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Abstract Diabetic Retinopathy (DR), a debilitating
microvascular complication of diabetes, is one of the
leading cause of blindness. However, the pathogenesis of
this disease is not fully understood. Few Studies have
reported the role of MicroRNA (miRNA), which is
deregulated or altered in many diseases. Further, few
pathways linked genes which have been suggested to be
regulated by miRNAs, may play an important role in the
regulation of glucose homeostasis and eventually may
contribute to the establishment of DR. However, the roles
of microRNAs (miRNAs) in DR are still not very clear. In
current review, we explored various findings of scientific
database demonstrating the role of miRNA in the pro-
gression and development of Diabetic Retinopathy.
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Introduction

The occurrence of diabetes, a prolonged metabolic disor-
der, has been growing at worrying rates all over the world
and is estimated to rise to 552 million adults by 2030.
Upswing in cases and results in death, makes it one of the
important health challenges in our society [1, 2]. In the
absence of physical activity, people become overweight
and obese and interactions with genetic predisposition,
significantly modify the incidence of diabetes [1, 3]. Now
Type 2 diabetes mellitus (T2DM), is affecting not only
adults but also it is seen at an early age in children and
adolescents [1, 2]. The rising incidence of obesity in chil-
dren increase the T2DM burden in population. Hyper-
glycemia is the main characteristics in all diabetic patients.
This is, due to lack of insulin, or loss of insulin sensitivity
in the target tissue in the presence of normal insulin
secretion, or a combination of both. While in type 1 dia-
betes, there is complete lack of insulin, due to beta cell
malfunctioning. “Insulin resistance, which is the impaired
ability of insulin to elicit its metabolic effects in the target
tissues, particularly, in fat, liver and skeletal muscle, is one
of the important causes of T2DM and cardiovascular dis-
ease”’[4, 5]. Moreover, longstanding hyperglycemia can be
root for life threatening macrovascular and microvascular
problems. In addition, macrovascular problems like coro-
nary heart disease and stroke are accelerated by
atherosclerosis and hypertension and it is most common in
diabetic patients [6, 7]. On the other hand, diabetic
retinopathy is caused by microvascular episode [8, 9],
where it is major cause of blindness, and diabetic
nephropathy, affected tubules, glomeruli, interstitium and
the vessels, causing malfunctioning in renal and finally
leading to end-stage renal disease [10, 11]. In addition,
diabetic neuropathy is also caused by microvascular

@ Springer


https://orcid.org/0000-0002-6232-1622
http://crossmark.crossref.org/dialog/?doi=10.1007/s12291-021-01018-4&amp;domain=pdf
https://doi.org/10.1007/s12291-021-01018-4

268

Ind J Clin Biochem (July-Sept 2022) 37(3):267-274

disease [2, 12, 13], affecting specially the nervous system,
eventually heading to the development of chronic diabetic
foot ulcers, among other problems.

T2DM is characterised by the chronic inflammatory
state, leading to chronic complications. These can be pre-
vented by adequate nutrition and regular physical exercise,
at an initial stage. However, our aim to get better and more
effective treatment solutions for these long-term compli-
cations in patients remains of importance. Many clinical
trials have addressed few of these questions [14—16]. The
results of these studies express that even though glucose-
lowering treatment decreases the risk of cardiovascular
diseases, the risks of macrovascular and microvascular
complications still persist, and the development of new
therapeutic strategies is required. It has been advised that
the main reason is that the interventions are implemented
too late after the diagnosis of the disease. UKPDS and
STENO-2 studies backed this work, wherein treatment of
chronic hyperglycemia was undertaken at the initial stages
of the disease [17, 18]. Lower glycemia and long-term
reduction of the risk of macrovascular and microvascular
complications is resulted by these interventions. However,
most of the prevailing method used for therapies are not
fully efficacious and therefore, there is a serious require-
ment for a better interpretation of the molecular mecha-
nisms in T2DM development and its issues and eventually
identify preferably therapeutic targets.

