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ABSTRACT

Diabetes type 11 is an autoimmune disorder of multiple etiologies that is
basically due to deregulation of blood glucose homeostatis, thus causing
hyperglycemia accompanied by various other disturbances of
carbohydrates, fat and protein metabolism. Broad classification of these
diabetic complications involves two major groups - microvascular
which includes retinopathy (leading to blindness), nephropathy (leading
to renal failure) and neuropathy (leading to nerve damage) and
macrovascular, including cardiovascular complexity and peripheral
vascular disease. Diabetic retinopathy (DR) is a microangiopathy that
induces optical complications in a diabetic subject that leads to acquired blindness in young adults due to high
susceptibility of cellular components of retina towards the hyperglycemic environment. A large number of protein
coding genes and some non-coding RNAs (ncRNAs) are reported to be involved, among which miRNAs are a small
group of ncRNAs that are broadly studied to understand the pathology of the disease. Therefore, the functions and
initiation of miRNAs could be regulated as their variation is allied with a broad array of functional defects, including
incurable conditions. This review focuses on the molecular mechanisms of miRNA in response to DR.
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INTRODUCTION

Diabetes type II is an autoimmune disorder of multiple
etiologies that is basically due to deregulation of blood
glucose homeostasis, thus causing hyperglycemia
accompanied by various other disturbances of
carbohydrates, fat and protein metabolism (1-2). The
prevalence of this disease worldwide is a serious threat
as it has increased substantially since last 50 years and
has been adjudged to adversely hit 592 million
population by 2035 (3). The pathogenesis of this
heterogeneous disease involves various factors such as
genetic, epigenetic and environmental factors (4). The
basic mechanism behind the development of this
chronic disease is the disability of B cells to produce
compensatory insulin which is a necessary step
towards increased insulin resistance (5). The vascular
complication of the prolonged sustainability of the
disease is a serious and thus reduces the life expectancy
of an individual (6). General signs and symptoms that
mark the onset of the disease include blurred vision,
polyurea, polydipsia, weight loss and polyphagia (7). It
has therefore become crucial to develop improved
therapeutic strategies for chronic conditions related to
diabetic complications. Broad classification of these
diabetic complications involves two major groups -
microvascular which includes diabetic neuropathy,

diabetic retinopathy and diabetic nephropathy and
macrovascular, including cardiovascular complexity
and peripheral vascular disorders (8).

Microvascular complications of diabetic
retinopathy

DR is a microangiopathy that induces optical
complications in a diabetic subject that leads to acquired
blindness in young adults due to high susceptibility of
cellular components of retina towards the
hyperglycemic environment (9-10). The disease
progresses with elevated vascular permeability, ocular
hemorrhages, moderate or severe Non Proliferative
Diabetic Retinopathy (NDPR) characterized by liquid
discharge due to peripheral vascular closure,
Proliferative Diabetic Retinopathy (PDR) abnormal
neovascularization (NV) from the preexisting choroid
beneath the retina and posterior vitreous surface (11).
DR is predicated as a salient reason for vision
impairment among working population (12-13).Meta
analysis of population based studies estimated that the
global thrust of this abrasive vision among population is
attributable to DR (14) reporting 2.6 million
consequences in 2015 which is projected to rise up to
3.2 million cases in 2020 (15). Although
epidemiological studies suggest that improved therapies
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have been introduced in developed countries which
have counterbalanced the increasing trend of the disease
and reduced the incidence of vision threats (16-19). The
pathogenesis and complexity of DR involves cascades
of mechanisms such as imbalanced radicals and anti-
oxidants through excess reactive oxygen species (ROS)
due to elevated blood glucose levels in the retina thus
activating the four canonical pathways that cause
disruption of retinal architecture (20). Stimulated
secretion of pro-inflammatory cytokines inflicts
systemic inflammatory environment for retina that
ultimately leads to retinal microvascular abnormalities
(21-22). Neuronal degeneration is also depicted with the
progression of the disease via altered metabolism which
leads to programmed cell death of retinal ganglion cells
(RGC) and malfunctioning of glial cells (23) These
metabolic modulations of DR also affect the hereditary
modifications in gene (DNA methylation, histone
modifications, and miRNAs regulation) thereby
aggravating the progression of the disease in spite of
controlled glucose levels (24-25). Post translational
modifications along with epigenetic changes interact
closely leading to pathological alterations in retina.

A multiple number of protein coding genes such as
vascular endothelial growth factor (VEGF) (26),
pigment epithelium derived factor (PEDF) (27),
angiopoietin (28), and bone morphogenetic protein
(BMP) (29) related to the pathways involved in the
pathogenetic mechanism of DR play crucial role in
vascular changes. In addition to these protein coding
genes, some non-coding RNAs (ncRNAs) are reported
to be involved, among which miRNAs are a small
group of ncRNAs that are broadly studied to
understand the pathology of the disease (30-33).

