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Tear proteomics in neovascular age-related macular degeneration based on TMT

and PRM techniques
QIN Ke, LIU Danning, ZHOU Xiyuan Department of Ophthalmology, the Second Affiliated Hospital of Chongqing
Medical University, Chongqing, 400010, China

[ Abstract ]| Objective  To investigate the tear proteomics of treatment-naive eyes with naive
neovascular age-related macular degeneration (nAMD) and screen differentially expressed proteins ( DEPs) so
as to identify potential biomarkers. Methods The tear samples of 33 untreated nAMD patients ( 16 females
and 17 males, 70.53+10. 56 years old) and another 30 healthy volunteers (16 females and 14 males, 66. 64
+8. 46 years old, with no ocular fundus diseases) were harvested in our hospital from July 2017 to March
2018. Tandem mass tag (TMT) was performed to identify the DEPs, and the obtained proteins were further
analyzed using bioinformatics to screen the candidate proteins with potential prospects. In addition, parallel
reaction monitoring ( PRM) was used to verify the expression of selected biomarkers in the tear samples of
nAMD patients. Results A total of 3 473 proteins were identified and quantified from the tear samples of the
two groups, including 382 DEPs, with 122 of them up-regulated and 260 down-regulated ( P<0.05). Gene
Ontology (GO) functional enrichment analysis and Kyoto Encyclopedia of Genes and Genomes ( KEGG)

pathway enrichment analysis showed that these DEPs were mainly involved in the regulation of immune
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response and oxidative stress. Among these proteins, monoamine oxidase A (MAOA) , transaldolase ( TAL)

and lysosome associated membrane protein ( LAMP-2) were selected as potential biomarkers, whose

expressions were then successfully verified by PRM, indicating consistency with the quantitative proteomic

results of TMT. Conclusion TMT relative quantification and PRM targeting verification effectively screen out

382 differential proteins from tear samples between nAMD patients and healthy population, and provide 3

potential biomarkers for nAMD diagnosis.
[ Key words |

monitoring

age-related macular degeneration; tear proteomics; tandem mass tag; parallel reaction

Supported by the Project of Chongqing Science and Technology Commission ( cstc2016jcyjA0122 ). Corresponding author; ZHOU Xiyuan, E-mail;

zhouxiyuan2002@ aliyun. com

A8 AH 56 M 85 B A5 % (age-related macular degen-
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WA AH o¢ M 35 BE 7% % ( neovascular age-related macular
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AT T B, BRI BT AR 4 (tandem mass tag, TMT)
A SZE Thermo Scientific 23 R BF & (1 — Rl 3 Tk 4H 45
[ ARSI A 5 4a 0 ORIk A
B R )2 W o TP AT SO R ( parallel
reaction monitoring, PRM ) /£ A& ] 8 H i 4H 7~ oA,
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10.56) % o [vi] of 0 B b o, 3 B HE AR IR I 08 1) 1E
ZAEN 30 451 60 MR (16 24 2otk 14 24 554k ) 15 S %t B
21, (66. 64+8.46) %, P ZH BB TEPERIAA LA J2
AR T A A T 25 5 o LIRS i R PR R AR K
“F O A5 R B PR B At (2018 AERHE A 81
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THREREA
1.2 F*%
1.2.1 JHWAEA Y 4 K AP UERY Schirmer” s 33

