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Abstract

¢ AIM:To analyze differential proteins associated with the
pathogenesis of dry eye ( DE) using bioinformatics
methods, in order to reveal their potential molecular
mechanisms.

e METHODS: Articles published in PubMed and EMBASE
databases from the inception of the database to August
31, 2023, that used proteomic methods to detect protein
expression in clinical samples of dry eye were searched.
Differential proteins were selected and further analyzed
using the STRING database and Cytoscape software for
hub gene screening and module analysis. Protein-protein
interaction ( PPl ) analysis, gene ontology ( GO )
functional annotation, and Kyoto encyclopedia of genes
and genomes (KEGG) pathway enrichment analysis were
performed.

e RESULTS:. A total of 21 articles were included,
identifying 74 differentially expressed proteins. The most
frequently occurring differential proteins were calgranulin
A (SA1008), lipocalin-1 (LCN1), lysozyme C (LYZ),
mammaglobin- B ( SCGB2A1), proline - rich protein 4
(PRR4), transferrin ( TF), and calgranulinB ( S100A9).
The top 10 hub genes were serum albumin (ALB), tumor
necrosis factor ( TNF), interleukin 6 (IL6), IL1B, IL8,
matrix metalloproteinase 9 (MMP9) , alpha-1-antitrypsin
(SERPINAT1), IL10, complement component 3 (C3), and
lactotransferrin (LTF). Module analysis suggested MMP9
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and PRR4 as seed genes. KEGG analysis showed that
differential proteins were mainly enriched in the IL17
signaling pathway (61.9%).

e CONCLUSION: The results reveal potential molecular
targets and pathways for DE and confirm the association
between the pathogenesis of DE and inflammation.
Further in - depth research is needed to confirm the
significance of these biomarkers in clinical practice.

o KEYWORDS: dry eye; proteomics; mass spectrometry
analysis; biomarkers

Citation; Yang YT, Shi YJ, Yang G, et al. Proteomics combined
with bioinformatics analysis of protein markers of dry eye. Guoji
Yanke Zazhi(Int Eye Sci), 2025,25(1) ;104—111.

0517

TR (dry eye, DE) 2 — i UL B HE BRI | H & %
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Z JFRBCE L DE AR A A,
1 BRFF %
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¢ keratoconjunctivitis sicca’ ) AND ( ¢ proteomics’ /exp OR
‘ proteomics” OR  protein chip’ OR * protein microarray’
OR ‘ mass spectrometry° OR * protein expression = OR
‘ biomarker’ /exp OR  biomarker’ ) . HEBR U T 12255 10F |
CLREARIE RN SCTT RSk K 1 DE, JHHERR shi 52 56
B SERREN IR AR ZRAR SO, ORI A SRS
R IRF| Excel £AgH T REAWE RS0,
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123 INEEFNBE R EE ST £ Cytoscape F A4, i £
Cluego X} 1E #E 1) 25 5 5 1 i#F 17 5 [H A K (gene ontology
analysis, GO) Fl 5t #8 5 H 5 £ 4 A B 4 F ( Kyoto
encyclopedia of genes and genomes, KEGG) iReE £,
GO 41, 35 4= 9y i #2 ( biological process, BP) . 4l ffd 21 43
(cellular component, CC) .43 T I g ( molecular function,
MF) %,
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IGLC3) J 464 74 4> 22 S 3R IR Y 88 (1 ot , He b o A 40
=5 IRIR IR SR A ( calgranulin A ,SA1008) Ni=R
a3 & A 1 (lipocalin— 1, LCN1) & B i (lysozyme C,
LYZ) FLARERE H-B (mammaglobin—-B, SCGB2A1) | & i
H IR % H 4 (proline —rich protein 4, PRR4) ¥ &k & H
(Transferrin, TF) 4585 H B( calgranulinB,S100A9) ,
22 BEAR-EARMEMEASH ] STRING $ii &
5301 74 4~ DE AHOCHY 22 53 RIB YA A PPT 25 (]
ULIE 1, i Cytoscape F#ZIF4rMralha, AR 4 2 B2 i
TE AT 10 AN HX A 5L KA I & (serum albumin,
ALB) B PRBE I T ( tumor necrosis factor, TNF) | 441 %
6 (interleukin 6,1L6) [ IL1B . IL8  J& 5t 4 J& & [ i 9 ( matrix
metalloproteinase 9, MMP9) | o — 1T Jigs 2 B ( alpha -1 -
antitrypsin, SERPINAL ) | IL10, & C3 ( complement
component 3, C3) FlFL ¥k & A (lactotransferrin, LTF) , UL
€1 2, MCODE ] LA if 1] FH o 2% v 28 1 J5 22 ] 174 kT A O
F I GERE @ H] MCODE M PPI % 2%t i 3t
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% terms per group

