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Inflammation plays a key role in the pathogenesis of 
diabetic retinopathy (DR), leading to alterations in the 
blood–retinal barrier and increased vascular perme-
ability. Many anti-VEGF medications are now avail-
able for the treatment of DR, but response to these 
medications is not as robust in patients with diabetic 
macular oedema. Newer biologic agents are currently 
under study to improve the treatment of DR. These 
have shown promising results to both decrease the 
treatment burden of intravitreal injections and im-
prove visual outcomes for diabetic patients. 
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Introduction 

DIABETES mellitus is a global epidemic, currently affect-
ing over 415 million adults. This number is projected to 
rise to 642 million by the year 2040 (ref. 1). Diabetic  
retinopathy (DR) is a vision-threatening, microvascular 
complication of long-standing diabetes that is present in 
approximately 35% of diabetics2 and represents the lead-
ing cause of blindness in the 20- to 64-year-old popula-
tion in developed countries3. Individuals with diabetes 
typically go through phases of no retinopathy followed by 
mild to moderate non-proliferative retinopathy. Over a 
14-year period, more than half of the individuals with DR 
go on to develop vision-threatening diseases, including 
diabetic macular oedema (DME), proliferative diabetic  
retinopathy (PDR), and/or macular ischaemia4. 
 Until recently, photocoagulation (along with modifica-
tion of risk factors) has been the only treatment for vi-
sion-threatening DR, applied focally for DME5 and pan-
retinally for PDR6. Although beneficial, these treatments 
are associated with a number of complications, including 
pain, loss of peripheral and night vision, intraretinal fluid 
accumulation, vitreous hemorrhage and, rarely, retinal 
detachment. In the past decade, anti-vascular endothelial 
growth factor (VEGF) drugs have been shown to signifi-

cantly improve the neovascularization associated with 
PDR. Though they can also improve visual outcomes in 
DME, their effect in the latter is not as robust7. Even 
more recently, other inflammatory mediators have been 
identified that contribute to the pathogenesis of DR, and 
many of these are now being targeted by various novel 
drugs. 
 In this review, we will briefly discuss the pathophysio-
logy of DR, focusing on alterations of the blood–retinal 
barrier (BRB) and the role of inflammation. We will then 
explore the various medical treatments used in DR,  
including anti-VEGF drugs, steroids, non-steroidal anti-
inflammatory drugs (NSAIDs), and conclude with new 
biologics that are currently under study. 

Blood–retinal barrier 

Similar to the blood–brain barrier, the BRB is a tight, 
physiologic barrier that regulates ion, protein and water 
movement into and out of the retina, and is composed of 
both an outer and an inner portion. The inner BRB is 
formed by tight junctions between retinal capillary endo-
thelial cells, and its integrity is maintained by adhesive 
interactions between endothelial cells and associated  
pericytes8,9. The outer BRB consists of the retinal pigment 
epithelium cells, located between the fenestrated chorio-
capillaris and the outer retina10. The inner BRB nourishes 
the inner retina, removes toxins and provides a barrier be-
tween the retina and the blood, whereas the outer BRB 
maintains homeostasis of the outer retina11. An intact 
BRB is essential in maintaining normal visual function 
through these processes. 
 Diabetes leads to three essential changes in the BRB: 
breakdown of tight junctions between the endothelial 
cells, pericyte loss and basement membrane thickening10. 
Loss of cell-to-cell junctions in the endothelium results in 
the leakage of lipids, plasma and red blood cells. This 
leakage can be seen clinically on funduscopic exam as 
hard exudates, oedema and intraretinal haemorrhage  
respectively. Pericytes are contractile cells that regulate 
blood flow in the microcirculation12, and their loss leads 
to endothelial cell proliferation and microaneurysms, the 
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Figure 1. Flow diagram outlining factors that contribute to alterations in the blood–retinal barrier, leading to the development of 
diabetic retinopathy (DR). Current targets of interest aimed at preventing and treating DR are shown as red rectangles. AGE, Ad-
vanced glycation end-products; ROS, Reactive oxygen species; VEGF, Vascular endothelial growth factor; Ang-2, Angiopoietin 2; 
TNFa, Tumour necrosis factor alpha; IL-6, Interleukin 6; MMP, Matrix metalloproteinase; IGF-1, Insulin-like growth factor 1; 
VAP-1, Vascular adhesion protein 1; ICAM-1, Intercellular adhesion molecule 1; MCP-1 (monocyte chemoattractant protein-1), 
Chemokine ligand 2 and BM, Basement membrane. 

 

earliest clinical lesions present in diabetic retinopathy13. 
It is unclear how basement membrane thickening contri-
butes to the pathogenesis of DR, but it may be related to 
an alteration in the molecular structure or distribution of 
negatively charged proteoglycan molecules that leads to 
increased porosity14. The upregulation of cytokines and 
other inflammatory mediators likely contributes to these 
three important changes characteristic of the BRB in 
DR15, involving four major biochemical pathways (polyol 
pathway, advanced glycation end-product pathway, pro-
tein kinase C pathway and hexosamine pathway), all 
leading to increased oxidative stress and inflammation16. 
Each of these pathways represents a potential target for 
novel therapies in the treatment of DR (Figure 1). 

Inflammation and breakdown of the  
blood–retinal barrier 

Chronic hyperglycaemia induces multiple cellular 
changes through direct toxic effects of glucose, including 
oxidation, hyperosmolarity and the formation of advanced 
glycation end-products. Incubation of retinal cells in a 
glucose-rich environment promotes the upregulation of 
inducible nitric oxide synthase (iNOS), cyclooxygenase 2 
(COX-2), and 5-lipoxygenase, all of which are pro-
inflammatory17. It is clear that hyperglycaemia and the 
products of glucose metabolism create sustained changes 
in cell signalling pathways, leading to the activation of 

protein kinase C and the upregulation of multiple  
inflammatory mediators15,17,18. 
 Leukocyte recruitment is the hallmark of inflammation, 
including that seen in DR. In the lumen of retinal blood 
vessels, leukocytes continuously roll along the endothe-
lium. They begin to express integrins due to the release of 
chemokines from activated endothelial cells from chronic 
inflammation induced by hyperglycaemia, allowing mo-
nocytes, neutrophils and other leukocytes to bind ligands 
expressed by the activated endothelial cells. The integrin-
ligand interactions lead to stable adhesion (leukostasis). 
These cells then undergo migration through the endo-
thelium and pierce through the basement membrane  
(diapedesis), where they finally become activated macro-
phages and begin to produces various cytokines, perpetu-
ating the inflammatory response and activating local 
microglia (Figure 2)19. 

