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Diabetic retinopathy remains a major cause of worldwide preventable blindness. In this review,
we evaluate the recent advances in understanding the molecular mechanisms of diabetic
retinopathy, highlight the current management of diabetic retinopathy and new therapeutic
approaches, and discuss the range of potential future therapeutic strategies in order to combat
the disease. The microvasculature of the retina responds to hyperglycemia through a number
of biochemical changes, including the activation of PKC, increased advanced glycation end-
products formation, polyol pathway and oxidative stress, and activation of the renin—angiotensin
system. There is an accumulating body of evidence that inflammation and neurodegeneration
play a prominent role in the pathogenesis of diabetic retinopathy. Strict metabolic control, tight
blood pressure control, laser photocoagulation and vitrectomy remain the standard care for
diabetic retinopathy. Emerging therapies include intravitreal triamcinolone or anti-VEGF agents,
ruboxistaurin, renin—angiotensin system blockers, fenofibrate, islet cell transplantation, PPAR-y
agonists and intravitreal hyaluronidase. However, more randomized, controlled clinical trials are
required to clarify their role alone or in combination.
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Diabetic retinopathy (DR) is the most common microvascular
complication of diabetes and remains one of the leading causes
of blindness worldwide among adults aged 2074 years. The two
most important visual complications of DR are diabetic macular
edema (DME) and proliferative DR (PDR). The prevalence of DR
increases with the duration of diabetes, and nearly all people with
Type 1 diabetes, and more than 60% of those with Type 2, have
some retinopathy after 20 years. In the Wisconsin Epidemiologic
Study of Diabetic Retinopathy (WESDR), 3.6% of younger onset
patients (Type 1 diabetes) and 1.6% of older onset patients (Type 2
diabetes) were legally blind [1].

Pathophysiology of diabetic retinopathy

The retina consists of a number of cells, and normal vision depends
on intact cell-cell communication among them. Diabetes dam-
ages all the major retinal cells of the retina, vascular cells (endo-
thelial cells and pericytes) [2.3], neurons (photoreceptors, bipolar,
horizontal, amacrine and ganglions) 4-7], glia (Miiller cells and
astrocytes) [5,6.8], microglia [9 and pigment epithelial cells [10].
Before damage, these cells are activated, which changes the pro-
duction pattern of a number of mediators, such as growth factors,
vasoactive agents, coagulation factors and adhesion molecules,
resulting in increased blood flow, increased capillary permeability,
proliferation of the extracellular matrix and thickening of basal
membranes, altered cell turnover (apoptosis, proliferation, hyper-
trophy), procoagulant and proaggregant patterns and, finally, in
angiogenesis and tissue remodeling. The mechanisms of diabetes-
induced damage to retinal cells correlate with excessive circulating
levels of glucose, lipids, hormones, amino acids and inflammatory
molecules. The increased systemic, vitreal and retinal levels of
these factors in diabetic patients induce several unrelated and
inter-related biochemical pathways and molecules implicated in
pathophysiology of the disease, which are briefly discussed in the
following sections.

Diabetes Control and Complications Trial (DCCT) [11) and
the UK Prospective Diabetes Study (UKPDS) [12] established
that hyperglycemia is the initiating cause of retinal damage.
Underlying biochemical mechanisms associated with hyperglyce-
mia and identified in diabetic retinas include activation of PKC,

increased formation of advanced glycation end products (AGEs),
polyol formation, increased hexosamine fluxes, activation of the
renin—angiotensin system (RAS) and production of excess reactive
oxygenspecies (ROS). Numerous studies suggested that increase in
fluxes through these pathways may lead to a cascade of events, such
as promotion of apoptosis, inflammation and angiogenesis, which
may, in turn, induce damage to a diabetic retina, leading to DR.

Advanced glycation end products

Among several pathogenic mechanisms that may provide the link
between chronic hyperglycemia and the development of DR are the
formation and accumulation of AGEs in the diabetic retina, which
are known to impair retinal vascular cell function both in vitro and
in vivo (13,14]. AGEs are known to be generated from early glycation
products, such as Schiff bases, or their derivative, Amadori-type
products, in which amino acids of proteins are nonenzymatically
reacted to glucose and other reducing sugars. These early glyca-
tion products undergo further complex reactions, such as rear-
rangement, dehydration and condensation, to become irreversibly
crosslinked heterogeneous derivatives, termed AGEs [15].

In diabetic subjects, the serum level of AGEs was associated with
the severity of retinopathy [16]. Recently, we demonstrated that AGEs
are specifically localized in vascular endothelial cells and stromal
cells in epiretinal membranes of proliferative DR patients [17]. AGEs
are thought to contribute to various microvascular and macrovascu-
lar complications of diabetes mellitus by engaging with the recep-
tor for AGEs (RAGEs) [18.19]. More recently, Wang ¢t al. showed
that RAGE expression in the retinas of experimental diabetic rats
was found to be upregulated predominantly in retinal Miiller cells,
making RAGE a central modulator in DR [20].

Several lines of evidence have suggested that the AGE-RAGE
axis is implicated in most of the pathophysiological processes
that lead to DR. AGE-RAGE interaction activates NADPH
oxidase and enhances the formation of oxygen radicals, with
subsequent activation and translocation of NF-kB, which releases
proinflammatory cytokines and growth factors implicated in the
pathogenesis of the complications of diabetes, including TNF-a.,
VEGF, MCP-1 and TGE-, and adhesion molecules, including
VCAM-1 and ICAM-1 [18,19,21].
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Blood-retinal barrier breakdown, a characteristic sign of DR, was
seen in nondiabetic animals that received intravenous injections
of AGEs. Blood-retinal barrier dysfunction was associated with a
concomitant increase in retinal VEGF, a central growth factor in
PDR [22]. Recently, Warboys ¢¢ al. demonstrated that AGEs pro-
duced an increase in retinal capillary permeability that required ROS
generated by NADPH oxidase [23]. AGEs stimulated the growth and
tube formation of human microvascular endothelial cells, the key
steps of angiogenesis. The angiogenic activity of AGEs was mainly
mediated by autocrine VEGE, which is upregulated by AGEs in
microvascular endothelial cells [24,25]. In addition, through interac-
tion with RAGE, AGEs decreased the number of pericytes, the earli-
est histopathological hallmark of DR, which would, in turn, relieve
the restriction on endothelial cell replication and facilitate angio-
genesis [24,25]. [ vivo studies using the chorioallantoic membrane
assay demonstrated that AGEs induce angiogenesis. In this assay,
the AGE-induced vascular lumens were devoid of pericytes [26]. The
expression of extracellular proteins, such as laminin, fibronectin and
types I and IV collagen, was induced by AGEs. This was mediated
by induction of fibrogenic cytokines and growth factors, including
TGE-B and CTGEF [27,28]. TGF-p levels are elevated in the vitre-
ous humor of patients with PDR [29]. We also demonstrated that
TGEF-B is specifically localized in vascular endothelial cells in PDR
epiretinal membranes (17]. Recently, we and others have demon-
strated increased expression of the angiogenic and fibrogenic CTGF
in human diabetic retina [30], which was consistent with previous
reports showing the increased levels of CTGF in retinas of diabetic
rats [31]. Expression of CTGF in diabetic epiretinal membranes [30]
and elevated CTGF content in the vitreous humor of patients with
active PDR have been reported [29.32,33]. Kuiper ez /. demonstrated a
strong correlation between CTGF levels in a vitreous humor sample
and the degree of fibrosis in vitreoretinal disorders, suggesting an
important role of CTGF in ocular fibrosis [33,34].

Inflammation

A large body of evidence supports the role of proinflammatory
cytokines, chemokines and other inflammatory mediators in the
pathogenesis of DR leading to persistent low-grade inflammation,
and influx of leukocytes contributing to the damage of the retinal
vasculature and neovascularization. Leukostasis is the major com-
ponent of the inflammatory processes, which has been found to be
significantly increased in the retinas of diabetic animals and might
contribute to the capillary nonperfusion in DR [35,36]. Leukostasis
has been postulated to be a factor in the death of endothelial cells
and breakdown of the blood—retinal barrier. Diabetic retinal vas-
cular leakage, capillary nonperfusion and endothelial cell damage
are associated with leukocyte recruitment and adhesion to the
retinal vasculature, which correlate with increased expression of
retinal ICAM-1 and elevated expression of the -integrin subunit,
CD18, on neutrophils [35,36]. Joussen et al. showed that retinas from
diabetic mice lacking ICAM-1 and CD18 are protected from the
development of diabetes-induced increase in leukostasis, vascular
permeability and degeneration of retinal capillaries. Therefore,
these proteins/receptors are important in the development of early
stages of DR [33].

In addition, the increased expression of many inflammatory
proteins are regulated at the level of gene transcription through
the activation of proinflammatory transcription factors, includ-
ing NF-kB, SP-1, AP-1 and PPARs [37]. In addition, a large body
of evidence suggested the involvement of several inflammatory
molecules in the pathogenesis of DR, including proinflammatory
cytokines, such as TNF-a., IL-1f3 and IL-6, and chemokines, such
as MCP-1, IP-10, SDF-1 and IL-8, in addition to other key inflam-
matory proteins, including inducible nitric oxide synthase (iNOS),
COX-2 and matrix metalloproteinase (MMP)-9/gelatinase B .

Increased levels of TNF-a has been found in vitreous fluid of
diabetic patients [38], and a strong correlation between the plasma
level of TNF-a and severity of DR has been found [39]. The asso-
ciation between serum level of TNF-a and PDR in Type 1 dia-
betic patients has also been demonstrated [39]. We have shown the
expression of TNF-a in vascular endothelial cells and stromal cells
in a PDR epiretinal membrane, supporting the mechanistic link
between low-grade inflammation and PDR [17]. Several studies
demonstrated that expression of TNF-a. is increased in the retina
of diabetic rats [9.40] and that blockade of TNF-a reduced leukocyte
adhesion, suppressed blood-retinal barrier breakdown and reduced
ICAM-1 expression [40]. High serum level of TNF-a in diabetic
patients complicated with retinopathy and/or nephropathy has
been shown to induce endothelial dysfunction [41]. In addition,
increased levels of TNF-a in diabetic plasma has been shown to
induce leukocyte—endothelial cell adhesion [42]. Increased vascular
TNF-o expression in animal models of diabetes induced NADPH
oxidase and production of ROS, leading to endothelial dysfunc-
tion [43,44]. In vivo studies demonstrated that TNF-o enhances
angiogenesis [45]. In addition, a recent study showed that TNF-a
is required for VEGF-induced endothelial hyperpermeability [46].
Increased levels of IL-1[ are detected in the vitreous fluid of the
patients with proliferative DR [38] and in the retina from diabetic
rats [9.47]. An increased level of IL-6 is detected in vitreous fluid of
patients with PDR and DME [48-s0).

The CCL2/MCP-1 chemokine has been found to be increased in
vitreous humor samples from patients with PDR and DME [49-s3].
In addition, we have shown the expression of MCP-1 in myofi-
broblasts and in the vascular endothelial cells of PDR epiretinal
membranes [51]. Several studies demonstrated that MCP-1 is a
potent inducer of angiogenesis and fibrosis [s4-56]. We, and others,
found increased levels of CXCL10/IP-10 in vitreous humor sam-
ples from patients with PDR [s152]. Several studies reported that
IP-10 is a potent inhibitor of angiogenesis and may have an inhibi-
tory effect on fibrosis [57.58]. Elevated levels of IP-10 in vitreous
humor from patients with PDR, as well as its interaction with its
receptor, CXCR3, may negatively regulate fibrosis/angiogenesis
in proliferative vitreoretinal disorders [s1]. CXCL12/SDF-1 is the
predominant chemokine that has been shown to be upregulated in
many damaged tissues as part of the injury response and mobilizes
stem/progenitor cells to promote repair. Butler ¢t al. reported
increased SDF-1 levels in vitreous from patients with PDR [s9].
We have demonstrated the expression of SDF-1 and its receptor
CXCR4 in PDR epiretinal membranes [s1.60]. SDF-1 is upregu-
lated in ischemic tissue, establishing an SDF-1 gradient favoring
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recruitment of endothelial progenitor cells from peripheral blood
to sites of ischemia, thereby accelerating neovascularization. In
addition, SDF-1 promotes the chemotaxis of bone marrow-derived
CD34* stem cells and their differentiation into endothelial pro-
genitor cells in ischemic tissue and in tumors [61-63]. Recently,
Reddy ez al. demonstrated that upregulation of SDF-1 in tumors
results in the formation of enlarged lumen-bearing, functional
blood vessels, implying that this chemokine may influence vas-
cular remodeling via direct action on endothelial cells [62]. They
also showed that SDF-1-mediated vasculogenesis may represent
an alternative pathway that could be utilized by tumors to sustain
growth and neovasculature expansion after anti-VEGF therapy.
Several recent studies have demonstrated that the interaction of
SDEF-1 with its receptor, CXCR4, plays an important role in endo-
thelial progenitor cell migration, differentiation, proliferation and
survival [61-63]. IL-8 is an inflammatory and angiogenic mediator
that is produced by many cells. The vitreous levels of IL-8 were
significantly higher in patients with PDR in comparison to con-
trol subjects [53] and in patients with higher extents of large-vessel
gliotic obliteration [64].

Increasing evidence strongly supports the role of COX-2 and
its metabolic products, PGE2 and TXA2, as regulators of angio-
genesis [65]. Recent studies revealed that diabetes is associated with
the upregulation of COX-2 in both large vessels and microves-
sels [66]. Recently, we have demonstrated that COX-2 is specifi-
cally localized in vascular endothelial cells and stromal cells in
PDR epiretinal membranes [67], which is consistent with the find-
ing that hypoxia increases COX-2 mRNA and protein, with sub-
sequent PGE2 induction in human vascular endothelial cells [68].
In the retina of diabetic animals, the induction of COX-2, as
well as increased production of PGE2, has been reported [69,70].
Several studies demonstrated that PGE2 stimulated the expres-
sion of VEGF mRNA and protein, and the tube-like formation in
endothelial cells [71], treatments of endothelial cells with VEGF,
and induced the expression of COX-2 mRNA and proteins and
increased PGE2 synthesis [71], suggesting a positive feedback loop
for angiogenesis in endothelial cells. These findings suggest that
COX-2 might provide the mechanistic link between chronic,
low-grade inflammation and angiogenesis in DR.

We have shown increased expression of iNOS in the retinas of
human subjects with diabetes [72.73], and others have also demon-
strated the expression of iNOS in the retina of diabetic animals [69].
Recently, Leal ez al. demonstrated that the iNOS isoform plays a
predominant role in leukostasis and blood—retinal barrier break-
down (74]. The mechanism involves ICAM-1 upregulation and
tight junction protein dowregulation. In addition, diabetic mice
deficient in iNOS did not develop leukostasis, superoxide genera-
tion, degeneration of retinal capillaries, or cell loss in the ganglion
cell layer (75].

Du ez al. demonstrated that NOS and COX-2 act together to
contribute to retinal cell death in diabetes and to the development
of DR (69]. Recently, Chan ez a/. demonstrated that good glyce-
mic control that followed poor glycemic control failed to reverse
the elevations in the proinflammatory mediators IL-1p, TNF-a.,
ICAM-1, VCAM-1 and iNOS in the retinas of diabetic rats [76].

Their findings suggest that failure to reverse retinal inflamma-
tory mediators support their important role in the resistance of
retinopathy to arrest after cessation of hyperglycemia.