Emerging role of microRNA in disease progression

Micro RNAs (approx. 21-23 nts long) are highly
conserved sequences of endogenous small non coding
RNAs present in the form of cell free structures n
blood circulation (10) that modulate gene expression
at post-transcriptional level by binding to
complementary 3' UTR of the target mRNA and
thereby restraining protein synthesis (34-35). Major
signaling pathways could be adversely affected if
associated miRNA are dysregulated and hence they
are meant to control gene regulatory functions (36). A
particular miRNA can regulate the expression of
numerous other mRNAs; on the contrary, more than
60% of mRNAs allow concomitant interaction with
multiple miRNAs through predicted binding sites.
(37). Therefore, the functions and initiation of
miRNAs could be regulated as their variation is allied
with a broad array of functional defects, including
incurable conditions Indeed, these circulatory

miRNAs are also involved in various physiological
mechanisms such as cell expansion, differentiation,
apoptotic pathway and metabolism of the cellular
components hence, they are employed in various
pathologies in the form of diagnostic, prognostic and
predictive biomarkers as they can be easily be
extracted through non- invasive procedures (38-39).

miRNAs have been discovered to be involved in
modulating DR-related NV. An elevated level of
glucose in blood is the prime origin of type 2 DM and
its associated complications. DR is a persistent ocular
complexity associated with DM, presenting
microvascular and macrovascular complications. The
adverse consequences of high glucose (HG) cause
impairment to the components of blood-retinal barrier
(BRB) that basically include human retinal ECs
(HRECsS) and retinal pigment epithelial (RPE) cells
thus inducing dysfunction of BRB leading to DR
progression (40-43) and hence used for numerous
investigations to pacify their role in miRNAs. The first
impending role of miRNAs in DR was observed
through their altered expression levels in retina and
RECs of a diabetic induced rat model, 3 months after
the onset of diabetes. It was depicted via miRNAs array
profiling that 80 miRNAs showed significantly high
expression levels and 6 were less expressive in retina of
diabetic rat in comparison to control model. Whereas,
RECs of diabetic rats showed up-regulated levels of 16
miRNAs (P<0.01) and down-regulated levels for 104
miRNAs compared with those in controls (P<0.01)
(44). Xiong et al. also diagnosed the retinas of STZ-
induced DM rats in which he found 17 dysregulated
miRNAs, 10 weeks after the onset of DM (45). Diverse
expression levels of some retinal miRNAs coincides
the track of DR, signifying a strong correlation
between miRNA dysregulation and DR development.

Molecular mechanisms of specific miRNA in
response to DR

miR200b

The most studied miRNA firstly discovered in
association with DR was miR200b.The expression
level of miR 200b were observed to be curtailed in the
high glucose (HG) subjected endothelial cells and the
retina of streptozotocin (STZ) treated diabetic rat after
1 month of diabetic onset whereas, its approved target,
VEGF was found elevated at mRNA as well as protein
levels (46). VEGF expressions are regulated by the
overexpression of miR200b in the retinas of diabetic
rats thereby preventing glucose induced endothelial
hyperpermeability and retinal angiogenesis in human
umbilical vein ECs (HUVECs). Contrawise, an
antagonist of miR200b can boost VEGF production
further elaborating the mechanisms of miRNA in DR
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pathogenesis. A separate study conducted on a
genetical construct of (Akita 8 month old diabetic
mice) suffering from type [ diabetes revealed
significant increased expression levels of miR200b in
comparison to control (47). It is particularized through
various findings that miR200b deregulates the
apoptosis and oxidative stress mechanism by
inhibiting expression of the gene oxidative resistancel
(Oxr1) involved in the process. Moreover, miR200b is
responsible for delaying DR by regulating the
proliferation of HRECs through altered VEGF and
TGF B1 expressions (48). While investigating the sera
of DR patients, decreased expression levels of
miR200b and increased levels of VEGFA was seen as
compared to control patients (49). Another study
revealed elevated expressions of miR200b in vitreous
samples of eyes with PDR compared to control
(P<0.001) and higher vitreous VEGF expression
significantly higher in PDR group than in control
group (P<0.001) and no significant correlation
between miR200b and VEGF (50). Various
conclusions are drawn from the above stated
experiments that miR200b is downregulated HG
treated ECs in the retina of STZ induced rat models
and sera of DR patients whereas, it is unregulated in
the retina of Akita mice and vitreous of PDR patients.
Through these observations it was presumed that the
variability in the results could be due to the differences
in the duration of the diabetes. It was also deduced that
the pathological changes synchronized with DR
progressions may pose distinct effects on miRNA
regulation at distinct stages of DR.

