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Table 1. Demographic features of enrolled patients

Variables Donor eye VMTS MH, PVD (-) MH, PVD (+) ERM
(n = 10) n=4) (n = 15) (n = 10) (n = 10)

Age (yr) 40 + 15 56 + 11 65 +6 67 £5 64 + 10

Gender (M/F) 7/3 3/1 6/9 5/5 3/7

Values are presented as mean + SD or number.
VMTS = vitreomacular traction syndrome; MH = macular hole; PVD = posterior vitreous detachment; ERM = epiretinal membrane.
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71& QHAglo] §lal eFAE T 6A)7) o|UlY] AR 7]E Figure 1. Classification of patients based on the features of op-
oF 109k Adtiata ok sjol| A et zha} A& & & tical coherence tomography (OCT). VMTS = vitreomacular

i o traction syndrome; MH = macular hole; PVD = posterior

Fzio] © ) A< ° A ] HoEE Ao
A FEAEAET 2 AR BEA _O‘ﬁ"_a o vitreous detachment; ERM = epiretinal membrane.
sto] fE|AAA 7S ol &ste] FeAE AF s =
HAug-& HHA 20A0]1%] FHA/RA-E eI 34 FH A coherence tomography)g& o|-8sto] &Rlstorh(Fig. 1).
02 FEAE FEAEATIY Skl 1 ml FAPE A7 Sl SRk SRS 24 6719 o)A
AR 10 ml e ol 20086 195E 2000 o] ARl 9 S-SR akach ol el 1t
¥ 129704 B4 HHUT B4 50K FREANE L olmusbay, dey, O $4 R mRuky el
Sl 15¢h fejAE 7L Sl 102, TR-gjAeke] 7t Ud FAE2 ALt A= QlAehd EAR
ol Euby kAl 8 109 SUAPNAAETE  Table 10] 7]&s1AH Table 1).
SHA} 49F0 R HE AR 7|Ftoll A A= R FYUsHA
BAH Gl dAE Aol 05-08 ml S|4EIA] ke CHM &0 83
FHAE AFskek. AHFE A= Eppendorf tubeo]]
do] 15871 12,000 rpme.2 YAET & Az Ho] ¢l A= 824 S tri—chloroacetic acid(TCA)—acetone
= SN AFHEte] —80°Coll gt & st Zo] w9 o] @ate] WHAIATE TCA stock £4(100%, 41T)
243tk & 3] 200wl 71 2] A Bol AT 20%

FEASRARIS T, S SNty 54 SRbd 7h HEE 3 & d4iEeE oA 2 ths ice—cold
ape] ek Ffe|AEr|ol e Wzt a2 (optical acetoneo]] = ¥ AIFaIch. A HHE2 8M urea,
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100 mM Tris—HCI (pH 8.5), 1 mM DTT &2 o] &3}
o] 9] & BCA assay (Pierce biotechnology, CA, USA)
A olgstel T SEE SAsC 2 2 ko] B
W2 et o] Wl w= Mann—Whitney U testE o]&3}to] H
wsH ey T ol disulfide 23 AlAsH] $8fl 5
mM DTT §olo]4 37Col4 3053k ¥heAIZl 3 ShAld
A 25 mM TAAR 3057 ¥HSA| 7tk Qojxl Thilz ol
< 2 M urea®} 100 mM Tris—HCI (pH 8.0) -g94of %]
E4l(Promega, CA, USA)& 1:50 (E4:7]4) 9] Hl&=2
5 mM CaCl& A7k5to] 12417 5<F el g =of e}
ol Be5l3al 5% formic acidE H7}siA A4HFS-S
HAAZ T =80Tl B Hysto] g BASIC

