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Proteomics-based identification
and validation of novel plasma
biomarkers phospholipid transfer
protein and mannan-binding lectin
serine protease-1in age-related
macular degeneration

Hye-Jung Kim'*, Seong Joon Ahn?3*, Se Joon Woo?*, Hye Kyoung Hong?, Eui Jin Suh?,
Jeeyun Ahn?*, Ji Hyun Park?, Na-Kyung Ryoo?, Ji Eun Lee?, Ki Woong Kim*®7,
Kyu Hyung Park? & Cheolju Lee?

Age-related macular degeneration (AMD) is a major cause of severe, progressive visual loss among the
elderly. There are currently no established serological markers for the diagnosis of AMD. In this study,
we carried out a large-scale quantitative proteomics analysis to identify plasma proteins that could
serve as potential AMD biomarkers. We found that the plasma levels of phospholipid transfer protein
(PLTP) and mannan-binding lectin serine protease (MASP)-1 were increased in AMD patients relative
to controls. The receiver operating characteristic curve based on data from an independent set of AMD
patients and healthy controls had an area under the curve of 0.936 for PLTP and 0.716 for MASP-1,
revealing excellent discrimination between the two groups. A proteogenomic combination model
that incorporated PLTP and MASP-1 along with two known risk genotypes of age-related maculopathy
susceptibility 2 and complement factor H genes further enhanced discriminatory power. Additionally,
PLTP and MASP-1 mRNA and protein expression levels were upregulated in retinal pigment epithelial
cells upon exposure to oxidative stress in vitro. These results indicate that PLTP and MASP-1 can serve
as plasma biomarkers for the early diagnosis and treatment of AMD, which is critical for preventing
AMD-related blindness.

Age-related macular degeneration (AMD) is clinically characterized by degenerative changes in the macula, the
region of the retina specialized for central vision. More than 8 million individuals in the U.S. are estimated to
have the disease! and its prevalence is expected to double by the year 20502. A key pathological features of AMD
is the development of large drusen, which are tiny yellow or white extracellular deposits located between Bruch’s
membrane and the retinal pigment epithelium (RPE). These drusen and associated RPE changes are the major
risk factors for the development of advanced AMD, which can be classified into two subtypes—dry (geographic
atrophic) and wet/exudative (neovascular)—and can lead to blindness®.
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Figure 1. MS/MS profiles of MASP-1 (YFFKDQVLVSCDTGYK) and PLTP (TMLQIGVMPMLNER)
peptides; bn and yn denote the fragment ions generated by cleavage of the peptide bond after the nth amino
acid containing either the N terminus (b series) or C terminus (y series), respectively. The identified peptide
sequence location is shown in bold in the protein sequence.

Ophthalmic examination or interpretation of fundus photographs by retinal specialists is the main method
for diagnosing AMD. Detection of blood biomarkers can be used as an additional screening tool, since blood tests
are typically performed at medical check-ups and do not require specialists such as ophthalmologists. Our group
recently identified over 320 plasma proteins—including vinculin—that were differentially expressed between
AMD patients and healthy controls (HCs) as potential plasma biomarkers*.

In this study, we report two candidate biomarkers for AMD, phospholipid transfer protein (PLTP) and
mannan-binding lectin (MBL) serine protease (MASP)-1. The diagnostic efficiency of the two proteins was eval-
uated by enzyme-linked immunosorbent assay (ELISA). In addition, the relationship between plasma PLTP and
MASP-1 levels and systemic factors, such as genotype, was analysed. The effect of oxidative stress, which has been
linked to AMD, on the expression and/or secretion of PLTP and MASP-1 was also examined.

Results

Proteomic analysis of plasma by 4-dimensional (4D) protein profiling. Among the potential bio-
markers identified in our large-scale quantitative proteomic analysis, the spectral count of PLTP was >11-fold
higher in AMD patients than in HCs, leading us to further investigate this protein in the current study. MASP-1
showed a less dramatic spectral count ratio of 1.13 (AMD:HC), but was also examined here owing to its relation-
ship to signalling pathways implicated in AMD development and progression®~®. Mass spectral characteristics
of the two proteins are shown in Fig. 1 and the Supplementary Datasets. A western blot analysis of 12 patients
randomly selected from each group revealed an upregulation of PLTP and MASP-1 expression in AMD patients
relative to controls that was dependent on disease severity (Fig. 2).

