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Diabetic Retinopathy (DR) is one of the most common 
microvascular complications of Diabetes Mellitus (DM) and is the 
most common cause of preventable legal blindness in persons aged 
25-74 years [1]. Despite the advances in the field of metabolic control 
of diabetic patients, the prevalence of DR remains high. Nearly all 
patients with type 1 diabetes and >60% of patients with type 2 
diabetes have retinopathy during the first two decades of disease 
[2]. Hyperglycemia triggers retinal endothelial cell activation and 
increases leukocyte/endothelial interaction leading to breakdown of 
the Blood Retinal Barrier (BRB) and vascular hyper permeability. 
This leakage results in diabetic macular edema, the most common 
cause of decreased visual acuity in diabetic patients. Later, capillary 
degeneration and ischemia develop which lead to uncontrolled 
neovascularization in an attempt to compensate for the lack of blood 
flow [3,4]. The current therapeutic intervention including timely laser 
photocoagulation, vitrectomy and repeated intravitreal injections of 
anti-VEGF or steroids, are invasive and limited by significant side 
effects. Furthermore, they may be effective for preservation of sight 
in proliferative diabetic retinopathy and macular edema but their 
ability to reverse visual loss is poor.  Many patients have evidence of 
retinal subclinical inflammation at the time they are diagnosed with 
diabetes [5]. This means that pro-DR mechanisms arise early during 
the course of diabetes, although the nature of these mechanisms is 
not clearly evident. Hence, shifting investigative efforts to elucidate 
the mechanisms initiating and promoting the early changes in retinal 
function is important to develop effective therapeutic approaches 
with the goal of preventing (or at least minimizing) the development/
progression of DR. 

The early inflammatory response in retina has been proposed to 
be the result of persistent hyperglycemia as well as of dyslipidemia 
[6-8]. The role of dyslipidemia in the development of DR has not yet 
been studied in details despite the clinical evidences that dyslipidemia 
may contribute to the pathogenesis of DR [9,10]. Dysregulation of 
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lipid signaling has been reported in a variety of retinal diseases 
including DR, retinopathy of prematurity, and age-related macular 
degeneration[11]. This dysregulation is characterized by an increase 
in n6 Polyunsaturated Fatty Acids (PUFA), such as AA, while the n3 
PUFA, such as Docosahexaenoic Acid (DHA) [9,12-14]significantly 
decreased. DHA is known to elicit beneficial effect against 
microvascular complications of diabetes [15,16]via its lipid products 
such as neuroprotectin D1, resolvins and lipoxins. Interestingly, 
activation of cPLA2 was reported in experimental models of ischemic 
retinopathy [17,18]. Activation of cytosolic phospholipase A2 
(cPLA2) generates freeAA which in turn via different enzymatic 
pathways including cycloxygenase (COX2), lipoxygenase (LOX), and 
cytochrome P450 (CYP) is converted to pro-inflammatory mediators 
such as hydroxyeciosatetreanoic acids (HETEs), leukotrienes and 
prostaglandins. 

Our previous studies demonstrated for the first time that 
12/15-lipoxygenase-derived lipid metabolites 12- and 15-HETEs are 
implicated in the pathogenesis of microvascular dysfunction during 
DR [19,20]. This includes pathological retinal neovascularization 
via disrupting the delicate balance in the levels of Vascular 
Endothelial Growth Factor (VEGF) and the Pigment Epithelium 
Derived Factor (PEDF). Furthermore, these lipid metabolites via 
activation of NADPH oxidase, a known source of reactive oxygen 
species during DR modulate endothelial cell barrier function and 
induce hyperpermeability. Effect of 12/15-LOX-derived HETES 
on retinal endothelial cell barrier was associated with activation of 
VEGF receptor2 (KDR) through oxidation of the Protein Tyrosine 
Phosphatase (PTP). Our findings suggest that these lipid metabolites 
derived from endothelial 12/15LOX are implicated in DR via both 
paracrine and autocrine loop. The paracrine loop involves activation 
of retinal Muller cells to produce VEGF and down regulate PEDF. 
On the other hand the autocrine loop involves activation of 
VEGFR2 (KDR) signaling pathway in REC via oxidation of the PTP. 
Interestingly, enriching the retina with n3 PUFA such as DHA diverts 
the activity of 12/15-LOX from generating the pro-inflammatory 
and pro-angiogenic lipid metabolites (HETEs) to generate anti-
inflammatory and angiostatic metabolites such as neuroprotectin 
D1, lipoxins and resolvins. Therefore, we suggest 12/15-LOX as an 
endogenous double-edged sword depending on the type of substrate 
available for its activity.This means that inhibition of 12/15-LOX or 
dietary supplement with ω-3 Polyunsaturated Fatty Acids (PUFAs) 
may be used either as an alternative or supplement to the current 
therapeutic strategies for the DR. 