Cellular changes from inflammation in diabetic  
retinopathy 

Leukocyte adhesion plays a central role in retinal endo-
thelial cell injury and death, leading to breakdown of the 
BRB20. Increased intravascular neutrophils are present in 
areas of capillary non-perfusion in the retinas of diabetic 
monkeys; similarly, elevated leukocytes are present in 
choroidal vessels of diabetic humans21,22. Intercellular 
adhesion molecule-1 (ICAM-1), an integrin ligand known 
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Figure 2. Diagram demonstrating leukocyte recruitment in the retinal vasculature. Monocytes are continuously rolling along the endothe-
lium. When activated, the endothelium begins to express integrin ligands, leading to leukostasis and allowing the monocytes to undergo 
diapedesis, where they become macrophages, activate microglia and produce inflammatory cytokines. IL-1, Interleukin 1 beta. 

 
 
to play a key role in leukostasis, is known to be upregu-
lated on retinal endothelial cells in diabetes, and inhibi-
tion of ICAM-1 may prevent vascular leakage in diabetic 
retinopathy23. 
 Inflammatory changes may also be partially responsi-
ble for pericytes dropout, one of the key changes respon-
sible for disruption of the BRB in DR. Retinal pericytes 
incubated in high glucose upregulate numerous inflam-
matory mediators, including interleukin-1 (IL-1), nu-
clear factor kappa b (NF-B), VEGF, tumour necrosis 
factor alpha (TNF-), transforming growth factor beta 
(TGF-) and ICAM-1. Elevation of these inflammatory 
mediators leads to pericyte cell death, and the inflamma-
tion continues even after normalization of glucose24. 
 Müller cells, which play an essential supportive roll in 
the retina, also respond to the inflammatory changes in 
DR. They are a major source of retinal VEGF, which 
promotes retinal inflammation, neovascularization and 
oedema seen in DR25. Inhibition of Müller cell-derived 
VEGF in diabetic mice significantly decreases the expres-
sion of multiple inflammatory mediators, including TNF-
, ICAM-1 and NF-B (ref. 26). 
 Microglia are native phagocytic cells that play a prin-
cipal role in regulating inflammation. When activated, 
they release pro-inflammatory and neurotoxic substances17. 
As inflammatory cytokines increase in the presence of 
prolonged hyperglycaemia, microglia become activated, 
increase in number and disseminate throughout the ret-
ina27. Hyperglycaemia may independently activate micro-
glia through interactions with glycated compounds, 
leading to the release of TNF- (ref. 28). Microglia act to 
perpetuate the inflammatory response in DR, leading  
to chronic inflammation and apoptosis of various cells.  

Variations in microglial genetics may account for differ-
ences in a patient’s susceptibility to DR27. 

Inflammatory mediators in diabetic retinopathy 

There are many players involved in the inflammatory re-
sponse seen in DR (Figure 3); VEGF is one of them. It is a 
pro-inflammatory cytokine that is greatly implicated in the 
pathogenesis of DR. It has been the subject of intense re-
search for more than a decade, being consistently elevated 
in the vitreous of patients with DR29. There also appears to 
be a dose–response relationship between VEGF and DR, 
with higher vitreous levels of VEGF corresponding with 
worse disease30. VEGF is upregulated by hypoxia (via hy-
poxia-inducible factor 1), hyperglycaemia (via advanced 
glycation end-products and pro-inflammatory cytokines), 
and a variety of growth factors31, all of which are present 
in DR. VEGF is synthesized by numerous cells, including 
retinal pigmented epithelial cells, pericytes, endothelial 
cells, Müller cells and ganglion cells32. In addition to pro-
moting angiogenesis and leading to neovascularization, it 
induces breakdown BRB and increases vascular leakage 
through activation of protein kinase C and disassembly of 
tight junctions31,33. VEGF is now recognized as a key pro-
inflammatory cytokine in DR that promotes ICAM-1  
expression (causing increased leukostasis), induces  
neovascularization and increases vascular permeability15. 
 In addition to VEGF, a number of cytokines and  
chemokines are elevated in the vitreous of patients with 
DR. One of these, TNF-, plays an important role in dia-
betes-induced degeneration of retinal capillaries. Soluble 
TNF- inhibitors have been shown to reduce leukocyte 
adherence in retinal blood vessels, decrease BRB
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Figure 3. Contributors of inflammation present in the eyes with DR. 
 
 
breakdown, and prevent pericyte loss and capillary de-
generation17. Another cytokine, IL-1, also contributes to 
the degeneration of retinal capillaries. Diabetic mice 
lacking IL-1 are protected from retinal capillary degen-
eration34. Chemokine ligand 2 (CCL2), also known as 
monocyte chemotactic protein-1 (MCP-1), is another me-
diator that may contribute to early immune cell recruit-
ment, and CCL2 knockout mice show significant 
reductions in vascular permeability and monocyte infil-
tration after streptozocin-induction of diabetes35. 
 Angiopoietin 2 (Ang-2) is a cytokine involved in con-
trolling microvascular permeability and cell death. It has 
been shown to be upregulated by hyperglycaemia in the 
retina of diabetic animals. Increased Ang-2 leads to vas-
cular permeability by altering the function of vascular 
endothelial cadherin, which plays an important role in 
maintaining a tight endothelial barrier. Ang-2 upregula-
tion likely plays an important role in the vasopermeabil-
ity seen in DR9. 
 ICAM-1 plays a role in the adhesion of leukocytes to 
the endothelial cell wall. It is upregulated by VEGF, oxi-
dative stress and NF-B (ref. 17), all of which are  
increased in the retinas of diabetic patients. Elevation of 
ICAM-1 is present in diabetic rats, accompanied by  
increased leukostasis and vascular permeability. These 
changes are significantly reduced after administration of 
an anti-ICAM-1 antibody. Interestingly, inhibiting ICAM-1 
also leads to reduced endothelial cell apoptosis, implying 
that ICAM-1 may also play a role in regulating Fas–Fas 
ligand-mediated apoptotic events by increasing the ad-
herence of leukocytes to the retinal vasculature15. 