Plasma concentrations of PLTP and MASP-1 are elevated in AMD.  Characteristics of patients in the
two independent validation sets consisting of HCs and patients with early and exudative AMD are summarized in
Table 1. Plasma PLTP and MASP-1 levels in these subjects were evaluated by ELISA (Fig. 3). PLTP and MASP-1
levels were significantly increased in AMD patients relative to controls (P < 0.001 in both validation sets). In addi-
tion, PLTP and MASP-1 protein levels were higher in patients with exudative AMD than early AMD. A receiver
operating characteristic (ROC) curve based on data from 99 AMD patients and 61 HCs had an area under the
curve (AUC) of 0.923 for PLTP and 0.722 for MASP-1 (Fig. 4A,C). The two datasets were combined using a logis-
tic regression model, yielding an AUC of 0.971 for discriminating AMD from HCs (Fig. 4E). As the discrimina-
tory power was mostly attributable to PLTP, these results suggest that this protein can better distinguish between
AMD patients and HCs compared to MASP-1. However, neither marker showed good discriminatory power
between early and exudative AMD (Fig. 4B,D,F).

The association between clinical variables and plasma PLTP and MASP-1 levels was evaluated by univari-
ate analysis (Table 2). Plasma PLTP level was associated with the presence (P < 0.001) and severity (P =0.010)
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Figure 2. Confirmation of LC-MS/MS data by western blot analysis. (A) PLTP and MASP-1 expression

in plasma samples from representative randomly selected subjects in healthy control (HC) and early and
exudative AMD groups (n =4, each) for the discovery study. (B) Plasma levels of PLTP and MASP-1 were
increased in AMD patients relative to HCs in a manner that was dependent on disease severity, as determined
by quantitative western blot analysis.

Age (years) 75.7+£4.7 71.5£6.0 722+7.0 <0.001 77.0+£6.4 73.6£7.2 72.1£11.0 0.108
Gender (M:F) 20:41 12:29 23:35 0.740 14:15 0:8 6:23 <0.001
Systemic risk factors
Smoking (current or ex- + +
smoker, %) 117 (19.6) 7(17.1) 19(32.8) 0.353 117 (40.7) 0 6(20.7) 0.048
Diabetes (%) 13(21.3) 15 (36.6) 6(10.3) 0.988 57 (18.5) 2(25) 5(17.2) 0.821
Hypertension (%) 26(42.6) | 21(51.2) 33(56.9) 0.143 197 (704) | 5(62.5) 15 (51.7) 0.376
Hyperlipidaemia (%) 17 (27.9) 9(22.0) 17 (29.3) 0.824 27(33.3) 3(37.5) 9(31.0) 1.0
Cardio- or cerebrovascular +
accident (%) 8(13.1) 1(2.4) 2(3.4) 0.022 17(3.7) 1(12.5) 7 (24.1) 0.063
Cancer history (%) 1(1.6) 3(7.3) 2(34) 0.409 2(8.3) 1(12.5) 0 0.160
Genetic factors (SNP)
ARMS2 (rs10490924), ] ] ] ] ]
G/G:G/T or T/T 24:29 11:30 4:54 <0.001 N/A 1.7 5:22 1.0
CFH (rs1061170), A/A:G/A 46:7 34:7 44:14 0.225 N/A 7:1 18:7 0.643
OCf(I-;I/(Grs8OOZ92), AIAAIG 10:43 3:38 10:48 <0.001 N/A 1:6 2:25 0.511

Table 1. Demographics of AMD patients and healthy controls (HCs) used for validation. N/A = not available.
Boldface text indicates statistical significance. 'Independent t test, X 2 test, or Fisher’s exact test were used where
appropriate. "Values were missing for some patients.
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Figure 3. Validation of plasma PLTP and MASP-1 levels in AMD patients and healthy controls (HCs) by
ELISA. Concentrations of (A) PLTP and (B) MASP-1 were measured in samples from HCs (n = 61) and early
AMD (n=41) and exudative AMD (n = 58) patients. (C) PLTP and (D) MASP-1 levels were validated in a
second set of AMD patients and controls (n=66).