miR146

miR146 possess the ability to modulate NF-xB
inflammatory cells through which, it was firstly
explored in association with DR. NF-xB is a inducible
proinflammatory transcription factor that plays a
prominent role in modulating cellular inflammatory
response at early stages of DR via miR146. The
increased level of miR146 poses a negative feedback
on NF-xB (51) and hence it plays a key role as negative
regulator in multiple pathways of NF-kB activation
which is completely affirmed by experiments
conducted by various investigators for example
Cowan et al illustrated a negative feedback mechanism
which mediates activation of NF-kB by miR146
through thrombin induced G-protein coupled receptor
(GPCR) (52). Ye et al ascertained that overexpression
of miR-146a condensed the levels of NF-kB cells
under hyperglycemic conditions (53).These empirical
results imply that miR146a negatively regulates the
pace of multiple inflammatory responses through NF-
kB activation. Fibronectin (FN) is an extracellular
protein (ECM) which characterizes chronic

complications in diabetes if its levels are inflated. It is
regulated by miR146 and is considered as a chief
component for enhanced synthesis of ECM proteins in
diabetes (54). miR146 also prevents Human Retinal
ECs (Human Retinal ECs) from HG induced apoptosis
by inhibiting STAT3/VEGF pathway via IL5 signaling
(55). Along with miR146a, miR146b also has a vital
role in inflammation procedure. In a study pursued by
Fulzele et al it was observed that miR146b-3p has an
association with HRECs by increasing its permeability
and prevents the BRBs functioningin DR (56).

miR126

Observations fetched from oxygen induced
retinopathy (OIR ice) unveiled down regulation of
miR126. A dramatic vision loss is confronted due to
pathological alteration in retinal NV mediated by
various angiogenic factors such as IGF, hypoxia
inducible factor-1 o (HIF-a) and VEGF, and hence
under marked conditions restoration of miR 126
controls the levels of these factors thereby, reducing
retinal NV. Declined levels of miR 126 stimulate p38
and ERK pathways and enhance the expression of
these angiogenic factors downstream (57).
Downregulation of miR126 is found in diabetic mice
and approved by Ye et al. Angiogenesis is promoted
through maintenance of extracellular vesicles (EVs)
derivative of mesenchymal stem cells (MSCs) under
diabetic conditions through paracrine signaling
pathway. Under, hypoxic conditions expression levels
of angiogenic factors VEGF and HIF 1 o are elevated
due to down regulation of miR 126 in pericytes via
MSc derived EV (58). Clinically the serum expression
of miR126 is significantly decreased in diabetic
patients in comparison to subjects without evident
complications. Hence, serum experiments analysis of
miR126 is a good diagnostic marker to monitor the
outcome of disease. (59). A large cohort of type
ldiabetes patients displayed significantly lower levels
of miR126 than in control and were limited to the
vascular complexities of diabetes with proliferative
retinopathy in patients (60).

miR29 a/b

miR29 b is also associated with the DR. It is located in
the Retinal Ganglion Cells (RGCs) and the Inner
Nuclear Layer (INL) of the retina of both normal and
STZ induced mice. Upregulation of this miR was seen
after diabetic onset of 35 days in the retina of diabetic
induced rat. miR29b also indirectly regulates
proapoptopic RNA dependent protein kinase (PKR)
and associated protein (RAX) localized in RGCs of
retina (61). Itis found that miR29b renders a protective
effect against RGCs and INL cells in the early stages of
STZ induced diabetic mice via proapoptopic PKR
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pathway. Lin et al observed in an in vitro study that
miR29 if upregulated also suspends HG induced
apoptosis through reduced synthesis of caspase 7 in
RPE cells and direct targeting of phosphatase and
tensin homolog (PTEN) (61). miR 29a is also
associated with AGT which is a rennin angiotensin
system found in various organs and prevalent in
variety of disease progression along with diabetes
(62).In diabetic retina miR29a is decreased along with
overexpressed angiotensionogen (AGT) and
upregulation of miR29a regulates the vascular density,
tortuosity and EC nuclei by inhibiting high levels of
AGT (63). Thus DR development can be blocked by
miR29a via down regulation of AGT witnessed in a rat
model.

miR-195

Mortuza et al uncovered through his findings that up-
regulation of miR-195 in HG treated HRECs cells and
retinal cells of diabetic mouse coincides with the down
regulation of Silent Information Regulator Protein 1
(SIRT1). Alterations of SIRTs mediate some metabolic
processes such as rapid aging in retina and ECs via
increased oxidative stress by high glucose. Hence a
plausible role of miR-195-SIRT1 signaling is
ascertained in the modification of REC function as the
neutralization of miR-195 rescues SIRT1 expression
and constrains tissue damage in DR. (64). Depending
upon these previous findings, glucose induced
oxidative stress that facilitates the over expression of
miR 195 promotes two pathogenic modifications
associated with DR ie; tube formation and enhanced
permeability - of retinal BRB. This process is
additionally supported by a multifunctional
mitochondrial protein found in the retinal cells of
diabetic subject and HRECs (62, 63). Since miR 195 is
associated with the molecules related to oxidative
stress leading to disease progression of DR, it can be
used a potential therapeutic target.