AR (JOF BRI ) RAEIBAE AMD J% 1F % BB
THWFEA R 1 455 mmXx35 mm [ EEIEACS% , — Vi
T 5 mm AT E A KR ACSIT S CE TR0 1/3
TEREL K TS, VB2 IR S ming JiF
AREA Y[R — 058 N 52 58 B, I e WSO o 2 v il ik
TE B FELTEAR S 2 H Al A5 IE4R
SFWCFET 1.5 mL JEH EP 8, IF4E-80 CUKAE
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1.2.2 PR e KB  TRALIRE Rl
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HE RS mL g8, XA A4 3 4
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AIRE I A B IR AR SDT 24K , H I E: 30 min, &
10 min WRHEIRST . Wi SDT 2R G 2 1.5 mL
B, 100 °Cin#i 15 min, #8745 100 W,10 5,10 7%,
14 000 t/min 4 °C E.0> 30 min, B E35 N E HIER
f8H BCA 2500 & 0 2 VR B2 o B i R 1 i
20 pg, IMA Sx EFEGE v, B 7K ¥ 5 min, 12% SDS-
PAGE Hi ik (15 [ 26€sV//ckeativaaomons: ddallesasti/Blly 420/
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AL 30 wg 5 K A FASP (filter aided proteome
preparation ) J7 2k JE AT AR 1 G 6 A, IR B E R [ R
nanodrop I & A g5 5E 6% BE D(280)
1.2.3 TMT #ric #il High pH Reversed-Phase Jik Bt 43
Zo AHER B 100 pg KB, #% 1R Thermo 2% ]
TMT ric il ) & Ui B B TR IC . ¥ A bridm 1)
KB = IR 4, % i High pH Reversed-Phase Peptide
Fractionation Kit #1734,
1.2.4  LC-MS/MS %4 % % i 7 48 T O 1
HPLC A & 4t Easy nLC X} &3 £F 5 2470 .
Q-Exactive il (SO0 (¥ 7385 o BORE A A T I 0BT o
1.2.5 EHBEEEMERSH T Mascot2. 2
FI Proteome Discovererl. 4 %f JF 4G5 IE #E1 742 FE X 2 M
TER T
1.2.6  PRM #&a) & [ %0 iE i 9 A ity IR A
DTT FZH 8 100 mmol/L, i /K 15 min J5H4H1 &%
YL A 200 WL UA buffer 247, %6 % 10 kD A4S |
B0 14 000xg 30 min, fil A 200 L. UA buffer &.0»
14 000xg 30 min, 3| HIA 100 pL IAA(50 mmol/L
TAA in UA) ,600 r/min $£7% 1 min, #5625 30 min,
B0 14 000xg 20 min, fill A 100 wL UA buffer, g&.(»
14 000xg 20 min, 4 3 X, Jil A 100 pL. NH,HCO,
buffer(50 mmol/L) , &.[> 14 000xg 20 min, BE 2 K,
JA 40 L NH,HCO, buffer( % Trypsin) ,600 r/min i
¥ 1 min, 37 CRRAF 16 h, BB IR A, B0
14000 x g 15 min, Jil A 40 wL NH,HCO, buffer
(50 mmol/L) B> 14 000xg 30 min, W IETR ., FHfE
JEHIIRBE B #h R 1, SR )5 0. 1% FA Z i, D(280) Il
SERBEREE o {f F 4K {4 Xcalibur %35 4 PRM 43 #7114
JIRBA5 B 4T PRM J7¥AE . JH Q-Exactive HF i
X (‘Thermo Scientific ) X 25 R AR 435 53 85 5 1A i
##47T PRM JRIE4 7. RF%Y Skyline 3. 5.0 %f PRM
JE G S AT B 3 H
1.3 it o4

P S0 AR R0 25 57 LU BCR o R, B
KT SPSS 21. 0 RGEAKMF LI . 555K HE «=0. 05,

2 HR

2.1 &AM EZF SDS-PAGE ¥, 5k 25 R
FEAIRAR S5 2 1 e BELL K SDS-PAGE ik 4%
R B AR ST HERAT AR A S EAUARHE (& 1) .
2.2 R AMD Fo EEAGHREG £ FHEA
A G AE P AR AS 19 TE P A B AR T
3473 4~ Hob DMEBE LR T 12 5 BT 1.2
e N IE/NT 0.83) H P<0. 05 [bRfi i vk 22 53 %