of AMD and age-related maculopathy susceptibility (ARMS)2 risk genotype (GT or TT) (P=0.012), whereas
plasma MASP-1 level was associated with the presence of AMD (P < 0.001) and ARMS2 risk genotype (GT or TT)
(P =0.029). Clinical variables such as age, gender, smoking, diabetes, hypertension, cardiovascular or cerebrovas-
cular incidents, and cancer history were not associated with plasma levels of either protein.

Multivariate regression analysis revealed that plasma levels of both PLTP (regression coefficient = 0.166,
P <0.001) and MASP-1 (regression coefficient =1.251, P < 0.001) were associated with the presence of AMD.
Other clinical variables or genotype data showed no significant association with the plasma levels (Table 3).

Prediction model combining plasma protein markers and risk genotypes. A proteogenomic pre-
diction model for AMD was generated by combining PLTP and MASP-1 with two known risk single nucleotide
polymorphisms (SNPs)—rs10490924 (ARMS2) and rs800292 (CFH)—that were recently identified as risk alleles
for AMD in the Korean population®!°. The proteogenomic combination model showed slightly better discrimi-
natory power between patients and controls in a validation set of 145 subjects than the model based on proteomic
markers only. For example, AUC in the former was 0.947 using PLTP and two SNPs (vs. 0.936 using PLTP only)
(Fig. 5A) and 0.746 using MASP-1 and two SNPs (vs. 0.716 using MASP-1 only) (Fig. 5B).

PLTP and MASP-1 are upregulated in RPE cells exposed to oxidative stress. PLTP and MASP-1
levels were 2- and 4-fold, respectively, higher relative to controls in ARPE-19 cells treated with 300 um H,0,, as
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Figure 4. ROC curve of plasma PLTP and MASP-1 levels for detection of early and exudative AMD. AUC
values of ROC curves were (A) 0.923 for PLTP, (C) 0.722 for MASP-1, and (E) 0.971 for the two proteins
combined between AMD patients and healthy control (HCs). AUC values of ROC curves were (B) 0.711 for
PLTP, (D) 0.677 for MASP-1, and (F) 0.722 for the two proteins combined between patients with early and
exudative AMD.

determined by western blotting (Fig. 6A-D). PLTP and MASP-1 mRNA levels were also elevated upon exposure
to oxidative stress in RPE cell lines, as determined by semi-quantitative real-time (RT-)PCR (Fig. 6G).

Discussion

Proteomic approaches are ideal for identifying novel diagnostic biomarkers*!"!2. Previous proteomic studies
of AMD have used ocular tissues such as drusen, RPE/Bruch’s membrane/choroid, and aqueous humour!*-16,
Despite the potential usefulness of plasma biomarkers for AMD diagnosis, none has been established to date.
In the present study, we identified and validated two novel plasma biomarkers for AMD in addition to vinculin
from our previous study”. This is the first report demonstrating that plasma levels of PLTP and MASP-1 are ele-
vated in AMD patients relative to HCs, providing evidence for the diagnostic capabilities of these biomarkers in
AMD detection. At present, diagnosing AMD requires (1) elderly patients visiting a clinic or hospital; (2) fundus
examination performed by trained ophthalmologists and retinal specialists; and (3) retinal imaging devices (e.g.,
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Presence of disease, control (61) vs. AMD (99) ngséczg(())%;s <0.001 7;;9{‘1:%62;5 <0.001
Disease severity, early (41) vs. exudative AMD (58) 03663103255 0.010 881%1:1‘: ili)i‘lls 0.262
Age group, <75 (91) vs. >75 years (69) 0335:1‘::::)&11 ‘ljs' 0.487 7;3‘;:7:1:133‘115 0.881
Gender, male (55) vs. female (105) 053 D0y 0.349 TR 0.464
Smoking, non-smoker (118) vs. current or ex-smoker (29) ngsi:iOé%;s 0.257 7?%:; jlzf(;‘lls 0.888
Diabetes mellitus (DM), absent (126) vs. present (34) 03253i:2(§11 ;’S' 0.826 7§h2i :(1:;13125 0.423
Hypertension (HTN), absent (80) vs. present (80) Ogé?ﬁéqf 0.549 7;%? ilf(;gs 0.297
Hyperlipidaemia, absent (117) vs. present (43) 03253::‘:0311;3 0.631 7;%:; jl:fzszs 0.316
History of cardio- or cerebrovascular accident, absent 0.5240.11 vs. 0.262" 7.91+1.37 vs. 0.060"
(149) vs. present (11) 0.48+0.10 7.104+1.31