The development of PDR is a multistage event, including an
angiogenic process, in which basement membrane degradation,
endothelial cell migration and proliferation, followed by capillary
tube formation, occur. Such migratory and tissue-remodeling events
are regulated by proteolysis mediated by MMPs, among other pro-
teases. Giebel ez al. showed elevated levels of MMP-2/gelatinase
A, and MMP-9/gelatinase B in the retinas of diabetic animals [77].
They demonstrated that elevated expression of MMPs in the retina
may facilitate an increase in vascular permeability. Several stud-
ies showed the expression of MMP-2 and -9 in PDR epiretinal
membranes [30,78]. Immunohistochemical studies demonstrated
immunoreactivity for MMP-9 in vascular endothelial cells and
myofibroblasts in PDR epiretinal membranes, and 77 situ zymog-
raphy confirmed the presence of intense gelatinolytic activity in
vascular endothelial cells and in scattered cells in PDR epiretinal
membranes [30]. In addition, elevated levels of MMP-9 were mea-
sured in vitreous humor samples from patients with PDR [79-81].
Recently, we demonstrated that activated MMP-9 might be involved
in hemorrhagic transformation in patients with PDR [s1].

Peroxisome proliferator-activated receptor-y

Peroxisome proliferator-activated receptor-y is a member of the
ligand-activated nuclear receptor superfamily and plays a critical
role in a variety of biological processes, including adipogenesis,
glucose metabolism, angiogenesis and inflammation. Recently,
Tawfik et al. demonstrated that retinal expression of PPAR-y was
suppressed in experimental models of diabetes and in endothe-
lial cells treated with high glucose [82]. Their findings suggest
that PPAR-y is involved in the pathogenesis of DR. Muranaka
et al. demonstrated that diabetic mice deficient in PPAR-y had
increased retinal leukostasis and leakage compared with wild-
type mice, indicating that endogenous PPAR-y and its activation
by specific ligands is critical in inhibiting leukostasis and leakage
in diabetic retinas [83]. In addition, Aljada et a/. demonstrated
that the PPAR-y agonists pioglitazone and rosiglitazone inhibited
VEGF- and basic FGF-induced angiogenesis and also inhibited
endothelial cell migration [84]. These studies suggest that PPAR-y
ligands may be useful in the treatment of DR.

Renin-angiotensin system
Induction of diabetes leads to significant increase in retinal
expression and production of the RAS components, including
angiotensin II, angiotensin II type 1 receptor and angiotensin II
type 2 receptor [85]. Recent experimental studies have indicated the
association of the RAS with DR. The RAS mediates retinal leuko-
stasis [86] involved in the gene expression of VEGF via NADPH
oxidase [87], and contributes to synaptophysin degradation and
neuronal dysfunction in the retinas of diabetic animals [sg].
Several studies investigated the molecular and cellular mecha-
nisms by which RAS blockers reduce DR. In diabetic mice,
diabetes-induced retinal expression of ICAM-1 and VEGF and
leukocyte adhesion to the retinal vasculature were suppressed by
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blocking angiotensin II type 1 receptor. Inhibition of NF-xB
exhibited equivalent effects on these diabetes-induced retinal
inflammatory parameters compared with angiotensin II type 1
receptor blockade. I vitro, glucose-induced NF-kB activation and
upregulation of ICAM-1 and MCP-1 in brain-derived endothelial
cells were suppressed by application of an angiotensin II type 1
receptor blocker. In addition, 77 vivo treatment with angiotensin II
type 1 receptor blocker or NF-«B inhibitor attenuated diabetes-
induced retinal expression of angiotensin II and angiotensin II
type 1 receptors [85]. Zheng e al. demonstrated that the protec-
tive effect of angiotensin-converting enzyme inhibitors on DR
was associated with decreased VEGF-PEDF ratio by reducing
mitochondrial ROS production [89]. They also found that the
decreased ROS production was a result of the angiotensin-con-
verting enzyme inhibitor-induced upregulation of PPAR-y and
UCP-2 expression. Sugiyama et al. demonstrated that an angio-
tensin II receptor blocker may inhibit the development of DR by
reducing the accumulation of AGEs and expression of VEGF in
the retina [90]. Yamagishi ¢¢ #/. demonstrated that olmesartan, an
angiotensin IT type 1 receptor blocker, inhibited the AGE-elicited
angiogenesis in vitro by suppressing NF-kB-mediated RAGE
expression [91]. Furthermore, olmesartan was found to block the
AGE-induced upregulation of VEGF mRNA levels in cultured
microvascular endothelial cells. In addition, olmesartan inhib-
ited AGE-evoked ROS generation and reduced the expression
levels of MCP-1 in microvascular endothelial cells. Olmesartan
also suppressed ICAM-1 expression and, subsequently, blocked
T-cell adhesion to AGE-exposed endothelial cells. These find-
ings suggest that olmesartan inhibits AGE-evoked inflammatory
reactions in endothelial cells by suppressing ROS generation [92].
Similarly, Chen ez al. demonstrated that suppressing the activity of
endogenous RAS markedly decreased the retinal leukostasis in the
retina of diabetic rats associated with a decrease in ICAM-1 gene
expression [86]. Recently, Silva et a/. demonstrated that the angio-
tensin II type 1 receptor blocker, losartan, prevented oxidative
stress, mitochondrial dysfunction and neurodegeneration in the
retina of diabetic hypertensive rats [93]. Similarly, treatment with
angiotensin II type 1 receptor blocker reduced diabetes-induced
neuronal dysfunction in the retinas of diabetic mice [ss].

Oxidative stress

The retina has a high content of polyunsaturated fatty acids and has
the highest oxygen uptake and glucose oxidation compared with
any other tissue in the body. This phenomenon renders the retina
more susceptible to oxidative stress. Oxidative stress is elevated in
the retina in diabetes, and increased oxidative stress contributes to
the development of DR. In the retina, mitochondrial dysfunction
is present in hyperglycemic conditions and is an important source
of superoxide production [93-95]. Potential sources of ROS are still
unclear, although a number of studies showed that high glucose
and the diabetic state stimulate flux through the glycolytic path-
way, increase cytosolic NADH, increase tissue lactate-to-pyruvate
ratios and increases tricarboxylic acid cycle flux, which may flood
the mitochondria with electrons, thereby producing excess levels

of ROS [96,97].

Oxidative stress, besides creating a vicious cycle of damage to
macromolecules by amplifying the production of more ROS,
activates other metabolic pathways that are detrimental to the
development of diabetic retinopathy. Other sources of oxidative
stress are the activation of NADPH oxidase, which may increase
levels of superoxide, and, through induction of xanthine oxidase-
inhibiting superoxide dismutase, decreased tissue concentration of
endogenous antioxidants, such as glutathione, and impaired activi-
ties of antioxidant defense enzymes, such as superoxide dismutase
and catalase [98,99]. An increase in ROS is considered a causal
link between elevated glucose and other metabolic abnormalities
important in the development of DR, including the polyol, AGE,
PKC and hexosamine biosynthesis pathways, and alteration in
the expression of VEGF and IGF-1 [99]. In diabetic mice, over-
expression of the enzyme responsible for scavenging mitochon-
drial superoxide, manganese superoxide dismutase, prevents early
lesions of retinopathy [100].

Protein kinase C

Biochemical mechanisms involved in hyperglycemia-induced vas-
cular damage include alterations in cellular signaling by activation
of PKC. PKC is a family of serine and threonine protein kinases,
which phosphorylate specific target proteins, leading to their acti-
vation or deactivation, which is important to signal transduction.
They are grouped into three categories based on structure, includ-
ing conventional calcium and diacylglycerol (DAG)-dependent
PKCs, novel calcium-independent but DAG-dependent PKCs,
and atypical calcium-independent and DAG-unresponsive PKCs.
Both conventional and novel PKC isoforms translocate to the
membranous component of cells to exert biological actions in
the presence of DAG [101]. Studies have shown that, in both dia-
betic animals and humans, there is an increase in DAG levels and
PKC expression in various tissues, including endothelial, smooth
muscle and mesangial cells [102]. Hyperglycemia induces de novo
synthesis of DAG, which activates many of the PKC isoforms.
In addition, PKC can also be activated by AGEs, products of
polyol pathways and increased oxidative stress. Numerous stud-
ies suggest that increased activation of PKC-f isoforms play an
important role in the development of diabetic retinal complica-
tion. Activation of PKC-J3 is associated with basement membrane
thickening, changes in blood flow, leukocyte vascular adhesion,
extracellular matrix expansion, vascular permeability and angio-
genesis, which are all observed in DR [103]. Activated PKC, partic-
ularly PKC-B, activates NF-kB and NAPDH oxidases and modi-
fies the expression of endothelial nitric oxide synthase and ET-1,
leading to changes in blood flow [104]. PKC activation may also
be involved in glucose-induced increases of CTGF and TGF-f
expression, leading to extracellular matrix synthesis. Activated
PKC also induces synthesis of type IV collagen and fibronec-
tin. Thus, PKC activation induced by hyperglycemia or diabetes
increases matrix protein synthesis, causing vascular dysfunction.
Hyperglycemia-induced VEGF expression in the retina has been
shown to be mediated by the PKC-dependent mechanism, and
VEGEF is believed to be the primary mediator of retinal vascular
permeability in DR [103].
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Polyol pathway

Some of the excess glucose in diabetes metabolizes through the
polyol pathway. The polyol pathway is a two-step metabolic path-
way in which glucose is reduced to sorbitol, which is then con-
verted to fructose. Aldose reductase, the key enzyme involved in
the polyol pathway, becomes activated in diabetes, which reduces
glucose to sorbitol using NADPH as a cofactor, thereby reduc-
ing the NADPH level, resulting in less glutathione, and increases
oxidative stress, a major factor in retinal damage. Retinas from
diabetic patients with retinopathy showed a higher expression of
aldose reductase protein in ganglion cells, nerve fibers and Miiller
cells than retinas from nondiabetic individuals. Excess accumula-
tion of sorbitol has been found in various tissues, including the
retinas of diabetic animals [105,106], and also in human retinas from
nondiabetic eye donors exposed to high glucose levels (similar to
the level in nondiabetic rat retinas incubated under identical condi-
tions) [107]. In one of our studies, we measured the rate of polyols
formation in ex vivo rat retinas that provided evidence of increased
flux through the polyol pathway with an increase in the duration
of diabetes and with hyperglycemia [108]. Sorbitol accumulates
intracellularly, which may cause osmotic stress. The byproducts of
the polyol pathway, fructose-3-phosphate and 3-deoxyglucosone,
are powerful glycosylating agents that enter in the formation of
AGE:s, which are an important factor for the pathogenecity of
DR. Thus, activation of the polyol pathway, by altering intracel-
lular tonicity, generating AGEs precursors and exposing cells to
oxidative stress by decreasing antioxidant defenses and generation
of oxidant species, initiates and multiplies several mechanisms of
cellular damage.

Hypoxia-inducible factor-1a

In DR, hypoxia appears to be the primary stimulus for neovascu-
larization by upregulating the production of angiogenic stimula-
tors and by reducing the production of angiogenic inhibitors,
disturbing the balance between the positive and negative regula-
tors of angiogenesis. VEGF and its cognate receptors are critical
mediators of angiogenesis, mediating endothelial cell prolifera-
tion, migration and tube formation [109]. PEDF has been shown
to be a highly effective inhibitor of angiogenesis as it specifically
inhibited the migration of endothelial cells. It was also shown that
PEDF contributes to most of the antiangiogenic activity in the
vitreous humor [110]. Elevated intraocular levels of the angiogenic
VEGF [111.112] and decreased intraocular levels of the antiangio-
genic PEDF in patients with PDR have previously been demon-
strated [113]. These data support the concept that induction of
angiogenesis in PDR requires not only an elevation of angiogenic
growth factors, such as VEGF, but also a decrease in angiogenesis
inhibitors, such as PEDF.

All the hypoxia-dependent events in cells appear to share a com-
mon denominator, HIF-1, which is a heterodimeric transcription
factor. HIF-1 is composed of HIF-1at and HIF-1f subunits, which
are both members of the basic helix-loop-helix-PAS family of pro-
teins. Whereas the B-subunit protein is constitutively expressed,
the stability of the oi-subunit and its transcriptional activity are pre-
cisely controlled by the intracellular oxygen concentration. Under

normoxia, the level of HIF-1a protein is kept low through rapid
ubiquitylation and subsequent proteasomal degradation. In cells
under hypoxia, the ubiquitylation and subsequent degradation of
HIF-1la protein is suppressed, resulting in accumulation of the
protein to form an active complex with HIF-1B. Under hypoxic
conditions, HIF-1 triggers the activation of a large number of genes
encoding proteins that regulate angiogenesis, such as VEGF, eryth-
ropoietin (Epo), angiopoietins (Angs), TGF-, CTGF, COX-2,
iNOS, SDF-1, CXCR4 and integrins [114]. Recently, we demon-
strated that HIF-la was specifically localized in vascular endo-
thelial cells in PDR epiretinal membranes [115]. We, and others,
demonstrated that Ang-2 and VEGF were colocalized in vascular
endothelial cells in PDR epiretinal membranes [115,116], and experi-
mental studies demonstrated that VEGF and Ang-2 cooperatively
contribute to angiogenesis [117]. In addition, VEGF and Ang-2 were
upregulated in the retina of diabetic rats [118]. Elevated levels of
VEGF and Ang-2 were detected in vitreous humor samples from
patients with PDR, and vitreous concentration of VEGF correlated
significantly with that of Ang-2. Both VEGF and Ang-2 levels in
the eyes with active PDR were significantly higher than in those
with inactive PDR [119]. Several studies demonstrated elevated lev-
els of Epo in vitreous fluid from patients with PDR compared with
patients without diabetes [120-122]. In addition, Kase ¢z /. demon-
strated that the Epo receptor was strongly expressed in endothelial
cells and stromal cells in PDR epiretinal membranes [123].

Poly (ADP-ribose) polymerase

Poly (ADP-ribose) polymerase (PARP) is a nuclear enzyme that is
found to be activated in retinas of diabetic animals, causing DNA
breaks and exacerbating oxidative and nitrosative stress [124,125].
PARP activation depletes its substrate, NAD", slowing the rate
of glycolysis and mitochondrial function, eventually leading to
cell death, and also inhibits glyceraldehydes 3-phosphate dehy-
drogenase activity, which, in turn, increases the influx through
hyperglycemia-induced activation of PKC, hexasominase path-
way and AGE formation, which triggers the production of ROS
and nitrogen species, playing a role in the pathogenesis of endo-
thelial dysfunction and diabetic complications. Oxidative stress
breaks down DNA, which activates PARP, in turn potentiating
NF-«B activation, resulting in an increased expression of NF-kB-
dependent genes, such as /[CAM-1, MCP-1 and TNF-a., with an
increase in leukostasis and producing greater oxidative stress.
PARP inhibition suppresses NF-kB activation and the expression
of adhesion molecules in cultured endothelial cells under high
glucose concentration [124]. In addition, PARP inhibition inhib-
ited diabetes-induced death of retinal microvascular cells and the
development of early lesions of DR [124]. More recently, Drel ez al.
demonstrated that PARP inhibition alleviated oxidative-nitrosative
stress and counteracted glial activation, as well as neural apoptosis,
in the retinas of diabetic rats [12¢].

Neurodegeneration

Growing bodies of evidence have emerged to indicate that
impairment of retinal function precedes the earliest signs of
vascular complications in DR. Retinal function tests, such as
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electroretinography, dark adaptation, contrast sensitivity and color
vision, have demonstrated that neuroretinal function is compro-
mised before the onset of vascular lesions in humans [127]. Retinal
neurons, particularly retinal ganglion cells, have been reported
to degenerate, as shown by accelerated apoptosis in diabetic ani-
mals and in human diabetic subjects before retinal vascular cell
death [4-7]. An excess amount of glutamate has been found in
the vitreous humor of DR patients [128] and also in the retina of
diabetic animals [129]. These findings suggest that the excitotoxic
glutamate is involved in retinal neurodegeneration induced by
diabetes. Glutamate can be increased owing to ischemia or from
dysfunction of glutamate metabolism and homeostasis, such as
glutamate uptake, oxidation and turnover in the process of neuro-
transmission, involving both neuronal and Miiller cells [130-132].
In our study, we found an increased level of branched-chain
amino acids within diabetic retinas, which further augments the
extracellular level of glutamate and, thereby, may be implicated
in exacerbating the neurotoxicity [OLA MS ET AL., UNPUBLISHED DATA].