In addition to dyslipidemia, oxidative stress is a key factor in 
mediating both hyperglycemia and dyslipidemia-induced retinal 
vascular injury. Our previous studies highlighted the NADPH oxidase 
as a major source of ROS generation in rodent retina of experimental 
diabetes and oxygen-induced retinopathy model as well as in retinal 
endothelial cells treated with high glucose or hypoxia [21-24]. We 
also found that effects of HETEs on retinal endothelial cells are 
linked to NADPH oxidase activity suggesting that dysregulation of 
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lipid metabolism in diabetic retina contributes to the change in redox 
status of retina during DR. Despite the experimental evidence which 
suggest oxidative stress as a mediator of the neurovascular damage 
during DR, the efficacy of antioxidant in treatment of DR is still 
questionable.  A 5 year follow-up of antioxidant supplementation in 
type 2 diabetes showed no change in the best-corrected visual acuity 
during the follow-up. However, there was remarkable retardation 
in the progression of retinopathy to advanced stage in the patients 
received antioxidant supplementation in comparison to patients 
without supplementation [25]. This suggests that oral antioxidant 
supplementation might be useful in prevention of progression of DR 
and in turn saving sight in diabetic patients.

In summary optimum control of blood glucose and possibly lipid 
and oxidative stress signaling are the foundation to reduce the risk 
of retinopathy development and progression by reducing the early 
inflammatory response in retina of diabetic patients.

Acknowledgement 

National Eye Institute(NEI1R01EY023315-01) and Qatar 
National Research Fund (NPRP 4-1046-3-284.

References
1.	 Zhang X, Saaddine JB, Chou CF, Cotch MF, Cheng YJ, et al., Prevalence of 

Diabetic Retinopathy in the United States, 2005-2008. Jama-Journal of the   
American  Medical Association. 2010; 304: 649-656.

2.	 Klein R, Klein BE, Moss SE, DeMets DL, Kaufman I, et al., Prevalence of 
diabetes mellitus in southern Wisconsin. Am J Epidemiol. 1984; 119: 54-61.

3.	 Antonetti DA, Lieth E, Barber AJ, Gardner TW. Molecular mechanisms of 
vascular permeability in diabetic retinopathy. Semin Ophthalmol. 1999; 14: 
240-248.

4.	 Leal EC, Manivannan A, Hosoya K, Terasaki T, Cunha-Vaz J, et al., Inducible 
nitric oxide synthase isoform is a key mediator of leukostasis and blood-
retinal barrier breakdown in diabetic retinopathy. Invest Ophthalmol Vis Sci. 
2007; 48: 5257-5265.

5.	 Adamis AP. Is diabetic retinopathy an inflammatory disease? Br J Ophthalmol. 
2002; 86: 363-365.

6.	 Gustavsson C, Agardh CD, Zetterqvist AV, Nilsson J, Agardh E, et al., 
Vascular cellular adhesion molecule-1 (VCAM-1) expression in mice retinal 
vessels is affected by both hyperglycemia and hyperlipidemia. PLoS One. 
2010; 5: e12699.

