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Aging: a socio-economic issue in the future
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The neurosensory retina: a sensitive target of aging

Leading cause of vision
loss in Western countries

=

2nd cause of
blindness
worldwide

(AMD): 1.25 million
Glaucoma: >800,000

Diabetic retinopathy: ~800,000

Of major concern in

Prevalence of pathologies the next decades

after the age of 65 years

France

Age-related Macular Degeneration



Structural organization of the retina

Anterior
chamber _ e

““ “H'I""IIH’ Amacrine cells
'H, '-.- ' Bipolar cells
h

E'[i l Iu hi Horizontal cells

cornea

' Pigment epithelium (RPE)
=] Choroid

lens



Lipids in the retina
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DHA
C22:6n-3

25-30% in the rat
15-20% in humans
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The efficacy of the transduction pathway is
dependent to the activation of rhodopsin

Metarhodopsin I fVetarhodopsin 1

closed protein gpen protein
Thin Membrane Thick Membrane

Dratz & Holte, J Nutr 1993
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DHA is crucial in rhodopsin activation
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Chronic dietary deficiency in omega 3 impairs retinal
function
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Low DHA in the retina is associated with
reduced retinal function




DHA deficient rats showed reduced
electroretinographic response
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Where does DHA come from?
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A balance between diet and endogenous recycling
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Would adipose tissue DHA correlate with retinal levels?

Experimental Eye Research 87 (2008) 521-528

Contents lists available at ScienceDirect

Experimental Eye Research
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Lipid and fatty acid profile of the retina, retinal pigment epithelium/choroid,
and the lacrimal gland, and associations with adipose tissue fatty acids in
human subjects
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DHA in adipose tissue is not associated with DHA in
the retina

16 - lacrimal gland, - 60
r Pearson=0.99, P<0.0001
° 14 1 -
E CE from RPE/choroid, [ 50 l:\,:
o T &% 124 r Pearson=0.77, P=0.009 Rh
£i%, ' o R
T 1 —
[T ©Sm 20 - - 1.0
2w g B o retina
g ° [ 8§ o | rPearson=-0.18, P=0.64
5 ES 23 7 161 o F ¥ 1083 O
£62 6 L’f—l""’/ » =) 8RO
E* 0 s 20 2. m ex A
Qg R® PL from RPE/choroid, ‘ 2o @0 S . =3 =3
&S = 41 r Pearson=0.57, P=0.07 =3 £5 2 121 ° é 0.6 :9: =
P & 10 9 ® = lacrimal gland o 8 3
- 2 - D ° a c Q- r Pearson=0.74, P=0.02 - T
. o retina, - = 8 ] m
r Pearson=0.82, P=0.002 < e S gl . S a -
° : : ' : : . g2 i . “» 3
4 6 8 10 12 14 16 cfy g ° 8 2
18:2n-6 in orbital fat g, — » Lo o2 a2
% of total fatty acids oAy @ s - —
ke iy a0 PL from RPE/choroid  CE from RPE/choroid
r Pearson=0.21, P=0.60 " Pearson=021, P=0.58
0 : . T . . T 0.0
020 022 024 026 028 030 032 034
Circulating DHA (to some extent DA cutital e
(% of total fatty acids)

dietary) poorly participates to the
retinal levels Bretillon et al., Exp Eye Res 2008

‘pue|b jewuoe| Ul YHA



Despite cholesteryl esters in the RPE would be
carriers of DHA and dietary fatty acids entering the

retina
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Abrogating LDLR expression mimicks aging of the retina
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»3 fatty acids and Age-related Macular Degeneration
(AMD)

 The leading cause of visual loss in Western countries
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Grading AMD: from maculopathy to severe forms

Geographic Atrophy
- Pigment abnormalities affecting 1 eye or both 4 grades: from
- Geographic atrophy maculopathy to AMD

- Neovascularization



Fish intake, o3 fatty acids and AMD

Meta-analysis from 7 databases
(88,974 people including 3204 AMD)

»3 and late AMD

(2]