Integrins

Functional cell surface integrins are complexes of an o.- and a
B-subunit. The difference in the subunit composition deter-
mines the specificity of the integrin complex for its substrate
in the extracellular matrix. Integrins, such as a3, o B., o8,
and a3, promote angiogenesis by mediating cell migration,
proliferation and survival of angiogenic endothelial cells [133].
Recently, we demonstrated that only o 8, integrin was expressed
in PDR epiretinal membranes and was specifically localized in
vascular endothelial cells and stromal cells [17); similar findings
were noted by Ning ez al. 134]. Integrin o 3, has been especially
identified as a marker of angiogenesis because it is expressed on
angiogenic blood vessels in human wound granulation tissue but
not in normal skin. Its expression increased during angiogenesis
on the chick chorioallantoic membrane. In the latter assay, a
monoclonal antibody to a3, blocked angiogenesis induced by
basic FGF, TNF-a and human melanoma fragments but had
no effect on pre-existing vessels [134]. Ligation of integrin o 3,
is required for the survival and maturation of newly forming
blood vessels. Antagonists of this integrin induce apoptosis of
the proliferative angiogenic vascular cells, leaving pre-existing
quiescent blood vessels unaffected [135]. Several studies demon-
strated that o, 8, integrin participates in the pathologic angio-
genesis that occurs in the murine model of oxygen-induced
ischemic retinopathy [136,137].

Growth hormone, IGF & somatostatin

Growth hormone (GH) and IGF-1 are implicated in the aber-
rant cell growth and pathological neovascularization that char-
acterizes proliferative DR. Levels of IGF-1 are increased in the
vitreous fluid of patients with proliferative DR. Intraocular
IGF-1, but not systemic IGF-1, was found to induce increased
retinal vascular permeability [138,139]. IGF-1 may exert its cell
growth-promoting properties by stimulating a number of path-
ways, including PKB, NF-«kB, AP-1 and HIF-1a.. Other growth
factors may participate in IGF-1-induced cell growth, including

VEGEF, PDGF and FGF. Hyperglycemic conditions were found
to enhance the proliferative response of retinal endothelial cells
to IGF-1 [140]. The importance of the GH/IGF system in DR
and retinal neovascularization has been highlighted by the use
of agents that inhibit the system. The naturally occurring GH
inhibitor, somatostatin, has been suggested as a candidate for
developing novel therapies. Somatostatin may exert its anti-
angiogenic effects through both antagonism of the GH axis
and direct antiproliferative and apoptotic effects on endothelial
cells. Therefore, the use of long-acting somatostatin analogs
will lead to an upregulation of antiangiogenic signaling [141]. It
was demonstrated that GH receptor antagonists, GH receptor
antisense oligonucleotides, somatostatin analogues and recep-
tor-neutralizing antibodies to IGF-1 reduced hypoxia-induced
retinal neovascularization [142].

Evidence-based patient care
Five large, randomized, controlled trials provide the scientific
basis for care in the diabetic patient to preserve vision.

Diabetes Control & Complications Trial (DCCT)

The DCCT randomized 1441 patients with Type 1 diabetes to
receive intensive glycemic or conventional therapy. Over 6.5 years
of follow-up, intensive treatment (median glycosulated hemoglobin
[HbAlc]: 7.2%) reduced the incidence of DR by 76% and progres-
sion of DR by 54%, compared with conventional treatment [11].
Long-term observational DCCT data showed that despite gradual
equalization of HbAlc values after study termination, the rate of
DR progression in the former intensively treated group remained
significantly lower than in the former conventional group (‘meta-
bolic memory’) [143], emphasizing the importance of instituting
tight glycemic control early in the course of diabetes.

Tight glycemic control has two clinical important adverse
effects. First, there is risk of early worsening of DR. In the DCCT,
this occurred in 13.1% of the intensive versus 7.6% of the con-
ventional treatment group. However, this effect was reversed by
18 months, and no case of early worsening resulted in serious
visual loss. In the DCCT, the long-term benefits of intensive
insulin treatment greatly outweighed the risks of early worsen-
ing. Therefore, ophthalmoscopic monitoring before initiation of
intensive treatment, and at 3-month intervals for 6-12 months
thereafter, seems appropriate when intensive treatment is initiated
in patients with long-standing poor glycemic control, particularly
if retinopathy is at or past moderate nonproliferative stage. In
patients whose retinopathy is already approaching the high-risk
stage, it may be prudent to delay the initiation of intensive treat-
ment until photocoagulation can be completed, particularly if
HbAlc is high [144]. Second, tight glycemic control was associated
with more frequent, severe hypoglycemic episodes compared with
the conventional group [11].

UK Prospective Diabetes Study (UKPDS)

The UKPDS randomized 3867 patients with newly diagnosed
Type 2 diabetes to receive intensive or conventional therapy. After
12 years of follow-up, the progression of DR was reduced by 21%
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and the need for laser photocoagulation by 29% in the intensive
versus the conventional treatment group [12]. The UKPDS also
investigated the influence of tight blood pressure control. A total
of 1148 hypertensive patients with Type 2 diabetes were ran-
domized to recieve less tight (<180/105 mmHg) and tight blood
pressure control (<150/85 mmHg). With a median follow-up of
8.4 years, patients assigned to tight control had a 34% reduction
in progression of retinopathy and a 47% reduced risk of deterio-
ration in visual acuity of three lines compared with the less tight
control group [145].

Diabetic Retinopathy Study (DRS)

The DRS investigated whether scatter (panretinal) photocoagu-
lation compared with indefinite deferral could reduce the risk
of vision loss from PDR. After 2 years, photocoagulation was
shown to significantly reduce severe visual loss (best corrected
visual acuity of 5/200 or worse) from PDR. The benefit per-
sisted through the entire duration of follow-up and was greatest
among patients whose eyes had high-risk characteristics [146].
Recently, the Diabetic Retinopathy Clinical Research Network
compared the effects of single-sitting with four-sitting pan-
retinal photocoagulation on macular edema in subjects with
severe nonproliferative or early proliferative DR with relatively
good visual acuity and no or mild center-involved macular
edema. The results suggest that clinically meaningful differ-
ences are unlikely in optical coherence tomography thickness
or visual acuity following application in one sitting compared
with four sittings [147).

Early Treatment Diabetic Retinopathy Study (ETDRS)

The ETDRS demonstrated that focal/grid laser photocoagula-
tion reduced the risk of moderate vision loss (i.e., a doubling
of the visual angle) from clinically significant macular edema
by 50% or more [148]. ETDRS analyses also indicated that for
patients with Type 2 diabetes, it is especially important to con-
sider scatter photocoagulation at the time of the development of
severe nonproliferative or early proliferative DR [149].

A recent, randomized, controlled trial compared modified
ETDRS direct/grid photocoagulation technique with mild
macular grid-laser technique, in which microaneurysms are not
treated directly and small mild burns are placed throughout the
macula for DME. At 12 months after treatment, the mild macu-
lar grid technique was less effective at reducing optical coherence
tomography-measured retinal thickening than the current modi-
fied ETDRS laser photocoagulation approach. It was concluded
that modified ETDRS focal photocoagulation should continue
to be a standard approach for treating DME [150].

Diabetic Retinopathy Vitrectomy Study (DRVS)

The DRVS randomized 616 eyes with recent vitreous hem-
orrhage, reducing visual acuity to 5/200 or less for at least
1 month, to undergo early vitrectomy within 6 months or defer-
ral of vitrectomy for 1 year. After 2 years of follow-up, 25% of
the early vitrectomy group had visual acuity of 10/20 or better
compared with 15% of the deferral group. In patients with

Type 1 diabetes, who were, on average, younger and had more
severe PDR, there was a clear-cut advantage for early vitrec-
tomy, as reflected in the percentage of eyes recovering visual
acuity of 10/20 or better (36 vs 12% in the deferral group). No
such advantage was found in the Type 2 diabetes group (16%
in the early group vs 18% in the deferral group) [151].

The DRS and the ETDRS showed that laser photocoagula-
tion for DR is effective at slowing the progression of retinopathy
and reducing visual loss but the treatment usually does not
restore lost vision. Since these treatments are aimed at pre-
venting vision loss and retinopathy can be asymptomatic, it
is important to identify and treat patients early in the disease.
To achieve this goal, patients with diabetes should be routinely
evaluated to detect treatable disease. Guidelines for the fre-
quency of diabetic eye examinations have been largely based
on the severity of retinopathy [1].

Emerging therapies
Owing to the limitations of current treatment, new therapeutic
approaches are being developed.

Islet cell transplantation

Recent studies demonstrated that improved islet transplant
outcomes could be observed with enhanced islet isolation,
glucocorticoid-free immunosuppression and provision of an
adequate islet mass of more than 10,000 islet equivalents per
kilogram of bodyweight. These improvements have resulted
in benefits to Type 1 diabetic subjects, including long-term
c-peptide secretion, improved glycemic control and reduced
hypoglycemic episodes. Recently, it was demonstrated that islet
transplantation yields improved HbAlc and less progression of
retinopathy compared with intensive medical therapy during
3 years follow-up [152.153].

Fibrates

Fibrates are a widely prescribed lipid-lowering drug for the treat-
ment of dislipidemia. Their main clinical effects, mediated by
PPAR-o activation, are a moderate reduction in total cholesterol
and low-density lipoprotein cholesterol levels, a marked reduction
in triglycerides and an increase in high-density lipoprotein choles-
terol. The Fenofibrate Intervention and Event Lowering in Diabetes
(FIELD) study demonstrated that long-term lipid-lowering therapy
with fenofibrate reduced the progression of DR and the need for
laser treatment in patients with Type 2 diabetes, although the
mechanism of this effect does not seem to be related to plasma
concentration of lipids [154].

Ruboxistaurin

Ruboxistaurin (RBX; LY333531; Lilly Research Laboratories, IN,
USA) is a PKC B-selective inhibitor with adequate bioavailability
to permit oral administration once daily. In the PKCP Inhibitor-
Diabetic Retinopathy Study 2 (PKC-DRS2), oral administration of
RBX (32 mg/day) reduced sustained moderate visual loss, need for
laser treatment for macular edema and macular edema progression,
while increasing occurrence of visual improvement in patients with
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nonproliferative retinopathy [155]. In the PKCP Inhibitor Diabetic
Macular Edema Study (PKC-DMES), RBX treatment also showed
a beneficial effect on DME progression relative to placebo [156].
More recently, Davis et al. demonstrated that RBX treatment
appears to ameliorate DME-associated visual decline [157].

Anti-VEGF treatment

Currently, there are four anti-VEGF agents that have been used in
the management of DR, including pegaptanib (Macugen®; Pfizer,
Inc., NY, USA), ranibizumab (Lucentis®; Genentech, Inc., CA,
USA), bevacizumab (Avastin®; Genentech, Inc., CA, USA), and
VEGF Trap-Eye (Regeneron Pharmaceuticals, Inc., NY, USA).

Pegaptanib

Pegaptanib is a pegylated RNA aptamer directed against the
VEGE-A 165 isoform. A Phase II clinical trial of intravitreal pegap-
tanib in patients with DME followed-up for 36 weeks resulted in
better visual acuity outcomes, reduced central retinal thickness and
reduced need for additional photocoagulation therapy [158]. A retro-
spective analysis of the same study on patients with retinal neovascu-
larization at baseline demonstrated regression of neovascularization
after intravitreal pegaptanib administration [159].

Ranibizumab

Ranibizumab is a recombinant humanized monoclonal antibody
fragment with specificity for all isoforms of human VEGF-A. Two
pilot studies of intravitreal ranibizumab demonstrated reduced
foveal thickness and maintained or improved visual acuity in
patients with DME [160,161].

VEGF Trap-Eye

Vascular endothelial growth factor Trap is a 115-kDa recombi-
nant fusion protein consisting of the VEGF binding domains of
human VEGEF receptors 1 and 2 fused to the Fc domain of human
IgGl. One pilot study showed that a single intravitreal injection

of VEGF Trap-Eye was well tolerated and was effective in patients
with DME [162].

Bevacizumab
Bevacizumab is a full-length, recombinant, humanized antibody
active against all isoforms of VEGEF-A. It is US FDA approved as
an adjunctive systemic treatment for metastatic colorectal cancer.
Several studies reported the use of the off-label intravitreal bevaci-
zumab (IVB) to treat DME, complications of PDR and iris neo-
vascularization. However, bevacizumab’s safety for ophthalmic
intravitreal use has not been tested in any large, randomized studies.
To date, all studies regarding IVB (1.25 mg) for DME therapy
have demonstrated transient beneficial effects with a requirement for
repeated injections [163-167]. Increased visual acuity with decrease in
macular edema with a single injection of IVB lasts for 4—6 weeks,
with deterioration of visual acuity and recurrence of macular edema
at 8—12 weeks, necessitating another injection [166,168]. Fang et al.
reported that the improvement in visual acuity and decrease in
macular edema were maintained for 8 weeks in the nonpretreated
eyes group and for 2—4 weeks in the pretreated eyes group [167]. In

addition, Yanyali ¢t al. reported that IVB in DME have no effect
on visual acuity and macular edema in previously vitrectomized
eyes [169].

Several studies demonstrated that IVB injection resulted in
marked regression of retinal and iris neovascularization, and rapid
resolution of vitreous hemorrhage in patients with PDR [170-173]. In
addition, IVB injection was demonstrated to be an effective adjunc-
tive treatment to panretinal photocoagulation (PRP) in the treat-
ment of high-risk PDR [174-176] and neovascular glaucoma [172,173].
IVB injection before PRP was found to be beneficial in preventing
PRP-induced visual dysfunction and foveal thickening and was
associated with a greater reduction in the area of active leaking new
vessels than PRP alone in patients with high-risk PDR [174-176].

The use of preoperative IVB injection a few days before planned
pars plana vitrectomy for treatment of complications of PDR
was also found to be efficacious and safe as an adjuvant treat-
ment to facilitate surgery, reduce intraoperative bleeding, prevent
rebleeding and accelerate postoperative vitreous clear-up [177-179].
However, tractional retinal detachment may occur or progress
shortly following administration of IVB in these patients [180]. In
addition, severe intraocular inflammation was reported following
IVB injections [181].

Intravitreal triamcinolone acetonide

Intravitreal triamcinolone acetonide (IVTA) is reported to generate
favorable results in the treatment of diffuse DME. However, the
major limitation of IVTA is the recurrence of DME, which devel-
ops after a relatively short duration of action, necessitating repeated
applications of IVTA, which carry risk and are inconvenient for
patients [182,183]. This early disappearance of the effect of IVTA
might be consistent with the results reported by Beer ez al., who
estimated that measurable concentrations of triamcinolone could
be expected to last no longer than 3 months in nonvitrectomized
eyes [184].

In a prospective, randomized, controlled trial, eyes with persistent
DME after focal/grid photocoagulation received either IVTA 4 mg
or sham injection (saline injection into the subconjunctival space).
After 2 years, 19 out of 34 eyes treated with repeated IVTA (56%)
had a visual acuity improvement of five letters or more compared
with nine out of 35 placebo-treated eyes (26%). An increase of
intraocular pressure of 5 mmHg or above was observed in 23 out
of 34 treated (68%) versus three out of 30 untreated eyes (10%) .
Glaucoma medication was required in 15 out of 34 treated (44%)
versus one out of 30 untreated eyes (3%). Cataract surgery was per-
formed in 15 out of 28 treated (54%) versus zero out of 21 untreated
eyes (0%). Two eyes in the IVTA group required trabeculectomy.
There was one case of infectious endophthalmitis in the treatment
group [185].