Micro RPLC—MS/MS £A

8 cm Zo]9] 5 um YA} Z71E 7HAAL 9= AQUA C—18
column material (Metachem, Ventura, CA, USA)E &%
3} silica capillary columns (100 micron 7d., 360 micron
o.d.,)e] g3ld Hefol= MES 25t S 2EH
242 Agilent HP1100 quaternary LC pump©]] x| A]|7]
3 gplitter systeme o|-835te] Eof 250 nlQ] flows &2
Al stk Hy A 8H(5% acetonitrile and 0.1% formic
acid)Z ¥7 B (80% acetonitrile and 0.1% formic acid)
§94g o] g3}0] 1108 7} Hefo]= o5 Alko] Al
SE Ao]S WES 2 Weho| =50 o] 5L B Aol
o] mz2Hol 98 100% buffer Aol 5&, 0% to 55%
buffer Bof|A] 70&, 55% to 100% buffer BojlA] 30&, u}
Zako & 100% buffer BojA] &S Eal5lE & 5191 v
=5 peptidesE2 LTQ Ion Trap Mass spectrometer
(ThermoFinnigan, Palo Alto, CA; 2.3 kV of DC voltage)
7IAE ol8ste] M7IAerE A Bzl & 7447 W=
= peptidesE-2 full MS scan (400—1400 m/z) sfute} &
712l data—dependent MS/MS scans O & o]Fo] & Z|Z3]
o8 MS/MS spectraZ YH5o] Wich

XlakE A7 (mass spectrometry)E 0|25t B

7+ MS/MS spectraS-2 SEQUEST (V.3.4., Sage—N re—
search, CA, USA) Z& 7.8 0]83}o] [Pl human protein
database (v.3.43, downloaded in July, 2008)ol|4] sj@3l=
el AS. zhoka1 Scaffold (version Scaffold—01_07_00,
Proteome Software Inc., Portland, OR, USA)E o] &35}o]
MS/MS based HEfo =9} ag chila e Srelaloi). 7t
Z+o] A EL spectral counting® T 9] protein
abundance S H7}e}G1aL s Tl o 754 £, 24
W =] @ zZEo]|Aof tf3f] IPI accession numbersS
Uniprot database (http://www.uniprot.org)S =3af &-¢13}

ERokleh AR 7]5%toll Al 30A4|9F 60415 7o =
3TO2 o] A Tl Wy oFARS wlaskelch 11
2|10 AR, St a 3 Saduke] 379 fEA T
o] Apol S EA8H AL TRty of Fof uhet
ASREARJNF T, TRl fle SRk, S
A7 ol SR 2 Pt A felA T
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Table 29| 7]<3%cH Table 2).

3
wolof mhE

2 P
FEA T SR T A @ sege) w
el ol glolch. Belel wude] A 91Xt
235 £ Ao

o)) Hlgol = Ao/t glich. AR
A micro—RPLC/MS/MS 7iHo =z sholx] & 9= 127)
(oligodendrocyte—myelin glycoprotein, cartilage—acidic
protein 1, semaphorin 7A, testican—1, collagen VIAZ,
collagen IXA2, secretogranin—3, gamma enolase 2,
TGF—beta binding protein 2, vasorin, dermcidin %
chondromodulin—1) 2] A28 hulA-S HAFol §a]o

Table 2. Comparison of vitreous proteomes in donor eyes according to the ages

Young age (<30 yr)

Middle age (30-60) Old age (>60 yr)

=4 (@ =3) (= 3)
Protein concentrations (ug/ul) 0.32 + 0.04 0.31 + 0.08 0.29 + 0.06
Proteins counts (n) 129 + 21 121 + 6 122 + 13
Subcellular locations (IC/EC/Mem, %) 5/82/17 6/84/10 7/85/8
Tissue specificity (brain/eye/cartilage, n) 15/6/4 15/6/4 15/6/4
Protein abundance (high/medium/low, n) 32/38/52 34/33/53 35/37/51

Values are presented as mean + SD unless otherwise indicated.
IC = intracellular; EC = extracellular; Mem = cell membrane.
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Table 3. Vitreous proteins newly identified in donor eyes by micro-RPLC-MS/MS