regulation of interleukin-1 production
36.39%

regulation of leukocyte differentiaion
503%

regulation of tumor necrosis factor
production 4 48% **

interleukin-1 production 4.26% **

B

negative regulation of catalytic activity
3265%

cytokine activity 26.53% **

vesicle lumen 250% =~

IgA immunoglobulin complex 25.0% =

—— regulation of sensory perception of pain
protein-lipid complex remodeling 0.33%

cysteine-type endopeptidase inhibitor
\ defense response to Gram-positive

N positve regulation of interleukin-1 beta *
negative regulation of T cell activation
negative regulation of immune effector

\ T cell activation involved in immune
negative regulation of catalytic activity ™
regulation of acute inflammatory
response 1o molecule of bacterial origin
cellular response to oxidative stress
regulation of inflammatory response
reguiation of neuroinflammatory 383% **
positive regulation of receptor signaling
pathway via JAK-STAT 4 26% **

metalioendopeptidase activity 2.04% **
immunoglobulin binding 2 04% ~

immunoglobulin receptor binding 2.04%

phospholipase A2 activity 2.04% **
$100 protein binding 2.04% **
kinase inhibitor activity 4 08% **

negative regulation of phosphatase
activity 4.08% *

JUN kinase activity 4 08% *

positive regulation of NF-kappaB
transcription factor activity 6.12% **

positive regulation of calcidiol 1-
monooxygenase activity 12.24% **

vacuolar lumen 5.0% **

blood microparticle 5.0% **

ficolin-1-rich granule lumen 10.0% **

external encapsulating structure 15.0% **

terdary granule 15.0% **

B3 GOE&ESW A AW B: /T IR C. AT T

*1 KEGG #

BREESS T+ DE ERRIENEAREENRR

i % 1D 3 3% 4 B A% FDR W% g IL B 1

hsa04657 IL17 signaling pathway 13 4.91E-14 IFNG,114,1L5,1L1B,MMP3,CXCL8 ,MMP1,IL17,
S100A8,S100A9 ,MMP9,IL6, TNF

hsa05321 Inflammatory bowel disease 9 9.94E-10 IL2,IFNG, 114 ,1L5,1L1B,1L17,1L6, TNF,IL10

hsa05323 Rheumatoid arthritis 8 3.28E-07 IFNG,ILIB,MMP3,CXCL8,MMP1,1L17,1L6, TNF

hsa05142 Chagas disease 8 7.56E-07 IL.2,IFNG,C3,IL1B,CXCL8,1L6, TNF,IL10

hsa05146 Amoebiasis 8 7.56E-07 IFNG,HSPB1,PRDX1,ILIB,CXCL8,IL6,TNF,IL10

hsa05330 Allograft rejection 6 7.56E-07 1L.2,IFNG, 114,115, TNF,IL10

hsa05133 Pertussis 7 1.46E-06 C3,IL1B,CXCL8,CALMLS,IL6,TNF,IL10

hsa04672 Intestinal immune network for IgA production 6 1.62E-06 1IL2,1L4,IL5,PIGR,IL6,1L10

hsa05144 Malaria 6 2.08E-06 IFNG,IL1B,CXCL8,IL6, TNF,IL10

hsa04060 Cytokine—cytokine receptorinteraction 10 6.38E-06 1L2,IFNG,I14,IL5,IL1B,CXCL8,IL17A,IL6, TNF,IL10