The Diabetic Retinopathy Clinical Research Network reported
2-year results of a multicenter, randomized clinical trial com-
paring preservative-free IVTA and focal/grid laser for DME.
In this study, 840 eyes were randomized to focal/grid photo-
coagulation, or IVTA 1 mg or 4 mg. Retreatment was given
for persistent or new edema at 4-month intervals. At 4 months,
mean visual acuity was better in the 4-mg IVTA group than
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in either the laser group or the 1-mg IVTA group. Mean visual
acuity at 2 years after starting the treatment was better in the
laser group compared with the steroid-injected groups. Optical
coherence tomography results generally paralleled the visual acu-
ity results. Cataract surgery performed before the 2-year visit
was most frequent in the 4-mg IVTA group (51%) versus the
1-mg IVTA group (23%) and the laser group (13%). Increased
intraocular pressure from baseline by 10 mmHg or more at any
visit was most frequent in the 4-mg (33%) versus the 1-mg I[IVTA
group (16%) and the laser group (4%) [186]. More recently, the
Diabetic Retinopathy Clinical Research Network reported that
the 3-year visual outcome results were consistent with the pre-
viously published 2-year results. The cumulative probability of
cataract surgery by 3 years was 31, 46 and 83% in the laser,
1- and 4-mg IVTA groups, respectively. Intraocular pressure
increased by more than 10 mmHg at any visit in 4, 18 and 33%
of the eyes, respectively [187]. This randomized study indicated
clearly that focal/grid photocoagulation is a better treatment
than IVTA in eyes with DME involving the center of the macula
with visual acuity between 20/40 and 20/320. The fact that the
4-mg IVTA group had a greater positive treatment response on
visual acuity and retinal thickening at 4 months, whereas the
photocoagulation group had a greater positive response later,
raises the possibility that combining focal/grid photocoagulation
with IVTA may produce greater benefit for DME than either
focal/grid photocoagulation or IVTA alone [186].

Several small, randomized clinical trials demonstrated that the
combination of laser photocoagulation (panretinal and macular)
with IVTA was associated with improved best-corrected visual
acuity and decreased central macular thickness and total macular
volume when compared with laser photocoagulation alone for the
treatment of PDR and macular edema [183,188,189].

Recently, two studies compared the morphological and visual
acuity outcomes associated with a single intravitreal injection of
triamcinolone acetonide versus bevacizumab for the treatment
of DME. These studies concluded that one single intravitreal
injection of triamcinolone showed better results in reducing
DME and in the improvement of visual acuity than that of beva-
cizumab in the short-term management of DME. The reduction
effect of bevacizumab on DME was weaker and shorter than
that with triamcinolone. However, IVB had the advantage of
intraocular pressure stability compared with the triamcinolone
injection [168,190]. In addition to steroid-related side effects,
injection-related side effects include retinal detachment, vit-
reous hemorrhage, bacterial endophthalmitis, noninfectious
endophthalmitis and pseudoendophthalmitis 191].

Vitrectomy for persistent diffuse DME

Vitrectomy with removal of the premacular posterior hyaloid
for persistent diffuse DME has gained rapid widespread accep-
tance. The large number of series evaluating the efficacy of
vitrectomy (with or without internal limiting membrane peel-
ing) has yielded conflicting results. In a prospective, random-
ized trial, Stolba et al. showed that vitrectomy with internal
limiting membrane peeling was superior to observation in eyes

with persistent diffuse DME that previously failed to respond
to conventional laser treatment and positively influenced dis-
tance and reading visual acuity, as well as the morphology of
the edema [192]. However, they suggested the need for larger
follow-ups and larger series to confirm these findings. Other
studies suggested that vitrectomy with and without internal
limiting membrane peeling may provide anatomic and visual
benefit in eyes with diffuse, nontractional, unresponsive DME
refractory to laser photocoagulation [193-195]. Best-corrected
visual acuity continued to improve until 1 year postoperatively
and is maintained in the long term [194,195]. The preoperative
best-corrected visual acuity was the best prognostic factor for
final best-corrected visual acuity [194,195]. On the other hand,
other studies showed that the benefits of vitrectomy for DME
in terms of visual acuity and macular thickness were limited to
patients who exhibited signs of macular traction, either clini-
cally and/or on optical coherence tomography [196-199]. Macular
detachment on optical coherence tomography was suggested to
be an adverse predictive indicator [198].

The necessity of internal limiting membrane peeling is still
unclear. Several studies reported that there was no difference in
the absorption rate of macular edema or the functional outcome
after vitrectomy with or without internal limiting membrane
peeling [194,200,201].

Enzymatic vitreolysis

Enzymatic vitreolysis and clearance of the hemorrhage has been
investigated as a minimally invasive, conservative, and economi-
cal treatment for vitreous hemorrhage. Intravitreous ovine hyal-
uronidase (Vitrase; ISTA Pharmaceuticals, Inc., CA, USA) can
facilitate hemorrhage clearance by inducing liquefaction of the
vitreous, which allows for red blood cell lysis and phagocytosis.
Two large, multinational, randomized, double-masked, placebo-
controlled Phase III clinical trials evaluated the efficacy of a
single intravitreous injection of highly purified, preservative-free,
ovine hyaluronidase for the management of persistent vitreous
hemorrhage from PDR and other causes. It was demonstrated
that ovine hyaluronidase resulted in a statistically significant
effect on the primary efficacy end point sufficient (sufficient
clearance of vitreous hemorrhage to see the underlying pathol-
ogy and completion of treatment, when indicated, by month 3)
at months 1 and 2 [202].

RAS blockers

Several studies suggested that RAS blockers might reduce the
burden of DR. The findings of the Eurodiab Controlled Trial of
Lisinopril in Insulin-dependent Diabetes (EUCLID) suggested
that blockade of the RAS with the angiotensin-converting enzyme
inhibitor, lisinopril, could reduce both incidence and progression
of retinopathy in Type 1 diabetes [203]. Recently, the Diabetic
Retinopathy Candesartan Trials (DIRECT) demonstrated that the
angiotensin receptor antagonist, candesartan, reduced the incidence
of retinopathy in patients with Type 1 diabetes [204], and might
induce improvement of retinopathy in Type 2 diabetic patients with
mild-to-moderate retinopathy [205].
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PPAR-y agonists

The PPAR-y agonist rosiglitazone inhibited both the retinal leuko-
stasis and retinal leakage observed in experimental diabetic rats.
In addition, the decreased expression of the endogenous PPAR-y
in mice leads to the aggravation of retinal leukostasis and reti-
nal leakage in diabetic mice [83]. Rosiglitazone maleate (Avandia;
GlaxoSmithKline, NC, USA) is an orally administered medication
used to improve glycemic control in patients with diabetes mellitus.
This medication activates the PPAR-y and leads to insulin sensiti-
zation in adipose and other tissues, with potential antiangiogenic
activity. Recently, Shen ez a/. demonstrated that rosiglitazone may
delay the onset of proliferative DR in patients with severe nonpro-
liferative DR at baseline [206]. Several studies showed that the use
of the glitazone class of drug was associated with DME [207,208].
However, another retrospective study concluded that rosiglitazone
is not linked to DME [209].

Potential future drugs & their targets

Despite marked improvements in the treatment of DR, vision loss is
still increasing at an alarming rate. Continuous efforts of researchers
towards better understanding of the specific molecular and biochem-
ical changes in DR will develop targeted pharmacological treatment
strategies. Future therapies are likely to involve inhibiting several
different pathways or discovering the master regulator molecule(s)
and their inhibitors for DR treatment.

AGE inhibitors

Inhibitors of AGEs have been used in experimental studies to modu-
late the action of AGEs in the pathogenesis of DR. Aminoguanidine,
an inhibitor of AGE formation, prevented DR and AGE accumula-
tion at branching sites of precapillary arterioles, diminished pericyte
dropout, reduced the progression of vascular occlusion and inhib-
ited abnormal endothelial cell proliferation in diabetic rats [210].
Pyridoxamine treatment, an inhibitor of formation of AGEs and
lipoxidation end products, protected against capillary dropout and
limited laminin protein upregulation, extracellular matrix mRNA
expression and AGE levels increase in the retinal vasculature of dia-
betic rats [211]. In addition, LR-90 treatment, a multistage inhibitor
of AGEs, reduced the number of acellular capillaries and pericyte
loss in the retinas of diabetic rats [212]. Systematic administration
of the soluble form of RAGE inhibited blood—retinal barrier break-
down, leukostasis and expression of ICAM-1 in the retina of dia-
betic mice [213]. Thus, inhibition of AGEs formation, blockade of
AGE-RAGE interaction and suppression of RAGE expression may
be novel therapeutic targets to treat DR.

Aldose reductase inhibitors

Numerous studies showed that aldose reductase inhibitors dimin-
ish the prevalence of microaneurysms, basement membrane thick-
ening, oxidative stress, VEGF expression, neuronal apoptosis and
gliosis in the retina of animals with diabetes. Over the last two
decades, several aldose reductase inhibitors have been developed,
but owing to lack of specificity and side effects, clinical trials
were disappointing. Currently, new aldose reductase inhibitors are
being developed that show greater potency. The new structural

class of aldose reductase inhibitors, such as epalrestat, fidarestat,
ranirestat and ARI-809, have been studied in diabetic animals
with great success [214-216].

Nonsteroidal anti-inflammatory drugs

High-dose aspirin suppressed breakdown of the blood—retinal bar-
rier in diabetic rats. This suppression was accompanied by the inhi-
bition of retinal expression of ICAM-1 and a concomitant reduction
in the adhesion of leukocytes to the retinal vasculature. Similar
reductions also resulted with other anti-inflammatory drugs,
including etanercept, a soluble receptor of the cytokine TNF-a, as
well as meloxicam, an inhibitor of COX-2 [40]. Diabetes-induced
vascular damage in the rat was inhibited by topical application of
nepafenac, a nonsteroidal anti-inflammatory prodrug that inhibits
both COX-1 and COX-2 [217], and periocular injection of cele-
coxib-poly (lactide-co-glycolide) microparticles, directed against
COX-2 [218]. Salicylate-based anti-inflammatory drugs inhibited
the development of early stages of DR in rats [219]. Recently, Yang
et al. demonstrated that baicalein treatment, an anti-inflammatory
drug, suppressed diabetes-induced inflammatory process and inhib-
ited vascular abnormality and neuron loss in the retinas of diabetic
rats [220]. Treatment with sulindac, a NSAID, significantly inhibited
the development and progression of DR in a 3-year study [221].

Antioxidants

There is accumulating evidence from animal studies that oxidative
stress is associated with the development of retinopathy in diabe-
tes, and antioxidants have beneficial effects on the development
of retinopathy [95]. Nutritional supplements, consisting mainly
of antioxidants that are routinely used in clinical settings for
age-related macular degeneration (e.g., ascorbic acid, vitamin E,
[-carotene, zinc and copper) protected diabetic rats from the
development of DR and other metabolic abnormalities associ-
ated with its development [222]. However, the results from clinical
trials are ambiguous.

HIF-1a inhibition

Several studies demonstrated that targeting the master modulator
HIF-1a can suppress retinal neovascularization in animal mod-
els of retinal ischemia. siRNA targeting HIF-1a. could specifically
decrease the retinal expression level of HIF-1o. and VEGF and
retinal neovascularization in a murine model of oxygen-induced
proliferative retinopathy [223,224].

SDF-1 blockers

In proliferative retinopathy, SDF-1 plays a major role and may
be an ideal target for the prevention of proliferative retinopathy.
Intravitreal injection of blocking antibodies to SDF-1 prevented
retinal neovascularization in a murine model of proliferative
retinopathy, even in the presence of exogenous VEGF [59].

Integrin antagonist

The orally bioavailable nonpeptide o antagonist (JNJ-26076713)
is a potent compound that inhibits o, 8, and a8, binding to vitro-
nectin in the nanomolar range. It blocks cell migration induced
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by VEGEF, EGF and serum, and angiogenesis induced by FGF in
the chick chorioallantoic membrane model. JNJ-26076713 inhibits
retinal neovascularization in an oxygen-induced model of retinopa-
thy of prematurity after oral administration. In diabetic rats, orally
administered JNJ-26076713 markedly inhibits retinal vascular
permeability, a key early event in DME [225].

Neuroprotection

Chronic memantine treatment improved retinal function and
protected retinal ganglion cell loss in diabetic rats. In addition,
chronic memantine treatment decreased elevated vitreoretinal
VEGEF protein levels and blood—retinal barrier breakdown in dia-
betic rats [226]. Recently, Smith ez a/. demonstrated that the
receptor 1 ligand(+)-pentazocine treatment conferred significant
neuroprotection, reduced evidence of oxidative stress and preserved
retinal architecture in diabetic mice [227]. We also showed that
memantine and gabapentin reduced caspase-3 activity and levels
of ROS in retinas of diabetic rats [OLA MS ET AL., UNPUBLISHED DATA].

siRNA & antisense digonucleotides

Recently, siRNA emerged as a powerful tool for therapeutic
methods for diseases. siRNA technology allows the production
of dsRNA molecules that can specifically prevent the production
of particular gene product in a potent and efficient manner [223].
An arttractive advantage for using siRNA is its ability to tem-
porally knock down the expression of target genes specifically
and potently. H/F-Io. siRNA and VEGF siRNA specifically
downregulated HIF-Io,, VEGF mRNA and protein levels, both
in human umbilical vein endothelial cells and in the retina of
ischemic retinopathy model in mice with a decrease in neovas-
cularization [224]. An antisense oligonucleotide targeting the
GH receptor inhibits neovascularization in a mice model of
oxygen-induced retinopathy [229].

Adenoviral vector for gene therapy

Intravitreous injection of adenovirus vectors expressing a soluble
form of the VEGF receptor (sflt-1), which acts by sequester-
ing VEGF, resulted in detectable levels of sflt-1 and reduced

retinal neovascularization in a rat model of oxygen-induced
retinopathy. Furthermore, pre-existing retinal vessels were not
affected [230,231].

Expert commentary

The most important evidence-based therapies for DR include
strict metabolic control, tight blood pressure control, laser photo-
coagulation and vitrectomy. Focal/grid photocoagulation is a better
treatment than IVTA in eyes with DME. The current evidence
suggests that IVTA or anti-VEGF agents are effective adjunctive
treatment to laser photocoagulation or vitrectomy. However, tri-
amcinolone is associated with risks of elevated intraocular pressure
and cataract. Vitrectomy with removal of the posterior hyaloid
without internal limiting membrane seems to be effective in eyes
with persistent diffuse DME, particularly in eyes with associated
vitreomacular traction.

Five-year view

Current evidence-based treatments rarely improve visual outcomes
in patients with established DR. Emerging treatments, possibly
used in combination with standard therapy, may offer effective
and safe treatment that may allow us to improve visual outcomes
and prevent the damaging consequences of DR. The availability
of new strategies will result in a paradigm shift in treating the early
stages of DR. Furthermore, therapeutic strategies may involve
treating both microvascular and neuronal elements of the retina
to preserve vision. Better understanding of the specific molecular
and biochemical changes in DR will lead to the development of
targeted therapeutic interventions. Future therapies include AGE
inhibitors, aldose reductase inhibitors, PKC inhibitors, antioxidants,
NSAIDs, NF-kB inhibition, HIF-1a inhibition, integrin antago-
nists, somatostatin analogs and therapies to inhibit neurodegenera-
tion. Targeted therapeutics utilizing antisense oligonucleotides, siR-
NAs and gene therapy have, so far, demonstrated beneficial effects
in animal models of ischemic retinopathy.
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Key issues

e Diabetic retinopathy remains a leading cause of blindness worldwide.

e Several pathogenic mechanisms provide the link between chronic hyperglycemia and the development of diabetic retinopathy, including
formation and accumulation of advanced glycation end products, increased oxidative stress and the polyol pathway, and activation of PKC

and the renin—angiotensin system.