 The complement system plays an important role in in-
flammatory and immune responses, and its abnormalities 
lead to many common autoimmune and inflammatory 
disorders. Complement activation has been shown to play 
an important role in DR. The terminal product of com-
plement activation, the C5b-9 membrane attack complex, 
and C3d have been identified in the choriocapillaris of 
eyes with DR, as well as within the walls of small and 
midsized retinal vessels15. Elevated levels of complement 
factor B and C4 have been seen in more advanced dis-
ease, suggesting involvement of both the alternative and 
classical pathways of the complement system36. 
 Diabetes has also been shown to induce changes in  
retinal fatty acid metabolism, leading to increased pro-
inflammatory eicosanoids, including both prostaglandins 
(via the cyclooxygenase pathway) and leukotrienes (via 
the lipoxygenase pathway)17,37. This may explain the 
strong association between dyslipidemia and the devel-
opment of DR seen in the diabetes control and complica-
tions trial/epidemiology of diabetes interventions and 
complications study (DCCT/EDIC)38. The hyperosmolar-
ity related to hyperglycaemia appears to activate COX-2 
and promote inflammation through prostaglandin E2, 
leading to worsened retinopathy in diabetic patients; this 
effect is significantly reduced by selectively inhibiting 
COX-2, which in turn reduces VEGF mRNA39,40. The 
leukotrienes, products of 5-lipoxygenase, play an impor-
tant role in leukocyte recruitment and vascular permeabi-
lity, and they are increased in the vitreous of diabetic 
patients17,41. Recently, a study showed that increased  
intake of long-chain -3 polyunsaturated fatty acids can 
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decrease the progression of DR42, possibly by modulating 
the amount and type of eicosanoids made43. 

Targeting inflammation to treat diabetic  
retinopathy 

The most important treatment for DR is to prevent its  
development and progression through controlling its risk 
factors. The DCCT and the United Kingdom Prospective 
Study (UKPDS) showed that tighter glycaemic control 
was associated with a decreased risk of retinopathy. The 
UKPDS also showed that intensive blood pressure man-
agement can reduce the progression of retinopathy44,45. In 
1998, the Early Treatment Diabetic Retinopathy Study 
(ETDRS) published data supporting these findings, and 
suggested that reducing blood lipids and treating anaemia 
might also slowdown the progression of retinopathy46. 
 The ETDRS published its first report in 1985, reveal-
ing that focal photocoagulation of DME led to substantial 
reduction in visual loss5. Focal/grid laser continues to be 
a mainstay in the treatment of DME, where it reduces in-
traretinal fluid and decreases inflammation. Pan-retinal 
photocoagulation, on the other hand, is used in PDR, 
where the goal is to create scars on the peripheral retina, 
leading to decreased oxygen demand and subsequently 
halting the production of VEGF. More recently, numer-
ous drugs have been developed that directly inhibit 
VEGF, each with very promising outcomes in treating 
both PDR and DME. Encouraged by these results, other 
inflammatory mediators are now being targeted in the 
hope of improving visual outcomes for patients with DR. 

Anti-VEGF medications 

There are several intravitreal anti-VEGF medications  
currently used to treat DR. These medications tend to be 
used for centre-involving DME, whereas focal/grid laser 
is typically employed in non-centre-involving disease. They 
can also be employed in the treatment of PDR, either 
alone or as an adjunct to laser treatment, demonstrating 
similar efficacy as pan-retinal photocoagulation in reduc-
ing the risk of intraocular bleeding47–50. However, it is 
still unknown if the beneficial effects of anti-VEGF  
medications will continue after cessation of intravitreal 
injections. 
 Molecules that directly inhibit VEGF include the anti-
VEGF aptamer pegaptanib, the monoclonal antibody 
fragment ranibizumab and the full-length antibody beva-
cizumab. Although not approved for treating DR, bevaci-
zumab is a popular ‘off-label’ drug due to its lower cost 
and demonstrated effectiveness10. Other anti-VEGF  
medications include soluble VEGF receptor analogs such 
as VEGF-Trap and small interfering RNAs such as beva-
siranib and rapamycin. Aflibercept is a newer medication 
that is a soluble VEGF receptor with approximately 100 

times greater affinity to VEGF-A than either bevacizu-
mab or ranibizumab, leading to a longer half-life and 
longer intervals between injections10. 
 The most commonly used anti-VEGF medications in 
practice are bevacizumab, ranibizumab and aflibercept. 
All three of these agents have shown efficacy in improv-
ing visual acuity in patients with centre-involving DME. 
When compared head-to-head with ranibizumab and be-
vacizumab, aflibercept showed greater visual acuity im-
provement over one year in patients with worse overall 
disease (visual acuity of 20/50 or worse). However, when 
visual acuity is relatively good (20/40 or better), the cost-
effectiveness of bevacizumab likely outweighs the poten-
tial visual acuity gains provided by either aflibercept or 
ranibizumab51. Although anti-VEGF medications have 
vastly improved the treatment of DR, there are many  
patients with DME who do not respond to treatment, sug-
gesting other key inflammatory factors that may play an 
even more important role than VEGF in promoting vascu-
lar permeability7,10. 
 It is also possible that DME patients who do not  
respond to anti-VEGF medications may need much higher 
doses due to higher levels of VEGF. However, the Rani-
bizumab for Edema of the mAcula in Diabetes–Protocol 3 
(READ-3) study showed greater efficacy with lower dose 
treatment in DME patients at 24-month follow-up52. 
Similar outcomes were seen in the RISE and RIDE trials, 
phase-3 trials comparing monthly ranibizumab to sham 
injections, at 36-month follow-up53. To prevent potential 
side effects with apparently equivalent outcomes, the 
lower dose of ranibizumab (0.3 mg) is now approved for 
treating DME. 
 Designed ankyrin repeat proteins (DARPins) are novel 
molecules that are able to target VEGF-A with a higher 
potency and longer half-life54. One such molecule, abici-
par, is currently under investigation for the treatment of 
DME. Phase-2 clinical trials were completed in July 2015 
and phase-3 trials are currently in progress; study results 
have not yet been posted55. Other novel therapies are  
attempting to target multiple growth factors. One such 
molecule is squalamine, which targets VEGF, platelet-
derived growth factor and basic fibroblast growth factor. 
Phase-2 clinical trials completed in 2015 showed better 
visual improvement using a combination of squalamine 
eye dross and ranibizumab in comparison to ranibizumab 
alone in the treatment of choroidal neovascularization, re-
tinal vein occlusion and wet ARMD (age related macular 
degeneration)56. Notwithstanding these promising results, 
a study with squalamine eye drops in patients with DME 
was withdrawn prior to enrollment in 2015 (ref. 57). 
 Novel delivery systems of anti-VEGF medications may 
also prove to reduce the treatment burden for patients 
with DR. These include bioerodible implants and micro-
spheres, encapsulated cells and gene therapy. One such 
delivery system, a refillable non-biodegradable implant, 
is currently being studied for wet ARMD. If the results 
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are promising, this may be an effective treatment option 
for DR58. Another phase-2 study in wet ARMD patients 
that may be applicable to DR is using NT-503 encapsu-
lated cell therapy, where an implantable retinal pig-
mented epithelium cell line produces a soluble VEGF 
receptor protein. Again, no study results have been posted 
as of now59. 