Cancer history, absent (154) vs. present (6) ngsgtioétgs 0.507" 73352: ;:f SZ;S 0.205
ARMS2 510490924, G/G (39) vs. G/T or T/T (113) 08 0.012 oy 0.029
CFH rs800292, A/A (23) vs. A/G or G/G (129) 0'3.5510'8.91 w 0375 7';29ff il'?_flgs‘ 0.488

Table 2. Candidate plasma markers and their association with clinical variables in a validation set of
AMD patients and controls. AMD = age-related macular degeneration; ARMS2 = age-related maculopathy
susceptibility 2; CFH = complement factor H; MASP-1 = mannan-binding lectin serine protease 1;

PLTP = phospholipid transfer protein. Boldface indicates statistical significance. "Mann-Whitney U test.

Age 0.001 0.630 0.037 0.032
Sex —0.016 0.409 0.183 0.556
AMD vs. control 0.166 <0.001 1.251 <0.001
Smoking —0.009 0.572 —0.072 0.783
ARMS2 (rs10490924) —0.010 0.523 0.132 0.607
CFH (rs1061170) 0.016 0.344 0.212 0.443
CFH (rs800292) —0.045 0.019 0.078 0.795

Table 3. Multivariate regression analysis for identification of clinical or SNP data associated with

plasma levels of identified biomarkers. AMD = age-related macular degeneration; ARMS2 = age-related
maculopathy susceptibility 2; CFH = complement factor H; MASP-1 =mannan-binding lectin serine protease
1; PLTP = phospholipid transfer protein; SNP, single nucleotide polymorphism. Bonferroni correction was used
to set significance level (0.05/14 =0.0036). Boldface text indicates statistical significance.

fundus angiographic camera and optical coherence tomography). We propose a blood-based diagnostic system
for AMD using PLTP and MASP-1 as markers, which would alleviate the above requirements and could poten-
tially be applied anywhere in the world.

In terms of diagnostic accuracy, PLTP showed excellent capacity for discriminating between AMD and con-
trol groups (AUC = 0.923) that was superior to that of MASP-1. The diagnostic accuracy was further enhanced
in combination with genomic markers or MASP-1, (AUC =0.947 and 0.971, respectively). However, it is worth
noting that neither marker effectively distinguished between early and exudative AMD, which indicate that these
novel biomarkers may be useful for AMD screening.

PLTP is an 80-kDa glycoprotein that binds phospholipids and facilitates their transfer between lipoproteins
in plasma'”!® both in vitro'-2! and in vivo®. The fact that lipid metabolism is implicated in the pathogenesis of
AMD?-2 suggests a potential link between this process and PLTP. Recent evidence also indicates that PLTP
interacts with proteins linked to immunity and inflammation?®. Indeed, PLTP levels have been shown to increase
during acute inflammation?’-?, and its activity is associated with the expression of inflammatory markers in
patients with type 2 diabetes®® and cardiovascular disease®, in which systemic inflammation was associated with
the disease pathogenesis.
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Figure 5. Model combining candidate biomarkers for AMD (PLTP and MASP-1) and two risk SNPs
[rs10490924 (ARMS2) and rs800292 (CFH)]. The model showed excellent diagnostic accuracy, especially by
PLTP, among 145 AMD patients and healthy control (HCs) for whom genetic information was available.