7.	 Khalfaoui T, G Lizard, Ouertani-Meddeb A. Adhesion molecules (ICAM-1 and 
VCAM-1) and diabetic retinopathy in type 2 diabetes. J Mol Histol. 2008; 39: 
243-249.

8.	 Khan ZA, Chakrabarti S. Cellular signaling and potential new treatment 
targets in diabetic retinopathy. Exp Diabetes Res. 2007; 2007: 31867.

9.	 Chen W, Jump DB, Grant MB, Esselman WJ, Busik JV, et al., Dyslipidemia, 
but not hyperglycemia, induces inflammatory adhesion molecules in human 
retinal vascular endothelial cells. Invest Ophthalmol Vis Sci. 2003; 44: 5016-
5022.

10.	Sen K, Misra A, Kumar A, Pandey RM. Simvastatin retards progression of 
retinopathy in diabetic patients with hypercholesterolemia. Diabetes Res Clin 
Pract. 2002; 56: 1-11.

11.	Sapieha P, Stahl A, Chen J, Seaward MR, Willett KL, et al., 5-Lipoxygenase 
metabolite 4-HDHA is a mediator of the antiangiogenic effect of omega-3 
polyunsaturated fatty acids. Sci Transl Med. 2011; 3: 69ra12.

12.	Goldberg RB, D Capuzzi. Lipid disorders in type 1 and type 2 diabetes. Clin 
Lab Med. 2001; 21: 147-172.

13.	Decsi T, Minda H, Hermann R, Kozári A, Erhardt E, et al., Polyunsaturated 
fatty acids in plasma and erythrocyte membrane lipids of diabetic children. 
Prostaglandins Leukot Essent Fatty Acids. 2002; 67: 203-210.

14.	Griffitts J, Saunders D, Tesiram YA, Reid GE, Salih A, et al., Non-
mammalian fat-1 gene prevents neoplasia when introduced to a mouse 
hepatocarcinogenesis model: Omega-3 fatty acids prevent liver neoplasia. 
Biochim Biophys Acta. 2010; 1801: 1133-1144.

15.	Arnal E, Miranda M, Johnsen-Soriano S, Alvarez-Nölting R, Díaz-Llopis M, et 
al., Beneficial effect of docosahexanoic acid and lutein on retinal structural, 
metabolic, and functional abnormalities in diabetic rats. Curr Eye Res. 2009; 
34: 928-938.

16.	Opreanu M, Lydic TA, Reid GE, McSorley KM, Esselman WJ, et al., Inhibition 
of cytokine signaling in human retinal endothelial cells through downregulation 
of sphingomyelinases by docosahexaenoic acid. Invest Ophthalmol Vis Sci. 
2010; 51: 3253-3263.

17.	Barnett JM, McCollum GW, Penn JS. Penn, Role of cytosolic phospholipase 
A(2) in retinal neovascularization. Invest Ophthalmol Vis Sci. 2010; 51: 1136-
1142.

18.	Zhang Q, Wang D, Singh NK, Kundumani-Sridharan V, Gadiparthi L, 
et al., Activation of cytosolic phospholipase A2 downstream of the Src-
phospholipase D1 (PLD1)-protein kinase C gamma (PKCgamma) signaling 
axis is required for hypoxia-induced pathological retinal angiogenesis. J Biol 
Chem. 2011; 286: 22489-22498.

19.	Al-Shabrawey M, Mussell R, Kahook K, Tawfik A, Eladl M, et al., Increased 
Expression and Activity of 12-Lipoxygenase in Oxygen-Induced Ischemic 
Retinopathy and Proliferative Diabetic Retinopathy Implications in Retinal 
Neovascularization. Diabetes. 2011; 60: 614-624.

20.	Othman A, Ahmad S, Megyerdi S, Mussell R, Choksi K, et al., 
12/15-Lipoxygenase-Derived Lipid Metabolites Induce Retinal Endothelial 
Cell Barrier Dysfunction: Contribution of NADPH Oxidase. Plos One. 2013; 
8: e57254.