7 : FDR 4R & B (false discovery rate) .
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TE— AT, JRO T T B 23 SO BE 208
8.1 pg/plL, T 7E JC R BOR A N HE A RS AN
22.7 pg/ WL SSETR T B A R 3R 4 52 0 A R
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2 5 iy [N 25 B 10 18 5 3
'ﬁf@%)\ﬁtbi& DE SR B TH R A A S s
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WP IREE S DE MR TR R T e S8R £ HE A
TR E T o AT T IR SR A LS A ) S AR 4
ARAFAH L B 20 ZUREA AN X JEE | 34 1T 68 X6 B 2 7= A 45
B, NIk, fefg ik %E’Jéﬂ%‘%ﬁézlx;%zimﬁ . ffi 75 53 B HR
R E A A A = SR, TH IR AE A IR 2 Y
— 2SR, R %ﬁ?f,\ﬁfnffx/\ﬁ, fiE s 7e e/ Mb
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% genes per group

IL-17 signaling pathway 61.9% **

——Salivary secretion 11.9% **

HIF-1 signaling pathway 9.52% **

Ferroptosis 7.14% **

Bladder cancer 9.52% **

B4 KEGGESEREESMT A MRELB.URRE,

FEAR (<5 pl) R LLEES DE MM E A RA A
REY

i 3 2 S8 Y SCHRAS R TR A O BE 2 908 , AR 55 % B1
SA1008 .LCN1.LYZ SCGB2A1 .PRR4 . TF Fl S100A9 7F 164
MESFEA PR IR R, CAPFIEUESE SI00A8 Fl
S100A9 5 DE B9 & i AL 25 DI AH 2 | 18 Ry 45 F 4 1) &%
BRI, AEVR T ST R B R G S N P R PR AR
AN A BFFTIA R S1I00A9 1 SI00AS J& DE AT 7E by ik
FA, HAERRM AT KB, S100A8 2 11 AY £ ik K
V-5 DE 35 MR 3% i 0 aR gk B 8 A6 5G9 H S100A8 il
S100A9 55 21 HR 1 87 40 7 A0 R i PR AH G, LONT 55 HR IS
U AN P IH AR M OC, 7E DE % (T %, LONT
LYZ SCGB2A1 PRR4 Al TF /K FE B TR HE, Xk
AR IR R B B EALE Iy E E B A A, RS LYZ,
LCN1 FIFGZE , # 0l 1 HR e 48 R s B I R G k%0
KM E L8R, 7E DE & LYZ KR REAR,
HAK DE & W2 Wit i e st g bz — 0 (A
B0, PRR4 78 DE H& IR £ 2R HE T R C A K
I AR AR IR R BB ) A W 2 A A T i — 2B R g
PRR4 1y —Fh Z Dy fig 85 11 5T, H 2R R 47 2= FRl i )5 15
TR R i AR RIR S T I D AR S SRR T
LR AN, AT A W EEF] SI00A9 il S100A8 5
LYZ 1 Clu Z [A] [ B %A BEAEH, 878 T X 28 88 (1 ¢
DE 9 &S AILE i BB BFREE— 2B R 5L T X DU A AR
Fi5 DE 4 AE L A 2 D106 25770 0 Bl i 92 56 th ik 52
S100A9 Fil Clu £ 1 9 18 L ] BB 2 TR S35 51 2 DE
SR ATEAEALE L 28 EATA , DE B THIR A AR
A A 1) F R AEARC Y 09 _E VAR A R R
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ARG B 5T 5 AR 5 B AR FE ) 45 3 A e 45 2R
SR TR g R A S AR (] 2 K 1) i R B P R R T R S
LR, 482 7R B AR 1T BE 32 A8 WAL AGORS 40 08 457
KT A AL 2EAE T IR A 0 R A A SR s B g 40 A, 3
X 2 1 BT [R)AE BAE FH MAE S AR 538 B8 B9 TR A 3 B A S A
FEUY ARG R, 74 AR R 2 1) B R B AR AT O
ST RSN R B T UE i LA B S R A LA A ), Ay
PR AR HRE DU) A 22 Sk VR —F 00 00 13 o S AR 42 4 45 31 A9 IR 4
AT AR L2 S AL A s AR, D
PATZREREY DR, Z A0, B BT AT LASE S () 42 A0 T
A PR 20 S B A BRI K8 i | 28 400 S 0L 7= 00, T s A o
FEAE BUAF 5 38 B , DA PR IR £ 2 5 A A= W AR i D g is A
A A EAE R 24 A  JOE TR AR Z [
T RE B A B e