Steroids 

Glucocorticoids are crucial in the treatment of many  
inflammatory disorders, as they have broad anti-
inflammatory effects. These effects are mediated both by 
direct binding of the steroid/steroid receptor complex in 
the promoter region of genes, or by interacting with other 
transcription factors (especially NF-B). They act to  
inhibit a number of cytokines, chemokines, inflammatory 
eicosanoids and adhesion molecules that play a role in 
both acute and chronic inflammation60. Diabetic patients 
have significantly higher concentrations of IL-1, IL-6, 
IL-8, CCL2 and VEGF in the aqueous humor61. In con-
trast to anti-VEGF medications, which have been shown 
only to significantly reduce the aqueous levels of VEGF, 
intravitreal steroids (triamcinolone acetonide) have been 
shown to significantly decrease IL-6, interferon-induced 
protein-10, CCL2, platelet-derived growth factor-AA and 
VEGF in DME patients62. 
 Triamcinolone is as effective in reducing central retinal 
thickness in patients with DME as ranibizumab, although 
the effectiveness gradually diminishes due to increased 
rates of cataract formation. However, triamcinolone plus 
laser in pseudophakic DME patients was found to be  
superior to laser alone and equivalent to ranibizumab; it 
may be an effective treatment in anti-VEGF non-
responders10,63. In addition to triamcinolone injections, 
dexamethasone intravitreal implants and fluocinolone 
acetonide intravitreal inserts have shown substantial  
benefit in improving visual acuity in DME patients64,65. 
However, all of these treatments carry the significant risk 
of increased intraocular pressure and cataract formation 
and are typically reserved for patients who respond poor-
ly to anti-VEGF therapy10. 

Non-steroidal anti-inflammatory drugs 

NSAIDs are among the most commonly used medications 
in the world. Since they do not exhibit the same effects as 
steroids, they do not pose the same risks of increased in-
traocular pressure or cataract formation. They function 
through the inhibition of cyclooxygenase enzymes and 
the formation of prostaglandins. They are commonly used 
in the treatment of cystoid macular oedema, and to con-
trol and prevent the inflammation induced by cataract 
surgery10. 

 Although NSAIDs may seem like a promising strategy 
to treat and prevent DR, animal models showed the dose 
of aspirin needed to prevent the BRB breakdown may 
lead to severe side effects in humans66. An early study 
showed that aspirin with or without dipyridamole slowed 
the progression of microaneurysm evolution in early 
DR67. However, the ETDRS study showed that aspirin 
did not decrease the risk of visual loss in DME or high-
risk PDR (nor did it increase the risk of vitreous haemor-
rhage)68. A recent phase-2 study (DRCR Protocol R) 
showed that administration of NSAID nepafenac 0.1% 
eye drops three times daily for a year does not signifi-
cantly improve visual acuity or decrease central retinal 
thickness in patients with noncentral-involved DME69. 

Cytokine inhibitors 

Ang-2, which has been shown to destabilize blood  
vessels, binds to the endothelial receptor tyrosine kinase 
Tie-2. A phase-2 clinical trial recently showed that at 12 
weeks, subcutaneous administration of the Tie2 activator 
AKB-9778 plus intravitreal ranibizumab caused a signifi-
cantly greater reduction in DME than that seen in with 
ranibizumab monotherapy70. Subcutaneous administration 
of the medication is one advantage of this novel therapy. 
Another phase-2 trial (BOULEVARD) is currently enroll-
ing patients with centre-involving DME to study the  
efficacy of an intravitreal bispecific antibody with anti-
VEGF and anti-Ang-2 properties. Patients will be treated 
and followed for a total of 36 weeks71. 
 Another important inflammatory cytokine is TNF-. 
Infliximab is an anti-TNF- monoclonal antibody com-
monly used to treat inflammatory disorders such as anky-
losing spondylitis, rheumatoid arthritis and Crohn’s 
disease. A relatively small phase-3 trial of patients with 
DME showed improved visual acuity with IV administra-
tion of infliximab plus laser photocoagulation compared 
with photocoagulation alone72. Although these results are 
promising, larger trials are needed to prove the efficacy 
of these drugs in DR. 
 IL-6 is another inflammatory cytokine consistently 
shown to be elevated in the aqueous humor of diabetic 
patients61. Systemic IL-6 blockers have been shown to 
decrease VEGF levels in rheumatoid arthritis and cystoid 
macular oedema in patients with uveitis. A clinical trial 
using an intravitreal IL-6 antibody is currently under 
way, and the drug appears to be well tolerated in animal 
models with a longer half-life than either aflibercept or 
ranibizumab73. 

