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Abstract

Diabetic retinopathy is one of the most common microvascular complications of diabetes mellitus, which is associated with
damage of blood-retinal barrier and ischemia of retinal vasculature. Consequently, there is a decrease in visual acuity due
to leakage of retinal vessels and aberrant pathological angiogenesis. Different studies have shown that autophagy & klotho
proteins can plays an important role in the pathogenesis of DR,

Type 2 diabetes mellitus, is associated with increased glucose cell toxicity and oxidative stress that can lead to irreversible
damage in retina. Autophagy plays a critical role in degradation of damaged intracellular proteins to maintain intracellular
homeostasis. The Klotho is a circulating anti-aging hormone with anti-oxidative and anti-inflammatory properties with
vascular protective effects. The disturbance of autophagy and klotho pathways are involved in the pathogenesis of diabetic
retinopathy, especially the expression of klotho, ATGS5 and its collaborator LC3-I1. In early stages of diabetic retinopathy,
klotho protein expression decreased, and LC3-1I/ ATGS proteins levels are increased.

Laser therapy, anti-VEGF intra-ocular injection, and vitrectomy are the conventional treatments in proliferative retinopathy
but their capacity to reverse visual impairment are poor. Recently, different investigators showed that, the new anti-diabetic
drugs such as the sodium-glucose transporter 2 inhibitors and the GLP-1 receptor agonists could be protective in early stages
of diabetic retinopathy. In this review, we will present the suggested recent new pathways involved in early diabetic retinopathy
and the recent anti-diabetic drugs such as the sodium-glucose transporter 2 inhibitors and the GLP-1 receptor agonist used

in patients with type 2 diabetes mellitus that can be protective drugs against the progression of diabetic retinopathy.
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1. Introduction

Diabetes mellitus type IT (DM TII) affects about 400 million adults
worldwide is defined as ever metabolic disorder characterized
by high blood glucose and insulin resistance [1,2]. DM type II
is associated with increased glucose cell toxicity and oxidative
stress that can lead to irreversible damage in several organs, such
as the kidney, heart, and retina. Diabetic retinopathy (DN) is a
major microvascular complication of diabetes, and causes visual
impairment and blindness, being the leading cause of vision loss
among adults [3].

Chronic exposure to high blood glucose triggers a chain of
biochemical and functional processes leading to micro and macro-
vascular damage, which activate pro-inflammatory mediators and

oxidative stress pathways, which further amplify the inflammatory
signals through multiple pathways such as autophagy and klotho
pathways. The resultant chronic activation of inflammatory
cascades results in damage to the retinal microvasculature [4,5].

DR is a very common long-term complication of DM type II,
defined as a microangiopathy of the retina from which nearly all
persons with DM eventually suffer. Two of these complications are
diabetic macular edema and proliferative DN. DN is characterized
by micro-aneurysms, retinal edema, and hemorrhage with hard
exudate [6,7].The other frequent and serious proliferative type is
characterized by abnormal growth of small abnormal blood vessels
in the eye due to retinal cells hypoxia and increased synthesis of
vascular endothelial growth factor (VEGF), neo-vascularization at
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the disc, vitreous hemorrhages that end in retinal detachment and
blindness [8-10].

The risk of developing DR is associated with the duration
of DM and HbAlc levels. The progression of DR can be
prevented by early diagnosis and better control of glucose
plasma levels to near normal HbAlc. The other accompanied
major risk factors for the development of DR include systemic
arterial hypertension, chronicity of DM, hyperlipidemia, and
progression of microalbuminuria. The persistent progression of
microalbuminuria among diabetic patients helps in predicting the
risk of developing major microvascular complications such as
nephropathy, cardiovascular events, and DR [3].

The use of the recent anti-vascular endothelial growth factor (anti-
VEGF) injections are the standard treatment for many patients
with DR. This routine treatment, improves visual acuity in about
40% of patients. Others needs laser therapy in non-responsive
cases. Most therapies target the late proliferative stage of the
disease, at a time when retinal structure is hardly damaged [13].
Until today our understanding and ability to successfully treat
DM patients and stabilize the HbAlc with new drugs such as the
sodium-glucose transporter 2 inhibitors (SGLT2Is) and GLP1-
AR is not clear totally [14]. The new medications that delay the
progression of diabetic nephropathy and heart failure can also
change dramatically the progression of DR.