AW 5% 4% /8 T ALB, TNF, IL6, IL1B ., IL8 , MMP9
SERPINA1 IL10,C3 Al LTF 45 2 [ )5 5 4 8 Fl A AE I VL
BB eI . Horh  MMPO J& T N Ik il 52 15 | OO 1 A0 i
TAERES B B 58 9E 52 MMPO 75 /) BT 1R AR 2451 45 h
G MO, SRR, METHRB AR
B3, MMPY (7 A 38 22 AU 1 # B e i, iy LBl
% DE J™H R B i34 itk — A5 il = — e BE5E A
Sk, TLR M50 0] 14 DE BTEFEIRTF 254 AR5 &
P DE J&98 AT g 5 L6 F1 IL8 45 %" | 7£ DE (9 K%
MU, 4B TNF A1 ILIR A 3K 38 -5 HR 28 48 0 A
THIR DI RERE AT 51 ALB JE [N 4 i () 26 14 2 1 46
H (Albumin) , 2= % 51 B¢ 4 FF 103 19 AR5 55 | TR i
S5 2R MY iE 5, HEH ALB i g5
DE R 2 4 i A28 S R A5 57 1 SERPINATL 1] fiE 3 i
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S AR A G BN AN R E o R B 3% 5 DE A ET
LTF /0 2 B IR 3% B 18 2R 0 7™ 22 4, AR A TR B
WEER, WF9E % B DE SR TH P ) LTF 58 R R, o
JE R PETEW, LTF W B2 55252 2 vh B2 DE JR 35 I IR 3P
O3 C3 AR DE B RAE Y & 4% 2 T AR
X C3 S HAMA RS IETT AT B8 DE 3R 7 S 458
HOSEmE T LE TR ik S 2R 1 S A R A AT R
2L S5 DE ()& #2 , A5G 9 5E 5N iy R
1T o A TR G928 200 R 1 85 % N9 5, DA S HR e B
RO PE XK DE (4 55 98 S5 Lk R 4R T o6
H) ULARE I T BB R AR SR TR YT SR M B (A v E Y A

AT GO HEMER T EZRBENWENS
TIE RGN B R  FERUEAE TLL (7= Ay | (4 il
A R R SR AE K T R 4 S T, DE &R L
% Th17 AHSC4RHE R F 16 1123 Fl 1L17 [R5, Hr
Th17 4503 B TL17 B85 0E 52 o] DLAE HE £ I 1 Rz Bf B
FIREIR L TLLT7 3R Y7 SR W I 55 7] LA 6% DE (1) ™ &
FEEESTO AN KEGG & 4E T o iX s 22 B Rk 1 &
HE25 117 (5588 AT ¢, IL17 B F e 508 P R
FENFIPIRII R A LT Gao 57 KB DE ¥ 1H
P TLLT B K38 T, 91 HL 5 HR 5 A9 7 E R B A O A
oK. RO, IL17 55 AR 2 58 95 48 B0 2 e) g A DG T
IL17 BRI I 1R A 15 B AR 5T, iE— 20 W 58 i o
TL17 15538 4 DE A & 9% B 5200, 43 1 1 0 oh #1936
S, AN BRAEE S I (HIF) - 1o {5 5 38 B 7E
DE B &R ML Fp gy i A a0 R IR A R
S, HIF- 1o 1T LR 47 TH B 40 i 42 52 DE 51 & /9 6
i, BN, BHFFEEE H DE K AR HIF - 1o {5 5 38 %]
DL v, LA4ERRTH IR A9 I 5 D e . H i, HIF- 1o
15 538 % F1 DE A9 &8 AL 22 18] 14 56 Z (B 15 A E £ £

THVB R 427 4 b e BRI PR A WA 1 i AN,
(HIR TG ZHF K AR ] SR R S Tk, oA
ARG A 55 FAL GEFE A, B A3 38 SCAR 2 40 5 485 ]
DAA SRR BT 4 RS [E] BAS . A WF 5 3 A= 15 B
N DE BT LE S LS RS R AT TIRA T, 38R T
S0 AR ARG B RAEML A T 5 T3z 1 SCk
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