Small endogenous non-coding RNA molecules, 18-25
nucleotides in length are highly conserved, known as micro
RNAs (miRNAs or miR). Their role in regulation of many
key biological functions including the maintenance of
cellular signalling in both physiological and pathophysio-
logical states and the regulation of entire pathways have
been reported. When miRNA regulation is altered, it may
result into serious physiological complications, including
chronic disorder, like diabetes and its associated compli-
cations. miRNA regulates post-transcriptional gene
expression by binding to their target messenger RNAs
(mRNAs), resulting in mRNA degradation or suppression
of translation [19-21]. It has been proven that these
molecules can be very encouraging remedial goal and have
substantial promise for diagnostic biomarkers for the var-
ious diabetic problems. Thus, in this review we summa-
rizes the most of the advanced reporting concerning the
task of miRNA in the widespread pathophysiology of
diabetic retinopathy.

Diabetic Retinopathy
Diabetic retinopathy is one of the important complications

of diabetic patients, eventually leading to visual impair-
ment in aged 40-74 years. Main feature is spectrum of
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lesions within the retina [22, 23]. The reason behind DR
are capillary degeneration, vascular permeability, capillary
microaneurysms and excessive neovascularization. Death
of some cells leads to neural retina dysfunctional, which
changes retinal electrophysiology and results in an inability
to discriminate between colons. Clinically, diabetic
retinopathy has been divided into non-proliferative and
proliferative disease stages. In the preliminary phase,
hyperglycaemia may result into intramural pericyte death
and thickening of the basement membrane, which made
changes in the integrity of blood vessels within the retina,
altering the blood-retinal barrier and vascular permeability
[22]. In condition of non-proliferative diabetic retinopathy,
most people do not observe any visual impairment.

Occlusions or degeneration of retinal capillaries are
correlated with deteriorating prognosis®*, which is most
likely the result of ischemia followed by immediate
secretion of angiogenic factors related to hypoxia. These
conditions develop the disease into the proliferative phase
where neovascularization and accumulation of fluid within
the retina, termed macula edema, causes visual impair-
ment. There is bleeding with linked distorting of the retinal
architecture in severe cases, including development of a
fibrovascular membrane which can leads to retinal
detachment [22].

Diabetic retinopathy develops in many years, and about
all patients with type 1 diabetes [23, 25], and most of the
having type 2 diabetes [26], presents some retinal lesions
after 15-20 years of disease. Moreover, the major vision
threatening retinal disorder in type 1 diabetes appears to be
proliferative retinopathy [27], while in type 2 diabetes
there is a higher incidence of macula edema. Nevertheless,
only a few of such cases will have progression leading into
diminished vision.

Micro RNA and Dysregulation

In 1993, miRNAs were first identified in the nematode
organism (Caenorhabditis elegans) [28-30]. After a long
research lin-4 became first reported miRNA. It (lin-4) was
successfully downregulated a nuclear protein called lin-14,
thus initiating the second stage in larval development
[30, 31]. After some time a second miRNA, let-7, had been
identified in C. elegans that apparently to be highly con-
served among species including humans [32, 33]. Now
35,828 mature miRNAs including 2000 in human being,
have been reported across all species and registered in
miRbase [35, 36].

“Mature miRNAs are small noncoding ribonucleotides
(~ 22 nt) capable of recognizing and binding to partially
complementary sequences within the 3’ untranslated region
(UTR) of specific mRNAs”[36]. Most miRNAs function
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by mediating the degradation or translational inhibition of
mRNAs. [36, 37] (Fig. 1) Many authors have reported that
“miRNAs also can affect translation and gene expression
in a positive manner” [38—40], by pairing with the target
mRNA through their seed region at the 5’ end. Now,
miRNA synthesis and processing start as, miRNAs are
transcribed as pri-miRNAs and processed to pre-miRNAs
by the set of enzyme Drosha and DGCRS inside the
nucleus. [41] After transport into the cytoplasm pre-miR-
NAs are processed to mature miRNAs by the Dicer com-
plex, and the obtained double-stranded RNA associates
with the RNA-induced silencing complex that mediates the
interaction of miRNAs with target mRNAs. In addition,
most of the preliminary studies on miRNA function used
deletions of Dicer [42], Drosha [43], DGCRS8 [44], and
Ago2 [45] genes. While the homozygous deletion of Dicer
is embryonic lethal in mice and zebrafish [46] and tissue
specific deletions of Dicer have been used to study the role
of miRNAs in various cell types.

