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ABSTRACT
Purpose: To develop a blood test for predicting susceptibility to primary open 
angle glaucoma (POAG) and for monitoring the efficacy of POAG therapeutics.
Methods: Blood was collected from clinically documented POAG and age-
matched normal control (CTRL) donors at the Cole Eye Institute, Cleveland 
Clinic, Louis Stokes Cleveland VA Medical Center and at the Aravind Eye 
Hospital, Madurai, India. Plasma were fractionated on C18 reverse phase 
magnetic beads and analyzed by MALDI TOF/TOF mass spectrometry. 
Bioinformatic cluster analysis for peptidomic patterns and cross validation was 
performed with GeneSpring software.
Results: Plasma from 429 donors was analyzed in this preliminary study. For 
USA donors (n = 378), MALDI TOF mass spectrometric analyses of 249 POAG 
and 138 CTRL plasma has allowed correct prediction of 96% as either POAG or 
normal based on peptidomic profiles. For Indian donors (n = 42), mass 
spectrometric analyses of 22 POAG and 20 CTRL provided 90% correct 
prediction as either POAG or normal. The peptide patterns from Indian and US 
plasma exhibit distinct differences. Relative to normal controls, the mean 
intensity of peptide m/z 1896 was elevated about 95% in the Indian POAG 
plasma and 160% in US POAG plasma. Peptide m/z 1896 has been sequenced 
and determined to be from complement C4B.

Conclusions: These preliminary results provide proof of principle that plasma 
peptidomic patterns offer potential utility in predicting POAG susceptibility and 
monitoring therapeutic efficacy. Peptidomic pattern differences between USA 
and Indian plasma may reflect ethnic and environmental differences between the 
populations. The significance of the elevated complement C4B peptide in 
POAG plasma remains to be determined. Such findings may provide insights 
into the mechanism of POAG pathogenesis.
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METHODS
Case-Control Study Design.  Participants were enrolled in a control and POAG 
group. Disease progression were evaluated primarily based on Humphrey visual 
fields tests. All subjects were aged 30 years or older.  Subjects were recruited at the 
Cole Eye Institute in the clinics of glaucoma clinicians Drs E Rockwood and S Smith, 
at the Louis Stokes Cleveland VA Medical Center under the direction of the Chief-of-
Staff in the VA Eye Clinic, Dr S Yaniglos and at the Aravind Eye Hospital, Maduria, 
India in the clinic of Dr R Krishnadas.  All subjects received a comprehensive 
ophthalmological examination by one of the clinicians, including (a) best-corrected 
visual acuity, (b) confrontation visual fields, (c) Amsler Grid performance, (d) pupil 
reaction, and (e) intraocular pressure.  After the pupils are dilated, the fundus were 
examined with biomicroscopy and indirect ophthalmoscopy. Donor health data and 
family histories were collected using standardized questionnaires.  Included in patient 
information were ethnicity, gender, age, and possible confounding factors such as 
diabetes mellitus, systemic hypertension and myopia.  Special emphasis were placed 
on identifying siblings and/or parents with POAG in the family. After obtaining 
informed consent, a research nurse recorded health and family histories, drew blood 
(~30 ml), and plasma and DNA pellets were prepared according to our protocols.  
Donors were assigned a code and all clinical information maintained in a confidential 
database with the biomarker analysis results.  DNA samples were archived for 
screening of glaucoma susceptibility genes based on results from the proposed 
plasma biomarker studies. Genetic screening will be performed in the laboratory of 
Dr S Hagstrom, Cole Eye Institute and will be initiated in and supported by 
subsequent grant applications.
Indian plasma donors have been included in the proposed research because of (i) the 
significant numbers of POAG donors that can be readily obtained in India, (ii) the 
opportunity to detect ethnic differences in POAG plasma biomarkers relative to the 
USA population, (iii) the prevalence of consanguineous pedigrees in India that can 
provide more information for mapping genes responsible for glaucoma than families 
without consanguinity, and (iv) the enhanced opportunities for mechanistic insights 
into glaucoma pathology from the proposed proteomic analyses.

Plasma Fractionation. Reverse-phase-derivatized magnetic beads were mixed with 
plasma, the magnetic particles pulled to the side with a magnet, the supernatant 
aspirated, the beads washed, bound components eluted with acetonitrile and mixed 
with MALDI matrix and deposited on the MALDI target plates.