¢ Inflammation and neurodegeneration play a prominent role in the pathogenesis of diabetic retinopathy.

e Current evidence-based treatments, including intensive glycemic and hypertensive control, laser photocoagulation and vitrectomy, rarely
improve visual outcomes in patients with established diabetic retinopathy.

e Focal/grid photocoagulation is a better treatment than intravitreal triamcinolone acetonide in eyes with diabetic macular edema.

e Intravitreal triamcinolone acetonide or anti-VEGF agents are effective adjunctive treatment to laser photocoagulation or vitrectomy.
However, triamcinolone is associated with risks of elevated intraocular pressure and cataract.

e Vitrectomy seems to be effective in eyes with persistent diffuse diabetic macular edema, particularly those associated vitreomacular traction.
e Emerging therapies include ruboxistaurin, renin—angiotensin system blockers, fenofibrate, islet cell transplantation, PPAR-y agonists and

intravitreal hyaluronidase.

e Better understanding of the underlying molecular and biochemical mechanisms involved in diabetic retinopathy will lead to the development

of targeted therapeutic interventions.

638

Expert Rev. Ophthalmol. 4(6), (2009)



Pathophysiology & management of diabetic retinopathy

References
Papers of special note have been highlighted as:

¢ of interest

es of considerable interest

1

Fong DS, Aiello L, Gardner TW ez al.
American Diabetes Association. Diabetic
retinopathy. Diabetes Care 26 (1), 226229
(2003).

Mizutani M, Kern TS, Lorenzi M.
Accelerated death of retinal microvascular
cells in human and experimental diabetic
retinopathy. /. Clin. Invest. 97(12),
2883-2890 (1996).

Hammes HP, Strodter D, Weiss A, Bretzel
RG, Federlin K, Brownlee M. Secondary
intervention with aminoguanidine retards
the progression of diabetic retinopathy in
the rat model. Diabetologia 38(6), 656-660
(1995).

Barber AJ, Lieth E, Khin SA, Antonetti DA,
Buchanan AG, Gardner TW. Neural
apoptosis in the retina during experimental
and human diabetes. Early onset and effect
of insulin. /. Clin. Invest. 102(4), 783-791
(1998).

Abu-El-Asrar AM, Dralands L, Missotten
L, Al-Jadaan IA, Geboes K. Expression of
apoptosis markers in the retinas of human
subjects with diabetes. Invest. Ophthalmol.
Vis. Sci. 45(8), 2760-2766 (2004).

Abu El-Asrar AM, Dralands L, Missotten L,
Geboes K. Expression of antiapoptotic and
propapoptotic molecules in diabetic retinas.
Eye 21(2), 238-245 (2007).

Kern TS, Barber AJ. Retinal ganglion cells
in diabetes. /. Physiol. 586(Pt 18),
4401-4408 (2008).

Mizutani M, Gerhardinger C, Lorenzi M.
Miiller cell changes in human diabetic
retinopathy. Diabetes 47(3), 445-449
(1998).

Krady JK, Basu A, Allen CM ez al.
Minocycline reduces proinflammatory
cytokine expression, microglial activation,
and caspase-3 activation in a rodent model
of diabetic retinopathy. Diabetes 54(5),
1559-1565 (2005).

Decanini A, Karunadharma PR, Nordgaard
CL, Feng X, Olsen T'W, Ferrington DA.
Human retinal pigment epithelium
proteome changes in early diabetes.

Diabetologia 51(6), 1051-1061 (2008).

The Diabetes Control and Complications
Trial Research Group. The effect of
intensive treatment of diabetes on the
development and progression of long-term
complications in insulin-dependent diabetes
mellitus. V. Engl. J. Med. 329(14), 977-986
(1993).

13

14

15

17

19

20

21

22

UK Prospective Diabetes Study (UKPDS)
Group. Intensive blood-glucose control
with sulphonylureas or insulin compared
with conventional treatment and risk of
complications in patients with Type 2
diabetes (UKPDS 33). Lancet 352(9131),
837-853 (1998).

Stitt AW. The role of advanced glycation
in the pathogenesis of diabetic
retinopathy. Exp. Mol. Pathol. 75(1),
95-108 (2003).

Wautier JL, Guillausseau PJ. Advanced
glycation end products, their receptors
and diabetic angiopathy. Diabetes Metab.
27(5 Pt 1), 535-542 (2001).

Brownlee M, Cerami A, Vlassara H.
Advanced glycosylation end products in
tissue and the biochemical basis of
diabetic complications. N. Engl. J. Med.
318(20), 1315-1321 (1988).

Dolhofer-Bliesener R, Lechner B, Gerbitz
KD. Possible significance of advanced
glycation end products in serum in
end-stage renal disease and in late
complications of diabetes. Eur. J. Clin.
Chem. Clin. Biochem. 34(4), 355-361
(1996).

Abu El-Asrar AM, Missotten L, Geboes
K. Expression of advanced glycation end
products and related molecules in diabetic
fibrovascular epiretinal membranes. Clin.

Exp. Ophthalmol. (2009) (In Press).

Goldin A, Beckman JA, Schmidt AM,
Creager MA. Advanced glycation end

products: sparking the development of
diabetic vascular injury. Circulation

114(6), 597-605 (20006).

Goh SY, Cooper ME. Clinical review: the
role of advanced glycation end products
in progression and complications of
diabetes. /. Clin. Endocrinol. Metab.
93(4), 1143-1152 (2008).

Wang Y, Vom Hagen F, Pfister F ¢t al.
Receptor for advanced glycation end
product expression in experimental
diabetic retinopathy. Ann. NY Acad. Sci.
1126, 42—45 (2008).

Chakravarthy U, Hayes RG, Stitt AW,
McAuley E, Archer DB. Constitutive
nitric oxide synthase expression in retinal
vascular endothelial cells is suppressed by
high glucose and advanced glycation end
products. Diabetes 47(6), 945-952
(1998).

Stitt AW, Bhaduri T, McMullen CB,
Gardiner TA, Archer DB. Advanced
glycation end products induce blood—
retinal barrier dysfunction in
normoglycemic rats. Mol. Cell Biol. Res.
Commun. 3(6), 380-388 (2000).

24

25

26

27

28

29

30

31

32

Warboys CM, Toh HB, Fraser PA. Role of
NADPH oxidase in retinal microvascular
permeability increase by RAGE
activation. Invest. Ophthalmol. Vis. Sci.
50(3), 1319-1328 (2009).

Yamagishi S, Yonekura H, Yamamoto Y
et al. Advanced glycation end products-
driven angiogenesis iz vitro. Induction of
the growth and tube formation of human
microvascular endothelial cells through
autocrine vascular endothelial growth
factor. /. Biol. Chem. 272(13), 8723-8730
(1997).

Okamoto T, Yamagishi S, Inagaki Y ez al.
Angiogenesis induced by advanced
glycation end products and its prevention
by cerivastatin. FASEB J. 16(14),
1928-1930 (2002).

Okamoto T, Tanaka S, Stan AC ez al.
Advanced glycation end products induce
angiogenesis iz vivo. Microvasc. Res.

63(2), 186-195 (2002).

Kim YS, Kim BC, Song CY, Hong HK,
Moon KC, Lee HS. Advanced
glycosylation end products stimulate
collagen mRNA synthesis in mesangial
cells mediated by protein kinase C and
transforming growth factor-B. J. Lab.
Clin. Med. 138(1), 59-68 (2001).

Forbes JM, Cooper ME, Oldfield MD,
Thomas MC. Role of advanced glycation
end products in diabetic nephropathy.

J. Am. Soc. Nephrol. 14(8 Suppl. 3),
§254-5258 (2003).

Kita T, Hata Y, Kano K ez al.
Transforming growth factor-p2 and
connective tissue growth factor in
proliferative vitreoretinal diseases:
possible involvement of hyalocytes and
therapeutic potential of Rho kinase
inhibitor. Diabetes 56(1), 231-238
(2007).

Abu El-Asrar AM, Van den Steen PE,
Al-Amro SA, Missotten L, Opdenakker
G, Geboes K. Expression of angiogenic
and fibrogenic factors in proliferative
vitreoretinal disorders. Int. Ophthalmol.
27(1), 11-22 (2007).

Tikellis C, Cooper ME, Twigg SM, Burns
WC, Tolcos M. Connective tissue growth
factor is up-regulated in the diabetic
retina: amelioration by angiotensin-
converting enzyme inhibition.

Endocrinology 145(2), 860-866 (2004).

Hinton DR, Spee C, He S et al.
Accumulation of NH -terminal fragment
of connective tissue growth factor in the
vitreous of patients with proliferative
diabetic retinopathy. Diabetes Care 27(3),
758-764 (2004).

WWW.expert-reviews.com

639



Abu El-Asrar, Al-Mezaine & Ola

33 Kuiper EJ, de Smet MD, van Meurs JC Type 2 diabetic mice. Am. J. Physiol. 57 Tager AM, Kradin RL, LaCamera P ez al.
et al. Association of connective tissue Heart Circ. Physiol. 295(2), H491-H498 Inhibition of pulmonary fibrosis by the
growth factor with fibrosis in vitreoretinal (2008). chemokine IP-10/CXCL10. Am. J. Respir.
disorders in the human eye. Arch. 45 Sainson RC, Johnston DA, Chu HC ef l. Cell Mol. Biol. 31(4), 395-404 (2004).
Ophthalmol. 124(10), 1457-1462 (2006). TNF primes endothelial cells for angiogenic 58 Keane MP, Belperio JA, Arenberg DA er

34 Kuiper EJ, van Zijderveld R, Roestenberg P sprouting by inducing a tip cell phenotype. al. TFN-y-inducible protein-10 attenuates
et al. Connective tissue growth factor is Blood 111(10), 4997-5007 (2008). bleomycin-induced pulmonary fibrosis via
necessary for retinal capillary basal lamina 46 Clauss M, Sunderkstter C, Sveinbjérnsson inhibition of angiogenesis. /. Immunol.
thickening in diabetic mice. /. Histochem. B e al. A permissive role for tumor necrosis 163(10), 5686-5692 (1999).

Cyrochem. 56(8), 785-792 (2008). factor in vascular endothelial growth 59 Bulter JM, Guthrie SM, Koc M et al.

35 Joussen AM, Poulaki V, Le ML et al. factor-induced vascular permeability. Blood SDF-1 is both necessary and sufficient to
A central role for inflammation in the 97(5), 1321-1329 (2001). promote proliferative retinopathy. /. Clin.
pathogenesis of diabetic retinopathy. 4 Vincent JA, Mohr S. Inhibition of Invest. 115(1), 86-93 (2005).

FASEB . 18(12), 14501452 (2004). caspase-1/interleukin-1f signaling prevents 60 Abu El-Asrar AM, Struyf S, Verbeke H,

36 Adamis AP, Berman AJ. Immunological degeneration of retinal capillaries in diabetes Van Damme J, Geboes K. Circulating
mechanisms in the pathogenesis of diabetic and galactosemia. Diabetes 56(1), 224-230 bone marrow-derived enedothelial
retinopathy. Semin. Immunopathol. 30(2), (2007). precursor cells contribute to
65—-84 (2008). 48 Abu El-Asrar AM, Maimone D, Morse PH, neovascularization in diabetic epiretinal

37 Kern TS. Contributions of inflammatory Gregory S, Reder AT. Cytokines in the membranes. Acta Ophthalmol. DOL:
processes to the development of the early vitreous of patients with proliferative 10'1111/j'1755'37§8’2009'01700'X (2009)
stages of diabetic retinopathy. Exp. Diabetes diabetic retinopathy. Am. J. Ophthalmol. (Epub ahead of pring).

Res. 2007, 95103 (2007). 114(6), 731736 (1992). 61  Stellos K, Langer H, Daub K ¢ al.

38 Demircan N, Safran BG, Soylu M, Ozcan 49 Abu El-Asrar AM, Van Damme J, Put W ¢# Platelet-derived stromal cell-derived
AA, Sizmaz S. Determination of vitreous al. Monocyte chemotactic protein-1 in factor-1 regulates adhesion and promotes
interleukin-1 (IL-1) and tumour necrosis proliferative vitreoretinal disorders. Am. J. differentiation of human CD34" cells to
factor (TNF) levels in proliferative diabetic Ophthalmol. 123(5), 599-606 (1997). endothelial progenitor cells. Circulation
retinopathy. Zye 20(12), 1366-1369 (2006). 5y Funatsu H, Noma H, Mimura T, Eguchi S, 117(2), 206-215 (2008).

39  Doganay S, Evereklioglu C, Er H et al. Hori S. Association of vitreous 62 Reddy K, Zhou Z, Jia SF ez al. Scromal
Comparison of serum NO, TNF-q, IL-1B, inflammatory factors with diabetic macular cell-derived f'actor—l stimulates )
sIL-2R, IL-6 and IL-8 levels with grades of edema. Ophthalmology 116(1), 73-79 vasculogenesis and enh:?nces Ewing's
retinopathy in patients with diabetes (2009). sarcoma tumor gr.owth in the absence of
mellitus. Eye 16(2), 163-170 (2002). 51 Abu El-Astar AM, Seruy£ S, Kangave D, \gscular endothelial growth factor. /nz. J.

. o e ancer 123(4), 831-837 (2008).

40 Joussen AM, Poulaki V, Mitsiades N ez al. Geboes K, Van Damme ]. Chemokines in
Nonsteroidal anti-inflammatory drugs proliferative diabetic retinopathy and 63 De Falc.o E, Porcelli.D, Torella .AR et al.
prevent early diabetic retinopathy via proliferative vitreoretinopathy. Eur. Cytokine SDEF-1 involvement in endothelial
TNF-a suppression. FASEB /. 16(3), Netw. 17(3), 155-165 (2006). phenotype an‘figschemia-iﬂduced _

recruitment of bone marrow progenitor
1387440 (2002). 52 Maier R, Weger M, Haller-Schober EM cells. Blood 104(12), 34723482 (2004).

41 Makino N, Maeda T, Sugano M, Satoh S, et al. Multiplex bead analysis of vitreous and ] ]

Watanabe R, Abe N. High serum TNF-a. serum concentrations of inflammatory and 64 Petrovic MG, Korosec P, Kosnik M,
level in Type 2 diabetic patients with proangiogenic factors in diabetic patients. Hawlina M V.itreogs levels. of ) )
microangiopathy is associated with eNOS Mol. Vis. 14, 637-643 (2008). 1r?terle.uk1n—.8 in patients with proliferative
down-regulation and apoprosis in 53 Elner SG, Elner VM, Jaffe GJ, Stuart A, d;abetlc retinopachy. Am. /. Ophthalmol.
endothelial cells. /. Diabetes Complicat. Kunkel SL, Strieter RM. Cytokines in 143(1), 175-176 (2007).
19(6), 347-355 (2005). proliferative diabetic retinopathy and 65 Kuwano T, Nakao S, Yamamoto H ez al.

42 Ben-Mahmud BM, Mann GE, Datti A, proliferative vitreoretinopathy. Curr. Eye Cyclooxygenase 2 is a key enzyme for
Orlacchio A, Kohner EM, Chibber R. Res. 14(11), 1045-1053 (1995). inﬂz.immatc.)ry cytokine-induced
Tumor necrosis factor-o in diabetic plasma 54 Wada T, Furuichi K, Sakai N et 2/, Gene angiogenesis. FASEB ]. 18(2), 300-310
increases the activity of core 2 GleNAc-T therapy via blockade of monocyte (2004).
and adherence of human leukocytes to chemoattractant protein-1 for renal fibrosis. 66 Bagi Z, Erdei N, Papp Z ez al.
retinal endothelial cells: significance of core J. Am. Soc. Nephrol. 15(4), 940-948 (2004). Up-regulation of vascular
2 GleNAc-T in diabetic retinopathy. 55 Low QE, Drugea A, Duffncr LA et . cyclooxygenase-2 in diabetes mellitus.
Diabetes 53(11), 29682376 (2004). Wound healing in MIP-1a:" and MCP-1'- Zhg 52”)“”’[' Rep. 58(Suppl.), 52-56

43 Gao X, Belmadani S, Picchi A ez al. Tumor mice. Am. J. Pathol. 159(2), 457463 :
necrosis factor-o. induces endothelial (2001). 67 Abu El-Asrar AM, Missotten L, Geboes
dysfunction in Lepr(db) mice. Circulation K. Expression of cyclo-oxygenase-2 and
115(2), 245-254 (2007). 56 Hong KH, Ryu], Har.l KH' Monocyte downstream enzymes in diabetic

44 Gao X, Zhang H, Schmidt AM, Zhang cﬁelinoa;traictianrtnp(ri(?tilr(li—L—mducei:l . fibrovascular epiretinal membranes.
R ety e BT
dysfunction in coronary arterioles in 1405-1407 (2005). (2008).

