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Abstract

Objective: To investigate the potential molecular mechanisms of Bisphenol F (BPF) in promoting
the development of Dry Eye Disease (DED) using network toxicology and molecular docking. Meth-
ods: Potential targets of BPF were predicted via the Swiss Target Prediction and ChEMBL databases.
DED-associated targets were retrieved from the GeneCards and OMIM databases. Overlapping tar-
gets were imported into the STRING database to construct a protein-protein interaction (PPI) net-
work, followed by visualization and topological analysis using Cytoscape to identify hub targets.
Gene Ontology (GO) functional enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analyses were performed using R. Finally, the core target and BPF were validated using
AutoDock Vina software. Results: Network toxicology analysis identified 26 overlapping targets be-
tween BPF and DED. Topological analysis highlighted MMP9 and BCL2 as the primary hub targets.
GO enrichment analysis yielded 645 biological processes, predominantly involving the regulation
of apoptotic signaling, cellular response to oxidative stress, and oxidoreductase activity. KEGG anal-
ysis identified 26 enriched pathways, including the NF-kB, IL-17, and apoptosis signaling pathways.
Molecular docking demonstrated high binding stability between BPF and the hub targets MMP9 and
BCL2, with binding energies of —8.3 kJ/mol and -5.6 k]J/mol, respectively. Conclusion: This study
suggests that BPF exposure may promote DED progression by targeting MMP9 and BCL2 to modu-
late the NF-kB, IL-17, and apoptotic pathways, thereby triggering ocular surface inflammation and
redox imbalance. These findings provide a theoretical basis for evaluating the ocular health risks
associated with environmental disruptors, though further in vivo and in vitro validation is war-
ranted.
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1. 5|

Xy A (Bisphenol A, BPAYE J— P st BY (1) N 73 WA T4, KIH DR 32 B FH T S BRR e DR FI 34
AR A AL [2]. SR, BEEX AR R E T SUE KEAR RN, & EA4kH 4 R
B, R b A ) S 3R I T RS AR A B AR . WU F (Bisphenol F, BPF){E N BPA it 2 B () 45 Fy2%
Pz —, NHEESEEMEERRE T R, B 2N T EmERE. TRME, R & Tkt
JZH[3] [4]. WEFEEB, BPF B VZAAE T E A, AR LSRR T, ol ki, HEEA
RN FEANBEAED M, BPF 78IRS ML A H 2 H a3 oy, LI AE I A AR
SUR T T2 AR ST U JARE FEUE S, BPF JEELH 5 BPA AH 48 & S si i ME R 2007, - 540 3L
MR E FH S BRI 6] [7]-

T-HRJE(Dry Eye Disease, DED)/& —# th 2 F K 2 5| & B MEHR B0,  DAIE RS S KA REAE, 1
AEBEATE. WBIRE KRR RIE8] [9]. #Stil, DED 7EABRIE Bl ¥ B %N 5%% 50%, 7E I
NBER A EIR, P2 R R ) R 5 AR T [10]. R EE . B /KFOUR A B Gy 5 &
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ANRIfER R 2R, HECR S FEE R B, FREETS St 2 FR7E DED MR R i is mE . B
AR, EZRUAWE BT BEE R AR, T ERG 5% SRS IR R JOE@E B [11] [12].
BPF {FE yEA A ot o H a5 ok (1) B2 5 DR 7, FOXT R R A2 35 2 DED i B2 1) BARAE FHHLHIATS A 4 e B
TR, RGEVFENR R NENTH SR N E ARt TH 1 F B

AW T B EF W 22 FUAE YIS B, ARGk BPF 5T HRAE R JE A /E FSE S, s
PEVE P 28 1R 5 St % O JE IR [13] [14]. Bt GO Ihfit ® 4S5 KEGG BB HT, i LB rE L
WG TR, JREE G TXHERORIRIE BPF 5% 0 RERR I 45 G A2 P [15]. W 7u4s S 1% W] BPF
TR R TIRAE R 4 T USSR BB AL A, PRI AR DGR 200 1) P 7 5 XU VP A% B2 (R A4