Other miRNAs and their therapeutic roles in DR

Another miR associated with the SIRT1 signaling
pathway is miR23b-3p which regulates HR induced
cellular metabolic mechanism of DR. miR23b-3p
expression is found elevated in HG treated HRECs.
Whereas, reduced expression of miR23b-3p suppresses
the expression of acetylated NF-xb by arresting the
expression of SIRT1 thereby relieving the effects of
metabolic changes induced by HG in HRECs (64).

Findings discovered by Kovacs et al revealed that the
level of miR-34 family is found to be increased in the
RECs of diabetic mice (65) whereas it is down
regulated in a subset of AREC:s cell which is confirmed
by Hou et al. RPE cells show a proliferative and
migratory tendency under pathological conditions

such as DR. This characteristic feature of RPE cells is
inhibited by miR34 a by inhibiting its target c-Met and
other molecules of cell cycle such as CD2,4,6 and
E2F1 and p-cdc2 (66). Up-regulation of miR34a also
controls this tendency of RPE cells by down regulating
the leucine rich repeat containing GPCR 4 expression
and reduced expression levels of above mentioned cell
cycle mediators (67).

MiR 15 b and miR 16 show downregulation under
hyperglycemic conditions and play a significant role
in inhibiting insulin resistance and preventing the
apoptosis under such conditions rendering protection
to HRECs (68). In addition to their regulatory roles
regarding insulin resistance, these mRNA also possess
inhibitory roles in proinflammatory signaling hence
preventing retinal leukostatis in DR that is illustrated
by Ye et al. Some inferences drawn by various
conclusions state that proinflammatory signals such as
IL-1B, TNFa and NFkB in HRECs cells under HG
conditions are significantly reduced by
overexpression of miR15 a and miR 16 (69). Wang et al
elucidated dual action of miR15 in DR that is anti-
inflammatory and anti angiogenic (70).
Overwxpressed miR16 in a mouse model also brings
ASM and VEGFA to non diabetic levels and prevents
diabetic induced retinal permeability (70).

Up-regulation of some other miRs such as miR21
miR135 is also found NF«B sensitive in RECs and
retinal cells of diabetic mice (65). Studies conducted
onmiR21 stated that its over expression constrains the
expression of proapoptotic mediator, death domain
associated protein (DAXX), on the other hand,
silencing of the later reverses the inhibitory effect of
the associated miR 21 in HG induced endothelial
apoptotic process that indicate miR 21 can seize
apoptosis of ECs by inhibiting the expression of
DAXX (71).

Some of the symptoms of the DR such as Proliferative

Vitreoretinopathy (PVR) and PDR are associated with
the increased levels of miR21 in the vitreous of eye.
There is a direct correlation between miR21 and
disease progression as it is noticed that levels of miR21
in HG treated RPE cells are enhanced under the
influence of TGF-B. Collectively it is clearly
concluded from gain and loss of function studies that
miR21 is a potent disease modifying miRNA and
promotes development of retinal fibrosis (72)

An important role of miR155 is fetched from several
studies suggesting it as a pathogenic element of DR
(73). Its expression is negatively correlated with the
Treg cells and TGFP cells that are significantly reduced
as the levels of miR 155 is significantly increased in the
peripheral blood of PDR patients. Hence, miR155 is
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also considered as a immunomodulator in signaling
pathway (74).

Essential therapeutic implications have been drawn
from the relationship between miR106a and VEGF
and HIF1 o (directly involved in DR progression) as
these factors are significantly decreased with the up
regulation of this miRNA thus preventing HG induced
permeability (75). Some of the regulators of
angiogenesis such as VEGF and Ang-2 are
significantly reduced by the over expression of
miR351 in hypoxic RF6A cells and rats retinas. This
cross-talk is the mircovascular response that is seen
under hypoxic conditions (76). Overexpression of
miR20b in STZ induced diabetic rats prevents the HG
induced transendothelial permeability and tube
formation by decrease in the levels of VEGF through
AKT3silencing (77)

miR18 b directly targets IGF1 factor in HG induced
HRECs and promotes cell proliferation and enhanced
VEGF production. This miR attenuates the expression
of VEGF by suppressing IGF1 signaling pathways
clearly depicting its clinical significance (78).