640 Expert Rev. Ophthalmol. 4(6), (2009)




Pathophysiology & management of diabetic retinopathy

68

69

70

71

72

73

74

75

76

77

Cook-Johnson RJ, Demasi M, Cleland LG
et al. Endothelial cell COX-2 expression
and activity in hypoxia. Biochim. Biophys.
Acta 1761(12), 1443-1449 (20006).

DuY, Sarthy VP, Kern TS. Interaction
between NO and COX pathways in retinal
cells exposed to elevated glucose and retina
of diabetic rats. Am. J. Physiol. Regul.
Integr. Comp. Physiol. 287(4), R735-R741
(2004).

Ayalasomayajula SP, Amrite AC, Kompella
UB. Inhibition of cyclooxygenase-2, but
not cyclooxygenase-1, reduces
prostaglandin E2 secretion from diabetic
rat retinas. Eur. J. Pharmacol. 498(1-3),
275-278 (2004).

Tamura K, Sakurai T, Kogo H.
Relationship between prostaglandin E,
and vascular endothelial growth factor
(VEGF) in angiogenesis in human
vascular endothelial cells. Vascul.

Pharmacol. 44(6), 411-416 (2006).

Abu El-Asrar AM, Desmet S, Meersschaert
A, Dralands L, Missotten L, Geboes K.
Expression of the inducible isoform of
nitric oxide synthase in the retinas of
human subjects with diabetes mellitus.
Am. ]. Ophthalmol. 132(4), 551-556
(2001).

Abu El-Asrar AM, Meersschaert A,
Dralands L, Missotten L, Geboes K.
Inducible nitric oxide synthase and
vascular endothelial growth factor are
colocalized in the retinas of human
subjects with diabetes. Eye 18(3), 306-313
(2004).

Leal EC, Manivannan A, Hosoya K ez 4/.
Inducible nitric oxide synthase isoform is a
key mediator of leukostasis and blood—
retinal barrier breakdown in diabetic
retinopathy. Invest. Ophthalmol. Vis. Sci.
48(11), 5257-5265 (2007).

Zheng L, DuY, Miller C ez al. Critical role
of inducible nitric oxide synthase in
degeneration of retinal capillaries in mice

with streptozotocin-induced diabetes.
Diabetologia 50(9), 1987-1996 (2007).

Chan PS, Kanwar M, Kowluru RA.
Resistance of retinal inflammatory
mediators to suppress after reinstitution of
good glycemic control: novel mechanism
for metabolic memory. /. Diabetes
Complications DOI: 10.1016/j.
jdiacomp.2008.10.002 (2009) (Epub
ahead of print).

Giebel SJ, Menicucci G, McGuire PG, Das
A. Matrix metalloproteinases in early
diabetic retinopathy and their role in
alteration of the blood-retinal barrier. Lab.

Invest. 85(5), 597-607 (2005).

78

79

80

81

82

83

84

85

86

87

88

Noda K, Ishida S, Inoue M e al.
Production and activation of matrix
metalloproteinase-2 in proliferative
diabetic retinopathy. Invest. Ophthalmol.
Vis. Sci. 44(5), 2163-2170 (2003).

Jin M, Kashiwagi K, Izuka Y, Tanaka Y,
Imai M, Tsukahara S. Matrix
metalloproteinases in human diabetic and
nondiabetic vitreous. Retina 21(1), 28-33
(2001).

Abu El-Asrar AM, Dralands L, Veckeneer
M et al. Gelatinase B in proliferative
vitreoretinal disorders. Am. J. Ophthalmol.
125(6), 844—851 (1998).

Descamps FJ, Martens E, Kangave D et al.
The activated form of gelatinase B/matrix
metalloproteinase-9 is associated with
diabetic vitreous hemorrhage. Exp. Eye Res.
83(2), 401-407 (2006).

Tawfik A, Sanders T, Kahook K, Akeel S,
Elmarakby A, Al-Shabrawey M.
Suppression of retinal peroxisome
proliferator-activated receptor g in
experimental diabetes and oxygen-induced
retinopathy: role of NADPH oxidase.
Invest. Ophthalmol. Vis. Sci. 50(2),
878-884 (2009).

Muranaka K, Yanagi Y, Tamaki Y ez al.
Effects of peroxisome proliferator-activated
receptor Y and its ligand on blood—retinal
barrier in a streptozotocin-induced diabetic
model. Invest. Ophthalmol. Vis. Sci. 47(10),
4547-4552 (20006).

Aljada A, O’Connor L, Fu YY, Mousa SA.
PPAR v ligands, rosiglitazone and
pioglitazone, inhibit bEGF- and VEGF-
mediated angiogenesis. Angiogenesis 11(4),

361-367 (2008).

Nagai N, Izumi-Nagai K, Oike Y ez al.
Suppression of diabetes-induced retinal
inflammation by blocking the angiotensin
IT type 1 receptor or its downstream
nuclear factor-kB pathway. /nvest.
Ophthalmol. Vis. Sci. 48(9), 4342-4350
(2007).

Chen P, Scicli GM, Guo M et al. Role of
angiotensin II in retinal leukostasis in the
diabetic rat. Exp. Eye Res. 83(5), 10411051
(20006).

Fukumoto M, Takai S, Ishizaki E et al.
Involvement of angiotensin II-dependent
vascular endothelial growth factor gene
expression via NADPH oxidase in the
retina in a Type 2 diabetic rat model. Curr.
Eye Res. 33(10), 885—891 (2008).

Kurihara T, Ozawa Y, Nagai N ¢z al.
Angiotension II type 1 receptor signaling
contributes to synaptophysin degradation
and neuronal dysfunction in the diabetic
retina. Diabetes 57(8), 2191-2198 (2008).

89

90

91

92

93

94

95

96

97

98

Zheng Z, Chen H, Ke G ez al. Protective
effect of perindopril on diabetic
retinopathy is associated with decreased
vascular endothelial growth factor-to-
pigment epithelium-derived factor ratio:
involvement of a mitochondria-reactive
oxygen species pathway. Diabetes 58(4),
954-964 (2009).

Sugiyama T, Okuno T, Fukuhara M et al.
Angiotensin IT receptor blocker inhibits
abnormal accumulation of advanced
glycation end products and retinal
damage in a rat model of Type 2 diabetes.
Exp. Eye Res. 85(3), 406—412 (2007).

Yamagishi S, Matsui T, Nakamura K ¢z al.
Olmesartan blocks advanced glycation
end products (AGEs)-induced
angiogenesis in vitro by suppressing
receptor for AGEs (RAGE) expression.
Microvasc. Res. 75(1), 130-134 (2008).

Yamagishi S, Matsui T, Nakamura K ¢z al.
Olmesartan blocks inflammatory
reactions in endothelial cells evoked by
advanced glycation end products by
suppressing generation of reactive oxygen
species. Ophthalmic Res. 40(1), 10-15
(2008).

Silva KC, Rosales MA, Biswas SK, Lopes
de Faria JB, Lopes de Faria JM. Diabetic
retinal neurodegeneration is associated
with mitochondrial oxidative stress and is
improved by an angiotensin receptor
blocker in a model combining
hypertension and diabetes. Diabetes
58(6), 1382-1390 (2009).

Du Y, Miller CM, Kern TS.
Hyperglycemia increases mitochondrial
superoxide in retina and retinal cells. Free
Radic. Biol. Med. 35(11), 1491-1499
(2003).

Kanwar M, Chan PS, Kern TS, Kowluru
RA. Oxidative damage in the retinal
mitochondria of diabetic mice: possible
protection by superoxide dismutase.
Invest. Ophthalmol. Vis. Sci. 48(8),
3805-3811 (2007).

Brownlee M. Biochemistry and molecular
cell biology of diabetic complications.
Nature 414, 813—820 (2001).

Obrosova IG, Stevens M]J, Lang HJ.
Diabetes-induced changes in retinal
NAD-redox status: pharmacological
modulation and implications for
pathogenesis of diabetic retinopathy.
Pharmacology 62(3), 172-180 (2001).

Al-Shabrawey M, Rojaz M, Sanders T
et al. Role of NADPH oxidase in retinal
vascular inflammation. /nvest.
Ophthalmol. Vis. Sci. 49(7), 3239-3244
(2008).

WWW.expert-reviews.com

641



Abu El-Asrar, Al-Mezaine & Ola

99 Madsen-Bouterse SA, Kowluru RA. 112 Adamis AP, Miller JW, Bernal MT ez al. 124 Zheng L, Szabé C, Kern TS. Poly
Oxidative stress and diabetic retinopathy: Increased vascular endothelial growth factor (ADP-ribose) polymerase is involved in the
pathophysiological mechanisms and levels in the vitreous of eyes with proliferative development of diabetic retinopathy via
treatment perspectives. Rev. Endocr. diabetic retinopathy. Am. J. Ophthalmol. regulation of nuclear factor-kB. Diabetes
Metab. Disord. 9(4), 315-327 (2008). 118(4), 445—450 (1994). 53(11), 2960-2967 (2004).

100 Kowluru RA, Kowluru V, Xiong Y, Ho 113 Spranger J, Osterhoff M, Reimann M ez al. 125 Xu P, Chiu J, Feng B, Chen S, Chakrabarti
YS. Overexpression of mitochondrial Loss of the antiangiogenic pigment S. PARP activation and the alteration of
superoxide dismutase in mice protects the epithelium-derived factor in patients with vasoactive factors and extracellular matrix
retina from diabetes-induced oxidative angiogenic eye disease. Diabetes 50(12), protein in retina and kidney in diabetes.
stress. Free Radic. Biol. Med. 41(8), 2641-2645 (2001). Diabetes Metab. Res. Rev. 24(5), 404—412
1191-1196 (2006). 114 Hirota K, Semenza GL. Regulation of (2008).

101 Gdlvez MI. Ruboxistaurin and other PKC angiogenesis by hopoxia-inducible factor 1. 126 Drel VR, Xu W, Zhang J et al. Poly(ADP-
inhibitors in diabetic retinopathy and Crit. Rev. Oncol. Hematol. 59(1), 15-26 ribose) polymerase inhibition counteracts
macular edema. Review. Curr. Diabetes (20006). cataract formation and early retinal changes
Rev. 5(1), 14—17 (2009). 115 Abu El-Asrar AM, Missotten L, Geboes K. in streptozotocin-diabetic rats. fnvest.

102 King GL. The role of hyperglycaemia and Expression of hypoxia-inducible factor-1o Ophthalmol. Vis. Sci. 50(4), 1778-1790
hyperinsulinaemia in causing vascular and the protein products of its target genes in (2009).
dysfunction in diabetes. Ann. Med. 28(5), diabetic fibrovascular epiretinal membranes. 127 Antonetti DA, Barber AJ, Bronson SK ez al.
427-432 (1996). Br. J. Ophthalmol. 91(6), 822—826 (2007). Diabetic retinopathy: seeing beyond

103 Das Evcimen N, King GL. The role of 116 Takagi H, Koyama S, Seike H ez a/. Potential glucose-induced microvascular disease.
protein kinase C activation and the role of the angiopoietin/tie 2 system in Diabetes 55(9), 2401-2411 (2000).
vascular complications of diabetes. ischemia-induced retinal neovascularization. 128 Ambati ], Chalam KV, Chawla DK ez a/.
Pharmacol. Res. 55(6), 498-510 (2007). Invest. J. Ophthalmol. Vis. Sci. 44(1), Elevated y-aminobutyric acid, glutamate,

104 Mohamed Q, Wong TY. Emerging drugs 393-402 (2003). and vascular endothelial growth factor levels
for diabetic retinopathy. Expert Opin. 117 ZhuY, Lee C, Shen F, Du R, Young WL, in the vitreous of patients with proliferative
Emerg. Drugs 13(4), 675-694 (2008). Yang GY. Angiopoietin-2 facilitates vascular diabetic retinopathy. Arch. Ophthalmol.

105 Lorenzi M. The polyol pathway as a endothelial growth factor-induced 115(9), 1161-1166 (1997).
mechanism for diabetic retinopathy: angiogenesis in the mature mouse brain. 129 Kowluru RA, Engerman RL, Case GL,
atractive, elusive, and resilient. Exp. Stroke 36(7), 1533—1537 (2005). Kern TS. Retinal glutamate in diabetes and
Diabetes Res. 2007, 61038 (2007). 118 Ohashi H, Takagi H, Koyama S ef al. effect of antioxidants. Nuerockem. Int.

106 Chung SS, Chung SK. Aldose reductase Alterations in expression of angiopoietins 38(5), 385-390 (2001).
in diabetic microvascular complications. and the Tie-2 receptor in the retina of 130 Schmidt KG, Bergert H, Funk RH.

Curr. Drug Targets 6(4), 475-486 streptozotocin induced diabetic rats. Mol. Neurodegenerative diseases of the retina
(2005). Vision 10, 608—617 (2004). and potential for protection and recovery.

107 Dagher Z, Park YS, Asnaghi V, Hoehn T, 119 Watanabe D, Suzuma K, Suzuma I ez a/. Curr. Neuropharmacol. 6(2), 164-178
Gerhardinger C, Lorenzi M. Studies of Vitreous levels of angiopoietin 2 and (2008).
rat and human retinas predict a role for vascular endothelial growth factor in 131 Catalani E, Cervia D, Martini D ez al.
the polyol pathway in human diabetic patients with proliferative diabetic Changes in neuronal response to ischemia
retinopathy. Diabetes 53(9), 2404-2411 retinopathy. Am. J. Ophthalmol. 139(3), in retinas with genetic alterations of GH
(2004). 476-481 (2005). receptor expression. Eur. J. Neurosci. 25(5),

108 Ola MS, Berkich DA, Xu Y et al. Analysis 120 Watanabe D, Suzuma K, Matsui § et al. 144771459 (2007).
of glucose metabolism in diabetic rat Erythropoietin as a retinal angiogenic factor 132 Santiago AR, Rosa SC, Santos PF,
retinas. Am. J. Physiol. Endocrinol. Metab. in proliferative diabetic retinopathy. N. Engl. Cristévao AJ, Barber AJ, Ambrésio AF.
290(6), E1057-E1067 (2006). J. Med. 353(8), 782-792 (2005). Elevated glucose changes the expression of

109 Ferrara N. Role of vascular endothelial 121 Katsura Y, Okano T, Matsuno K er al. ?onot-ropic g'lutamate receptor subu.nits and
growth factor in regulation of Erythropoietin is highly elevated in vitreous 1mpallrs Cﬁla;lm horgct;]s;as[ls H} r;sm;l )
physiological angiogenesis. Am. J. Physiol. fluid of patients with proliferative diabetic Zeura 2‘13 i) ’4“1/“"“ 2{))02 almot. Vis. Sct.
Cell Physiol. 280(6), C1358—C1366 retinopathy. Diabetes Care 28(9), 2252-2254 7(9), 4130-4137 ( ).