BB SRR AR L, iR AMD B H Rk
IR E A RECR Y 122 4, 8 T IR E A RCE
260 A, K LB T TR R RIKE A 0N
EIRER SO FRER. EATRERGRGETL
KINETEXHAT R (B 2) 206 i s B 25+
RIREA R, RO SFRIETEHNES .
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GO 73 #r, (&A= Wyid #2 (BP) (73 1D BE (MF) F140 i
3 (CC) B 3 sl s T =I5 srHrrh HE44 i 3 1Y
SR GURIRY] BP 2y M bl P S N RMAS L
s ME A eh SRS G, Sy R AR S5 G 222
PR IK AT 11 5 CC by v S Bk A 1 525 W P TR T
R, BT B E A, R KAAS (KEGG Auto-
matic Annotation Server) 4% H #n K [ R85 347
KEGG i 73 B¢, & Pl Amphetamine addiction 1 % &
AT BEFEZA, TEIZm TR R R E (B ) ]k
B TEA I 5T 48 58 FlbK] v b donnbhs , o i e o8 . ok
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(MAOA) 22 5zl i) H 28 1. kT STRING
(http ;//string-db. org) (4% % , i i CytoScape(3.2.1)
BAA AR 5 E AR AR F 28 1] ( protein-protein inter-
action network, PPI) , & Pl £, W it S B 3A1 ( Aldehyde
dehydrogenase family 3 member A1, ALDH3A1) % ¢
JEhm (K 4) .
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THRAZEG A ANE DB LREBE,B HiMRig &, C
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2.4 PRM 3iE# R

MRV E R =R, AT HS 5 Tl
254k Amphetamine addiction i % ) & [ it MAOA
HEATHRAE . AL, AR STk DL &% R 8 o $E A ( Uni-
ProtKB) , #2 ik A A A e i BRI A e 2 e 3R
IR AT AT TE AR W) 22 T RE R 5L, SR 4300 1 T Tl
(transaldolase ) AN [ 2 (LAMP-2) VE B 7EAE
PIbRIC AT SR UE . 1 Skyline 2K FXS 3 Fh HARE B
14 6 2% HARMRBGIEAT 204 , B FRIKBeiE AR IR 1,
AR B> B AR H X I IR B AN [ A it 2H 1] ) A X
ik, #—P AR R H AR B A R AL S
X R 225, 3 5 TMT 45 BAH e #e, % 2 Hhal Il
PRM SiEZ5 R 5 TMT AHXTE 45 R —3%. 34
H AR H ) PRM A E 45 R 00 WK S5 .

®1 BERIE PRM BIESH4R

JkB¥ 1 HEHT HE A B/A
DVPAVEITHTFWER P21397 MAOA 5.611
SYEPLEDPGVK P37837 Transaldolase 2.627
ILDWHVANTDK P37837 Transaldolase 1.501
LLGELLQDNAK P37837 Transaldolase 2.432
LSSTWEGIQAGK P37837 Transaldolase 2.308
VEEVGPYTYR AOATW2PPU6 LAMP-2 3.905

B: 5L iada ;A st B4R
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A E 5T F2 B4R R LR I 5 oK B A R A o
T R B B A B A R B T
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HR T (14 2 3 B2 2 o A BT L S 2R W s 7S 0 0t
FE R A

ABFTEREXT R EIRTT BT AMD 825 197 BE
FUTE BEAT S A o0 AT, HE R IZ B T AE 1 H AR
PIbRas . FAIAH TMT 3 AR E fEEOR X
AMD JBFMIE T ANERTHWOEST 7 E B B0,
R 3473 NMER . H MR R T 1.2 4
(_EIRRT 12 f%5 8 T/ T 0. 83) H P<0. 05 4R
HEG e 22 S RN R 0, 5 IR R 4 T Sk AMD R
FIHBHFIA A R RO 122 A4, RIK N R
R BECE 260 4~ GO ThfEsrHrdi s 22 5 3Rk
3 A MR RN AMASTHS S A= )i
PURSE G550 T IRE, S BRE 2 S W S 4 4l 7)
RHET WEMAR . Ho AT 4 R A AMACR 1 R
H CD59 ik & TR, B R A 2 i 5 EAMA R St
FEWE , fr 408 B B0t &2 5 4R (membrane attack
complex, MAC) ; MAC a] L5 VEGF <54 Jid [N 7B