CONCLUSION

Inspite of advancement in the treatment for glucose,
blood pressure, vascular and neurological problems
the incidence of diabetes is increasing globally at an
alarming rate beyond expectation. Diabetic
retinopathy is one of the common consequences of
diabetes. Early renal damage along with diabetes
increases the risk of DR leading to micro and
macrovascular complications. It is difficult for many
people to envisage the clinical track of the disease and
is not well aware of the primary and secondary
treatments, risk factors, control etc. Hence, the
strategy should be towards the development of newer
treatments that are highly sensitive and cost effective.
Therefore, micro RNA can be used for this clinical
practice as they act as important biomarkers in the field
of disease pathogenesis, monitoring and therapeutics.
miRNAs are found as effective biomarkers since they
show stability even after vigorous processing steps
and availability of quantitative detection enhances
their importance in therapeutics. Through, this review
it is clearly depicted that pro-inflammatory signaling
is a basic pathological response of DR which leads to
endothelial indisposition. Pro-inflammatory
cytokines such as IL1p and TNFa are found elevated
with the progression in DR pathogenesis which drives
the disease to later stages. Current paradigms in the
field of diabetes through the use of mouse models
emanate many unanswered questions regarding the
regulation of signaling pathways. Among different
miRNAs miR-200b, miR-146a, and miR-126 are the

most focused miRNAs for emerging delivery
platforms for studying inflammatory pathways,
oxidative stress and angiogenesis.

REFERENCES

1.  Stumvoll M, Goldstein BJ, van Haeften TW. Type
2 diabetes: Principles of pathogenesis and
therapy. Lancet. 2005; 365 (9467):1333-1346.

2. Muoio DM, Newgard CB. Mechanisms of disease:
Molecular and metabolic mechanisms of insulin
resistance and beta-cell failure in type 2 diabetes.
Nat Rev Mol Cell Biol. 2008; 9(3): 193-205.

3.  Rocha DA, Fernandes J, Ogurtsova K, et al. IDF
Diabetes Atlas estimates of 2014 global health
expenditures on diabetes. Diabetes Res Clin
Pract. 2016; 117:48-54.

4. Ling C, Groop L. Epigenetics: A molecular link
between environmental factors and type 2
diabetes. Diabetes. 2009; 58(12): 2718-2725.

5. 'Hanefeld M, Koehle C, Fuecker K, et al. Insulin
secretion and insulin sensitivity pattern is different
in isolated impaired glucose tolerance and impaired
fasting glucose: The risk factor in Impaired Glucose
Tolerance for Atherosclerosis and Diabetes study.
Diabetes Care. 2003; 26(3): 868-874.

6. Rask-Madsen C, King GL. Vascular complications
of diabetes: Mechanisms of injury and protective
factors. Cell Metab. 2013; 17(1):20-33.

7. Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell. 2004;116 (2):
281-297.

8.  Dumortier O, Hinault C, Van Obberghen E.
MicroRNAs and metabolism crosstalk in energy
homeostasis. Cell Metab. 2013;18(3):312-324.

9. LeeRC,Feinbaum RL, Ambros V. The C. elegans
heterochronic gene lin-4 encodes small RNAs

with antisense complementarity to lin-14. Cell.
1993;75(5):843-854.

10. Wightman B, Ha I, Ruvkun G. Posttranscriptional
regulation of the heterochronic gene lin-14 by lin-
4 mediates temporal pattern formation in C.
elegans. Cell. 1993; 75(5):855-862.

11. Singh PP, Mahadi F, Roy A, et al. Reactive oxygen
species, reactive nitrogen species and antioxidants
in etiopathogenesis of diabetes mellitus type-2.
Indian J Clin Biochem. 2009; 24(4): 324-342.

12. Moss SE, Klein R, Klein BE. The 14-year
incidence of visual loss in a diabetic population.
Ophthalmology. 1998; 105(6): 998-1003.

13. Aiello LM. Perspectives on diabetic retinopathy.
Am J Ophthalmol. 2003; 136(1): 122-135.

ERA’S JOURNAL OF MEDICAL RESEARCH, VOL.6 NO.2

Page: 135



DIAGNOSTIC IMPORTANCE OF MIRNA IN DIABETIC RETINOPATHY

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Leasher JL, Bourne RR, Flaxman SR, et al.
Global estimates on the number of people blind or
visually impaired by diabetic retinopathy: a meta-
analysis from 1990 to 2010. Diabetes Care. 2016;
39(9):1643-1649.

Flaxman SR, Bourne RR, Resnikoff'S, et al. Global
causes of blindness and distance vision impairment
1990-2020: a systematic review and meta-analysis.
Lancet Glob Health. 2017;5(12):1221-1234.

Liew G, Wong VW, Ho IV. Mini review: changes
in the incidence of and progression to
proliferative and sight-threatening diabetic
retinopathy over the last 30 years. Ophthalmic
Epidemiol. 2017;24(2):73-80.