2. Pathogenesis

2.1. Vascular Endothelial Growth Factor (VEGF)

Studies published support a role of vascular endothelial growth
factor (VEGF) in the pathogenesis of proliferative DR. VEGF-
induced angiogenesis and increased permeability as a response
to microvascular ischemia and hypoxia in the retina and ocular
fluid. Elevated levels of VEGF, increasing vascular permeability,
and decreased retinal blood flow, appear in diabetic patients before
the onset of DR12,13. Andy Levy and his group found a small
percentage of patients with protective Haptoglobin (Hp 1-1) do
not develop any evidence of DR even after many years of diabetes,
due to decreased VEGF in these patientsl2. A wide variety of
cytokines and metabolites, such as AGEs, IGF-1, insulin, and
angiotensin II are elevated in diabetic patients and have been
suggested to promote DR via stimulation of VEGF.

2.2. Klotho

As we mentioned above, DM is a group of metabolic diseases
characterized by high blood glucose levels (hyperglycemia) and
caused by defects in insulin secretion or resistance with consequent
organ damage. The most common form is type 2 DM (T2DM),
which accounts for 90% of diagnosed diabetes cases. Chronic
hyperglycemia can involve different vital organs, and cause micro,
and macro-vascular complications such as s diabetic nephropathy
(DN) and retinopathy (DR). More, hyperglycemia triggers pro-
inflammatory mediators, which activate oxidative stress pathways
with increased production of free reactive oxygen species and
further amplify the inflammatory signal through another multiple

pathway [15,16].

Klotho is a novel antiaging gene encoding a protein with multiple
pleiotropic effects. The klotho family of proteins consists of three
members: Klotho o-klotho, B-klotho, and y-klotho [20]. The
a-klotho gene is highly expressed in the kidneys and retina and
is affected by pathophysiological conditions including chronic
hypertension, oxidative stress, and diabetes mellitus (DM).
a-Klotho protein exists in two forms: a single-pass transmembrane
protein and a secreted protein. The secreted form is involved in
important biological processes including suppression of oxidative
stress [18,17]. Klotho is a circulating anti-aging hormone with anti-
oxidative and anti-inflammatory properties that has demonstrated
vascular protective effects in animal studies. Recent data suggests
that low levels of circulating Klotho predict an increased risk of
progression of cardiovascular and renal disease. Previous studies
showed that the KL gene had a critical function for retinal health. In
people with type 2 diabetes, lower circulating levels of the vascular
protective hormone Klotho are associated with an increased risk of
progression of DR. Klotho may be a novel biomarker and potential
treatment target for diabetic retinal disease. The role of Klotho
in predicting the progression of DR has not been studied and is
currently unknown [19,20].

Some studies have shown that serum KL level was lower in
diabetes patients than in healthy participants and decreased
gradually among the patients without DR, non-proliferative
DR, and proliferative DR subgroups. Their data suggested that
KL protein was probably a potential protective factor against
retinopathy in type 2 diabetes patients [22]. Our group by Nakhoul
et al [13]. showed in BTBR mouse strain with the ob/ob leptin-
deficiency mutation that develops spontaneously severe T2 DM,
a significantly decreased retinal oKL protein expression levels in
diabetic mice than control, which restored to near normal with the
new anti-diabetic sodium-glucose-transport 2 inhibitor (SGLT21)
Empagliflozin treatment compared to DM mice. Our results
suggest that a-KL protein can be involved in the pathogenesis of
DR, and could probably be a potential protective factor against
retinopathy developing in T2DM patient [23].