Other novel inhibitors 

Let us now consider other novel inhibitors74. CCL2, a 
chemokine that plays a critical role in inflammation by 
promoting retinal monocyte trafficking and activating 
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microglia, is significantly elevated in early DR, even 
more so than VEGF or IL-6 (ref. 75). An oral inhibitor 
targeting the CCR2/CCR5 receptor was shown to signi-
ficantly reduce urine albumin to creatinine ratio at 12 
weeks in patients with overt DR76. A phase-2 trial was 
under way to compare the efficacy of the same oral 
CCR2/5 inhibitor in the treatment of DME, but it was 
terminated early in October 2015 for undisclosed reasons; 
no results have been reported77. 
 The kallikrein–kinin system is another contributor to 
DME. Activation of this system has been shown to cause 
retinal thickening and increased retinal vascular perme-
ability, and increased prekallikrein and kallikrein levels 
are elevated in the vitreous of patients with DME. These 
changes appear to be related to oxidative stress (iNOS) 
and are independent of VEGF78. A phase-1 study of an 
intravitreal plasma kallikrein inhibitor recently demon-
strated its safety, tolerability and pharmacodynamics in 
patients with centre-involving DME79. Phase-2 trials are 
now under way. 
 Integrins are involved in the early stages of inflamma-
tion, leukostasis and adherence of leukocytes to the endo-
thelium. They are present on leukocytes and bind 
activated ligands (such as ICAM-1) present on the endo-
thelium of blood vessels19. A phase-2 trial of an integrin 
peptide is currently under way. To date, this novel drug 
has been shown to reduce vascular leakage and inhibit 
new blood vessel formation in DR80. It may prove to be 
another promising treatment to reduce the burden of in-
travitreal injections. 

Conclusion 

Inflammation and BRB breakdown are key changes pre-
sent in DR. This understanding has led to the develop-
ment of many new treatments aimed at preventing and 
reversing the inflammatory changes in diabetic retinas. In 
the last decade, anti-VEGF agents have transformed our 
treatment of DR and have been proven to be no less  
effective than panretinal photocoagulation in PDR  
patients. However, not all DME patients respond as well 
to anti-VEGF medications. This is likely due to numerous 
inflammatory pathways that are activated independent of 
VEGF. Many cytokines and chemokines are currently 
under investigation that may play a more important role 
in BRB breakdown, leading to a better understanding of 
potential targets in the treatment of DR, a leading cause 
of blindness worldwide. 
 

Conflicts of interest: There are no conflicts of interest 
to disclose. 
 

1. IDF Diabetes Atlas, International Diabetes Federation, Brussels, 
Belgium, 2015, 7th edn. 

2. Yau, J. W. Y. et al., Global prevalence and major risk factors of 
diabetic retinopathy. Diabetes Care, 2012, 35(3), 556–564; 
doi:10.2337/dc11-1909. 

3. Blindness caused by diabetes, Massachusetts, 1987–1994. JAMA. 
1996, 276(23), 1865–1866. 

4. Klein, R., Klein, B. E., Moss, S. E. and Cruickshanks, K. J., The 
Wisconsin Epidemiologic Study of Diabetic Retinopathy: XVII. 
The 14-year incidence and progression of diabetic retinopathy and 
associated risk factors in type 1 diabetes. Ophthalmology, 1998, 
105(10), 1801–1815; doi:10.1016/S0161-6420(98)91020-X. 

5. Early Treatment Diabetic Retinopathy Study Research Group, 
Photocoagulation for diabetic macular edema. Early Treatment 
Diabetic Retinopathy Study (ETDRS) report no. 1. Arch. Oph-
thalmol. Chic Ill, 1960. 1985, 103(12), 1796–1806. 

6. Early photocoagulation for diabetic retinopathy. ETDRS report no. 
9. Early Treatment Diabetic Retinopathy Study Research Group. 
Ophthalmology (Suppl.), 1991, 98(5), 766–785. 

7. Elman, M. J. et al., Intravitreal ranibizumab for diabetic macular 
edema with prompt versus deferred laser treatment. Ophthalmo-
logy, 2012, 119(11), 2312–2318; doi:10.1016/j.ophtha.2012.08. 
022. 

8. Cunha-Vaz, J., Bernardes, R. and Lobo, C., Blood–retinal barrier. 
Eur. J. Ophthalmol., 2011, 21(Suppl 6), S3–S9; doi:10.5301/EJO. 
2010.6049. 

9. Rangasamy, S., Srinivasan, R., Maestas, J., McGuire, P. G. and 
Das, A., A potential role for angiopoietin 2 in the regulation of the 
blood–retinal barrier in diabetic retinopathy. Invest. Opthalmol. 
Vis. Sci., 2011, 52(6), 3784; doi:10.1167/iovs.10-6386. 

10. Das, A., McGuire, P. G. and Rangasamy, S., Diabetic macular 
edema: pathophysiology and novel therapeutic targets. Ophthalmo-
logy, 2015, 122(7), 1375–1394; doi:10.1016/j.ophtha.2015.03. 
024. 

11. Zhang, C., Wang, H., Nie, J. and Wang, F., Protective factors in 
diabetic retinopathy: focus on blood–retinal barrier. Discov. Med., 
2014, 18(98), 105–112. 

12. Das, A., Frank, R. N., Weber, M. L., Kennedy, A., Reidy, C. A. 
and Mancini, M. A., ATP causes retinal pericytes to contract in  
vitro. Exp. Eye Res., 1988, 46(3), 349–362. 

13. Orlidge, A. and D’Amore, P. A., Inhibition of capillary endothe-
lial cell growth by pericytes and smooth muscle cells. J. Cell 
Biol., 1987, 105(3), 1455–1462. 

14. Das, A., Frank, R. N., Zhang, N. L. and Samadani, E., Increases in 
collagen type IV and laminin in galactose-induced retinal capillary 
basement membrane thickening – prevention by an aldose reduc-
tase inhibitor. Exp. Eye Res., 1990, 50(3), 269–280. 

15. Adamis, A. P. and Berman, A. J., Immunological mechanisms in 
the pathogenesis of diabetic retinopathy. Semin. Immunopathol., 
2008, 30(2), 65–84; doi:10.1007/s00281-008-0111-x. 

16. Brownlee, M., The pathobiology of diabetic complications: a  
unifying mechanism. Diabetes, 2005, 54(6), 1615–1625. 

17. Tang, J. and Kern, T. S., Inflammation in diabetic retinopathy. 
Prog. Retin. Eye Res., 2011, 30(5), 343–358; doi:10.1016/ 
j.preteyeres.2011.05.002. 

18. Sheetz, M. J. and King, G. L., Molecular understanding of hyper-
glycaemia’s adverse effects for diabetic complications. JAMA, 
2002, 288(20), 2579–2588. 

19. Kumar, V., Abbas, A. K. and Aster, J. C. (eds), Robbins and  
Cotran Pathologic Basis of Disease, Elsevier/Saunders, Philadel-
phia, PA, USA, 2015, Ninth edn. 