Sabanayagam C, Yip W, Ting DS, et al. Ten
emerging trends in the epidemiology of diabetic
retinopathy. Ophthalmic Epidemiol. 2016;
23(4):209-222.

Wong TY, Mwamburi M, Klein R, et al. Rates of
progression in diabetic retinopathy during different
time periods: a systematic review and meta-
analysis. Diabetes Care. 2009; 32(12):2307-2313.

Klein R and Klein BE. Is the prevalence of visual
impairment rising or falling in the people with
diabetes mellitus? It depends on who you study.
JAMA Ophthalmol. 2013; 131(3):948-950.

Safi SZ, Qvist R, Kumar S, et al. Molecular
mechanisms of diabetic retinopathy, general
preventive strategies, and novel therapeutic
targets. Biomed Res Int. 2014; 801269.

Sasongko MB, Wong TY, Jenkins AJ, et al.
Circulating markers of inflammation and
endothelial function, and their relationship to
diabetic retinopathy. Diabet Med.2015; 32(5):
686-691.

Koleva-Georgieva DN, Sivkova NP, Terzieva D.
Serum inflammatory cytokines IL-1beta, IL-6,
TNF-alpha and VEGF have influence on the
development of diabetic retinopathy. Folia Med.
2011;53(2): 44-50.

Ola MS, Nawaz MI, Khan Ha, et al.
Neurodegeneration and neuroprotection in diabetic
retinopathy. Int J Mol Sci. 2013; 14(2): 2559-2572.

Kowluru RA. Diabetic retinopathy, metabolic
memory and epigenetic modifications. Vision
Res.2017;139:30-38.

Kowluru RA, Kowluru A, Mishra M and Kumar
B. Oxidative stress and epigenetic modifications
in the pathogenesis of diabetic retinopathy. Prog
Retin Eye Res.2015;48:40-61.

Behl T and Kotwani A. Exploring the various

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

aspects of the pathological role of vascular
endothelial growth factor (VEGF) in diabetic
retinopathy. Pharmacol Res.2015;99: 137-148.

Ibrahim AS, Tawfik AM, Hussein KA, et al.
Pigment epithelium-derived factor inhibits
retinal microvascular dysfunction induced by

12/15-lipoxygenase-derived eicosanoids.
Biochim Biophys Acta.2015; 1851(3): 290-298.

Bento CF, Fernandes R, Matafome P, et al.
Methylglyoxal-induced imbalance in the ratio of
vascular endothelial growth factor to
angiopoietin 2 secreted by retinal pigment
epithelial cells leads to endothelial dysfunction.
Exp. Physiol.2010; 95(9): 955-970.

Hussein KA, Choksi K, Akeel S, et al. Bone
morphogenetic protein 2: a potential new player
in the pathogenesis of diabetic retinopathy. Exp
EyeRes.2014;125:79-88.

Maiorano NA and Hindges R. On-coding RNAs
in retinal development. Int J Mol Sci. 2012;
13(1):558-78.

Conte I, Banfi S. and Bovolenta, P. Non-coding
RNAs in the development of sensory organs and
related diseases. Cell Mol Life Sci.2013; 70 (21):
4141-4155.

Yan B., Tao Z.F., Li X.M,, et al. Aberrant
expression of long noncoding RNAs in early
diabetic retinopathy. Invest Ophthalmol Vis Sci.
2014;55(2):941-951.

Bartel DP. MicroRNAs: Target recognition and
regulatory functions. Cell. 2009; 136(2): 215-233.

Pillai RS, Bhattacharyya SN, Filipowicz W.
Repression of protein synthesis by miRNAs:
How many mechanisms?. Trends Cell Biol. 2007,
17(3):118-126.

Chuang JC, Jones PA. Epigenetics and
microRNAs. Pediatr Res. 2007; 61(5): 24-29.

Latronico MV, Catalucci D, Condorelli G.
MicroRNA and cardiac pathologies. Physiol
Genomics. 2008; 34:239-242.

Liu J, Valencia-Sanchez MA, Hannon GJ et al.
MicroRNA-dependent localization of targeted
mRNAs to mammalian P-bodies. Nat Cell Biol.
2005;7(7):719-723.

Kloosterman WP and Plaster RH. The diverse

functions of microRNAs in animal development
and disease. Dev Cell. 2006;11(4):441-450.

Brennecke J, Stark A, Russell RB, et al. Principles
of microRNA-target recognition. PLoS Biol.
2005;3(3): e85.

ERA’S JOURNAL OF MEDICAL RESEARCH, VOL.6 NO.2

Page: 136



July - Dec 2019

ERA’S JOURNAL OF MEDICAL RESEARCH

VOL.6 NO.2

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Al-Kafaji G, Al-Mahroos G, Alsayed NA, et al.
Peripheral blood microRNA-15a as a potential
biomarker for type 2 diabetes mellitus and pre-
diabetes. Mol Med Rep. 2015; 12(5): 7485-7490.