21.	Al-Shabrawey M, Bartoli M, El-Remessy AB, Ma G, Matragoon S, et al., Role 
of NADPH oxidase and stat3 in statin-mediated protection against diabetic 
retinopathy. Investigative Ophthalmology & Visual Science. 2008; 49: 3231-
3238.

22.	Al-Shabrawey M, Bartoli M, El-Remessy AB, Platt DH, Matragoon S, et al., 
Inhibition of NAD(P)H oxidase activity blocks vascular endothelial growth 
factor overexpression and neovascularization during ischemic retinopathy. 
Am J Pathol. 2005; 167: 599-607.

23.	Al-Shabrawey M, Rojas M, Sanders T, Behzadian A, El-Remessy A, et 
al., Role of NADPH oxidase in retinal vascular inflammation. Investigative 
Ophthalmology & Visual Science. 2008; 49: 3239-3244.

24.	Tawfik A, Sanders T, Kahook K, Akeel S, Elmarakby A, et al., Suppression 
of retinal peroxisome proliferator-activated receptor gamma in experimental 
diabetes and oxygen-induced retinopathy: role of NADPH oxidase. Invest 
Ophthalmol Vis Sci. 2009; 50: 878-884.

25.	Garcia-Medina JJ, Pinazo-Duran MD, Garcia-Medina M, Zanon-Moreno V, 
Pons-Vazquez S. A 5-year follow-up of antioxidant supplementation in type 2 
diabetic retinopathy. Eur J Ophthalmol. 2011; 21: 637-643.

Citation: Al-Shabrawey M. Dyslipidemia and Diabetic Retinopathy. Austin J Clin Ophthalmol. 2014;1(1): 1010.Austin J Clin Ophthalmol - Volume 1 Issue  1 - 2014
ISSN : 2381-9162 | www.austinpublishinggroup.org
Al-Shabrawey. © All rights are reserved