IPI Gene Protein name SC Location Function . T1.ssue.
specificity/disease
1P100295832 OMG Oligodendrocyte-myelin glycoprotein 241 Mem Adhesion CNS
IPI00451624 CRTAC1 Cartilage acidic protein 1 3+2 EC Adhesion Cartilage
IPI00025257 SEMA7A Semaphorin-7A 4+1 Mem Differentiation CNS
IPI00005292 SPOCK1 Testican 1 4+2 EC Adhesion CNS
IP100291636 COL6AL1 Collagen alpha-1(VI) chain 2+1 EC Adhesion Myopathy
IPI00019088 COL9A2 Collagen alpha-2(IX) chain 2+1 EC Structure Cartilage/vitreous
1P100292071 SCG3 Secretogranin-3 2+1 EC NA Neuroendocrine
1PI00216171 ENO2 Gamma-enolase 11 +5 Mem Metabolism CNS
IPI00027547 DCD Dermcidin 7+4 EC Anti-microbial Sweat gland
1P100292150 LTBP2 TGF-beta binding protein 2 2+1 EC TGF signalling CNS/glaucoma
1P100395488 VASN Vasorin 2+1 Mem TGF inhibition Aorta
IPI00027162 LECT1 Chondromodulin 1 8§+3 EC Differentiation Cartilage

SC = spectrum counts; Mem = cell membrane; CNS = central nervous system; EC = extracellular; NA = not applicable.

A p<002 B
0.7
0.6
7 0.5
| - v
0.31
0.2
0.1
i Control ERM MH

(=10 (n=10) (n=25)

Average concentrations, pg/ul

C -
50 O Control (n = 10)
B ERM (n =10)
" |
< 40 M VH (n =25)
3
o 30
£
L
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Adhesion  Antioxidant  Binding Cell Differentiation Immune  Metabolism Signal Structure  Transport
Proliferation system Transduction

Functional catergorization

Figure 2. Comparison of vitreous proteomes among donor eyes, macular hole (MH) samples and epiretinal membrane (ERM)
samples. (A) Average protein concentrations in vitreous. (B) Venn diagram of proteins identified from the control (donor eye), MH
and ERM samples. (C) Function categorizations of vitreous proteins identified.

A e =S shelskiti(Table 3). 127} ThaiAE = == drocyte—myelin glycoprotein (OMG), semaphorin—7A,
AlAA o] ZAE0|L Hol= b7l thl =L oligoden— testican—1, TGF—beta binding protein 2, gamma enolase
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a1 AZo] ZAEo|AS Kol cartilage—acidic protein
1, collagen IX A2, chondromodulin—1 &o°]%itt. A|EA|
ol 4709 W AE(OMG, semaphorin—7A, carti—
lage—acidic protein 1, collagen IX A2)& ARz} %

AH 715S ke Aol 2709 A E(testican—1,
chondromodulin—1)2- A|ZE3}e} 3 2H-S 3= o]
3L, TGF—beta AlSA|A 2} ¥del dhizo] 27§t

am
T
0x
for
e

YTBOIN REH Y e gy

10Qb) ot sHAF(252h) oA FAR SR [-4J8HA 7}
9reH0.28 + 0.05 pg/ul, 0.34 + 0.06 pg/ul vs. 0.64
+ 0.26 pg/ul, p=0.02, Mann—Whitney U test) (Fig.
2A). ZF o] Thg= ARIA 12571 Shabaute] A
1277 s FollA] 136707F Eel=lgch(Fig. 2B). 1%
1227119] hf 2 A FhoflA] F-5o= AE UL F 147
o] thaRlo] HAotol| A= WA R R] ok k3ol 3t
Aol et A giet. AR Sad sl ofE 7)5d £R
= S A wmE A4S srFa Shbd)A
BAHOR felat Aol sl g-;w(mg. 20). 12

O
oml.r

M3 e AT L
R
=y
=3

A8, A9, CD59, retinoschisin, semenogelin—1, heat shock
protein beta—1, Wiskott—Aldrich syndrome protein
family member 1, palladin, peroxiredoxin 20]ich. ZHdt
A3t ol Aut T w2 filaggrin—2, ga—
lectin—3—binding protein, astrotactin—23} tolloid—like
protein 21t}. FHFA T AL B THIAEL FA o]
U uky dzzdeld wEE: wels)sat gud Az
bt x o] F28 G5k 7158 sl ASollth Eat
FFAAAANA A2 AEY A Aol A AEZET e} Al
|5 HE s So] gukdgolAnt A E ik

o=

ol

(<]

sQalHgE 220 B2 2

FrElAl et e %‘—E
0.05 ug/ul, Sf-ejAHte) 7t
HEF- 109H)94] 0.32 £ 0. a
7F gl 19QH(EAF 159k fejAIgRbd 1S
oA 0.79 £ 0.14 ug/Ml & Uz 5 tof] ujsf SAH o2
Lol5lA 714 =9tH(p<0.01, Mann—Whitney U test)
(Fig. 3A). AAete AlQdstar A &4 3989 f2]A|

