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Retinopathy refers to disorders that affect the retina of the eye, which are frequently caused by damage to the

retina’s vascular system. This causes leakage, proliferation, or overgrowth of blood vessels through the retina,

which can lead to retinal detachment or breakdown, resulting in vision loss and, in rare cases, blindness. LncRNAs

are becoming essential regulators of several critical biological pathways. 

LncRNAs  diabetic retinopathy  AMD  retinopathy of prematurity  retinal vein occlusion

1. Introduction

Ocular disorders are prevalent in both developed and developing nations. In the world, at least 2.2 billion people

suffer from some form of vision impairment, with at least 1 billion cases being either preventable or unaddressed

. From 2020 to 2045, the global DR population is expected to grow by 55.6% (57.4 million) . The term

“retinopathy” refers to a broad range of disorders that can result in retina-related vision loss. A normal, healthy

retina contains blood vessels that transport oxygen and nutrients, so blood supply to the retina is vital. Retinopathy

is a condition in which blood vessels leak, overrun, or grow through the retina. Detachment or breakdown of the

retina can cause vision loss and, in rare circumstances, blindness. Visual impairment and blindness can be caused

by diabetic retinopathy (DR), age-related macular degeneration, retinopathy of prematurity (ROP), and proliferative

vitreoretinopathy. All these retinopathies negatively impact human health and general wellbeing and impose a

significant psychological, medical, and economic strain on patients and community. Preventing visual impairment

through early detection and treatment is critical worldwide. Many human diseases have been linked to long non-

coding RNAs (lncRNAs), making them potential effectors and treatment options . Long non-coding RNAs

(lncRNAs) have recently been discovered to be differentially expressed in the retina, and play an essential role in

various retinopathies, such as diabetic retinopathy, age-related macular degeneration, proliferative

vitreoretinopathy, retinal vein occlusion, and others.

2. LncRNAs and Proliferative Retinopathies

LncRNAs are becoming essential regulators of several critical biological pathways. Although it is known that a

variety of lncRNAs are explicitly expressed in the developing retina, it is unknown what function these lncRNAs

serve in this organ. Several lncRNAs have been discovered recently, due to advances in bioinformatics. These
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lncRNAs may play a significant role in retinal diseases; however, mechanistic studies still need to be conducted to

determine their functional importance.

2.1. LncRNAs and AMD

Age-related macular degeneration (AMD), a neurodegenerative eye disease, is the most prevalent cause of legal

blindness and visual loss in older individuals. Over 300 million people are expected to be affected globally by it in

2040 . The macula, a tiny functional region in the center of the retina that controls both fine and color vision, is

harmed by AMD. The disease impairs vision by gradually damaging and destroying photoreceptors and the

underlying retinal pigment epithelium (RPE) . Ventral anterior homeobox 2 opposite strand isoform 1 or

2(Vax2os1/2) lncRNAs contribute to wet age-related macular degeneration by altering the balance of various

angiogenic factors in the eye . Increased expression of Vax2os1 and Vax2os2 lncRNAs was observed in

Choroidal Neovascularization (CNV) patients. The altered expression of Vax2os1 causes cell cycle changes in

photoreceptor progenitor cells . Specifically, due to Vax2os1 overexpression during the early postnatal mouse

retinal development, photoreceptor progenitors had poor cell cycle progression and retarded differentiation

processes. Vax2os1 overexpression slows cell cycle development and differentiation in mouse photoreceptor-

derived 661W cells. Vax2os1 lncRNA controls cell cycle progression during mammalian retina development .

Neurovascular dysfunction alters lncRNA MIAT expression. MIAT regulates vascular permeability in the retina and

cornea. MIAT via miR-150-5p/VEGF network regulates neural and vascular cell function . The inhibition of

lncRNA MALAT1 resulted in a decrease in human retinal microvascular endothelial cell proliferation, migration, and

angiogenesis. This was accomplished by targeting miR-125b for VE-cadherin/-catenin complex inhibition. These

findings have significant implications for retinal neoangiogenesis, and point to MALAT1 as a possible therapeutic

target in disorders associated to retinal neoangiogenesis, such as age-related macular degeneration (AMD) . The

lncRNA HDAC4-AS1 functions as a link between the transcriptional activities of HIF-1α and HDAC4. In ARPE-19

cells subjected to hypoxia, lncRNA HDAC4-AS1 was able to decrease the production of HDAC4 through the

regulation of HIF-1α. Since hypoxia-inducible transcription factors were found to be related with CNV and the

progression of AMD, it is possible that this regulation plays a significant role in the development of AMD . Figure

1 depicts the lncRNAs implicated in AMD pathogenesis.
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Figure 1. The functions and biological pathways of lncRNAs in age-related macular degeneration (AMD). Blue

arrows represent upregulation or activation, while red inhibitory signs represent downregulation or inhibition.