2. M¥FE
2.1. W} F B TFEREER S0 S 0Fi%

{5 H PubChem #i## % (https://pubchem.ncbi.nim.nih.gov) LAXUEY F v oc8#ia 2, 3K15 BPF (1) SMILE
5, 4 A H SwissTargetPrediction - & (https://www.swisstargetprediction.ch) 1 ChEMBL %% #fi /%
(https://www.ebi.ac.uk/chembl/) i3 17 ¥ 55 Tl . {87 GeneCards (https://www.genecards.org/) #i OMIM
(https://omim.org/) £ s FE 3R EL T HEE A OCHE £, R 80 s B 384 L 5 . (A Venn B 404 BPF 5T HREE 1)
AEERRE R, Py F 2 55 (2 BRURE PRIV 72/ P S A

2.2. BEFHEIERMEEIIE NI DI R B THIE

FIHH STRING Hi#fs e 73 88 s 25 1 (R A AH BLAE R OC R o K0 It HY IR LA B0 R B (R B A% %8 STRING
&, YAE N “ N2 (Homo sapiens)” . AHEAEH P4 (Interaction Score) 1 B A5 E 1€ N 0.4, KAH ELAE
FHEARE T N\ Cytoscape AR AT AT AL, A “Network analysis” BTN E M. AFFRH 2
RN BN, B RN SE G R EEYEYE S, Gk R AT A R A OB A
2.3. GO B&E N KEGG BREE N

XIS B A% O EE A, 8 RStudio #E4T GO Thfe'E H0Hh Hl KEGG g E &£ 0. GO 7k
T4 g 48 5> (cellular component, CC). 43 ZhfE(molecular function, MF)F14: 45 72 (biological process, BP)
BT . KEGG &7 WFE R 1 1208 fUH SSE B . 6 RStudio X 45 AT AL .

2.4. BPF 5L T3t

18 F Pubchem %3 %2 3545 BPF 1) 3D £5#J, M RCSB PDB ¥4 F (http://www.rcsb.org/) 25 % 1% L #E 5
(A A ER R gE M. f#H PyMOL 3.1 LBRIAEF. Bk &2 KRR T, £ AutoDock Tools #EATA LA,
WG AR R = 4G T IR AF, 3 PDBQT #X. I AutoDock Vina 1.5.6 #:477> T X4, SRJE1H
H PyMOL 3.1 #E4T RI AL 73BT

3. &R
3.1. Wit F RERHFATRENBX(ERE AR

¥ BPF [ FIINEE &5 5 T HRRE A OGHE S SN R, I R 1 Venn £, SREUASEESE & 5F2: 4] Venn &,
BPF 5 T-HRJE 2 [H] 3 26 ANAZHEHE 25 (14 1),

3.2. EHEMMERAMSERNERZDERTFE
FE 071 H 1) 26 XU F e 3T HRVE 198 70 0 205N String 08 2, B2 #0F Homo sapiens, A=
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Figure 1. Venn diagram of BPF and DED targets
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Figure 2. PPI network of BPF-induced DED
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Figure 3. Topological analysis and visualization of the PPI net-
work in Cytoscape
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Table 1. Target genes of bisphenol F in promoting dry eye disease

=1 Wy F(RAETFERERESER

HLEEHE A St Ee S USRI i FEAH
MMP9 0.296992481 0.655172 11
BCL2 0.253829017 0.633333 11
PTGS2 0.098162072 0.612903 10
MMP2 0.020189362 0.513514 8

AR 0.049707602 0.5 7
PARP1 0.049707602 0.5 7
BCL2L1 0.025898079 0.5 7
PTGS1 0.354636591 0.558824 6
MMP1 0.001461988 0.463415 5
MT-ATP6 0.093567251 0.404255 4
MT-ATP8 0.093567251 0.404255 4
ALOX5 0.007309942 0.475 4
IDO1 0 0.452381 4
ATP5F1A 0 0.301587 3
ATPSME 0 0.301587 3
CA2 0.105263158 0.422222 2
CTSF 0 0.404255 2
ARID1A 0 0.345455 2
RPS6KA3 0 0.395833 1
CA4 0 0.301587 1
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Figure 4. Diagram of molecular docking

E 4. oFxHEE

Table 2. Binding energy between bisphenol F and target proteins
2. WiEp F 5SEQZENEEEE

ey B gh4r g (kd-mol )
Compound Target Binding energy
My F MMP9 -8.3
BCL2 -5.6

3.4.GO EESR

HRE 1 26 N F S ECFIVE KV EZ O S F N RA42 BF, AT GO EHENHT, HIRAE
645 MR A R . Hod 4B Wid #E (Biological process) 583 />, 4 a4 43 (Cellular component) 8 4>, 43
FJshE(Molecular function) 54 4~. 7EE] 5 H1, GO Z-Hi AT 10 B FE LA L L R B . APt FE,
LS AR T AE S VR . AR TR SO S RN N . Al 4E 3 K Bel-2 R ER
HEEY. . B85S, 40 T IhABIR e SR R BEE E . I A MBS TE . P tbim M4