As of now 2500 mature miRNA sequences has been
identified which signify greater than 5% of all genes.
Although many miRNAs be present in miRNA families
with similar seed sequences [41]. Now it has been con-
sidered that each miRNA family regulates more than 300
different target mRNAs and close to 50% of target mRNAs
have binding sites for two or more miRNAs [41, 47, 48],
regulate more than 75% of mRNAs in a cell [49]. So, entire
protein networks and signalling pathways are regulated by
miRNAs. They play important role in development, neu-
ronal cell fate, apoptosis, and cell proliferation. Many
altered miRNAs is responsible in disease progression
including cancer, diabetes, neurological disorders,
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Fig. 1 a primary miRNA (pri-miRNA) transcript is encoded in the
cell’s DNA and transcribed in the nucleus, processed by an enzyme
Dosha and exported into the cytoplasm where it is further processed
by Dicer. After strand separation, the mature miRNA represses

A~ M \J\:_,_
I

autoimmune and cardiovascular diseases. Even though
miRNAs play important roles in diverse aspects of sig-
nalling and metabolic control while their exact function
and targets of most of the identified miRNAs remain
unknown.

Similarly other biomarkers, miRNAs are now increas-
ingly accepted as biomarkers of disease progression.
Keeping plasma glucose level normal, requires the pro-
duction and secretion of insulin from pancreas, which then
acts on insulin-sensitive tissues, including muscle, liver,
and adipocytes. The first miRNA was identified in pan-
creatic islets as micro-RNA (miR)-375, control glucose
homeostasis [50]. Afterward, many miRNAs have been
recognized with key functions in pancreatic B-cells
[51, 52]. Now, it is regarded as true that circulating miR-
NAs may represent a sensitive and more accurate assess-
ment of diabetic retinopathy progression when compared to
conventional clinical examination and/or analysis of retinal
images.

McArthur et al. reported that “miR-200b, which targets
VEGF-A, was found down regulated in the retinas of dia-
betic rats”. Moreover, “in vitro exposure of HUVECs and
bovine retinal capillary endothelial cells (BRECs) to HG
resulted in a downregulation of miR-200b and an upregu-
lation in VEGF-A mRNA” [53]. As we know that NF-kB is
a potent regulator of the immune response and play a very
important role in the prior pathogenesis of DR by activat-
ing a pro-apoptotic instance in retinal pericytes [54].
miRNAs (miR-146, miR-155, and miR-21) which are
regarded as transcriptionally regulated by NF-kB [55-57]
were also revealed to be upregulated in the retinal ECs of
diabetic rats [58].
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Another group reported that “by using microarray
screening assays, found that 304 miRNAs were differen-
tially expressed in the transforming growth factor (TGF)-2-
induced epithelial-mesenchymal transition of human reti-
nal pigment epithelium cells”. It is an important finding
because this incident is essential during the progress of
proliferative vitreoretinopathy. Moreover, TGF-2 can
induce cell migration as well as moderate fibrosis [59] and
thus it will be important to pinpoint the targets for these
miRNAs. So, endothelial cell damage is one of the
important key mechanisms which causing retinal
microvascular injury in diabetes.

Recent results have identified a novel mechanism by
which “miR-195 regulates sirtuin (SIRT)-1 mediated tissue
damage in diabetic retinopathy”. The expression of miR-
195 was found to be upregulated in retinas of diabetic rats
while intra-vitreal injection of antagomiR-195 ameliorated
levels of SIRT-1. Hyperglycemia has been suggested as the
cause for high miR-195 expression levels found (Table 1)
[60]. In addition, the pathogenesis of diabetic retinopathy is
affected by two very important factor, hypoxia-inducible
factor-1ao (HIF1) and VEGF [61]. Ling and colleagues
recently found that “there is a cross-talk between HIF1 and
VEGF through interaction with their common miRNAs,
such as miR-106a, silencing either HIFl or VEGF
increased the availabilities of the shared miRNAs” [62].
Furthermore, “it has been shown that miR-126 is not only
downregulated under hypoxic conditions in vivo and
in vitro, but it can also modulate the expression of VEGF
and MMP-9 protein levels in monkey chorioretinal vessel
endothelial cells (RF/6A)” [63]. Moreover, it has been
noticed that miR-200b, implicated in the controlling of
oxidation resistance (Oxr)-1, a protein that regulate the
sensitivity of neuronal cells to oxidative stress, in the
retinas of Akita mice (a model of type 1 diabetes] wherein
it appears to be upregulated [65), whereas in another study
the “same miRNA has been found downregulated upon
high glycemia in diabetic retinas and endothelial cells,
having VEGF as a possible target”[53]. In an in-vitro
study, a cell line of retinal pigment epithelial (RPE) cells
and human retinal endothelial cells (HRECs) after expo-
sure of higher glucose mimicked the DR progression and
resulted in hyperglycemia-induced HREC/RPE apoptosis.
They found miR-124/-125b, miR-135b/-199a levels
decreased with DR progression in vitro. Moreover, miR-
145/-146a expression decreased by degrees in high-glu-
cose-treated HRECs, but increased in hyperglycemia-ex-
posed RPE cells [65] Zhou et al. [66] reported that “protein
levels of PPARa were altered by transfection of miR-21
mimic or miR-21 inhibitor in cultured cells and that the
deletion of miR-21 binding sites abolished its regulatory
effects on PPARY, suggesting miR-21 regulates PPARY by
targeting its 3°’UTRs in DR” [87]. These results could be
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very helpful from a therapeutic perspective, since miRNAs
are responsible for neovascularization, matrix protein
accumulation and vascular permeability, all are cause for
loss of vision. More work needs to be done in order to
recognise and validate the specific targets and cascades that
can be modulated by some of these differentially expressed
biomarkers.