20. Joussen, A. M., Murata, T., Tsujikawa, A., Kirchhof, B., Bursell, 
S. E. and Adamis, A. P., Leukocyte-mediated endothelial cell in-
jury and death in the diabetic retina. Am. J. Pathol., 2001, 158(1), 
147–152; doi:10.1016/S0002-9440(10)63952-1. 

21. Kim, S. Y., Johnson, M. A., McLeod, D. S., Alexander, T.,  
Hansen, B. C. and Lutty, G. A., Neutrophils are associated with 
capillary closure in spontaneously diabetic monkey retinas. Diabe-
tes, 2005, 54(5), 1534–1542. 

22. Lutty, G. A., Cao, J. and McLeod, D. S., Relationship of polymor-
phonuclear leukocytes to capillary dropout in the human diabetic 
choroid. Am. J. Pathol., 1997, 151(3), 707–714. 



SPECIAL SECTION:  
 

CURRENT SCIENCE, VOL. 113, NO. 7, 10 OCTOBER 2017 1294 

23. Miyamoto, K. et al., Prevention of leukostasis and vascular leak-
age in streptozotocin-induced diabetic retinopathy via intercellular 
adhesion molecule-1 inhibition. Proc. Natl. Acad. Sci. USA, 1999, 
96(19), 10836–10841. 

24. Kowluru, R. A., Zhong, Q. and Kanwar, M., Metabolic memory 
and diabetic retinopathy: role of inflammatory mediators in retinal 
pericytes. Exp. Eye Res., 2010, 90(5), 617–623; doi:10.1016/j. 
exer.2010.02.006. 

25. Wang, J.-J., Functions of Müller cell-derived vascular endothelial 
growth factor in diabetic retinopathy. World J. Diabetes, 2015, 
6(5), 726; doi:10.4239/wjd.v6.i5.726. 

26. Wang, J., Xu, X., Elliott, M. H., Zhu, M. and Le, Y.-Z. Müller 
cell-derived VEGF is essential for diabetes-induced retinal  
inflammation and vascular leakage. Diabetes, 2010, 59(9), 2297–
2305; doi:10.2337/db09-1420. 

27. Grigsby, J. G. et al., The role of microglia in diabetic retino- 
pathy. J. Ophthalmol., 2014, 2014, 1–15; doi:10.1155/2014/ 
705783. 

28. Ibrahim, A. S. et al., Retinal microglial activation and inflamma-
tion induced by amadori-glycated albumin in a rat model of diabe-
tes. Diabetes, 2011, 60(4), 1122–1133; doi:10.2337/db10-1160. 

29. Funatsu, H., Yamashita, H., Ikeda, T., Mimura, T., Eguchi, S. and 
Hori, S., Vitreous levels of interleukin-6 and vascular endothelial 
growth factor are related to diabetic macular edema. Ophthalmology, 
2003, 110(9), 1690–1696; doi:10.1016/S0161-6420(03)00568-2. 

30. Funatsu, H. et al., Aqueous humor levels of cytokines are related 
to vitreous levels and progression of diabetic retinopathy in dia-
betic patients. Graefes Arch. Clin. Exp. Ophthalmol., 2005, 
243(1), 3–8; doi:10.1007/s00417-004-0950-7. 

31. Simó, R., Sundstrom, J. M. and Antonetti, D. A., Ocular anti-
VEGF therapy for diabetic retinopathy: the role of VEGF in the 
pathogenesis of diabetic retinopathy. Diabetes Care, 2014, 37(4), 
893–899; doi:10.2337/dc13-2002. 

32. Simó, R., Carrasco, E., García-Ramírez, M. and Hernández, C., 
Angiogenic and antiangiogenic factors in proliferative diabetic re-
tinopathy. Curr. Diabetes Rev., 2006, 2(1), 71–98. 

33. Penn, J. S., Madan, A., Caldwell, R. B., Bartoli, M., Caldwell, R. 
W. and Hartnett, M. E., Vascular endothelial growth factor in eye 
disease. Prog. Retin. Eye Res., 2008, 27(4), 331–371; 
doi:10.1016/j.preteyeres.2008.05.001. 

34. Vincent, J. A. and Mohr, S., Inhibition of caspase-1/interleukin-
1beta signaling prevents degeneration of retinal capillaries in dia-
betes and galactosemia. Diabetes, 2007, 56(1), 224–230; 
doi:10.2337/db06-0427. 

35. Rangasamy, S., McGuire, P. G., Franco Nitta, C., Monickaraj, F., 
Oruganti, S. R. and Das, A., Chemokine mediated monocyte traf-
ficking into the retina: role of inflammation in alteration of the 
blood-retinal barrier in diabetic retinopathy. PLoS ONE, 2014, 
9(10), e108508; doi:10.1371/journal.pone.0108508. 

36. García-Ramírez, M. et al., Proteomic analysis of human vitreous 
fluid by fluorescence-based difference gel electrophoresis (DIGE): 
a new strategy for identifying potential candidates in the patho-
genesis of proliferative diabetic retinopathy. Diabetologia, 2007, 
50(6), 1294–1303; doi:10.1007/s00125-007-0627-y. 

37. Tikhonenko, M. et al., Remodeling of retinal fatty acids in an an-
imal model of diabetes: a decrease in long-chain polyunsaturated 
fatty acids is associated with a decrease in fatty acid elongases 
Elovl2 and Elovl4. Diabetes, 2010, 59(1), 219–227; 
doi:10.2337/db09-0728. 

38. Lyons, T. J. et al., Diabetic retinopathy and serum lipoprotein 
subclasses in the DCCT/EDIC cohort. Invest. Ophthalmol. Vis. 
Sci., 2004, 45(3), 910–918. 

39. Madonna, R., Giovannelli, G., Confalone, P., Renna, F. V., Geng, 
Y.-J. and De Caterina, R., High glucose-induced hyperosmolarity 
contributes to COX-2 expression and angiogenesis: implications 
for diabetic retinopathy. Cardiovasc. Diabetol., 2016, 15, 18; 
doi:10.1186/s12933-016-0342-4. 

40. Ayalasomayajula, S. P. and Kompella, U. B., Celecoxib, a selective 
cyclooxygenase-2 inhibitor, inhibits retinal vascular endothelial 
growth factor expression and vascular leakage in a streptozotocin-
induced diabetic rat model. Eur. J. Pharmacol., 2003, 458(3), 
283–289. 