http://www.ncbi.nlm.nih.gov/pubmed/20699456
http://www.ncbi.nlm.nih.gov/pubmed/20699456
http://www.ncbi.nlm.nih.gov/pubmed/20699456
http://www.ncbi.nlm.nih.gov/pubmed/6691336
http://www.ncbi.nlm.nih.gov/pubmed/6691336
http://www.ncbi.nlm.nih.gov/pubmed/10758225
http://www.ncbi.nlm.nih.gov/pubmed/10758225
http://www.ncbi.nlm.nih.gov/pubmed/10758225
http://www.ncbi.nlm.nih.gov/pubmed/17962481
http://www.ncbi.nlm.nih.gov/pubmed/17962481
http://www.ncbi.nlm.nih.gov/pubmed/17962481
http://www.ncbi.nlm.nih.gov/pubmed/17962481
http://www.ncbi.nlm.nih.gov/pubmed/11914197
http://www.ncbi.nlm.nih.gov/pubmed/11914197
http://www.ncbi.nlm.nih.gov/pubmed/20856927
http://www.ncbi.nlm.nih.gov/pubmed/20856927
http://www.ncbi.nlm.nih.gov/pubmed/20856927
http://www.ncbi.nlm.nih.gov/pubmed/20856927
http://www.ncbi.nlm.nih.gov/pubmed/18165914
http://www.ncbi.nlm.nih.gov/pubmed/18165914
http://www.ncbi.nlm.nih.gov/pubmed/18165914
http://www.ncbi.nlm.nih.gov/pubmed/18288248
http://www.ncbi.nlm.nih.gov/pubmed/18288248
http://www.ncbi.nlm.nih.gov/pubmed/14578429
http://www.ncbi.nlm.nih.gov/pubmed/14578429
http://www.ncbi.nlm.nih.gov/pubmed/14578429
http://www.ncbi.nlm.nih.gov/pubmed/14578429
http://www.ncbi.nlm.nih.gov/pubmed/11879715
http://www.ncbi.nlm.nih.gov/pubmed/11879715
http://www.ncbi.nlm.nih.gov/pubmed/11879715
http://www.ncbi.nlm.nih.gov/pubmed/21307302
http://www.ncbi.nlm.nih.gov/pubmed/21307302
http://www.ncbi.nlm.nih.gov/pubmed/21307302
http://www.ncbi.nlm.nih.gov/pubmed/11321932
http://www.ncbi.nlm.nih.gov/pubmed/11321932
http://www.ncbi.nlm.nih.gov/pubmed/12401433
http://www.ncbi.nlm.nih.gov/pubmed/12401433
http://www.ncbi.nlm.nih.gov/pubmed/12401433
http://www.ncbi.nlm.nih.gov/pubmed/20620224
http://www.ncbi.nlm.nih.gov/pubmed/20620224
http://www.ncbi.nlm.nih.gov/pubmed/20620224
http://www.ncbi.nlm.nih.gov/pubmed/20620224
http://www.ncbi.nlm.nih.gov/pubmed/19958109
http://www.ncbi.nlm.nih.gov/pubmed/19958109
http://www.ncbi.nlm.nih.gov/pubmed/19958109
http://www.ncbi.nlm.nih.gov/pubmed/19958109
http://www.ncbi.nlm.nih.gov/pubmed/20071681
http://www.ncbi.nlm.nih.gov/pubmed/20071681
http://www.ncbi.nlm.nih.gov/pubmed/20071681
http://www.ncbi.nlm.nih.gov/pubmed/20071681
http://www.ncbi.nlm.nih.gov/pubmed/19661235
http://www.ncbi.nlm.nih.gov/pubmed/19661235
http://www.ncbi.nlm.nih.gov/pubmed/19661235
http://www.ncbi.nlm.nih.gov/pubmed/21536681
http://www.ncbi.nlm.nih.gov/pubmed/21536681
http://www.ncbi.nlm.nih.gov/pubmed/21536681
http://www.ncbi.nlm.nih.gov/pubmed/21536681
http://www.ncbi.nlm.nih.gov/pubmed/21536681
http://www.ncbi.nlm.nih.gov/pubmed/21228311
http://www.ncbi.nlm.nih.gov/pubmed/21228311
http://www.ncbi.nlm.nih.gov/pubmed/21228311
http://www.ncbi.nlm.nih.gov/pubmed/21228311
http://www.ncbi.nlm.nih.gov/pubmed/23437353
http://www.ncbi.nlm.nih.gov/pubmed/23437353
http://www.ncbi.nlm.nih.gov/pubmed/23437353
http://www.ncbi.nlm.nih.gov/pubmed/23437353
http://www.ncbi.nlm.nih.gov/pubmed/18378570
http://www.ncbi.nlm.nih.gov/pubmed/18378570
http://www.ncbi.nlm.nih.gov/pubmed/18378570
http://www.ncbi.nlm.nih.gov/pubmed/18378570
http://www.ncbi.nlm.nih.gov/pubmed/16049343
http://www.ncbi.nlm.nih.gov/pubmed/16049343
http://www.ncbi.nlm.nih.gov/pubmed/16049343
http://www.ncbi.nlm.nih.gov/pubmed/16049343
http://www.ncbi.nlm.nih.gov/pubmed/18378574
http://www.ncbi.nlm.nih.gov/pubmed/18378574
http://www.ncbi.nlm.nih.gov/pubmed/18378574
http://www.ncbi.nlm.nih.gov/pubmed/18806296
http://www.ncbi.nlm.nih.gov/pubmed/18806296
http://www.ncbi.nlm.nih.gov/pubmed/18806296
http://www.ncbi.nlm.nih.gov/pubmed/18806296
http://www.ncbi.nlm.nih.gov/pubmed/21218388
http://www.ncbi.nlm.nih.gov/pubmed/21218388
http://www.ncbi.nlm.nih.gov/pubmed/21218388

	Title
	References