Mass Spectrometry and Data Analysis. Mass spectra of peptides recovered from 
plasma samples was determined in a-cyano-4-hydroxy-cinnaminic acid matrix under 
optimized instrument settings on the Applied Biosystems model 4800 MALDI 
TOF/TOF MS instruments over the mass range ~0.7-4 kDa.  Spectra was acquired 
from 1000 laser shots per sample as in preliminary studies.  External calibration was 
used, with the calibrant located centrally to eight plasma samples on the sample target 
plate. A m/z peak was generated for each sample and duplicates within a tolerance of 
0.15% was discarded. Binning of the m/z peaks was done with GeneSpring software 
and mass values that do not vary significantly across POAG and control samples 
filtered out. A one way ANOVA nonparametric test (Mann-Whitney U test) at p <1e-
6 was used to identify m/z signals that represent statistically significant differences 
between POAG and control samples. The GeneSpring clustering tool assigns 
similarity by Pearson correlation and is commonly used in DNA microarray analysis. 
We  used this software to perform cross validation by the “leave-one-out” method 
and independent test set validation to test the accuracy of the cluster assignments.

Figure 2.  Peptide Mass Signatures, POAG Plasma from India. Indian POAG (n = 22) and 
normal (n = 20) donor plasma were analyzed by MALDI TOF MS following reverse phase 
fractionation. A total of 17,239 raw peptides were obtained from the 42 samples. After binning 
at 0.15% tolerance, 895 unique peptides remained. Peptide masses totaling 109 were 
determined to exhibit statistically significant (p=0.05) between POAG and normal plasma. 
Hierarchical clustering using GeneSpring software generated the above display where columns 
represent samples and rows represent peptide mass values.  The color bars indicate peptide 
mass and intensity and blue indicates peptide absence; red indicates POAG and yellow denotes 
normal control plasma. Cross validation correctly predicted 38 of the 42 plasma samples as 
either POAG or normal (93% accuracy). 

Figure 1. Peptide Mass Signatures, POAG Plasma from the  U.S.A. American POAG (n 
= 249) and normal (n = 138) donor plasma were analyzed by MALDI TOF MS following 
reverse phase fractionation. A total of 155,188 raw peptides were obtained from the 387 
samples. After binning at 0.15% tolerance, 1064 unique peptides remained. Peptide totaling 
156 were determined to exhibit statistically significant differences (p=1e-6) between POAG 
and normal plasma.  Hierarchical clustering using the Pearson correlation function in 
GeneSpring software generated the above display where columns represent donor plasma 
and rows represent peptide mass-to-charge (m/z) values.  The color bars indicate peptide 
mass and intensity and blue indicates peptide absence; red indicates normal and gray  
denotes POAG plasma. Cross validation correctly predicted 371 of the 387 plasma samples 
as either POAG or normal (96% accuracy). 

Figure 7. Corroboration of plasma peptide profiling data. Plasma from normal 
control (n=4) and POAG (n=5) was albumin depleted by acetone/TCA precipitation, 
30ug separated by SDS-PAGE and transferred onto Immobilon-P membrane and probed 
with an anti-human C4 antibody (CompTech, Inc.)  An immunoreactive band (~75 kDa), 
possibly C4b-B fragment of C4 was detected. Densitometric analysis of the anti-C4 
immunoreactive bands showed 3-fold higher levels in POAG compared to normal 
control plasma. 

FUTURE DIRECTIONS
The long term goal is the development of routine diagnostic technology for use in clinical 
medicine to predict POAG susceptibility, essentially as serum cholesterol measurements 
are used in risk management for cardiovascular disease.  To accomplish this goal, 
validation of the predictive value of POAG plasma biomarkers will be sought in 
subsequent years of studies.  Future studies will be required to compare biomarker 
composition across broader population ethnic groups with larger numbers of samples to 
establish biomarkers for population subgroups and to extend the study to other forms of 
the disease like primary angle closure glaucoma (PACG). In future studies, polyclonal 
antibodies will be generated to constituent peptides identified in  POAG plasma patterns 
and tested by ELISA for diagnostic utility. MALDI-TOF mass spectrometry and ELISA 
methods will then be used in a prospective case-control study to validate the prognostic 
utility of POAG peptidomic patterns and POAG-specific antibodies  in  predicting POAG 
susceptibility.
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