3.5. KEGG BEST

FIF RA.4.2 BAE N R AL 26 AN F ALk THRIE (O (ESE 34T T KEGG &40, LRI H
26 2%iEH, %7 KEGG Pathway {146 EI(14 6). X ELBERATE T NF-«B. IL-17 A4 T2 %5 518
#
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Figure 5. GO enrichment analysis results
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4. it

E3

E3

B W A (BPA)BHRE T Z R, XUy F (BPF)AESSAMIAE IR e IH T it v f) % 2 S e 25 1
Ie BRAEZ WU FTIESE | BPF B EE RN AM 51 R I BE A28, 02 O AU A B ORI 98 R i A7 1) Y 3
THt. FEShERT, BPF o kBB AR Keapl-Nrf2 %408 JH R245 . B#{% GSSG/GSH e, #EiMiis
FUMIETI[16]. AFEAD IR FFER B, AR BPF 2FE/K 5 8-OHAG. 8-isoPGF2a %51%
A RS S BT IEAOR[17]. BAh, AHORBISERRIESE, 2 il BPF T4 IRENS 175 K FF 4L
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Figure 6. KEGG enrichment analysis results
6. KEGG BE T TEER

SR SORE S NE[18] 0 SR SLI 5 Ry BT AS A S8 E A2 B ) T IR o BB R IR RORZ oL o 5 X A 3
K BN EIRE B35 72 T BPF AR ANWT LT, 456 BPF fEI A AL . JAE SN J 4 i
7R, BATHEDN BPF AT eI U 12 5 1 JORE SPR I B 55 SR T3 AR, AT (et 1 IRE )
5 R o BB PR T T IRAE O AL AL, AT HRE AT F AT 26 M ILRISE A, BOA R X
FORHETHORE T E4E . FIF] STRING Kot i ¥4 i 8 (1 ELAE W48 I AT M 4 dh 2 e, WU B
MMP9 1 BCL2 A g fe XUy F {21t T IRAE A FAZ O HE f. MMP J& T 5 Fi 45 44 4 A ) A 5 2R B 5K
R, FEEAA DTN SN IE BT, EHREE . GIIEE SRR SN R S E R . BCL2 2 4N
BRI T HRZ O B 52—, EEGE AT AR, S ) G R TR 1 AR A A A R AR A e B

RAERBEMI PR T AR ORY VR o A B BRI T T IROE R S i B A2, T Bel-2 A v EE 2
PURT R A, YRR A RIS T R IEE ORI . CATITES, £ TIRRET Bel-2 RiXTRS
Bax ik FRIEAE, 2 35 I A 6 b s 40 M B TR [19]. 53— T7 1, MMP-9 SRR RAEAIZH 215
ZB AR S, FLPRPERIA S T HORE (7™ R L DIAOG . IR PRV Sz, THIBH MMP-9 KPS # )
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T HIR R85 T8 YA R P VR PR 2R B [ R B s ) R R B 4 Y B0V 43 [20] . TEEE AL /5 THI, BPF B8 O
WESERERE B R A ZASNRE . A IE JFUR AT A T2, B FR A 2 — R PLEL p53/Bcel-2 5 5 il i, T3
Bel-2 SR PUA TR AWM RIA R H [21]. thah, FREEIN R B iE 5L A A BLAE A /iR B, BPF R
HRpE N (A1 TLR4 B R RAEZ HAER, s iEN LG, I RE RS TE MMPY & A #RIA
KF[22]. RIUEFRATHEN], BPF 25 AEE i PLEL Bel-2 15 5 M B AR ik A i B e am e it B R T, el
PAFE MMP-9Q 1)1 IR 2 1) J) 30 98 RE 5 B TR IR, AT AR i HRURE PR A 2B 5 K e