Future Perspective

In diabetes mellitus specially in type 2, the research on
miRNA are still debatable. Substantially, research on
miRNA biomarkers in DR has been hypothesis driven and
non-hypothesis-driven research is still in its early phase in
the area of diabetes. Though, both upgraded accessibility of
biobanks that store samples properly from clinical cohorts,
and increasing experience with the use of both cognitive
genomics and biostatistics is likely to change this scenario
in the next future. An open omic approach to get
“Molecular signatures,” are likely to better research based
on individual biomarkers as single biomarkers can hardly
reflect the biological complexity of the primary
microvascular injury.

As miRNAs can regulate gene expression using differ-
ent strategy, together with mRNA cleavage, translational
repression and de-adenylation. As we know, miRNAs have
swiftly come up as promising targets for the development
of novel therapeutics. Most prevailing technique to target
specific miRNA are Double-stranded (ds) miRNA mimics
and anti-mRNA antisense oligo deoxyribonucleotide.
Though miRNAs have a specific and defined target in the
pathogenic mechanism of the disease but miRNA-based
therapy comes with the trump card that they point many
genes engaged in the similar pathway process [74]. Now,
one of the big alarms with the miRNA-based therapy is
their proper and safe delivery, as these modulators must
leave the circulatory system to get into the target tissue and
should be able to cross blood-retina barrier. In addition, the
second relevant issue is their half-life in circulation. In this
modern age with advanced technology in drug delivery
system, could open up the use of miRNAs for diabetic
retinopathy.

Silencing DR-Inducing miRNAs

Now four ways open the door to silence the miRNA, (1)
anti-miRNA oligonucleotides (AMOs), (2) miRNA-in-
hibiting natural agents, (3) miRNA sponges, (4) gene
knockout [75]. All four methods are in a nutshell intro-
duced below.
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Table 1 Summary of miRNAs that are involved in “diabetic retinopathy”

S.  miRNA
No

Model Technique

miRNA function

1 miR-132 [58]  Animal (Sprague-Dawley rats)

miRNA RT-PCR
arrays (Tagman;

Upregulated with increased NF-kB, ICAM-1 and MCP-1, in
diabetic retinal endothelial cells and retina

Applied Biosystem)

miR-146 [58]  Animal (Sprague—Dawley rats)

miRNA RT-PCR
arrays (Tagman;

Upregulated and ativated by NF-kB in the Retinal endothelial
cell of diabetic rats

Applied Biosystem)

miR-155 and
miR-21 [58]

Animal (Sprague-Dawley rats)

miRNA RT-PCR
arrays (Tagman;

Upregulated and activated by both VEGF and NF-kB in the
Retinal endothelial cell of diabetic rats

Applied Biosystem)

2 miR-34 family Animal (Sprague-Dawley rats)

miRNA RT-PCR
[58] arrays (Tagman;

Upregulated in diabetic rats upon VEGF and p53 responses in
retinas

Applied Biosystem)

3 miR-34a [67]  Cell Line

Biosystems)

4 miR-29b [68]  Animal (Wistar rats)
Biosystems)
5 miR-195 [69]  Cell Line (Human retinal
pigment and dermal
microvascular epithelium)

6 miR-200b Animal (Akita mice)

[53, 64]