2.2. LncRNAs and Diabetic Retinopathy

Diabetes retinopathy (DR) is a primary cause of adult blindness globally. It is the most common diabetic

microvascular problem. The impact of lncRNAs on DR has been extensively studied. No DR, mild non-proliferative

diabetic retinopathy (NP-DR), moderate NP-DR, severe NP-DR, and proliferative DR are the five phases of DR,

according to the International Council of Ophthalmology. According to a 2020 meta-analysis, 22.27% of patients

with diabetes have DR, 6.1% have sight-threatening DR, and 4.07% have substantial clinical macular edema .

The number of adults with DR is anticipated to climb by 25.9% (129.84 million) in 2030 and 55.6% (160.50 million)

in 2045 .

The lncRNA-MALAT1 was shown to be highly increased in animal models of diabetic retinopathy. Knocking down

lncRNA-MALAT1 was proven to help cure streptozotocin-induced diabetic retinopathy in rats. Moreover, the VEGF-

regulated proliferation, migration, and tube formation of retinal endothelial cells were reduced by MALAT1

knockdown . LncRNA-MALAT1 regulate endothelial cells function by controlling the expression of S-phase

cyclins (cyclinA2, cyclin B1, and cyclin B2), and cell cycle inhibitory genes (p21 and p27Kip1) . According to
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Zhang et al. , retinal progenitor cells have significant levels of lncRNA-MIAT expression, which serves as a

sponge for miR-150. LncRNA-MIAT affects endothelial cells and diabetic retinopathy by increasing the production

of VEGF, a miR-150-5p target gene. Also, by blocking tumor necrosis factor and intercellular adhesion molecule 1,

lncRNA-MIAT knockdown can reduce vascular leakage and inflammation . In high glucose conditions, lncRNA

MALAT1 via miR-378a-3p upregulates PDE6G expression, promoting retinal vascular endothelial cell proliferation

and inhibiting apoptosis . In contrast, by modulating the miR-195/mfn2 axis, a prospective target for DR

treatment, lncRNA SNHG16 inhibits oxidative stress-induced pathological angiogenesis in EC . Proliferative DR

had higher SNHG16 and E2F1 expression and lower levels of miR-20a-5p than non-proliferative or control DR. The

lncRNA SNHG16 controls E2F1 expression through miR-20a-5p, exacerbating PDR . LncRNA H19, through

miR-200b, inhibits TGF-1 signaling protein expression to prevent endothelial-mesenchymal transition in DR .

LncRNA MIR497HG targets the miRNA-128-3p/SIRT1 axis to prevent HREC growth and migration . In response

to high glucose stress, RNCR3 is substantially upregulated, both in vitro and in vivo. RNCR3 depletion restores

retinal vascular integrity and decreases vascular leakage, and inflammation. lncRNA RNCR3 depletion reduces

retinal endothelial cell migration and proliferation through the RNCR3/KLF2/miR-185-5p pathway, improving retinal

vascular integrity .

In diabetic retinopathy, MIAT lncRNA controls microRNA-29 to modify cell death . In animal models of diabetic

retinopathy, MIAT also created a feedback loop between VEGF and miR-150-5p to control endothelial cell activity

. The XIST levels were lower in the retinal tissues of the streptozotocin-induced DR mice and the high glucose

(HG)-induced human muller cells. XIST overexpression suppressed pro-inflammatory cytokines and HG-induced

mouse retinal muller cells and human retinal muller cells activation. By interacting with SIRT1 and blocking SIRT1

ubiquitination, XIST increased SIRT1 expression. Furthermore, XIST overexpression impacted the activation of

murine and human retinal muller cells, as well as the high glucose-induced expression of pro-inflammatory

cytokines. At the same time, SIRT1 inhibition partially counteracted this effect . By directly binding to and

inhibiting the expression of hsa-miR-21-5p in retinal pigmental epithelial cells, lncRNA-XIST prevents its apoptosis

and restores the ability to migrate in response to high glucose . The expression of serum LncRNA-OGRU was

considerably elevated in DR patients compared to healthy individuals. OGRU knockdown dramatically decreased

the expression of VEGF and TGF-1 in high glucose-incubated Müller cells. OGRU knockdown in vitro reduced high

glucose-induced inflammatory response and oxidative stress by decreasing NF-κB signaling pathways and

increasing nuclear factor erythroid 2-related factor 2 (Nrf2) . In high glucose-stimulated Müller cells, miR-320

overexpression reduced TGF-β1 signaling, inflammation, and ROS generation. High glucose-treated Müller cells

also showed a significant decrease in ubiquitin-specific peptidase 14 (USP14) expression after OGRU knockdown

or miR-320 overexpression. As a result, the lncRNA-OGRU/miR-320/USP14 axis may thus serve as a therapeutic

target for the treatment of DR. The lncRNA-OGRU/miR-320/USP14 axis may be a therapeutic target for the

treatment of DR . Under high glucose circumstances, downregulation of lncRNA NEAT1 raised miR-497

concentration, which lowered brain-derived neurotrophic factor production, hence promoting Müller cell death .