GO FAESFrah B, $PIEPE 5 BA AL S A0 MR T A5 S (R R R L A R I A AR
IS A TR . KEGG MBI R, W F /a3 TIRES R b & 2 45 SHig, T35
G NF-xB. IL-17 FIZHAIE 15545 5008, . NF-xB 1E 9 IH% 980 [ B A% O e s IR 1, FLB R AL T
BT IL-18+ 1L-6 J¢ TNF-a 52 RAIMIE TR, FAr 5 WA ML B8 Ak, AT in el B 2 1
AR R IEIR G . AT HREAE AL A, 4] NF-xB {5 58 1 OO0l IE SE R 8 InTB 2 WA I F 08U i
B2 [23]. BEAR, IL-17 VRN SR A AR B AR R AT, HKSP T i 5 BRURE A B B A IR . A
WAL R B MMP-9 [F3R 1A HREDIMISC. O UEHE R, ¥ BEWT 1L-17 o] S35 05 R0 5 1)
FARE R IE[24]0 G AR, 2P0 £ EIE 5 24 S MR 2 AR (ERa, ERB)ER G 28 1B BRI 2%
ZAR(GPER) 4 & K IFEAEFI[25] [26]. FMEANGE R I f v 72 RIAIX 24K, Xy BPF [ mfE R 4L T
fiE 2 S ml o FRAVTHHEN , BPF 300 NF-xB A1 1L-17 %5 56 i 8 B AV AR T HABLIUUME B R (0 2 1k 1847,
Al Reil I E A Rk . BAKTT S, BPF R 0] ELIRMOA R KA B AR ES, S EUSTEE(ROS) 1)
HEFEAEEER . IMENMIA RN BIFES, Reieul (2 1eB B (KK) B RRAL, 2E 1A bR
XF NF-xB ], A HAZFEAL I8 5 T SOE R F & MMP-9. [Fli, 3 &) ROS B L2 4 i F
fr, i BCL2 MBLIHT-ThAEE, MmJE 3 IR E 1% 4% . Bk, BPF fRATRE @I “ AT
WAITIR” 5 “HEZ AR AL RO " SCEMLE], BE T T ARAER 5 1) 2ORE S5 T2 4%

EARERERRE, PRI BPF X FHERMIEM, LAUKH B TIRER RN AR P TS, 3
Birh ) BPF - ZUlE I A IS RIARRA L — BRI EERE, WA BPF FIEMMA. IRk
HEEMAR SR, —RRSGMRE, ke, Rt ARG 5, ZEiE i - JHh#EE (Blood-
Tear Barrier) NJHR, 210 7E AR 2R J5 6 & 46 [5] [11]. R H AT & T AN FIHM A 20 21 b BPF BARIREZ Y
TATTRFHAE M BAE, (HEEAE AR IS IR, 3l N Mg A0 R R () BPF Y 38 5 Ak TN EE ZR (nM)
ZIBEIR(MM)Z[17] [27]. BRE T2 2R A K30 ) 1 sgm, TR TAEX SH2REs, X ATaES
SEMEVER) BPF 2 5T 2 FH A 5 I 1 4 i S 7 A B ek BE (1) S i B A . TESX PR AR SR T, RIS 2 A7
B IERTE, 2 LAGIR SR S SO il R b IR SR 6% 73— G R R

AW AL G B2 W i, A 0 2% B B 25 R 43 0 5 R Xy F A ik T IRAE FR 4 AL
filo WFFLRI TS Rk B T A AR FEAE o, FAYE — @ R . J5 S A e 7 T
AL, M. EAFZ MR ARFF TN F 5 801 IRAE A s i fe gt 1 B AL
HIR AL, B 1 T TR At T R WL

5. &g

LR PR, AW TR 28 8 BLE2 45 6 70 TR, WP R 1 XU F (BPF) (g 3k HRAE A A2 1 7
FEGr TR BEFEEE RG], BPF nlfeidid 28 A, 2B IS A W R FE LR BRAE ], b SC B
& MMP9 Al BCL2 7RI TR JOME . ML Torb iz Az . m AR ik —PAIESE, BPF 5% 1 20
EHOE NF-«BL IL-17 R 4R 12555 Sl B, 7 T IR AR SRR AT L2 JONE JRIR SN, AT SR 5l HREE
MR AR S ABTTOW S FFIRRS B 2O TSR Ot LR UL, PP PRSP 70 W TSR X IR 2
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SEHCHE AN T SAUBELL AT 45 I TN A5 SRR — e AR R, RORATS 75 81 1A P A1 S 6 o S SRR i
5 T B HEATIRUE,  DABE— 25 i W D) 35 B LA .
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