Favors Favars (dds Ratio

Study high intake  low infake Weight, % (95% CI)
Chuaetal® < » 252  0.44(0.08-2.39)
Seddon et aP+* —W— 2436  0.55(0.32-0.95)
Seddon et aP+ —a+ 2646  0.75 (0.44-1.28)
AREDS™= —i— 4666  0.61(0.41-0.90)
All studies <4 100.00  0.62 (0.48-0.82)
0.2 05 10 20 5.0 I2 for haterogenaity

Odds Ratio (95% CI)

Fish intake and early AMD

Favors Favors (Odds Ratio

Study high intake low intake  Weight, % (96% CI)
Delcourt et al®® —— 571 064 (0.31-1.31)
Chua et aF* —— 1180 062 (0.38-1.02)
Arnarsson et al®! —— 1323 061 (0.38-0.88)
Mares-Perman et a2t 1963 090 (0.60-1.30)
Heuberger et al**t i 2442  1.00(0.70-1.40)
Chio et al® —— 2521 0.65 (0.46-0.91)
All studies Q 100.00  0.76 (0.64-0.90)
02 05 10 20 5.0 I2 for heterogeneity
Odds Ratio (95% Cl) =11.5% P=.002

=0% P<.001

Fish intake and late AMD

G

Favars Favors (Odds Ratio

Study highintake low intake Weight, % (95% CI)
Chua et a2 P | 281 0.25(0.06-1.02)
Mares-Periman et a2t & 349  0.80(0.20-2.50)
Heuberger et al®+  +—8— 693  040(0.20-1.20)
AREDS= — 2252  0.61(0.37-1.00)
Seddon et aP*« — 2801  0.64(0.41-1.00)
Seddon et al*« — 36.24 (.86 (0.58-1.27)
All studies < 100.00  0.67 (0.53-0.85)

0.2 05 10 20 5.0 I2 for heterogeneity

Odds Ratio (95% CI)

=0% P<.001

Chong et al., Arch Ophthalmol 2008



Protection from AMD iIs associated
above 2 servings of fish per week

Table 2. Odds Ratios for AMD According to Fish Intake

P

<1 Serving/wk 1 Serving/wk =2 Servings/wk Trend

Cases/controls, No. 74131 751144 73/184
Median intake (servings per day) 0.080 0.18 0.36
Adjusted OR* 1.0 0.97 0.68 07
Multivariate OR1 (95% CI)t 1.0 0.94 (0.64-1.38) 0.63 (0.41-0.97) .03
Multivariate OR2 (95% Cl)} 1.0 1.0 (0.67-1.48) 0.64 (0.41-1.00) 04

Abbreviations: AMD, age-related macular degeneration; Cl, confidence interval; OR, odds ratio.

*Adjusted for age (60-69, 70-79, and 80+ years), log calories (continuous), and protein intake (quartiles).

tAdjusted for education (=high school vs <high school); smoking (current/past/never in the multivariate fish models); age (60-69, 70-79, and 80+ years);
body mass index, calculated as weight in kilograms divided by the square of height in meters (<25, 25-29.9, and 30+); systolic blood pressure; cardiovascular
disease; log calories (continuous); protein intake (quartile); log calorie-adjusted beta-carotene intake (continuous); alcohol intake (continuous); and physical
activity (continuous, times per week vigorous).

$Adjusted for variables in model 1 plus total intake of zinc, vitamin C, and vitamin E (log scale for all 3).

Seddon et al., Arch Ophthalmol 2007



...primarily in patients with low intake in linoleic acid

Table 4. Odds Ratios for AMD by Quartile of Omega-3 Intake, Linoleic Acid Intake, and Omega-3 Intake Within Strata
of Linoleic Acid Intake
Quartile of Omega-3 Intake .

