Pentosidine and Carboxymethyllysine, Plasma Biomarkers for Age-Related Macular Degeneration
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Abstract

Purpose: To b

biomarkers or age-related macular degeneration (AMD).

Methods: Blood was collected from clinically documented AMD and age-matched normal, healthy donors at the Cole Eye Instiute,
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Characteristics of the Study Population

Conrol _ EaNYMidStage  Advanced
Property Category AMD AMD
n=32 n=27 n=31
Age (year)
Mean + SD 726 7329 7416
Range 56-84 57-91 64-89
Gender
Mele 15 (46.9%) 14 (51.9%) 16 (51.6%)
Female 17 (53.1%) 13 (48.1%) 15 (48.4%)
Race
Caucasian 32 (100%) 27 (100%) 31(100%)
Smoking Status
Non-smoker 30 (93.8%) 21(77.8%) 30 (96.8%)
Smoker 2(6:2%) 6(22.2%) 1(32%)
Health History
Hypertension 21 (65.6%) 14 (51.9%) 20 (64.5%)
Hyperiipidemia 15 (46.9%) 14 (51.9%) 10(32.3%)
Diabetes 0(0.0%) 3(1.1%) 2(6.5%)
disease 6 (18.8%) 7(25.9%) 5(16.1%)
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Correlation Between CML, Pentosidine and CEP Adducts in AMD Plasma.

Plasma CEP adduct concentrations (A) and CEP autoantibody titers (B) quantified by ELISA from control (n = 32)
and AMD donors (n = 54) are shown with median (o) results + first and third quartiles (Q1, Q3) and mean ()
results + standard deviation (SD). P-values (two sided t-Test) were determined from log-transformed
concentrations. Correlation between CML and CEP adduct concentrations (C) and between pentosidine and
CEP adduct concentrations (D) are shown with horizontal and vertical dashed lines indicating median control
values. Odds ratios for AMD risk and 95% confidence intervals were determined based on two markers elevated
relative to the median control values; p values were determined using the Fischer exact Test.

These results show that plasma mean CEP adduct levels were elevated in the AMD cohort and that plasma
protein CML and pentosidine levels correlate well with the CEP adducts. (See ARVO'09 poster 2342, board
D1075, Monday May 4)
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These resuits show pentosidine levels were significantly higher in AMD donors with hypertension or
cardiovascular disease. We have also found CEP adducls elevaled in AMD patiens with hypertarion
associated
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CML and Pentosidine Are Elevated in AMD Plasma Proteins.

CML (A) and pentosidine concentrations (B) quantified by LC-MS/MS and LC-fluorimetry from control (n = 32)
and AMD (n = 58) plasma donors and autoantibody titers for CML (C) and pentosidine (D) quantified by
ELISA (32 control and 57 AMD plasma) are shown with median () results  first and third quartiles (Q1, Q3)
and mean (&) resuls + standard deviation (SD). P-values (two sided t-Test) were determined from log-
transformed concentrations. Correlation between CML and pentosidine concentrations are shown for the
control (E) and AMD (F) cohorts with horizontal and vertical dashed lines indicating median control values.
‘These results show that mean levels of CML and pentosidine are elevated in AMD plasma proteins (A, B) and
that significantly more donors with both CML and pentosidine elevated are apparent in AMD patients than in
the controls (upper right quadrants in E and F).

CML and Pentosidine Markers in Control and AMD Plasma

CML (pmol/mg protein) CML Elevated Above Control Median

Mean+SD  Median (Q1, Q3) Odds Ratio 95%CI Pvalue

Control 32 2794100  267(197.347) 1 (Reference)
Early/Mid Stage AMD 27 4104161 396 (28.4,57.9) 29 10,86 0068
Advanced AMD 31 4481140 433 (355,486) 300 36,2473 <00001
AllAMD 58 4304150  420(347,510) 63 23,173 <00001
Pentosidine (pmolimg protein) Pentosidine Elevated Above Control Median
" MemnsSO  Medan(@1.03) 0dds Ratio 95%CI Pvalue

Control 32 1004025  093(084,102) 1 (Reference)
Early/Mid Stage AMD 27 1514041 148 (122,182) 80 20,320 0.002
Advanced AMD 31  176:059  171(134,199) 145 30,712 <00001

AllAMD 58 164:053  159(129,192) 106 34,335 <00001
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Furosine in AMD and Control Plasma.

Fructose-lysine, an early marker of glycation, was quantified as furosine by AccQ:Tag™ amino acid analysis
(A). Furosine peak 3, the putative di-derivatized form of the amino acid, was used for quantification of plasma
protein bound furosine. * Derivatization by products. (B) Furosine results are shown with median (o

 fir
and third quartiles (Q1, Q3) and mean () + SD. P-values (two sided t-Test) were determined from log-

transformed concentrations.

These results shows that control and non-diabetic AMD plasma protein samples exhibited about the same
mean furosine concentrations, in excellent agreement with literature values for nondiabetic plasma donors
(~1.0 pmollug protein). Diabetic AMD plasma donors exhibited ~20% higher mean furosine levels than non-

diabetic AMD donors

‘and confound the use of CML and pentosidine as AMD biomarkers.

However, CEP

adducts are not elevated in diabetes (10) and provide an additional parameter to predict AMD susceptibiliy.

Plasma CML and Pentosidine by Donor Age.

Plasma protein CML (A) and pentosidine (C) levels in the control (n = 32) and AMD (n = 58) cohorts are shown
plotted by donor age. Pearson's correlation analysis revealed gradual increases with age for CML in both
control and AMD donors and for pentosidine in AMD donors. Control donors exhibited lttle change in
pentosidine levels with age. Plasma protein CML (B) and pentosidine (D) levels in control and AMD donors are.
plotted by age group, including 51-60 y (control, n = 1; AMD, n = 3), 6170 y (control, n = 12; AMD, n = 18), 71-
81y (control, n = 18; AMD, n = 28), 2 81 y (control, n = 1; AMD n = 9). Fold differences in CML and pentosidine
concentrations are indicated between control and AMD groups. Asterisks reflect p-values from a two sample t-
Test (*** p <0.001),

‘These results show plasma protein mean CML and pentosidine levels elevated in AMD donors over a broad
age range.

Conclusions

This study suppors the potential utiity of plasma protein CML and pentosidine as biomarkers for

assessing AMD susceptibilty, particularly in combination with CEP markers. The statistical analyses
suggest that plasma levels of CML together with pentosidine discriminate between AMD and control
patients with 89% accuracy and that pentosidine in combination with CEP adducts can discriminate with

92% accuracy.

rac«ors potentially confounding the use of CML and pentosidine as AMD biomarkers should not be
igno

itoring furosine along with CML and pentosidine provides an effective method to narrow the
e e AT possibly AMD susceptibility. When plasma furosine, CML and pentosidine
are all elevated, an accurate dlinical assessment will require more information.

CEP adducts could help rule out diabetic complications since plasma CEP adducts are not elevated in

In such cases, monitoring

diabetes but are elevated in AMD. (See ARVO'09 poster 2342, board D1075, Monday May 4)

applications of CML, pentosidine and CEP adducts as AMD biomarkers

The present resuilts warrant a much larger investigation, both prospective and longitudinal, of dlinical
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