3. Autophagy Proteins (Atg5/LC3)

As we mentioned before, DR is a microvascular complication of
diabetes and a major cause of vision loss around the world, and 50
to 80% of patients with type 2 diabetes will have DR within 20 to
25 years. DR is characterized by the release of pro-inflammatory
cytokines and the adhesion of leukocytes to retinal capillaries in the
early stages of DR. Inflammation, oxidative stress, and the recent
proteins Klotho and autophagy, are the major causative factors
involved in the pathogenesis of DR [24,25]. Hyperglycemia leads
to mitochondrial electron transport chain dysfunction ending in a
rise in reactive oxygen species (ROS) generation and oxidative
stress. Increased generation of ROS directly or indirectly induces
inflammation that contributes to the retinal cell layer damage and
development of early DR. Moreover, oxidative stress can also
alter the expression of the main player, the VEGF, that accelerates
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neo-vascularization in the retina, and consequently activates other

metabolic pathways involved in the development of DR such as
polyol pathway, advanced glycation product (AGE) formation,
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Figure 1: Schematic Overview of Pathogenic Mechanisms Leading to the Sight-Threatening Endpoints of Diabetic Retinopathy.

DR arises through a complex interplay between inflammation and vascular damage those results from hyperglycaemia-induced metabolic
stress. Hyperglycemia stimulate mTORCI that stimulate autophagy in early stages. Klotho protein a trigger the autophagy and apoptosis.
Klotho proteins (o) decreased in the CGL cells of the retina. Neurological dysfunction with lekostasis and hypoperfusion.

Autophagy is essential for retinal development and vision
formation. Autophagy is a well-coordinated multi-step process
regulated by autophagy-related gene (Atg). Initially, a phagophore
forms around cytoplasmic components that are then sequestered
by a double membrane, which forms the autophagosome. The
autophagosome subsequently fuses with the lysosome to form an
autolysosome; the enclosed contents are then degraded. Autophagy
can be measured by microtubule-associated proteins 1A/1B light
chain 3B (LC3-II 3B) and Atg5 protein expression. In the course
of autophagy, the (LC3-I) is transformed to LC3-II, which permits
the combination of the protein to autophagosome membranes with
AtgS5 protein. So, light chain 3 (LC3) and ATGS are key autophagy
proteins, which have a central role in the pathogenesis of DM
vascular complications [26,27].

Autophagy increases in the early stages of diabetic retina patients
(Hyperglycemic milieu) and is regulated by endoplasmic reticulum
(ER) stress, oxidative stress, and inflammation-related pathways.

Under mild stress, autophagy activity can lead to cell survival while
during severe stress, dysregulated autophagy results in massive
cell death and may have a role in initiation and exacerbation of
DR [29]. Some published data by Jacqueline et al, 29 showed
that diabetic conditions induce activation of autophagy followed
by dysfunction, leading to cellular death. In their previously
published work addressing the mechanism by which Muller cells
exposed to high glucose release high amounts of VEFG and trigger
increased apoptosis, it was shown that the autophagic process was
defective in Muller cells among diabetic conditions. Xinxiao Gao
and his group found that Atgl6L1 may be a potential biomarker
for the diagnosis and prognosis of DR [30]. It may serve as a
potential therapeutic target blocking and slowing DR progression.
On the other side, Nakhoul et al. found a significant increase in
LC3 protein expression in the retinal GCL in diabetic mice and
downregulated to basal levels by EMPA (SGLT2I) treatment [31].

Early in diabetes, loss of vascular autoregulation can lead to nutrient
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and oxygen deprivation of the inner retina. While defective blood
flow is an early indicator of retinal dysfunction during diabetes.
As the severity of diabetic retinopathy progresses, capillary
non-perfusion leads to retinal ischemia, which, in turn, causes
upregulation of pro-angiogenic cytokines that drive pathological
intra-retinal and intravitreal neovascularization.

4. Recent Treatments

Ophthalmologists must follow diabetic patients with early stages
of DR rigorously. Traditional therapies for DR include laser
therapy, anti-VEGF, and vitrectomy. Other risk factors should
be treated early and simultaneously with conventional drugs to
control hyperglycemia, arterial hypertension, and hyperlipidemia.
For patients with macular edema, recent sophisticated anti-
vascular endothelial growth factor (anti-VEGF) drugs are in use to
eliminate macular edema and improve vision. The worst cases are
patients with fundus hemorrhage or proliferative vitreoretinopathy,
for whom vitrectomy is the preferred treatment 3.