Zhu H and Leun SW. Identification of microRNA
biomarkers in type 2 diabetes: A met-analysis of
controlled profiling studies. Diabetologia. 2015;
58(5):900-911.

Cunha-Vaz JG and Travassos A. Breakdown of

the blood-retinal barriers and cystoid macular
edema. Surv Ophthalmol. 1984; 28(2): 485-492.

Aronson D and Rayfield EJ. How hyperglycemia
promotes atherosclerosis: molecular mechanisms.
Cardiovasc Diabetol. 2002; 1: 1.

Strauss O. The retinal pigment epithelium in visual
function. Physiol Rev. 2005; 85(3): 845-88]1.

Miyamoto N, de Kozak Y, Jeanny JC, et al.
Placental growth factor-1 and epithelial haemato-
retinal barrier breakdown: potential implication
in the pathogenesis of diabetic retinopathy.
Diabetologia. 2007; 50(2): 461-470.

Kovacs B, Lumayag S, Cowan C et al. Micro
RNAs in early diabetic retinopathy in
streptozotocin-induced diabetic rats. Invest
Ophthalmol Vis Sci. 2011; 52(7): 4402-44009.

Xiong F, Du X, Hu J, et al. Altered retinal
microRNA expression profiles in early diabetic
retinopathy: an in silico analysis. Curr. Eye Res.
2014;39(7): 720-729.

Mc Arthur K, Feng B, Wu Y, et al. MicroRNA-
200b regulate vascular endothelial growth factor-
mediated alterations in diabetic retinopathy.
Diabetes.2011;60(4): 1314-1323.

Murray AR, Chen Q, Takahashi Y, et al.
MicroRNA-200b downregulates oxidation
resistance 1 (Oxrl) expression in the retina of
type 1 diabetes model. Invest Ophthalmol Vis Sci.
2013;54(3):1689-1697.

Jiang Q, Zhao F, Liu X, et al. Effect of miR-200b

on retinal endothelial cell function under high
glucose environment. Int J Clin Exp Pathol. 2015;
9:10482-10487.

Li EH, Huang QZ, Li GC, et al. Effects of
miRNA-200b on the development of diabetic
retinopathy by targeting VEGFA gene. Biosci
Rep.2017;37(2): BSR20160572.

Gomaa AR, Elsayed ET, Moftah RF. MicroRNA-
200b expression in the vitreous humor of patients

with proliferative diabetic retinopathy.
Ophthalmic Res. 2017; 58(3):168-175

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Ye EA. and Steinle JJ. miR-146a attenuates
inflammatory pathways mediated by TLR4/NF-
kappaB and TNFalpha to protect primary human
retinal microvascular endothelial cells grown in
high glucose. Mediators Inflamm. 2016;
3958453:1-9.

Cowan C, Muraleedharan CK, O'Donnell JJ, et al.
McroRNA-146 inhibits thrombin-induced NF-
kappaB activation and subsequent inflammatory
responses in human retinal endothelial cells. Invest.
Ophthalmol Vis Sci. 2014; 55(8): 4944-4951.

Ye EA and Steinle JJ. miR- 146a attenuates
inflammatory pathways mediated by TLR4/NF-
kappaB and TNFalpha to protect primary human
retinal microvascular endothelial cells grown in
high glucose. Mediators Inflamm. 2016;
3958453: 1-9.

Ye EA. and Steinle JJ. miR-146a suppresses
STAT3/VEGF pathways and reduces apoptosis
through IL-6 signaling in primary human retinal
microvascular endothelial cells in high glucose
conditions. Vision Res. 2017;139:15-22

Fulzele S, El-Sherbini A, Ahmad S, et al.
MicroRNA-146b-3p regulates retinal
inflammation by suppressing adenosine
deaminase-2 in diabetes. Bio Med Res Int. 2015;
846501: 1-8.

Samra YA, Saleh HM, Hussein KA, et al. Adenosine
deaminase-2-induced hyperpermeability in human
retinal vascular endothelial cells is suppressed by
microRNA-146b-3p. Invest Ophthalmol Vis Sci.
2017; 58(2): 933-943.

BaiY, Bai X, Wang Z, et al. MicroRNA-126 inhibit
ischemia-induced retinal neovascularization via
regulating angiogenic growth factors. Exp Mol
Pathol. 2011;91(1): 471-477.

Mazzeo A, Beltramo E, Iavello A, et al. Molecular
mechanisms of extracellular vesicle-induced
vessel destabilization in diabetic retinopathy.
ActaDiabetol. 2015;52(6):1113-1119.