The complement system—a component of the innate immune system—plays an important role in AMD
pathogenesis*»**. MASPs activate the lectin pathway of the complement system upon binding of the pattern rec-
ognition molecules MBL and ficolin to target molecules®. MASP-2 autoactivates and cleaves complement com-
ponents (C)2 and 4, generating C3 convertase®, which is also known to be generated by MASP-1°. The use of
monospecific inhibitors confirmed that both MASP-1 and -2 are necessary for lectin pathway activation under
physiological conditions®”; indeed, MASP-1 autoactivation is critical for activation of MBL/ficolin complexes®.
In the present study, we found that the plasma level of MASP-1 was significantly increased in AMD patients’
plasma and the expression of MASP-1 level was increased by oxidative stress in RPE cells, suggesting a previously
unreported role for MASP-1 in the pathogenesis of AMD. Furthermore, our findings suggest that the common
denominator for PLTP and MASP-1 in terms of function, inflammation, may be an important pathogenic mech-
anism of AMD.

RPE cells express PLTP and MASP-1, both intra- and extracellularly, implying that these proteins may be
secreted into the circulation under oxidative stress conditions in AMD patients. However, it is questionable
whether the increase in PLTP and MASP-1 plasma concentration comes from the RPE, as our results cannot draw
definite conclusion on the source, and it is also possible that systemic imbalances in lipid metabolism and inflam-
mation lead to elevated plasma concentrations of PLTP and MASP-1 in patients with AMD. Additional studies are
necessary to determine the precise origin of these two proteins to explain their increased plasma concentration
in patients with AMD.

There were several limitations to our study. Firstly, selection bias and the small number of subjects may have
exaggerated the usefulness of PLTP and MASP-1 as diagnostic markers for AMD. Although no selection process
was used by investigators, as the study subjects were all consecutive AMD patients or healthy subjects who pro-
vided informed consent during the same enrolment period, the patients and controls in our cohort may not be
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Figure 6. PLTP and MASP-1 expression in ARPE-19 cells exposed to oxidative stress. Western blot analyses
of PLTP (A,C,E) and MASP-1 (B,D,F) protein levels. Band intensity was quantified by densitometry, and the
paired t test was used to assess differences between groups after intensity values were normalized to the level of
B-actin. (G) Quantitative RT-PCR analyses of PLTP and MASP-1 mRNA expression in ARPE-19 retinal pigment
epithelial cells, THP-1 human monocytes, and human embryonic kidney (HEK) 293 cells under normal growth
(control) and oxidative stress (100 or 300 pM H,0,) conditions.
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representative of the entire population of AMD patients and healthy controls. Furthermore, the measurement of
concentration using commercial ELISA kits has not been fully validated for the novel biomarkers, and may there-
fore present challenges for medical applications. In particular, we found that PLTP and MASP-1 concentrations
varied according to the ELISA kit that was used. Therefore, more accurate and reliable methods for measuring
plasma protein concentration are required to validate our findings.

Although noninvasive ophthalmic examination is a more favourable diagnostic method than use of the
two plasma biomarkers, there may be specific situations in which the biomarkers could be useful for screen-
ing. Examples of these situations include ophthalmologist unavailability or cases where ophthalmic examina-
tion including comprehensive fundus examination cannot be performed. As the number of retina specialists is
insufficient worldwide, individuals who live in rural areas or underdeveloped countries, in particular, may have
limited access to retina specialists, resulting in lower screening rates for AMD. In these situations, screening tests
using PLTP and MASP-1 may be useful as the test requires only a small volume of blood. Furthermore, fundus
examination to determine the presence of AMD can be unsuitable in cases of media opacity, including cataract.
In particular, the elderly population is susceptible to cataract, which significantly impairs fundus examination
and subsequently the determination of the presence of AMD. In such cases, although ophthalmic examination
is performed, AMD cannot be determined but a blood test might be helpful to indicate the presence of AMD.

In summary, we identified PLTP and MASP-1 as candidate biomarkers for AMD by proteomics analysis and
validated the biomarkers using two independent populations of patients and controls. These proteins were linked
to inflammation, one of the main pathogenic mechanisms of AMD. Our data showed that both markers, and
especially PLTP, had excellent diagnostic accuracy. These along with vinculin can be used for early diagnosis and
management of AMD, which is essential for preventing blindness in elderly populations that have limited access
to retinal examination services.