J

S nEe BAHEY FheAgeo] Augll F
130749 Sjge FEHOT WL Ao SIshy
L SR A I Rt E NG
AUAR AT FH A Gl el T
SR e 6/h9ckFig. 3B). FgeiAtals} gl oo
A EolHom weE TuAe S100A7, A8, A9, reti—

noschisin, semenogelin—13} palladin®] ¢l &2 X<t

Table 4. Different profiles of vitreous proteins identified by micro-RPLC-LC-MS/MS in donor eye, epiretinal membrane and mac-

ular hole samples

IPI Gene Protein name SC Location Function Tissue specificity
Exclusively detected in macular hole samples
1P100219806 S100A7 Protein S100-A7 2+1 EC Immunity Inflammatory sites
IPI00007047 S100A8 Protein S100-A8 2+1 EC Immunity Inflammatory sites
1P100027462 S100A9 Protein S100-A9 3+1 EC Immunity Inflammatory sites
IPI00011302 CD59 CD59 2+1 EC Immunity NA
IPI00007331 RS1 Retinoschisin 3+1 EC Structure Retina
1P100023020 SEMG1 Semenogelin 1 715 EC Structure Seminal vesicle
IPI00025512 HSPB1 Heat shock protein beta 1 2+1 IC Stress response CNS
1P100022077 WASF1 Wiskott-Aldrich syndrome protein 2 + 1 IC Binding CNS
family member 1
IP100856046 PALLD Palladin 2+1 IC Cytoskeleton NA
IPI00027350 PRDX2 Peroxiredoxin 2 2+1 IC Antioxidant NA
Exclusively detected in epiretinal membrane and macular hole samples
1P100465231 TLL2 Tolloid-like protein 2 2+1 EC Differentiation NA
IP100397801 FGL2 Filaggrin-2 2+1 NA Binding NA
IP1I00023673 LGALS3BP Galectin-3-binding protein 8§+3 EC Adhesion NA
1P100413773 ASTN2 Astrotactin-2 2 EC NA NA

SC = spectrum counts; EC = extracellular; NA = not applicable; IC =

intracellular; CNS = central nervous system.
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Figure 3. Comparison of vitreous proteomes according to the presence of posterior vitreous detachment (PVD). (A)
Average protein concentrations in vitreous. (B) Venn diagram of proteins identified based on the status of PVD. (C)

Function categorizations of vitreous proteins identified.

7} Qb= QoA BolA oz el E = T tolloid—
like protein 2, filaggrin—2, galectin—3—binding protein,
CD59, peroxiredoxin 22} TGF—beta binding protein 2%}
tH(Table 5). A4 SRS gt 7154 BHFE S5l
e AEre] of fof whel vlaws] BW & o Tkl FA
Hom §olgt Aol WA trhFig 20). 1t
ARt 7 gle wollAe "HAAAE S
Z2|9] FE2FAC}F B TS0 HEo]
A3z, olof vls} FHAHEE7E e wolAle
2 9l Njszol gt Tl o] 22 9] AF3ket AvkE
A9 Wlo] S7lele= AE Btk Wl 7HA] ]
halzle] S100AS, retinoschisin, filaggrin—22} galectin—
3—binding protein®] MS/MS spectra A= Figure 49|
A= Aek(Fig. 4).