Rezk NA, Sabbah NA and Saad MS. Role of
microRNA 126 in screening, diagnosis, and
prognosis of diabetic patients in Egypt. [UBMB
Life.2016;68(6): 452-458.

Barutta F, Bruno G, Matullo G, et al. MicroRNA-
126 and micro-/macrovascular complications of
type 1 diabetes in the EURODIAB Prospective
Complications Study. Acta Diabetol. 2017; 54(2):
133-139.

Mortuza R, Feng B and Chakrabarti S. miR-195
regulates SIRT1-mediated changes in diabetic

ERA’S JOURNAL OF MEDICAL RESEARCH, VOL.6 NO.2

Page: 137



DIAGNOSTIC IMPORTANCE OF MIRNA IN DIABETIC RETINOPATHY

64.

65.

66.

67.

68.

69.

70.

71.

retinopathy. Diabetologia. 2017;57(5):1037-1046.

Zhang R, Garrett Q, Zhou H, et al. Upregulation
of miR-195 accelerates oxidative stress-induced
retinal endothelial cell injury by targeting
mitofusin 2 in diabetic rats. Mol. Cell.
Endocrinol. 2017;452:33-43.

Tang WX, Wu WH, Zeng XX, et al. Early
protective effect of mitofusion 2 overexpression
in STZ-induced diabetic rat kidney. Endocrine.
2014;41(20):236-247.

Mortuza R, Feng B and Chakrabarti S. miR-195
regulates SIRT1-mediated changes in diabetic
retinopathy. Diabetologia. 2014;57(5):1037-1046.

Kovacs B, Lumayag S, Cowan C. et al.
MicroRNAs in early diabetic retinopathy in
streptozotocin-induced diabetic rats. Invest.
Ophthalmol Vis Sci. 2011; 52(7): 4402-4409.

Hou Q, Tang J, Wang Z, et al. Inhibitory effect of
microRNA-34a on retinal pigment epithelial cell
proliferation and migration. Invest. Ophthalmol
Vis Sci. 2013; 54(10): 6481-6488.

Hou Q, Zhou L, Tang J, et al. LGR4 is a direct
target of microRNA-34a and modulates the
proliferation and migration of retinal pigment
epithelial ARPE-19 cells. PLoS ONE. 2016;
11(12):e0168320.

Ye EA and Steinle JJ. miR-15b/16 protects primary
human  retinal microvascular endothelial cells
against hyperglycemia-induced increases in tumor
necrosis factor alpha and suppressor of cytokine
signaling 3. J. Neuroinflammation. 2015; 12: 44.

Ye EA, Liu L, Jiang Y, et al. miR-15a/16 reduces

72.

73.

74.

75.

76.

7.

78.

retinal leukostasis through decreased pro-
inflammatory signaling. J Neuroinflammation.
2016;13:305.

Wang Q, Navitskaya S, Chakravarthy H, et al.
Dual anti-inflammatory and anti-angiogenic
action of miR-15a in diabetic retinopathy.
EBioMedicine. 2016; 11: 138-150.

Zeng J, Xiong Y and Li G, et al. MiR-21 is
overexpressed in response to high glucose and
protects endothelial cells from apoptosis. Exp
Clin Endocrinol Diabetes. 2013; 121(7):425-430.

Usui-Ouchi A, Ouchi Y, Kiyokawa M, et al.
Upregulation of miR-21 levels in the vitreous
humor is associated with development of

proliferative vitreoretinal disease. PLoS ONE.
2016;11:e0158043.

Yang TT, Song SJ, Xue HB, et al. Regulatory T
cells in the pathogenesis of type 2 diabetes
mellitus retinopathy by miR-155. Eur Rev Med
Pharmacol Sci. 2015;19(11):2010-2015.

O'Connell RM, Kahn D, Gibson WS, et al.
MicroRNA-155 promotes autoimmune
inflammation by enhancing inflammatory T cell
development. Immunity. 2010; 33(4): 607-619.

Ling S, Birnbaum Y, Nanhwan MK, et al.
MicroRNA-dependent cross-talk between VEGF
and HIF 1alpha in the diabetic retina. Cell Signal.
2013;25(12):2840-2847.

Zhao R, Qian L and Jiang L. miRNA-dependent
cross-talk between VEGF and Ang-2 in hypoxia-
induced microvascular dysfunction. Biochem
Biophys Res Commun. 2014;452(3): 428-435.

How to cite this article : Srivastava S., Zaidi A., Afreen S., Eba A., Muneshwar, Raza S.T. Diagnostic Importance Of Mirna In Diabetic
Retinopathy. Era J. Med. Res. 2019; 6(2): 131-138.

ERA’S JOURNAL OF MEDICAL RESEARCH, VOL.6 NO.2

Page: 138



	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138