O, TS 5380 AMD i & 4 R R . CA B ER
B AMAIEOTS  RAEA B S S A e S 5 W Y
HERISE S AMD (18 & HE R R DIAROG . (2 A FE Y
GO A4 7= A MA S 15 5 10 250 45 A ) 3 R A T 1
AMD BT P E R ART IR N, 5 HATHEE A
— 3, XAR AT RE S 1 T ARBR A e T . e 2
MR PN B 92 0 T DA, IR DA I - 9 158 5 2 ( blood-retinal
barrier, BRB) A] DALt HR PN 55 HR 70 i) 909 &R G b 44, R
PP ] L) — s 5 PR 1 6 82 1) S S oy, S m)
AEHD OR IR A A A5 IR 2, TS5 ZH W b S92 2R
25 HEWH G A —B N I, B Y 4
9 SN TR AMD [ 6 RiR B0

PPT I3 45 SRR 8 22 S 3K B 1 9 EARAE T 1Y
25 & ALDH3AT 45 72 B2 Joc ey, HO T B 2 52 i & 1
oM NG5SR S, B2, CARE
BT ALDH3AL S —Fl 522 76 A B8 o 22 10 1 2R
1, B TEGESRR A5 00 T 5 45 #4575 B 4 5 T e o 24
Mo TENZERAET , ALDH3AT F 270 A 7E A 1 J2
AL ST, R AN B 45 LA D W AE A= W bn iC W 2R AT
Bk, KEGG 3@ 43 #1 & Fi Amphetamine addiction i
PERA T B A, TEARWTIY S B 22 S
B SAAL T A(MAOA) 22 5iZ0l Y S M
A, MR SCHR DA K 25 1 B 12 (UniProtKB ) | 4% fif
FRAAE B BRI R 2 R R B
TAE AR W) 7 T BB RN S, i 6 M Transaldolase i
LAMP-2 AT TE A Wb ic ¥y 241 PRM #E [n] 25 (1 40
UE, B TMT 25835, &R 45 R AT &g

A AL A(MAOA) LT Fr A i 7L sh ¢y 41 41
LRSI S SR, HIEA RN EES S
TR PE R B S-HT | 22 2 e 25 0 AR 3 0
MAOA (15 BETR BR v] S BUE Wk i s/, OF S 808 B
HRE Y 2o 7 AR, DT S5 B304 A I ORI P 22 B
ZU0 %1 %5 T Sofihdlid/dreaiveOhnofd) i ilicee bl 17
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T I T 3 1 LU ZE LB AR AR, CAO 251 204 T 4l
FISZAE KB MAOA 35, 24 300 IR v e 1 5 16 5%
PR AL AT HEXT 015 513 1 T REAE (b7 L S0
NEBBIOSO % iF58 T ##f 25 MAOA Bifi4F I 4 %
A4k, % BRRE 2 AE R I MAOA {25 3 3 P 4 5
TR EABEE Y BT RA  , BA SEA I
B E AR IRAROPE G N, A P R T B R A
FEAEA., HATH ARG MAOA 7EIRM: AMD 4 3CiHkBF
J8, W AR SC 0 & B, MAOA 7 i 4k AMD F 3% i i IH
IR F EE, HTAEE i1 4% Amphetamine addic-
tion I 4, 7| i 481k MU I, MU 22 58 AMD By
KA R AR TR B A e it — A

