponge IncRNA of miR-
214-3p, leading to the increase of caspase-1 and
IL-1p [103].
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Although IncRNAs have been found to be
associated with ventricular remodeling, espe-
cially cardiac fibrosis, the relationship between
IncRNAs and DCM-induced myocardial fibrosis
has been less discussed [104, 105]. As an cardiac
fibroblasts (CFs) enriched IncRNA in heart,
IncRNA Crnde (CRNDE) was significantly nega-
tively related to cardiac fibrosis in patients with
cardiac fibrosis or in DCM mice. Overexpression
CRNDE could reduce the marker gene of myofi-
broblast expression in TGF-f induced CFs and
alleviate DCM-related cardiac fibrosis. At the
same time, left ventricular function was partial
recovery by CRNDE overexpression through for-
matting a Smad3-Crnde negative feedback [106].

IncRNAs were specific markers to predict the
occurrence of DCM in well-controlled type 2
diabetes patients. Circulating long intergenic
non-coding RNA predicting cardiac remodeling
(LIPCAR) was negatively correlated with dia-
stolic function(E/A peak flow), while serum
smooth muscle and endothelial cell-enriched
migration/differentiation-associated long non-
coding RNA (SENCR) were significantly related
to cardiac remodeling in patient with uncompli-
cated type 2 diabetes. All the above motioned
results demonstrated that IncRNAs was valuable
tools for recognizing the cardiomyopathy at a
preclinical stage, especially for the screening for
the first diagnosis patients or the well-controlled
patients [107].

3.2.2 CircRNAs as Potential Tools
for DCM

Circular RNAs (circRNAs) were the important
members of non-coding RNAs. Although cir-
cRNAs werediscovered in organisms as early as
1979, the functional research of circRNAs has
been zigzag [108]. Because most of the circRNAs
were derived from gene exons, researchers used
probes to capture known exon sequences and
then conducted in-depth sequencing. Through
this way, more than 3000 circRNAs were identi-
fied in 2000 clinical samples. However, because
this method retained linear RNA, the researchers
also found that the expression of circRNAs has
no obvious relationship with the number of RNA
produced by parent gene. Thus, the change of

expression of cyclic RNA could not be simply
attributed to the change of the expression of the
mother gene. It might contain more complex gen-
eration and regulation mechanisms. In the past
10 years, the function of circRNAs has been
gradually revealed. circRNAs were implicated in
the development of metabolic disease and cardio-
vascular disease such as coronary heart disease,
pathological cardiac hypertrophy and cardiac
remodeling [109, 110]. Studies described the cir-
cRNAs expression pattern in human endothelial
cells after high glucose stimulation. 95 circRNAs
different expressed were observed in different
group, which may be involved in the process of
the endothelial dysfunction in diabetes mellitus.
But unfortunately, there was no research to
explain the role of a specific circRNA in the
pathogenesis of DCM.

4 Conclusion

Different models will have certain influence dur-
ing the process of studying the pathogenesis of
DCM. TIDM and T2DM have the greatest impact
on cardiomyopathy. Although both of them
involve oxidative stress, inflammation, cardio-
myocyte apoptosis and high glucose stimulation
induced hypertrophy, the role of insulin resis-
tance could not be ignored [111]. In addition,
high fat and lipid metabolism disorders also
played a role in the pathogenesis of DCM, which
needed further clarification. Considering the cur-
rent research situation of the relationship between
non-codingRNAs and DCM, there were still
many valuable problems need to be further
discussed.

Based on the results of the current study, there
was no doubt that miRNAs could regulate
DCM. This regulation ran through the entire pro-
cess of DCM from initial to advanced heart fail-
ure. DCM shared a common pathological process
with many cardiac injury diseases. High glucose
and oxidative stress damaged cardiomyocytes in
early stage of disease, which leading to apoptosis
or even necrosis of cardiomyocytes. At the late
stage of DCM induced heart failure, the main
pathological — manifestations were cardiac
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hypertrophy and ventricular remodeling. In addi-
tion, metabolic changes in the heart were closely
related to DCM, including abnormal glycome-
tabolism and lipid metabolism, which was also
related to the discovery of miRNAs function in
the above pathological processes. For example,
the miR-155 described above was a classical
metabolic syndrome-related miRNA [112, 113].
MiR-133a was a muscle-specific miRNA, and its
association with cardiac fibrosis has been
reported already. These conclusions were con-
firmed in the cardiac fibrosis that was induced by
DCM. We made it clear that these miRNAs were
closely related to DCM. However, almost no
miRNA was obtained that was specific related to
DCM. Indicated that no breakthrough has been
made either in solving the specific target of miR-
NAs treatment or in finding specific markers
again. According to the classical definition, non-
coding RNA was a kind of RNA without coding
function in transcriptome. However, recent stud-
ies found that some non-coding RNAs or its pre-
cursors can also be translated [114, 115]. This
brought more possibilities in exploring the func-
tion and mechanism of non-coding RNA in
human diseases. The functions of circRNAs and
its relationship with diseases were the hotspots of
current research, especially after the redefinition
of circRNA as a functional RNA. The potential of
circRNAs was not only embodied in its subunits,
but also in its coding and homeopathic regulation
of nearby genes [116].

However, the research on non-coding RNAs
as a biomarker of DCM was relatively rare, which
may be due to the following reasons: (1) In clini-
cal, compared with other diseases such as myo-
cardial infarction, the diagnosis of diabetic
cardiomyopathy often required comprehensive
clinical history, cardiac ultrasonography and
other results to diagnose. Also, fewer cases of
definite diagnosis were obtained. (2) Diagnosed
patients have often entered the stage of heart fail-
ure, that too many confounding factors existed.
(3) DCM was mostly developed on the basis of
type 2 diabetes mellitus in clinical patients.
However, more attention has been paid to type 1
diabetes mellitus induced DCM in experimental

research, which was different between clinical
and basic research.

In addition, conservativeness of non-coding
RNAs among species was also one of the bottle-
necks to its application in clinical treatment in the
future. This made it more difficult for the trans-
formation from animal model to clinical practice.
Therefore, a small amount of non-coding RNAs,
which was found to be highly conservative
among species, could be the target of future ther-
apeutic strategies developing.

In conclusion, the pathogenesis of DCM is not
completely clear at present. The research on the
relationship between non-coding RNAs and
DCM has revealed the strong role of non-coding
RNAs in the pathogenesis of DCM. Research on
this direction is a meaningful perspective to
explore the pathogenesis of DCM in the future.
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