7 miR-126 [63]  Animal (Monkey chorioretinal
vessel endothelial cells and

Wistar rats)

Green)

8 miR-27b and  Human TagMan miRNA
miR-320a assays
[70]

9 miR-21, miR- Human TagMan Low Density
181c, miR- Array and real-time
1179 [71] PCR

10 miR-21 [72] Human Quantitative real-time

PCR
11 miR-93 [73] Human gqRT-PCR

MicroRNA Assay
(TagMan; Applied

MicroRNA Assay
(TagMan; Applied

One Step RT-PCR

Microarray and
quantitative RT-PCR

Real time PCR (SYBR

Downregulated and can inhibit proloiferation of retinal
pigment epithelial cells

Upregulated, potential target is cellular activator of x cellular
activator of PKR, RAX (PKR activator X], in retinal
ganglion cells

Upregulated in retinas of diabetic rats. Regulates sirtuin 1
mediated tissue damage, in human retinal and dermal
microvascular endothelial cells

Downregulated upon high glycemia with VEGF as a direct
target, in diabetic retinas and endothelial cells. Upregulated
in Akita mouse retinas. Regulates the expression of
oxidation resistance-1

Downregulated by hypoxia and reduced in the retinal tissue
of streptozotocin-induced diabetic rats. Inhibition of VEGF
and MMP-9

Downregulated and upregulated, involve in progression of
retinopathy in patients with T1D

Upregulated and act as biomarker for proliferative daibetic
retinopathy

Upregulated and involved in beta cell dysfunction

Upregulated and promote the tumor progression

Anti-miRNA Oligonucleotides (AMOs)

AMOs are designed in a such manner to complement
miRNAs that are stopped from binding to their target and
specific sequences [75]. Nevertheless, There is significant
hurdle in delivery of AMOs in vivo to their successful
implementation in therapeutics. Authors reported that
“Chemical modification of AMOs can be beneficial by
improving hybridization affinity for the target mRNA,
resistance to nuclease degradation, or activation of RNaseH
or other proteins involved in the terminating mecha-
nism”[76]. 2’-O-Me modification as well as the 2’-
O-methoxyethyl (2°-MOE) and 2’-fluoro (2’-F) chemistries
is modified at the 2’ position of the sugar moiety, while

LNA comprises a group of bicyclic RNA analogues in
which the furanose ring in the sugar-phosphate backbone is
chemically locked in an RNA mimicking N-type (C3’-
endo) conformation by the introduction of a 2’-0,4’-C
methylene bridge [77-81]. LNA has shown the highest
affinity towards complementary in amid these chemical
modifying methods [82, 83].

miRNA-Inhibiting Natural Agents
Some of the very important natural agents (product)
derived from food material are illustrated to have miRNA

inhibiting effect. Curcumin and its analogue CDF were
found to downregulate miR-21, which is a key miRNA in
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tumour aggressiveness. Curcumin (diferuloylmethane), a
natural compound, is a bright yellow chemical produced by
plants of the Curcuma longa species, commonly used as a
kitchen spice, is exhibited to modulate a number of histone
modifying enzymes and miRNAs” [84], and author’s ear-
lier work has shown that “curcumin ameliorates retinal
metabolic abnormalities postulated to be important in the
development of diabetic retinopathy” [85]. Thus, natural
compounds (product) could be very useful in curbing the
progression of retinopathy in diabetic subjects via regu-
lating both metabolic abnormalities and epigenetic
modifications.

miRNA Sponges

The microRNA (miRNA) “sponge” method was presented
three years ago as a means to form continuous miRNA loss
of function in cell lines and transgenic organisms. As we
know, miRNA sponges contain complementary binding
sites to the seed region of the miRNA of interest, which
permits them to obstruct an entire group of associated
miRNAs. Thus, subcloning the miRNA binding site region
into a vector containing a U6 small nuclear RNA promoter
with 50 and 30 stem-loop elements are used to transfer
sponges in to cell [86].

Conclusion

In conclusion, our understanding of the importance of
miRNAs in the pathogenesis of DR has grown substan-
tially, and intervention studies in experimental animals
indicate that treatments targeting miRNAs can be benefi-
cial. Furthermore, the progress of a highly sensitive, reli-
able and less invasive test with high predictive power for
clinical stratification of DR will provide a substitute marker
for clinical trials, give better prognosis information and
steer development of future therapies focused towards
preventing the vascular complications of diabetes.
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