FEREWENG (TAL) J& %BE-B R 18 72 ( pentose phos-
phate pathway, PPP) w-{l: 1 [ B 55 B2 1) S B iy, =
T L PPP AR S AL R AR S AL B B =2 I ) - A
MRS PPP AR B R4) - S-BE BRI M Fl NADPH,
Hr NADPH |72 2 54 YR 8 Z R0 ACH R 0, 7824
SRR S5 B £ €0, AT 4R I H Bk (GSH) {2
FRB JFRAS . L, TAL J2 A= 9087 B A Qo b 75 19 6
AT TAL X HIV 5| 9 0401 8 1
LT 28 2 R MR P e 93 7R 20 i 0 1 5 05
B AR A BB . BANKI 25 & B TAL 1)
T FRIRAR T 6T IR A A5 B AU (GOPD) % 1,
TS T NADPH FIZ8 I H Bk ( GSH) 97 4z, Jf-4%
3TN Jurkat (L T 40002 A94R8 o, a8
JEURLZS I H K ( GSHY) S22 40 i 5 vh — Fob o 48 1R B
IR R AR I AL ) = K, R AE NPt A L R 5
MLy CAMERIY GSH ZE9L M B
AR AR T, AT LR A i e % i
e T A A . BRI TAL W] A58 3 9820 NADPH
(7= A A A AL T GSH 3 JE B | DA T {6 400 o i 2 2 £
P2 HLAN, AMD [ 20 405 B2 WF 5T R BH , SR L 1
BB AL X Y SR SZ A2 BN R R BE I . 1A
A K 7 (RACVF) J& —Fl i | id S A AR R
CRONIN 252 % Bl RACVFL 1) A AL 2 § EO6 K% 7%
R S LT 40 A I 8 S S B A, 1T NADPH J&
B0 2 A S O 4 B PR T, % T 18 J5 RACVFL J&
Wi, RACVFL — H Mk, it 2 AE R 00 K 19 18
JERE JE 0 R, FRATTHED TAL T AEE i 9
PPP %4250 NADPH (77 A, 5 T e 4 o PR 73
NI FEEAAC N TS 518 % AMD 1) kA4 &
J&., AR TAL 1381 AMD S IR IH h 3k
B2 X SRS M4 e — 5, B AR
VNI

VMR OC IR A 1 2 (LAMP-2) J2 975 il 4 i 45, 1

AR — TP LA 00, HY 3 AN EE R R i - T AR s N 54
Sl B ML IX N2 B S5 45 A8 38, FE AR A3 Dy 3 R A
LAMP-2A . LAMP-2B FI LAMP-2C, & A #F 3% & ¥,
LAMP-2 A2 35 A ) 45 4 2 1, HEAE I 1= 22 A
s | AT I8 75 Wit A B S R i A5t 2 A
Yrid R EEAE R, RAE RN A AT SR
{H2, HHET LAMP-2 7E98 P AMD (i BIF55 1 S ik =
LAY T LAMP-2 (R AR S A OGHE 11 P e 2
KGO, K LAMP-2 1R A5 AT BEAE 4 0% AH SC PR 50 vh
AR AR . PRIORE 457 2 U AE IS 1 1
BEDE DL RO €5 22 Bz 2 (RPE) 20 7 i) 94 -t 48
WF5EE7R RPE A i IR R 40 5 4R I8 52 IR ARG, 4F
WA RGNS T VIR RS, 30 RPE 4132 41
I, LAMP-2 /S B bR 54, oA THE T RE S
AR AH PP L M RPE 0z 8 % DIAH G . G4,
FIWEAE AMD B9 &AL A A E ™, 5T
T PR S8 AT AR RPE 40 i 75 1 ' A7 2%
4p5 ( photoreceptor outer segment, POS) 14 §E J7 L) B %
il K o35 B S A = MR RE T , Fe &% RPE 2 2 1
BRCAEIE AR O IR AT PR A2, S F AMD 1% % A= K e
AR e AV BHA R J7 =X, B W nT 23 9 B A W G
H W R4 T EEB 5 10 B 1 ( chaperone-mediated auto-
phagy,CMA) o JLH, LAMP-2A 1 Jy ¥ il 1A JIE 52 (R 445
O THETUIMERRE 5SS CMA 38, 2 H
Hile I CMA [ E 2 H ., AT & B LAMP-2 7297
PR AMD G2 A TH W 30K 0 35 A I L R g T
YN s T B G R A N Y NTE R R A
AMD [y kA K&, it AMD i AL B 55 S Ak —
A EERTETT M

25 BRI, RS ] TMT AH X E 455 PRM
BRI B IR R AR, X R 2208 iR E AMD 8825 19 TH W
HEAT R H AL = 0o, il R AMD e R H
WA 1 BT BTG, oAb 1 BT AMD 25 B2 A A
THWBOT TR 25 1, I % MAOA | Transaldolase F1
LAMP-2 52 {8 A6 1 AR Wy bn i 0 B AT B 3IE , AT 48
FIHE AMD 1 & AR AL &AL 7 1), S SR AE
PP AR BRI A R

S
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