Methods

Patients and controls. The study was approved by the institutional review board of Seoul National
University Bundang Hospital (SNUBH) and followed the tenets of the Declaration of Helsinki. Informed con-
sent was obtained from all subjects. AMD patients were recruited from the retina clinic at the Department of
Ophthalmology of SNUBH between January 2008 and January 2014. In the same study period, elderly subjects in
the HC group (Age-Related Eye Disease Study [AREDS], Category1*®) were recruited from the health care centre
of SNUBH or from among participants recruited for the population-based longitudinal study described in our
previous reports®¥.

A modification of the AREDS?® classification was used by two independent masked reviewers (S.J.A. and J.A.)
to grade eyes. We defined no AMD (AREDS Category 1) as no or few small drusen (<63 pm in diameter), early
AMD as the presence of one large (>125 pm in diameter) and many medium-sized (63-124um) drusen (AREDS
Category 3), and exudative AMD (AREDS Category 4) as neovascular maculopathy characterized by any of the
following: choroidal neovascularization, serous and/or haemorrhagic detachment of the neurosensory retina or
RPE, retinal hard exudates (a secondary phenomenon resulting from chronic intravascular leakage), subretinal
and sub-RPE fibrovascular proliferation, and disciform scarring (subretinal fibrosis). In cases of disagreement
between the two reviewers, another senior investigator (S.J.W.) was consulted for the final decision.

In our prior study, individual plasma samples from 20 patients with exudative AMD and 20 age-matched HCs
were used for proteome profiling and semi-quantitative comparisons of identified plasma proteins*. For valida-
tion of novel plasma biomarkers in the current study, 160 samples were collected from 58 patients with exudative
AMD, 41 patients with early AMD, and 61 HCs. A total of 66 independent plasma samples from 29 exudative
AMD, eight early AMD, and 29 HCs were used for the second validation (Table 1).

Proteomic analysis of plasma samples by liquid chromatography-tandem mass spectrometry
(LC-MS/MS). Plasma samples were analysed by 4D separation LC-MS/MS as previously described*. Detailed
information on proteomic experiments, including mass tolerances, software, technical replicates, and statistical
analyses, is provided in the Supplementary Methods. Spectral data were searched against the human International
Protein Index database (IPI, v.3.44; European Bioinformatics Institute, www.ebi.ac.uk/IPI) using SEQUEST soft-
ware (TurboSequest v.27, revision 12). Trans-Proteomic Pipeline v.4.0 was used to identify peptides. The total
number of spectra was 29,836 for AMD patients and 30,083 for HCs (Supplementary Datasets).

ELISA. PlasmaPLTP and MASP-1 concentrations were measured using commercially available human ELISA
kits (MyBioSource, San Diego, CA, USA) according to the manufacturer’s instructions. Absorbance was meas-
ured at 450 nm using an ELISA plate reader.

Western blotting.  Plasma samples (10 pg/lane), cell lysate (10 ug/lane), and medium supernatant (30 il/lane)
were size-fractionated by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred to a polyvinylidene difluoride membrane (Amersham Bioscience, Piscataway, NJ, USA), which was blocked
with 5% skim milk in Tris-buffered saline with Tween 20 (20 mM Tris, pH 7.4; 150 mM NaCl; 0.05% Tween 20;
and 0.01% sodium azide), then incubated at 4°C overnight with primary antibodies against MASP-1 (Abcam,
Cambridge, MA, USA), PLTP, and 3-actin (Santa Cruz Biotechnology, Santa Cruz, CA, USA). After washing,
the membrane was incubated at 25 °C for 1 h with appropriate horseradish peroxidase-conjugated secondary
antibodies, washed, and then developed with chemiluminescence reagent (ECL Plus; GE Healthcare, Uppsala,
Sweden). Electroblotting was carried out using a Bio-Rad Trans-Blot Cell system (Bio-Rad, Hercules, CA, USA).
Equal loading for each sample was confirmed by Coomassie staining of the remaining portion of SDS-PAGE gels.
Protein band intensity was quantified using TotalLab ID v.11.5 (Core Bio, Seoul, Korea). The relative intensities
were compared with Image] software (National Institutes of Health, Bethesda, MD, USA).