(2001). (2005). 133 Akiyama SK. Integrins in cell adhesion and

110 Dawson DW, Volpert OV, Gillis P ez al. 122 InomataY, Hirata A, Takahashi E, Kawaji T, signaling. Hum. Cell. 9(3), 181-186 (1996).
Pigment epithelium-derived factor: Fukushima M, Tanihara H. Elevated 134 Ning A, Cui J, Maberley D, Ma P,

a potent inhibitor of angiogenesis. Science erythropoietin in vitreous with ischemic Matsubara J. Expression of integrins in
285(5425), 245-248 (1999). retinal diseases. Neuroreport 15(5), 877-879 human proliferative diabetic retinopathy

111 Aiello LP, Avery RL, Arrigg PG ef al. (2009). . . i, bggg 6(520%‘;’)’] Ophthalmol. 34(6),
Vascular endothelial growth factor in 123 Kase S, Saito W, Ohgami K ez a/. Expression :
ocular fluid of patients with diabetic of erythropoietin receptor in human 135 Brooks PC, Clark RA, Cheresh DA.
retinopathy and other retinal disorders. epiretinal membrane of proliferative diabetic Requirement of vascular integrin o v § 3 for
N. Engl. ]. Med. 331(22), 1480-1487 retinopathy. Br. J. Ophthalmol. 91(10), angiogenesis. Science 264(5158), 569-571
(1994). 13761378 (2007). (1994).

642 Expert Rev. Ophthalmol. 4(6), (2009)



Pathophysiology & management of diabetic retinopathy

136

137

138

139

140

141

142

143

144

Brooks PC, Montgomery AM, Rosenfeld
M et al. Integrin o, B, antagonists promote
tumor regression by inducing apoptosis of
angiogenic blood vessels. Cell 79(7),
1157-1164 (1994).

Luna J, Tobe T, Mousa SA, Reilly TM,
Campochiaro PA. Antagonists of integrin
a, B, inhibit retinal neovascularization in a
murine model. Lab. Invest. 75(4), 563—-573
(1996).

Wilkinson-Berka JL, Jones D, Taylor G

et al. SB-267268, a nonpeptidic antagonist
of a B, and o B, integrins, reduces
angiogenesis and VEGF expression in a
mouse model of retinopathy of prematurity.
Invest. Ophthalmol. Vis. Sci. 47(4),
1600-1605 (20006).

Wilkinson-Berka JL, Wraight C, Werther
G. The role of growth hormone, insulin-
like growth factor and GH in diabetic
retinopathy. Curr. Med. Chem. 13(27),
3307-3317 (2006).

Haurigot V, Villacampa P, Ribera A ez al.
Increased intraocular insulin-like growth
factor-1 (IGF-1) triggers blood-retinal
barrier breakdown. /. Biol. Chem. 284(34),
22961-22969 (2009).

Miller EC, Capps BE, Sanghani RR,
Clemmons DR, Maile LA. Regulation of
IGF-1 signaling in retinal endothelial cells
by hyperglycemia. Invest. Ophthalmol. Vis.
Sci. 48(8), 3878-3887 (2007).

Boehm BO. Use of long-acting GH
analogue treatment in diabetic retinopathy.
Dev. Ophthalmol. 39, 111-121 (2007).

Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions
and Complications Research Group.
Prolonged effect of intensive therapy on the
risk of retinopathy complications in
patients with Type 1 diabetes mellitus:

10 years after the Diabetes Control and
Complications Trial. Arch. Ophthalmol.
126(12), 1707-1715 (2008).

Intensive therapy that maintains
near-normal glycemic levels for an average
of 6.5 years has a beneficial effect on
long-term complications that extends at
least 10 years beyond the actual period of
such therapy. Therapy that maintains
higher glycosulated hemoglobin (HbAIc)
levels has adverse effects on complications
that persist beyond the period of high
HbA1Ic levels.

Diabetes Control and Complications Trial
Research Group. Early worsening of
diabetic retinopathy in the Diabetes
Control and Complications Trial. Arch.
Ophthalmol. 116(7), 874—886 (1998).

145

146

147

148

149

150

151

152

153

UK Prospective Diabetes Study Group.
Tight blood pressure control and risk of
macrovascular and microvascular
complications in Type 2 diabetes: UKPDS
38. BM] 317(7160), 703713 (1998).

Photocoagulation treatment of proliferative
diabetic retinopathy: the second report of
diabetic retinopathy study findings.
Ophthalmology 85(1), 82—106 (1978).

Brucker AJ, Qin H, Antoszyk AN ez al.;
Diabetic Retinopathy Clinical Research
Network. Observational study of the
development of diabetic macular edema
following panretinal (scatter)
photocoagulation given in 1 or 4 sittings.
Arch. Ophthalmol. 127(2), 132-140
(2009).

Clinically meaningful differences are
unlikely in optical coherence tomography
thickness or visual acuity following
panretinal photocoagulation in one sitting
compared with four sittings.

Early Treatment Diabetic Retinopathy
Study Research Group. Photocoagulation
for diabetic macular edema. Early
Treatment Diabetic Retinopathy Study
report number 1. Arch. Ophthalmol.
103(12), 1796-1806 (1985).

Ferris F. Early photocoagulation in patients
with either Type I or Type II diabetes.
Trans. Am. Ophthalmol. Soc. 94, 503537
(1996).

Fong DS, Strauber SF, Aiello LP ez al.;
Writing Committee for the Diabetic
Retinopathy Clinical Research Network.
Comparison of the modified Early
Treatment Diabetic Retinopathy Study and
mild macular grid laser photocoagulation
strategies for diabetic macular edema. Arch.

Ophthalmol. 125(4), 469-480 (2007).

The Diabetic Retinopathy Vitrectomy
Study Research Group. Early vitrectomy
for severe vitreous hemorrhage in diabetic
retinopathy. Two-year results of a
randomized trial. Arch. Ophthalmol.
103(11), 1644-1652 (1985).

Warnock GL, Thompson DM, Meloche
RM ez al. A multi-year analysis of islet
transplantation compared with intensive
medical therapy on progression of

complications in Type 1 diabetes.
Transplantation 86(12), 1762-1766 (2008).
Islet transplantation yields improved
HbA1lc and less progression of retinopathy
compared with intensive medical therapy
during 3 years follow-up.

Thompson DM, Begg IS, Harris C ez al.

Reduced progression of diabetic
retinopathy after islet cell transplantation

154

155

156

157

158

159

160

161

162

163

compared with intensive medical therapy.
Transplantation 85(10), 1400-1405
(2008).

Keech AC, Mitchell P, Summanen PA et al.
Effect of fenofibrate on the need for laser
treatment for diabetic retinopathy (FIELD
study): a randomised controlled trial.

Lancet 370(9600), 1687-1697 (2007).

Aiello LP, Davis MD, Girach A ez al.;
PKC-DRS2 Group. Effect of ruboxistaurin
on visual loss in patients with diabetic
retinopathy. Ophthalmology 113(12),
2221-2230 (2006).

KC-DMES Study Group. Effect of
ruboxistaurin in patients with diabetic
macular edema: thirty-month results of the
randomized PKC-DMES clinical trial.
Arch. Ophthalmol. 125(3), 318-324 (2007).

Davis MD, Sheetz M]J, Aiello LP et al.;
PKC-DRS2 Study Group. Effect of
ruboxistaurin on the visual acuity decline
associated with long-standing diabetic
macular edema. Invest. Ophthalmol. Vis.
Sei. 50(1), 1-4 (2009).

Ruboxistaurin treatment may ameliorate
diabetic macular edema-associated
visual decline.

Cunningham ET Jr, Adamis AP, Altaweel
M et al. A Phase II randomized double
masked trial of pegaptanib, an anti-vascular
endothelial growth factor aptamer, for
diabetic macular edema. Ophthalmology
112(10), 1747-1757 (2005).

Adamis AP, Altaweel M, Bressler NM ez al.
Changes in retinal neovascularization after
pegaptanib (Macugen) therapy in diabetic

individuals. Ophthalmology 113(1), 23-28

(2006).

Chun DW, Heier JS, Topping TM ez al.
A pilot study of multiple intravitreal
injections of ranibizumab in patients with
center-involving clinically significant
diabetic macular edema. Ophthalmology
113(10), 1706-1712 (2006).

Nguyen QD, Tatlipinar S, Shah SM ez al.
Vascular endothelial growth factor is a
critical stimulus for diabetic macular
edema. Am. J. Ophthalmol. 142(6),
961-969 (2006).

Do DV, Nguyen QD, Shah SM et al.

An exploratory study of the safety,
tolerability and bioactivity of a single
intravitreal injection of vascular endothelial
growth factor Trap-Eye in patients with
diabetic macular edema. Br. J. Ophthalmol.
93(2), 144-149 (2009).

Arevalo JF, Sanchez JG, Fromow-Guerra ]
et al. Comparison of two doses of primary
intravitreal bevacizumab (Avastin) for

WWW.expert-reviews.com

643



164

165

166

167

168

169

170

171

172

173

174

Abu El-Asrar, Al-Mezaine & Ola

diffuse diabetic macular edema: results
from the Pan-American Collaborative
Retina Study Group (PACORES) at
12-month follow-up. Graefes Arch. Clin.
Exp. Ophthalmol. 247(6), 735-743 (2009).

Scott IU, Edwards AR, Beck RW ez al.;
Diabetic Retinopathy Clinical Research
Network. A Phase II randomized clinical
trial of intravitreal bevacizumab for diabetic
macular edema. Ophthalmology 114(10),
1860-1867 (2007).

Kook D, Wolf A, Kreutzer T ez al.
Long-term effect of intravitreal
bevacizumab (Avastin) in patients with
chronic diffuse diabetic macular edema.
Retina 28(8), 1053-1060 (2008).

Roh MI, Byeon SH, Kwon OW. Repeated
intravitreal injection of bevacizumab for
clinically significant diabetic macular
edema. Retina 28(9), 1314—1318 (2008).

Fang X, Sakaguchi H, Gomi F ¢z al.
Efficacy and safety of one intravitreal
injection of bavacizumab in diabetic
macular oedema. Acta Ophthalmol. 86(7),
800-805 (2008).

Paccola L, Costa RA, Folgosa MS et al.
Intravitreal triamcinolone versus
bevacizumab for treatment of refractory
diabetic macular oedema (IBEME Study).
Br. J. Op/]t/mlmol. 92(1), 76—80 (2008).

Yanyali A, Aytug B, Horozoglu F, Nohutcu
AF. Bevacizumab (Avastin) for diabetic
macular edema in previously vitrectomized
eyes. Am. J. Ophthalmol. 144(1), 124-126
(2007).

Arevalo JF, Wu L, Sanchez ]G et al.
Intravitreal bevacizumab (Avastin) for
proliferative diabetic retinopathy: 6-months
follow-up. Eye 23(1), 117-123 (2009).

Jiang Y, Liang X, Li X ez al. Analysis of the
clinical efficacy of intravitreal bevacizumab
in the treatment of iris neovascularization

caused by proliferative diabetic retinopathy.
Acta Ophthalmol. 87(7), 736-740 (2008).

Beutel J, Peters S, Liike M ez al.
Bevacizumab as adjuvant for neovascular
glaucoma. Acta Ophthalmol. DOI:
10.1111/j.1755-3768.2008.01355.x. (2008)
(Epub ahead of print).

Wakabayashi T, Oshima Y, Sakaguchi H ez
al. Intravitreal bevacizumab to treat iris
neovascularization and neovascular
glaucoma secondary to ischemic retinal
diseases in 41 consecutive cases.
Ophthalmology 115(9), 15711580

(2008).

Mason JO II1, Yunker JJ, Vail R, McGwin
G Jr. Intravitreal bevacizumab (Avastin)
prevention of panretinal photocoagulation-

175

176

177

178

179

induced complications in patients with
severe proliferative diabetic retinopathy.
Retina 28(9), 1319-1324 (2008).

Single intravitreal injection of
bevacizumab before standard panretinal
photocoagulation (PRP) may be beneficial
in preventing PRP-induced visual
dysfunction and foveal thickening in eyes
with severe proliferative diabetic
retinopathy and good vision.

Tonello M, Costa RA, Almeida FP ez al.
Panretinal photocoagulation versus PRP
plus intravitreal bevacizumab for high-risk
proliferative diabetic retinopathy (IBeHi
study). Acta Ophthalmol. 86(4), 385-389
(2008).

Adjunctive use of intravitreal bevacizumab
with PRP was associated with a greater
reduction in the area of active leaking new
vessels than PRP alone in patients with
high-risk proliferative diabetic retinopathy.

Cho WB, Oh SB, Moon JW, Kim HC.
Panretinal photocoagulation combined with
intravitreal bevacizumab in high-risk
proliferative diabetic retinopathy. Retina
29(4), 516-522 (2009).

Intravitreal bevacizumab before PRP can
be an effective adjunctive treatment to
PRP in the treatment of high-risk
proliferative diabetic retinopathy.

Yang CM, Yeh PT, Yang CH, Chen MS.
Bevacizumab pretreatment and long-acting
gas infusion on vitreous clear-up after
diabetic vitrectomy. Am. J. Ophthalmol.
146(2), 211-217 (2008).

Intravitreal bevacizumab pretreatment
combined with C,F, 10% infusion could
be an effective adjunct to vitrectomy in
accelerating postoperative vitreous
clear-up for eyes with active proliferative
diabetic retinopathy.

Rizzo S, Genovesi-Ebert F, Di Bartolo E

et al. Injection of intravitreal bevacizumab
(Avastin) as a preoperative adjunct before
vitrectomy surgery in the treatment of
severe proliferative diabetic retinopathy
(PDR). Gracefes Arch. Clin. Exp. Ophthalmol.
246(06), 837-842 (2008).

Intravitreal bavacizumab administrered
prior to vitrectomy reduced active
neovascularization, thus facilitating pars
plana vitrectomy.

da R Lucena D, Ribeiro JA, Costa RA ez al.
Intraoperative bleeding during vitrectomy
for diabetic tractional retinal detachment
with versus without preoperative intravitreal
bevacizumab (IBeTra study). Br. /.
Ophthalmol. 93(5), 688—691 (2009).

180

181

182

183

184

185

186

187

Arevalo JF, Maia M, Flynn HW Jr ez al.
Tractional retinal detachment following
intravitreal bevacizumab (Avastin) in
patients with severe proliferative diabetic
retinopathy. Br. J. Ophthalmol. 92(2),
213-216 (2008).

Tractional retinal detachment may occur
or progress shortly following
administration of intravitreal
bevacizumab in patients with severe
proliferative diabetic retinopathy.

Georgopoulos M, Polak K, Prager F, Priinte
C, Schmidt-Erfurth U. Characteristics of
severe intraocular inflammation following
intravitreal injection of bevacizumab
(Avastin). Br. J. Ophthalmol. 93(4),
457-462 (2009).

Massin P, Audren F, Haouchine B ez a/.
Intravitreal triamcinolone acetonide for
diabetic diffuse macular edema:
preliminary results of a prospective
controlled trial. Ophthalmology 111(2),
218-224 (2004).

Kang SW, Sa HS, Cho HY, Kim JI.
Macular grid photocoagulation after
intravitreal triamcinolone acetonide for
diffuse diabetic macular edema. Arch.

Ophthalmol. 124(5), 653—658 (2000).

Beer PM, Bakri SJ, Singh R] ez al.
Intraocular concentration and
pharmacokinetics of triamcinolone
acetonide after a single intravitreal
injection. Ophthalmology 110(4), 681-686
(2003).

Gillies MC, Sutter FK, Simpson JM ez al.
Intravitreal triamcinolone for refractory
diabetic macular edema: two-year results of
a double-masked, placebo-controlled,
randomized clinical trial. Ophthalmology
113(9), 1533-1538 (2000).

Diabetic Retinopathy Clinical Research
Network. A randomized trial comparing
intravitreal triamcinolone acetonide and
focal/grid photocoagulation for diabetic
macular edema. Ophthalmology 115(9),
1447-1449 (2008).

Over a 2-year period, focal/grid
photocoagulation is more effective and has
fewer side effects than 1-mg or 4-mg doses
of preservative-free intravitreal
triamcinolone for patients with diabetic
macular edema.

Beck RW, Edwards AR, Aiello LP ez al.;
Diabetic Retinopathy Clinical Research
Network (DRCR.net). Three-year
follow-up of a randomized trial comparing
focal/grid photocoagulation and intravitreal
triamcinolone for diabetic macular edema.

Arch. Ophthalmol. 127(3), 245-251 (2009).