o
Ssh
o}

=

rE r:i 2 ol ofl -{0('
ool
g
o

| Eavd g i ElElL damage—
associated molecular pattern proteins (DAMPs)& &
F)= gl gto|ok Y 12 S100A7,8,9 YA S T4
ot} T ARl HEASEA W R AR A7st
QU 2 Aol E91E S100A ghaide] 7| &
AN 7 DAdskE]o] BEulgh A o8 FE=T 1 o=
A2 o2 24 o 44 32 (macrophage) S @]
S100 gy Ae st Aoz deA Q7] witolct?
FElAM Z= Z5oll 4] 7] 98ke] 22 Y| macrophage®] &
S "ot ARt 718 ML s s e 4

www_ophthalmology.org 1517



- Chstotmpatax| 20124 A 53 H M 10 & -

Table 5. Different profiles of vitreous proteins identified by micro-RPLC-LC-MS/MS according to the presence of posterior vitre-

ous detachment

IPI Gene Protein name SC Location Function Tissue specificity
Exclusively detected in the absence of PVD
1P100219806 S100A7 Protein S100-A7 2+1 EC Immunity Inflammatory sites
IPI00007047 S100A8 Protein S100-A8 2+1 EC Immunity Inflammatory sites
1P100027462 S100A9 Protein S100-A9 3+1 EC Immunity Inflammatory sites
IPI00007331 RS1 Retinoschisin 3+1 EC Structure Retina
1P100023020 SEMG1 Semenogelin 1 7+5 EC Structure Seminal vesicle
IPI00856046 PALLD Palladin 2+1 IC Cytoskeleton NA
Exclusively detected in the presence of PVD
IPI00465231 TLL2 Tolloid-like protein 2 241 EC Differentiation NA
IP100397801 FGL2 Filaggrin-2 2+1 NA Binding NA
1P100023673 LGALS3BP Galectin-3-binding protein 8§+3 EC Adhesion NA
1P100011302 CD59 CD59 2+1 EC Immunity Inflammatory sites
IPI00027350 PRDX2 Peroxiredoxin 2 2+1 IC Antioxidant NA
1P100292150 LTBP2 TGF-beta binding protein 2 2+1 EC TGF signalling CNS/glaucoma
Both detected irrespective of PVD, but not detected in control samples
IPI00025512 HSPB1 Heat shock protein beta 1 2+1 IC Stress response CNS
1P100022077 WASF1 Wiskott-Aldrich syndrome 2+1 IC Binding CNS
protein family member 1
1PI00413773 ASTN2 Astrotactin-2 2 EC NA NA

SC = spectrum counts; EC = extracellular; IC = intracellular; NA = not applicable; CNS = central nervous system.
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Figure 4. Representative MS/MS spectrum from four proteins that was identified specific for macular hole and epiretinal
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=ABSTRACT=

Human Vitreous Proteomes in Idiopathic Macular Hole
Kwang Hoon Lee, MD', Jae Kyoun Ahn, MD, PhD’

Happyeye21 Clinic', Gwangju, Korea
Samsung Eye & ENT Clinic Center?, Jeonju, Korea

Purpose: To investigate the vitreous proteomic profiles of macular hole (MH) patients compared to donor eyes and epi-
retinal membrane (ERM) patients.

Methods: Ten donor eyes, 25 MH patients (15 MH without posterior vitreous detachment (PVD) and 10 MH with PVD), 10
ERM patients and 4 patients with vitreomacular traction syndrome (VMTS) were enrolled in the present study. The un-
diluted vitreous samples were obtained from all eyes. Proteins were identified using the micro-RPLC/MS/MS technique
and using mass spectrometric data analysis from the IP| database. Proteins were searched for the function, subcellular lo-
cation and tissue specificity using the Uniprot database.

Results: The mean vitreous protein concentrations were the highest (p <0.01) in MH patients without PVD. There were no
qualitative changes according to the age of donor eyes. However, the authors newly-identified 12 proteins (i.e. vasorin) in
donor eyes. Ten out of 136 proteins (7.3%) (i.e. retinoschisin) were exclusively detected in the MH samples. S100A8 was
exclusively detected in eyes without PVD, whereas CD59 was exclusively detected in eyes with PVD.

Conclusions: The results suggest there is a small difference in the vitreous proteomic profiles in MH patients compared to
donor eyes or ERM patients, and that the expression of vitreous proteins is closely associated with the presence of PVD.
J Korean Ophthalmol Soc 2012;53(10):1512-1522
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