New therapies that target the early phase of diabetic retinopathy
urgently needed to prevent the onset or slow the progression of
diabetic retinopathy and, ultimately, blindness. A recent new
anti-diabetic class of drugs has developed; the most in use in
diabetic patients are the different sodium-glucose cotransporter
type 2 inhibitors (SGLT2i) which mainly expressed in the
kidney. Inhibition of the SGLT2 by the new antidiabetic drug
(Empaglifiozin) lowers plasma glucose levels mainly by increasing
urinary and lower HbAlc. Apart from the glucose-lowering effect,
there are other pleiotropic effects that lower body weight systolic
blood pressure, reduce albuminuria, and stabilize the glomerular
filtration rate (GFR). Recent advances showed the protective
effects of these SGLT2Is in patients with diabetic retinopathy, by
targeting the oKL and autophagy proteins in retinal layers cells
[36,37].

GLP-1RA Such as Liraglutide can alleviate autophagy, which
induced by oxidative stress; this protective effect is likely through
the GLP-1R-ERK1/2-HDACG6 signaling pathway. Fan et al. showed
that GLP-1 receptor agonists could alleviate retinal vascular
leakage by protecting the blood-retinal barrier and reducing retinal
vascular permeability in diabetic rats.14 However, the molecular
mechanism of GLP-1RA treatment in DR not yet clarified, but
increasing evidence indicates that GLP-1 has antioxidant effects.
Recently Nanoparticles as a carrier for preventing and treating
DR have shown some advantages in early diagnosis, carrying
therapeutic drugs in targeting the retinal epithelial cells, to pass
through the blood-retina barrier (BRB).35 More research needed
to prove their efficacy in the early stages of DR.

5. Discussion

DR is the leading cause of blindness in the general population
worldwide. Under diabetic conditions, hyperglycemia and the
resulting glucose toxicity are the driving forces for inflammatory
processes in the retina. Hyperglycemia activates oxidative stress
and concomitantly increases reactive oxygen species release; all

leading to injury to the retinal layer cells [1-5]. The deterioration
in retinal function in PDR is irreversible and early diagnosis and
treatments are needed.

It appears that Klotho and autophagy proteins may be involved
in several physiological processes that can affect the generation
and progression of DR. There is limited information on Klotho
and autophagy pathways in the pathogenesis of DR [17-22]. In
one recent cross-sectional study by Baolan Ji et al [36]. 4 in 60
patients with diabetes (of whom 33 had diabetic retinopathy), the
authors observed that more advanced stages of diabetic retinopathy
were associated with lower circulating aKlotho protein levels.
Furthermore, Liu et al., 2018, also revealed that a-Klotho levels
were significantly lower in patients with T2DM vs. non-diabetic
controls, which supports these findings [38]. Moreover, a previous
study demonstrated that serum Klotho levels were significantly
lower in patients with HbAlc levels of > 6.5 %, compared to in
patients with HbA lc levels of 6.5% [38]. In our recent research, we
found a decreased retinal oKL in the T2DM mice model. Klotho
levels in mice with T2DM significantly decreased and restored by
EMPA [31].

Others have shown that o-Klotho levels negatively correlated
with the development of albuminuria (early-stage nephropathy)
in patients with T2DM, which is consistent with the findings of
several other studies. Down-regulation of a-Klotho in patients
with diabetes reduces the inhibition of insulin and IGF-1 signaling
pathways. The effects of high glucose on decreased klotho protein
levels in retinal GCL is followed by excessively stimulated
autophagy in retinal cells with increased LC3 protein levels, which
may cause autophagy death cells, which may lead to advanced
stages of DR and loss of vision. Therefore, preventing excessively
stimulated autophagy at early stages by new treatments using
nanotechnology systems may be of benefit to patients with DR
[36-38]. More research needed to investigate the protective effects
of the new anti-diabetic drugs as SGLT2Is and GLP-1RA, with the
support of the nanoparticles as carriers in the early phases of DR.
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