644

Expert Rev. Ophthalmol. 4(6), (2009)



Pathophysiology & management of diabetic retinopathy

188

189

190

191

192

193

194

Results of 3-year visual outcome are
consistent with the 2-year results. Most
eyes receiving 4 mg of intravitreal
triamcinolone are likely to require
cataract surgery.

Lam DS, Chan CK, Mohamed S ez 4/.
Intravitreal triamcinoone plus sequential
grid laser versus triamcinolone or laser
alone for treating diabetic macular
edema: six-month outcomes.
Ophthalmology 114(12), 2162-2167
(2007).

Maia OO Jr, Takahashi BS, Costa RA

et al. Combined laser and intravitreal
triamcinolone for proliferative diabetic
retinopathy and macular edema: one-year
results of a randomized clinical trial. Am.

J. Ophthalmol. 147(2), 291-297 (2009).

Combination of laser photocoagulation
with intravitreal triamcinolone was
associated with improved best-corrected
visual acuity and decreased central
macular thickness and total macular
volume when compared with laser
photocoagulation alone for the
treatment of proliferative diabetic
retinopathy with clinically significant
macular edema.

Shimura M, Nakazawa T, Yasuda K ez a/.
Comparative therapy evaluation of
intravitreal bevacizumab and
triamcinolone acetonide on persistent
diffuse diabetic macular edema. Am. /.

Ophthalmol. 145(5), 854—861 (2008).
Cunningham MA, Edelman JL, Kaushal

S. Intravitreal steroids for macular edema:
the past, the present, and the future. Surv.

Opthalmol. 53(2), 139-149 (2008).

Stolba U, Binder S, Gruber D ez al.
Vitrectomy for persistent diffuse diabetic
macular edema. Am. J. Ophthalmol. 140,
295-301 (2005).

Recchia FM, Ruby AJ, Carvalho Recchia
CA. Pars plana vitrectomy with removal
of the internal limiting membrane in the
treatment of persistent diabetic macular
edema. Am. J. Ophthalmol. 139(3),
447-454 (2005).

Kumagai K, Furukawa M, Ogino N ez al.
Long-term follow-up of vitrectomy for

diffuse nontractional diabetic macular

edema. Retina 29(4), 464—472 (2009).

Pars plana vitrectomy with and without
internal limiting membrane peeling
appears to be beneficial to eyes with
diffuse nontractinal diabetic macular
edema, and its effectiveness is
maintained in the long term.

195

196

197

198

199

20

(=]

20

=t

202

203

204

Yamamoto T, Takeuchi S, Sato Y,
Yamashita H. Long-term follow-up results
of pars plana vitrectomy for diabetic
macular edema. Jpn J. Ophthalmol. 51(4),
285-291 (2007).

Massin P, Duguid G, Erginay A ez al.
Optical coherence tomography for
evaluating diabetic macular edema before
and after vitrectomy. Am. J. Ophthalmol.
135(2), 169-177 (2003).

Thomas D, Bunce C, Moorman C,
Laidlaw DA. A randomised controlled
feasibility trial of vitrectomy versus laser
for diabetic macular oedema. Br. /.

Ophthalmol. 89(1), 81-86 (2005).

Shah SP, Patel M, Thomas D et al. Factors
predicting outcome of vitrectomy for
diabetic macular oedema: results of a
prospective study. Br. J. Ophthalmol. 90(1),
33-36 (2000).

Figueroa M, Contreras I, Noval S. Surgical
and anatomical outcomes of pars plana
vitrectomy for diffuse nontractional
diabetic macular edema. Retina 28(3),
420-426 (2008).

In diffuse diabetic macular edema with
no retinal traction, vitrectomy produces a
short-term improvement in retinal
thickness but no long-term anatomical or
functional improvements.

Patel JI, Hykin PG, Schadt M et al. Pars
plana vitrectomy with and without peeling
of the inner limiting membrane for
diabetic macular edema. Retina 26(1),
5-13 (2000).

Yamamoto T, Hitani K, Sato Y ez al.
Vitrecotmy for diabetic macular edema
with and without internal limiting
membrane removal. Ophthalmologica
219(4), 206-213 (2005).

Kuppermann BD, Thomas EL, de Smet
MD et al.; Vitrase for Vitreous
Hemorrhage Study Groups. Pooled efficacy
results from two multinational randomized
controlled clinical trials of a single
intravitreous injection of highly purified
ovine hyaluronidase (Vitrase) for the
management of vitreous hemorrhage. Am.

J. Ophthalmol. 140(4), 573-584 (2005).

Chaturvedi N, Sjolie AK, Stephenson JM
et al. Effect of lisinopril on progression of
retinopathy in normotensive people with
Type 1 diabetes. The EUCLID Study
Group. EURODIAB Controlled Trial of
Lisinopril in Insulin-Dependent Diabetes

Mellitus. Lancer 351(9095), 28-31 (1998).

Chaturvedi N, Porta M, Klein R ez a/.
Effect of Candesartan on prevention
(DIRECT-Prevent 1) and progression

205

206

207

208

209

210

211

212

213

214

215

(DIRECT-Protect 1) of retinopathy in
Type 1 diabetes: randomised, placebo-
controlled trials. Lancet 372(9647),
1394-1402 (2008).

Sjolie AK, Klein R, Porta M ez al. Effect of
candesartan on progression and regression of
retinopathy in Type 2 diabetes (DIRECT-
Protect 2): a randomised placebo-controlled

trial. Lancet 372(9647), 1385-1393 (2008).

Shen LQ, Child A, Weber GM, Folkman ],
Aijello LP. Rosiglitazone and delayed onset of
proliferative diabetic retinopathy. Arch.
Ophthalmol. 126(6), 793-799 (2008).

Fong DS, Contreras R. Glitazone use
associated with diabetic macular edema. Am.

J. Ophthalmol. 147(4), 583-586 (2009).

Ryan EH Jr, Han DP, Ramsay RC ez 4/.
Diabetic macular edema associated with
glitazone use. Retina 26(5), 562-570 (2006).

Tatti P, Arrigoni F, Longobardi A, Costanza
F, Di Blasi P, Merante D. Retrospective
analysis of rosiglitazone and macular oedema
in patients with Type 2 diabetes mellitus.
Clin. Drug Investig. 28(5), 327-332 (2008).

Hammes HP, Strédter D, Weiss A, Bretzel
RG, Federlin K, Brownlee M. Secondary
intervention with aminoguanidine retards
the progression of diabetic retinopathy in the
rat model. Diabetologia 38(6), 656—660
(1995).

Stitt A, Gardiner TA, Alderson NL et a/.
The AGE inhibitor pyridoxamine inhibits
development of retinopathy in experimental
diabetes. Diabetes 51(9), 28262832
(2002).

Bhatwadekar A, Glenn JV, Figarola JL, ez al.
A new advanced glycation inhibitor, LR-90,
prevents experimental diabetic retinopathy
in rats. Br. J. Ophthalmol. 92(4), 545-547
(2008).

Kaji Y, Usui T, Ishida S ez /. Inhibition of
diabetic leukostasis and blood—retinal barrier
breakdown with a soluble form of a receptor
for advanced glycation end products. /nvest.
Ophthalmol. Vis. Sci. 48(2), 858—865
(2007).

Sun W, Oates PJ, Coutcher |B,
Gerhardinger C, Lorenzi M. A selective
aldose reductase inhibitor of a new structural
class prevents or reverses early retinal
abnormalities in experimental diabetic
retinopathy. Diabetes 55(10), 2757-2762
(20006).

Drel VR, Pacher P, Ali TK ez a/. Aldose
reductase inhibitor fidarestat counteracts
diabetes-associated cataract formation,
retinal oxidative-nitrosative stress, glial
activation, and apoptosis. Inz. J. Mol. Med.
21(6), 667676 (2008).

WWW.expert-reviews.com

645



216

217

218

219

220

221

Abu El-Asrar, Al-Mezaine & Ola

Obrosova IG, Minchenko AG,
Vasupuram R ez al. Aldose reductase
inhibitor fidarestat prevents retinal
oxidative stress and vascular endothelial
growth factor overexpression in
streptozotocin-diabetic rats. Diabetes

52(3), 864871 (2003).

Kern TS, Miller CM, Du Y et al. Topical
administration of nepafenac inhibits
diabetes-induced retinal microvascular
disease and underlying abnormalities of
retinal metabolism and physiology.
Diabetes 56(2), 373-379 (2007).

Amrite AC, Ayalasomayajula SP, Cheruvu
NP, Kompella UB. Single periocular
injection of celecoxib-PLGA
microparticles inhibits diabetes-induced
elevations in retinal PGE2, VEGF, and
vascular leakage. Invest. Ophthalmol. Vis.
Sci. 47(3), 1149-1160 (20006).

Zheng L, Howell SJ, Hatala DA, Huang
K, Kern TS. Salicylate-based anti-
inflammatory drugs inhibit the early
lesion of diabetic retinopathy. Diabetes
56(2), 337-345 (2007).

Yang LP, Sun HL, Wu LM ez al. Baicalein
reduces inflammatory process in a rodent
model of diabetic retinopathy. Invest.
Ophthalmol. Vis. Sci. 50(5), 2319-2327
(2009).

Hattori Y, Hashizume K, Nakajima K,
Nishumura Y, Naka M, Miyanaga K.
The effect of long-term treatment with
sulindac on the progression of diabetic
retinopathy. Curr. Med. Res. Opin. 23(8),
1913-1917 (2007).

222

223

224

22

)

226

227

228

Kowluru RA, Kanwar M, Chan PS, Zhang
JP. Inhibition of retinopathy and retinal
metabolic abnormalities in diabetic rats
with AREDS-based micronutrients. Arch.
Op/ﬂt/mlmol, 126(9), 1266-1272 (2008).

Xia XB, Xiong SQ, Xu HZ, Jiang ], Li Y.
Suppression of retinal neovascularization
by shRNA targeting HIF-1a.. Curr. Eye
Res. 33(10), 892-902 (2008).

Jiang J, Xia XB, Xu HZ ¢z al. Inhibition of
retinal neovascularization by gene transfer
of small interfering RNA targeting HIF-1a.
and VEGF. /. Cell Physiol. 218(1), 6674
(2009).

Santulli RJ, Kinney WA, Ghosh S ez al.
Studies with an orally bioavailable o V
integrin antagonist in animal models of
ocular vasculopathy: retinal
neovascularization in mice and retinal
vascular permeability in diabetic rats.

J. Pharmacol. Exp. Ther. 324(3), 894-901
(2008).

Kusari J, Zhou s, Padillo E, Clarke KG, Gil
DW. Effect of memantine on neuroretinal
function and retinal vascular changes of
streptozotocin-induced diabetic rats. /nvest.
Opthalmol. Vis. Sci. 48(11), 5152-5159
(2007).

Smith SB, Duplantier J, Dun Y ez al.

In vivo protection against retinal
neurodegeneration by o receptor 1 ligand
(+)- pentazocine. Invest. Ophthalmol. Vis.
Sci. 49(9), 4154-4161 (2008).

Kalluri R, Kanasaki K. RNA interference:
generic block on angiogenesis. Nature

452(7178), 543-545 (2008).

229

230

231

Wilkinson-Berka JL, Lofthouse S, Jaworski
K, Ninkovic S, Tachas G, Wraight CJ.

An antisense oligonucleotide targeting the
growth hormone receptor inhibits
neovascularizatin in a mouse model of

retinopathy. Mol. Vis. 13, 1529-1538 (2007).

Rota R, Riccioni T, Zaccarini M et al.
Marked inhibition of retinal
neovascularization in rats following
soluble-fl-1 gene transfer. /. Gene Med. 6(9),
992-1002 (2004).

Lamartina S, Cimino M, Roscilli G ez al.
Helper-dependent adenovirus for the gene
therapy of proliferative retinopathies: stable
gene transfer, regulated gene expression and
therapeutic efficacy. /. Gene Med. 9(10),
862-874 (2007).

Affiliations

Ahmed M Abu El-Asrar

Department of Ophthalmology, King
Abdulaziz University Hospital, Old Airport
Road, PO Box 245, Riyadh 11411,

Saudi Arabia

Tel.: +966 1477 5723

Fax: +966 1477 5724

abuasrar@ksu.edu.sa

Hani S Al-Mezaine

Department of Ophthalmology, College of
Medicine, King Saud University, Riyadh,
Saudi Arabia

Mohammad Shamsul Ola

Department of Ophthalmology, College of
Medicine, King Saud University, Riyadh,
Saudi Arabia

646

Expert Rev. Ophthalmol. 4(6), (2009)



Pathophysiology & management of diabetic retinopathy

Pathophysiology and management of diabetic retinopathy

To obtain credit, you should first read the journal article. After read-
ing the article, you should be able to answer the following, related,
multiple-choice questions. To complete the questions and earn con-
tinuing medical education (CME) credit, please go to http://cme.
medscape.com/ CME/expertreviews. Credit cannot be obtained
for tests completed on paper, although you may use the worksheet
below to keep a record of your answers. You must be a registered
user on Medscape.com. If you are not registered on Medscape.com,
please click on the New Users: Free Registration link on the left
hand side of the website to register. Only one answer is correct for
each question. Once you successfully answer all post-test questions
you will be able to view and/or print your certificate. For ques-
tions regarding the content of this activity, contact the accredited
provider, CME®@medscape.net. For technical assistance, contact
CME®@webmd.net. American Medical Association’s Physician’s
Recognition Award (AMA PRA) credits are accepted in the US as
evidence of participation in CME activities. For further information
on this award, please refer to http://www.ama-assn.org/ama/pub/
category/2922.html. The AMA has determined that physicians not

1. All of the following statements about the
pathogenesis of diabetic retinopathy are
accurate, except:

[0 A Serum levels of advanced glycation end products
positively correlate with the severity of retinopathy

[ B Retinal expression of PPAR-y may be suppressed
in diabetes

[0 C Plasma levels of TNF-a positively correlate with the
severity of retinopathy

[0 D Theretina is relatively protected from various forms

of oxidative stress

2. Which of the following statements about established
means to prevent and treat diabetic retinopathy is
most accurate?

[0 A Intensive diabetes therapy significantly reduces the
risk for diabetic retinopathy in the short term

] B Intensive diabetes therapy can reduce the need for
laser photocoagulation

[1 C Blood pressure control does not affect the
progression of retinopathy

[0 D Laser photocoagulation has a strong record of

restoring lost vision in diabetic retinopathy

licensed in the US who participate in this CME activity are eligible
for AMA PRA Category 1 Credits™. Through agreements that the
AMA has made with agencies in some countries, AMA PRA credit
is acceptable as evidence of participation in CME activities. If you
are not licensed in the US and want to obtain an AMA PRA CME
credit, please complete the questions online, print the certificate and
present it to your national medical association.

12 3 45
1. The activity supported the learning objectives.

2. The material was organized clearly for learning
to occur.

3. The content learned from this activity will
impact my practice.

4. The activity was presented objectively and
free of commercial bias.

3. All of the following statements about emerging oral
treatment to prevent or treat diabetic retinopathy
are accurate, except:

[0 A Fibrates may reduce progression of diabetic
retinopathy regardless of their effect on serum lipids

(1 B Clinical trials strongly support the use of antioxidants
to prevent diabetic retinopathy

[1 C Both angiotensin-converting enzyme inhibitors and
angiotensin receptor antagonists may reduce the
incidence of diabetic retinopathy

[1 D Rosiglitazone may delay the onset of proliferative

diabetic retinopathy in patients with severe
nonproliferative diabetic retinopathy

4. Which of the following statements about
emerging ocular treatment for diabetic retinopathy
is most accurate?

[1 A Intravitreal triamcinolone acetonide is superior to
focal/grid photocoagulation in the management of
diabetic macular edema

[0 B Intravitreal triamcinolone acetonide is effective as an
adjunct treatment to laser photocoagulation

[0 C Antivascular endothelial growth factor agents are not
effective as adjunct treatment to vitrectomy

[0 D |Intravitreal triamcinolone acetonide has similar rates

of adverse events compared with placebo
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