Fatty Acid Intake ' 2 3 4 Trend
Omega-3 intake

Cases/controls, No. 64/102 61/120 49/114 48/123

Median intake, g 0.06 0.12 0.20 0.35

Adjusted OR* 1.0 0.82 0.62 0.60 02

Multivariate OR1 (95% CI)t 1.0 0.79 (0.52-1.21) 0.60 (0.36-0.97) 0.56 (0.33-0.94) 01

Multivariate OR2 (95% Cl)f 1.0 0.80 (0.53-1.21) 0.60 (0.36-0.99) 0.55 (0.32-0.95) 02
Linoleic acid intake

Cases/controls, No. 43127 60/110 65/107 54/115

Median intake, g 7.12 10.45 13.34 18.46

Adjusted OR* 1.0 1.72 1.81 1.37 42

Multivariate OR1 (95% CI)t 1.0 1.89 (1.15-3.11) 2.07 (1.17-3.63) 1.56 (0.79-3.08) 26

Multivariate OR2 (95% Cl)} 1.0 1.85 (1.12-3.08) 1.99 (1.12-3.54) 1.46 (0.72-2.96) 32
Linoleic acid intake, quartiles 1 and 2 (=11.79g)

Cases/controls, No. 41/66 35/65 17/54 10/52

Median intake of omega-3, g 0.06 0.12 0.20 0.35

Adjusted OR* 1.0 0.79 0.90 0.92 .001

Multivariate OR1 (95% CI)t 1.0 0.97 (0.54-1.76) 0.48 (0.22-1.04) 0.30 (0.12-0.74) 002

Multivariate OR2 (95% Cl)t 1.0 0.94 (0.52-1.72) 0.39 (0.18-0.88) 0.23 (0.09-0.57) <.001
Linoleic acid intake, quartiles 3 and 4 (=11.80 g)

Cases/controls, No. 23/36 26/55 32/60 38/71

Median intake of omega-3, g 0.06 0.12 0.20 0.36

Adjusted OR* 1.0 0.79 0.90 0.92 98

Multivariate OR1 (95% Cl)t 1.0 0.74 (0.37-1.47) 0.82 (0.40-1.69) 0.85 (0.41-1.77) 93

Multivariate OR2 (95% Cl)} 1.0 0.73 (0.35-1.55) 0.84 (0.37-1.89) 1.07 (0.46-2.50) 66

Abbreviations: AMD, age-related macular degeneration; Cl, confidence interval; OR, odds ratio.

*Adjusted for log calories (continuous) and protein intake (quartile).

tAdjusted for education (=high school vs <high school); smoking (current/past/never); age (60-69, 70-79, and 80+ years); body mass index, calculated as
weight in kilograms divided by the square of height in meters (<25, 25-29.9, and 30+); systolic blood pressure; cardiovascular disease; log calories
(continuous); protein intake (quartile); log calorie-adjusted beta-carotene intake (continuous); alcohol intake (continuous); and physical activity (continuous, times

per week vigorous).
Seddon et al., Arch Ophthalmol 2007

$Adjusted for variables in model 1 plus total intake of zinc, vitamin C, and vitamin E (log scale for all 3).



Mechanism: o3 fatty acids may be converted into
active metabolites in the RPE

- I————
« I
O b
* I l

m m EPA DHA — D series resolvins

HO 7 ~""COOH

A v
5S-hydro(perjoxy, 18-hydroxy-EPE 16(17)-epoxy-docosaltriene X | =

/ A~  RVDI
v OH

OH w sk
HO
7 OH "“ HO&,
/ COOH ¥ = COOH COOH
A : oy HO \\ OH _Oxidation
= A7 N COOH iy
RvE2 RvE1 OH

NPD1 ©»-22-Hydroxy-PD1
Protectins

E series resolvins



NPD1 exhibits protective properties against
angiogenesis, apoptosis, inflammation
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Conclusion

Lipids are essential components of the retina, 3 key actors of
its function

Intraretinal lipid metabolism limits the influence of circulating
(dietary) lipids to retinal profile in fatty acids

Dietary lipids may participate to the prevention of retinal aging

and AMD: not only by means of supplementations with ®3, but
also via ameliorating the ratio between dietary linoleic acid and
®3

The mechanisms of this prevention remains uncertain, but may
Involve intraretinal metabolism of fatty acids (active metabolites)