LncRNA SNHG7 adsorbs miR-34a-5p and adversely regulates it. The overexpression of lncRNA SNHG7 regulates

HRMVECs tube formation and high glucose-induced endothelial-mesenchymal transition (EndMT). To treat diabetic

retinopathy, exosomal lncRNA SNHG7 supplementation from mesenchymal stem cells, boosting its concentration
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in vivo, or targeting the miR-34a-5p/XBP1 axis might be employed . The lncRNAs involved in DR progression

are shown in Figure 2.

Figure 2. The functions and biological pathways of lncRNAs in diabetic retinopathy. Blue arrows represent

upregulation or activation, while red inhibitory signs represent downregulation or inhibition.

2.3. LncRNAs and Proliferative Vitreoretinopathy

Proliferative vitreoretinopathy (PVR) is a potentially fatal consequence of a rhegmatogenous retinal detachment.

The RPE, glia, fibroblasts, and inflammatory cells influence the growth of PVR. PVR patients had the greatest RPE

levels in their pre-retinal membranes . A microarray investigation revealed 78 lncRNAs that were abnormally

expressed in PVR patients’ epiretinal membranes (ERMs). Forty-eight lncRNA transcripts were up-regulated, and

30 were down-regulated among them . Silencing MALAT1 suppresses TGF1-induced RPE cell epithelial-

mesenchymal transition, migration, and proliferation by increasing Smad2/3 signaling . LncRNA-MALAT1 was

considerably increased in the cellular and plasma fractions of PVR patients’ peripheral blood, but decreased

following PVR surgery. In the future, MALAT1 siRNA (siMALAT1) might be injected intravenously, with the aim of

gene therapy, to lower MALAT1 expression . These results collectively imply that lncRNAs can control PVR

pathogenesis. The LINC01705-201 (lncRNA in RPE) is involved in TGF-1-induced epithelial-to-mesenchymal

transition of human RPE cells and PVR .
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2.4. LncRNAs and Retinopathy of Prematurity

Premature babies are susceptible to the progressive retinal vascular disease known as retinal retinopathy of

prematurity (ROP). The aberrant development of retinal vessels characterizes ROP. The prevalence of ROP has

steadily grown over time and is currently the leading cause of blindness in children . Many lncRNAs have

been studied for their impact in ROP. Two studies showed that the lncRNA MALAT1 plays a pro-angiogenic role 

. The expression of MALAT1 lncRNA went up in murine model of oxygen-induced retinopathy. MALAT1 inhibition

decreased retinal neovascularization and shut down the Akt/VEGF pathway and expression of inflammatory

cytokines, such as IL-1, IL-6, and TNF-α. These findings imply that lncRNA MALAT1 inhibition may reduce the

development of ROP . LncRNA MALAT1 can modulate early growth response by acting as a sponge for miR-

124-3p (EGR1) . The lncRNA MALAT1 and EGR1 were predicted to be the interaction partners of miR-124-3p,

using bioinformatics analysis. The EGR1 and lncRNA MALAT1 expression was increased in hypoxic HUVECs and

OIR-induced mouse retinas. MALAT1 inhibition or miR-124-3p overexpression reduced hypoxia-induced EGR1

levels in HUVECs. In vitro and in vivo models revealed a novel regulatory axis for the lncRNA MALAT1/miR-124-

3p/EGR1. LncRNA MEG3, a maternally expressed gene, is involved with ROP. In OIR mice models, intravitreal

injection lentivirus overexpressing MEG3 reduced retinal angiogenesis via the VEGF/PI3K/Akt signaling pathway,

and suppressed inflammatory indicators, such as IL-1 and IL-6 . The intravitreal injection of lncRNA MIAT

inhibited retinal angiogenesis by decreasing the VEGF/PI3K/Akt pathway . As a result, lncRNA MEG3 or MIAT

may be a suitable therapeutic target for ROP. TUG1 LncRNA controls the production of numerous factors in

endothelial cells by competitive adsorption of a range of microRNAs (miRNAs), and, hence, plays a role in

angiogenesis and vascular remodeling of endothelial cells . TUG1 expression changes are crucial in

neurovascular disease . The TUG1 expression levels were induced in the hypoxic retinas of mice treated with

OIR. LncRNA TUG1 depletion reduces OIR-induced retinal neovascularization, apoptosis, inflammation, and

VEGFA expression in mice. Furthermore, it was shown that the lncRNA TUG1 regulates VEGFA expression and

acts as a sponge for miR-299-3p .

3. Future Perspectives

LncRNAs are a hot topic in clinical medicine, indicating a growing fascination towards epigenetic regulation of

expression as a critical mechanism regulating healthy and disease related phenotypes. Several lncRNAs have

been found that may play critical roles in human physiology and disease states. In the long term, harnessing these

transcripts for diagnostic and therapeutic reasons may help patients obtain the best treatment possible, given the

relevance and involvement of lncRNAs in disease progression.
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