41. Schwartzman, M. L. et al., Profile of lipid and protein autacoids in 
diabetic vitreous correlates with the progression of diabetic retinopa-
thy. Diabetes, 2010, 59(7), 1780–1788; doi:10.2337/db10-0110. 

42. Sala-Vila, A. et al., Dietary marine -3 fatty acids and incident 
sight-threatening retinopathy in middle-aged and older individuals 
with type 2 diabetes: prospective investigation from the 
PREDIMED Trial. JAMA Ophthalmol., 2016, doi:10.1001/ 
jamaophthalmol.2016.2906. 

43. Simopoulos, A. P., Omega-3 fatty acids in inflammation and auto-
immune diseases. J. Am. Coll. Nutr., 2002, 21(6), 495–505. 

44. The Diabetes Control and Complications Trial, The effect of in-
tensive diabetes treatment on the progression of diabetic retinopa-
thy in insulin-dependent diabetes mellitus. Arch. Ophthalmol. 
Chic. Ill 1960, 1995, 113(1), 36–51. 

45. 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, 1998, 352(9131), 837–853. 

46. Davis, M. D. et al., Risk factors for high-risk proliferative diabetic 
retinopathy and severe visual loss: Early Treatment Diabetic Reti-
nopathy study report #18. Invest. Ophthalmol. Vis. Sci., 1998, 
39(2), 233–252. 

47. Avery, R. L. et al., Intravitreal bevacizumab (Avastin) in the 
treatment of proliferative diabetic retinopathy. Ophthalmology. 
2006, 113(10), 1695, e1-e15; doi:10.1016/j.ophtha.2006.05.064. 

48. Simunovic, M. P. and Maberley Dal, Anti-vascular endothelial 
growth factor therapy for proliferative diabetic retinopathy: a sys-
tematic review and meta-analysis. Retina, 2015, 35(10), 1931–
1942; doi:10.1097/IAE.0000000000000723. 

49. Writing Committee for the Diabetic Retinopathy Clinical Research 
Network and Gross, J. G. et al., Panretinal photocoagulation vs  
intravitreous ranibizumab for proliferative diabetic retinopathy: a 
randomized clinical trial. JAMA, 2015, 314(20), 2137; 
doi:10.1001/jama.2015.15217. 

50. Martinez-Zapata, M. J. et al., Anti-vascular endothelial growth 
factor for proliferative diabetic retinopathy. Cochrane Database 
Syst. Rev., 2014, 11, CD008721; doi:10.1002/14651858.CD008721. 
pub2. 

51. Heier, J. S. et al., Comparison of aflibercept, bevacizumab, and 
ranibizumab for treatment of diabetic macular edema: extrapola-
tion of data to clinical practice. JAMA Ophthalmol., 2016, 134(1), 
95–99; doi:10.1001/jamaophthalmol.2015.4110. 

52. Sepah, Y. J. et al., DoDV; READ-3 Study Group. Twenty-four 
month outcomes of the Ranibizumab for Edema of the Macula in 
diabetes – protocol 3 with high dose (READ-3) study. Ophthalmo-
logy, 2016, 123(12), 2581–2587; doi:10.1016/j.ophtha.2016.08.040. 

53. Brown, D. M. et al., Long-term outcomes of ranibizumab therapy 
for diabetic macular edema: the 36-month results from two phase 
III trials: RISE and RIDE. Ophthalmology, 2013, 120(10), 2013–
2022; doi:10.1016/j.ophtha.2013.02.034. 

54. Campochiaro, P. A. et al., Treatment of diabetic macular edema 
with a designed ankyrin repeat protein that binds vascular endo-
thelial growth factor: a phase I/II study. Am. J. Ophthalmol., 2013, 
155(4), 697–704; 704.e1-e2; doi:10.1016/j.ajo.2012.09.032. 

55. Allergan, A study of abicipar pegol in patients with diabetic macu-
lar edema. In ClinicalTrials.gov. Bethesda (MD): National Library 
of Medicine (US). 2000 (cited 20 August 2016); available from: 
https://clinicaltrials.gov/ct2/show/study/NCT02186119 NLM 
Identifier: NCT02186119. 

56. OHR Pharmaceutical Inc. Product Portfolio: OHR-102 (Squala-
mine); http://www.ohrpharmaceutical.com/product-portfolio/squal- 
amine; accessed on 20 August 2016. 



RECENT TRENDS IN DIABETES RESEARCH 
 

CURRENT SCIENCE, VOL. 113, NO. 7, 10 OCTOBER 2017 1295 

57. Starr Muscle; Ohr Pharmaceutical Inc. Squalamine lactate eye 
drops in combination with ranibizumab in patients with diabetic 
macular edema (DME). In ClinicalTrials.gov (internet). Bethesda 
(MD): National Library of Medicine (US). 2000 (cited 20 August 
2016); available from: https://clinicaltrials.gov/ct2/show/ 
NCT02349516 NLM Identifier: NCT02349516. 

58. Genentech, Inc. Study of the efficacy and safety of the ranibizu-
mab port delivery system for sustained delivery of ranibizumab in 
participants with subfoveal neovascular age-related macular de-
generation (LADDER). In ClinicalTrials.gov (internet). Bethesda 
(MD): National Library of Medicine (US). 2000 (cited 20 August 
2016); available from: https://clinicaltrials.gov/ct2/show/ 
NCT02510794 NLM Identifier: NCT02510794. 

59. Neurotech Pharmaceuticals. Study of the intravitreal implantation 
of NT-503-3 encapsulated cell technology (ECT) for the treatment 
of recurrent choroidal neovascularization (CNV) secondary to age-
related macular degeneration (AMD). In ClinicalTrials.gov (inter-
net). Bethesda (MD): National Library of Medicine (US), 2000 
(cited 20 August 2016); available from: https://clinicaltrials.gov/ 
ct2/show/NCT02228304 NLM Identifier: NCT02228304. 

60. van der Velden, V. H. J., Glucocorticoids: mechanisms of action 
and anti-inflammatory potential in asthma. Mediat. Inflamm., 
1998, 7(4), 229–237; doi:10.1080/09629359890910. 

61. Dong, N., Xu, B., Wang, B. and Chu, L., Study of 27 aqueous  
humor cytokines in patients with type 2 diabetes with or without 
retinopathy. Mol. Vis., 2013, 19, 1734–1746. 

