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Diabetic Eye Disease

• Diabetes – 4.5 million UK, ~10% global community

• Diabetic eye disease comprises a group of eye conditions 
including diabetic retinopathy (DR), diabetic macular edema 
(DME), cataract, and glaucoma. 

• All forms of diabetic eye disease have the potential to cause 
severe vision impairment, vision loss and blindness.

• In 2014, 54.6% patients with type I diabetes had DR; and 30% 
patients with type II diabetes had DR

Mathur R et al, 2017, RNIB; Diabetes UK 2018; Eschenbach Optik 2019; Mayo Clinic 2019



Clinical signs of diabetic retinopathy on 
fundoscopic examination

Mild, non-proliferative DR

Proliferative DR

Moderative, non-proliferative 
DR

Diabetic macular oedema

Wong TY, 2016, Nature Reviews Disease Primers



Pathogenic events in DR

Wong TY, 2016, Nature Reviews Disease Primers
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Macular oedema (fluid leak) Proliferative retinopathy (new blood 
vessel formation)

Diabetes

High blood glucose

Physiological stress

Release of factors
(e.g. VEGF)

Breakdown of junctions between 
cells

Cells divide
Cells become 
stickyCells move

Cells form 
tubes

Clapp C, 2009, Physiological Reviews

• Afilbercept (Eylea)
• Ranibizumab (Lucentis)
• Bevacizumab (Avastin)
• Pegaptanib (Macugen)



Methods to study DR processes in the lab
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Chichger H, 2015, FASEB, 2016, AJRCMB
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Fluid leak

Healthy barrier

Ca2+
PKC

IP3

Lung endothelial cells

Lessons from the lung – the sweet taste 
receptor



Sweet taste receptor 

• Receptor which has remained unchanged
through evolution - important

• Oral and extra-oral localisation

• Activated by high concentration glucose or low
concentration of acutely-sweet artificial
sweeteners

Behrens, Physiol Behav, 2011; Hass, Cell Tissue Res, 2010; Dyer J, Biochem Soc
Trans; 2005; Henquin, Sci Signal, 2012; Masubuchi, PloS One, 2013; Rozengurt, AJP 

Gastro, 2006; Ren, Front Integr Neurosci, 2009; Foster, Plos One, 2013; Elliott, J Urol, 
2011; Mosinger, PNAS, 2013;  Simon, PloS One, 2014; Max, Nat Genet, 2001



Sweet taste molecules

Commercial
name

Sweet
molecule

Sweet taste 
perception relative 

to table sugar

Equal Cyclamate 30-50

Equal Aspartame 160-200

Sunett Acesulfame K 200

Sweet n Low Saccharin 300-450

Splenda Sucralose 600

NHDC Neohesperidin 1500 - 1800

Aclame Alitame 2000

E961 Neotame 7000-8000

Natural sweet
molecule

Sweet taste 
perception relative 

to table sugar

Mabinlin 400

Pentadin 500

Brazzein 500

Monelin 800-1000

Thaumatin 3000



Does the sweet taste receptor play a role in fluid leak 
and new vessel formation in the retina?

+ Artificial 
sweeteners

+ lactisole

Saccharin (0.1 µM); Sucralose (0.1 µM)

Proliferative 

Moderate 

Fluid leak

Tube formation

+ VEGF

Cell migration

Chichger H, 2015, FASEB, 2016, AJRCMB
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Sucralose reduces VEGF-induced leak
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Vehicle Sucralose

- -+ +
Vehicle Sucralose

Vehicle Lactisole

* * *

0

2

4

6

8

10

12

14

16

%
 p

e
rm

e
a

b
ili

ty

Fluid leak

Healthy barrier

Lizunkova P, 2019, Graefe's Clinical and Experimental Ophthalmology*p<0.05 vs vehicle for VEGF; n = 6
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- dependent on sweet taste receptor
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Suez, Nature, 2014

The controversy

If people with diabetes eat more Splenda, will it stop their 
proliferative retinopathy getting worse?



Artificial sweeteners in the diet –
negative consequences
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The future: The therapeutic implications 
of taste sensors in the microvasculature
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