SCIENTIFICREPORTS | 6:32548 | DOI: 10.1038/srep32548 9


http://www.ebi.ac.uk/IPI

www.nature.com/scientificreports/

In vitro study using the ARPE-19 cell line.  The ARPE-19 human RPE cell line and THP-1 human mono-
cyte cell line were obtained from the American Type Culture Collection (Manassas, VA, USA) and cultured with
Dulbecco’s Modified Eagle Medium supplemented with 10% (v/v) heat-inactivated foetal bovine serum, 100 pg/ml
streptomycin, and 100 U/ml penicillin at 37 °C in a humidified 5% CO, atmosphere. Cells were treated with 0,
100, 200, 300, 500, or 1000 M H,O, for 24 or 48 h at 37 °C, then washed twice with phosphate-buffered saline and
lysed with RIPA Lysis and Extraction Buffer (cat. no. 89900; Thermo Fisher Scientific, Waltham, MA, USA) with
protease inhibitors according to the manufacturer’s protocol. Cell lysates were centrifuged at 15,000 x g for 10 min
at 4°C and used for western blotting and RT-PCR.

To assess MASP-1, PLTP, and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA levels, total RNA
was isolated from ARPE-19 and THP-1 cells with TRIzol reagent (Invitrogen Life Technologies, Carlsbad,
CA, USA). PCR was carried out using the Power SYBR Green RNA-to-CT 1-Step kit, Step One Plus (Applied
Biosystems, Foster City, CA, USA) under the following cycling conditions: 48 °C for 30 min, 95 °C for 10 min, 40
cycles of 95°C for 155, and 60 °C for 1 min. The following primers were used: PLTP-F, 5-TGA CTC CCC ATT
GAA GCT GG-3" and PLTP-R, 5'-CTG GGA CCC GTA CCA TAG TC-3’; MASP-1-F, 5'-AAC ACG GGC TGA
TCA CCT TC-3" and MASP-1-R, 5'-ATC AGC TTC CGG GAG AAC TTG-3’; and GAPDH-F, 5-ATG GGG
AAG GTG AAG GTC G-3’ and GAPDH-R, 5'-GGG GTC ATT GAT GGC AAC AAT A-3'. MASP-1 and PLTP
mRNA levels were normalized to that of GAPDH.

Statistical analysis. Plasma concentrations of PLTP and MASP-1 were compared between patients
with AMD and healthy controls using Student’s t-test. Univariate regression analyses were performed to
evaluate association between clinical variables and plasma PLTP and MASP-1 levels. Statistical significance
was defined as P < 0.05. Multivariate regression analyses were performed to identify the factors significantly
associated with plasma PLTP and MASP-1 levels. For the analyses, in order to control false positive discovery
rate among the multiple clinical and genetic factors, we used Bonferroni correction to set the significance
cut-off.

Predictability of novel plasma biomarkers for AMD was evaluated by receiver operating characteristic
(ROC) curve analysis. A proteogenomic prediction model for AMD was generated by combining PLTP and
MASP-1 with risk SNPs. Among the three SNPs available for our cohort, two SNPs, rs10490924 (ARMS2)
and rs800292 (CFH), were included as they were recently identified as risk alleles for AMD in the Korean
population®1°.

We performed sample size calculation for the second validation set using prior information on PLTP and
MASP-1 concentration in the AMD and control groups from the first validation set. The key statistical test was the
comparison of PLTP and MASP-1 concentration between AMD patients and controls, and therefore we attempted
to include a minimum sample size for each group to detect whether the stated difference existed between the two
means. The calculation of sample size was based on the following formula:

n=(Z,, + Z3)*2%* 1d*

However, to address the possibility of dropouts, unavailable clinical data, or poor quality of fundus photo-
graphs leading to difficulties in distinguishing between AMD and controls (potentially up to 20% of assessments),
we adjusted sample size to n/(1-0.2). Continuous values are expressed as mean = standard deviation. All statisti-
cal tests were performed using SPSS software (version 18.0; SPSS, Inc., Chicago, IL).
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