62. Sohn, H. J. et al., Changes in aqueous concentrations of various 
cytokines after intravitreal triamcinolone versus bevacizumab for 
diabetic macular edema. Am. J. Ophthalmol., 2011, 152(4), 686–
694; doi:10.1016/j.ajo.2011.03.033. 

63. Bressler, S. B. et al., Five-year outcomes of ranibizumab with 
prompt or deferred laser versus laser or triamcinolone plus  
deferred ranibizumab for diabetic macular edema. Am. J. Oph-
thalmol., 2016, 164, 57–68; doi:10.1016/j.ajo.2015.12.025. 

64. Boyer, D. S. et al., Three-year, randomized, sham-controlled trial 
of dexamethasone intravitreal implant in patients with diabetic 
macular edema. Ophthalmology, 2014, 121(10), 1904–1914; 
doi:10.1016/j.ophtha.2014.04.024. 

65. Campochiaro, P. A. et al., Long-term benefit of sustained-delivery 
fluocinolone acetonide vitreous inserts for diabetic macular ede-
ma. Ophthalmology. 2011, 118(4), 626–635; e2. doi:10.1016/ 
j.ophtha.2010.12.028. 

66. Joussen, A. M. et al., Nonsteroidal anti-inflammatory drugs pre-
vent early diabetic retinopathy via TNF-alpha suppression. FASEB 
J., 2002, 16(3), 438–440; doi:10.1096/fj.01-0707fje. 

67. The DAMAD Study Group, Effect of aspirin alone and aspirin 
plus dipyridamole in early diabetic retinopathy. A multicenter 
randomized controlled clinical trial. Diabetes, 1989, 38(4), 491–
498. 

68. Early Treatment Diabetic Retinopathy Study Research Group. Ef-
fects of aspirin treatment on diabetic retinopathy. ETDRS report 
no. 8. Ophthalmology (Suppl.), 1991, 98(5), 757–765. 

69. Friedman, S. M. et al., Topical nepafenec in eyes with noncentral 
diabetic macular edema. Retina, 2015, 35(5), 944–956; doi: 
10.1097/IAE.0000000000000403. 

70. Campochiaro, P. A. et al., Enhanced benefit in diabetic macular 
edema from AKB-9778 Tie2 activation combined with vascular 

endothelial growth factor suppression. Ophthalmology. 2016, 
123(8), 1722–1730; doi:10.1016/j.ophtha.2016.04.025. 

71. Hoffmann-La Roche. A phase 2 study of RO6867461 in partici-
pants with center-involving diabetic macular edema (CI-DME) 
(BOULEVARD). In ClinicalTrials.gov (internet), Bethesda (MD): 
National Library of Medicine (US). 2000 (cited 20 August 2016); 
available from: https://clinicaltrials.gov/ct2/show/NCT02699450 
NLM Identifier: NCT02699450. 

72. Sfikakis, P. P. et al., Infliximab for diabetic macular edema refrac-
tory to laser photocoagulation: a randomized, double-blind, pla-
cebo-controlled, crossover, 32-week study. Diabetes Care, 2010, 
33(7), 1523–1528; doi:10.2337/dc09-2372. 

73. Furfine, E. S. et al., Optimized intravitreal IL-6 antagonist for the 
treatment of diabetic macular edema and Uveitis. In Association 
for Research in Vision and Ophthalmology, Meeting, abstr.,  
Seattle, WA, USA, 2016. 

74. Das, A., McGuire, P. and Monickaraj, F., Novel pharmacothera-
pies in diabetic retinopathy: current status and what’s in the hori-
zon? Indian J. Ophthalmol., 2016, 64(1), 4; doi:10.4103/0301-
4738.178154. 

75. Funatsu, H., Noma, H., Mimura, T., Eguchi, S. and Hori, S., Asso-
ciation of vitreous inflammatory factors with diabetic macular 
edema. Ophthalmology, 2009, 116(1), 73–79; doi:10.1016/j.ophtha. 
2008.09.037. 

76. Pfizer. A phase 2 multi-center study to evaluate the efficacy and 
safety of a chemokine CCR2/5 receptor antagonist in adults with 
type 2 diabetes and overt nephropathy. In ClinicalTrials.gov (in-
ternet). Bethesda (MD): National Library of Medicine (US), 2000 
(cited 20 August 2016); available from: https://clinicaltrials.gov/ 
ct2/show/results/NCT01712061 NLM Identifier: NCT01712061. 

77. Pfizer. A phase 2, multi-center study to compare the efficacy and 
safety of a chemokine CCR2/5 receptor antagonist with ranibizu-
mab in adults with diabetic macular edema. In ClinicalTrials.gov 
(internet), Bethesda (MD), National Library of Medicine (US). 
2000 (cited 20 August 2016); available from: https://clinicaltrials. 
gov/ct2/show/NCT01994291 NLM Identifier: NCT01994291. 

78. Kita, T. et al., Plasma kallikrein–kinin system as a VEGF-
independent mediator of diabetic macular edema. Diabetes, 2015, 
64(10), 3588–3599; doi:10.2337/db15-0317. 

79. KalVista Pharmaceuticals, Ltd, Juvenile Diabetes Research Foun-
dation, A phase I single ascending dose study of the intravitreal 
plasma kallikrein inhibitor KVD001 in subjects with DME. In 
ClinicalTrials.gov (internet), Bethesda (MD), National Library of 
Medicine (US), 2000 (cited 20 August 2016); available from: 
https://clinicaltrials.gov/ct2/show/NCT02193113 NLM Identifier: 
NCT02193113. 

80. Allegro Ophthalmics, LLC; Trial Runners, LLC; Duke University. 
A phase 2 randomized, controlled, double-masked, multicenter 
clinical trial designed to evaluate the safety and exploratory effi-
cacy of Luminate® (ALG-1001) as compared to Avastin® and  
focal laser photocoagulation in the treatment of diabetic macular 
edema. In ClinicalTrials.gov (internet), Bethesda (MD), National 
Library of Medicine (US), 2000 (cited 20 August 2016); available 
from: https://clinicaltrials.gov/ct2/show/NCT02348918 NLM 
Identifier: NCT02348918. 

 
doi: 10.18520/cs/v113/i07/1287-1295 

 

 
 
 


