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Abstract

Objective: To explore the significance of bisphenol A toxicity mechanisms for the prevention and
treatment of hypospadias. Methods: Network toxicology and molecular docking techniques were
used. Targets of BPA action and hypospadias-related targets were screened through databases such
as PubChem, ChEMBL, and GeneCards. Intersecting genes were analyzed using a Venn diagram. A
protein-protein interaction network was constructed to screen core targets, and the pathway mech-
anisms were elucidated through Gene Ontology and Kyoto Encyclopedia of Genes and Genomes en-
richment analyses. Finally, AutoDock was used for molecular docking to verify the binding modes
between core targets and BPA. Results: A total of 36 potential targets for BPA-induced hypospadias
were screened, with ESR1 and PPARG identified as core targets (binding energies of -6.84 kcal/mol
and -8.10 kcal/mol, respectively). Enrichment analysis indicated that BPA regulates the progres-
sion of hypospadias through endocrine resistance, the estrogen signaling pathway, the MAPK sig-
naling pathway, and the PI3K-AKT signaling pathway. Molecular docking confirmed that BPA stably
binds to the core targets via hydrogen bonds and hydrophobic interactions. Conclusion: This study,
using network toxicology, provides preliminary insights into the molecular mechanisms of BPA-in-
duced hypospadias. ESR1 and PPARG may play key roles in BPA-induced hypospadias, offering a
new methodological reference for exploring the mechanisms linking environmental toxins and dis-
eases.
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1. 518

Xy A (Bisphenol A, BPA)Ey— st Y (1) N 43 i T4, |72 F 16 ISR R IBR Be AN PR 20U IR 4544 )
R R TEAE R IE N NAR N, IRE AR ERE R, 6 RIS R F (1] [2]. BPA T
2 SR SALT M, A s B R T Hnﬁﬂﬁw@éﬁ%é PE[3], Kk BPA 552 N 2 3h 5
MR E SFHEAR[4]. SRR, BPA Tl 15 S LR F Wk M SRS Bk AT, RS 7 1= A
[5]o EATRIZ2H/N BRI SEG e e, SEgRAT BPA R 8 15 etk £ i 40 e DNA H AL N2 2R (& 1
BE— D s FORS 1 DhRe AR AR FE R D I HIAE A, I st 2 AR AMHI A aT BE[6]. IRATIH L 2o,
FVEPRIE BPA [RS8 T DNA $f5 RILIEA S, BA BN LR ME[7].

PRIE T 22— WHISe R R A VA R G [8], HARIIWNRLIN Tz =, IEFERFEHELGTK
SRR, RO R ETHEA[9]. FRIE T RMIGARR N RIETF D75, 3o ) LT AE A 258
S, PR RIE D O B AT e B L P B AL SR B[ 10, AT ARG T AR ME— BRI ([ 11].
PRIE N ZYR R AR B, (HRF AR, BRIGHE AL, SRR RN RAE BRI R A K e R4
Mo VAT IR, AR5 SRR 1A FA A BE B AR A ORI, HRTE 240 A0 A
W AR R T 12]. ZEShIE R, RERRZE IR 5 T BPA J5, JiMEME TR PRI PSR B R B W
MERIEIN, #F—PH4E7R T BPA FTREXTFRIE N R A K EIIEI[13]. REIAM L CAVIPHER T BPA 5
PRIE TR MAFAE R, (B S 52800 KA KR B TG R — PR R .
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AR, RGN U R R SR N i 3 0 ) B BEAL AR AL T BB Fe e . W R S
ST XA SO, B BPA 5 IRTE T2 7 FALHI SR T BBk A5 . 4 35 B4 X 45 24 B 2%
A8 R %, BB EEEY . RAEVFE SN, WE T - 5 - 5RT 228
HAEMZE, REHER SRRV AR R A T ORI, DT SE B BRBE #4122 4 FE VP AR [14]. 70 F
X B AT T A S REAR B A 5 AR S R g, NI SR 7 /KPR BT A2 - A=A B4R K 43 7
HeAt[15].

A CK MG H 5 00 FRHEROR, Xt BPAL JRIE T 24 K% JLIB AR #E S A SR AT IR R0, 4
APl BPA 153 JRIE T 2T AE REVE RS B 7 FAE AL, IR AR IR BT B 2 B /KT S IR (E s
FERRAIE AR .

2. ARFG=E
2.1. BPA BYER S £E

£ PubChem %4 P2 (https://pubchem.ncbi.nlm.nih.gov) i A\ <8 17 “ XU A (Bisphenol A)” #4742,
WAL S SMILE 3, F£ T #4 SDf S0, % BPA ) SMILE 7570 Hl#2 28 & Swiss Target Prediction
F- & (https://www.swisstargetprediction.ch) . ChEMBL ##f /% (https://www.ebi.ac.uk/chembl/) i3t 17 #H < #EE 55 1
W, PR Ry BN, BLRGE BPAAER T NMARITEEIE . 2 )5, # BPA i) SMILE 3252
% STITCH %4 % (https://stitch-db.org) LAY KEE S sG Ve . (A Perl THENARTIE S 'S A G
PR RS REE fU AT 0 B e JF 5 L, BoR R ZGWIREAR I AR 5 s FE LAl EAE 25 W Rl Oy 44 FRiE i
UniProt (https://www.uniprot.org) % #8 Fe % A6 sRE RAR RS, 5 R 45 H0ais 2 10 T 45 ST SRtk AT B & 5
EHE, AR R,

22. RIETRERMAREBELSHBSE

PL“Hypospadia (& \) " A2, 12 GeneCard (https:/www.genecards.org)- OMIM (https:/Aww.omim.org)+
DrugBank (https://go.drugbank.com) 55 44 e, T B H R HE s EAT B 0 M, AL J PR OE T 241 AR
B 5, M R &S VennDiagram F2 /78 £ 24T A BEIE M Venn B, 153 BPA-JRIE T 245 M 4L
o I X AP RE AU I, I 36 MBTERE AU, B BPA FIJRIE NI AEHE A

2.3. EERMEIERMEMEBEZ DR

¥ BPA 73R8 N RIS 25 B 5N String d o MR (U - B R A AR VR . N
PRIV EAE M AT 5ErE, SHREW T WMREs “FBAN” ; wEWPMEERSE)>0.9 (RS
FE): iR E N (1%).

iz Cytoscape 3.10.3 3 fFH11#) CytoHubba fii 5 2k 45 Rt A7 & AT AL AT, A A R T -
FEAFREAEMZE(PP) . 208 S ImIES R F i (Betweenness Centrality) > A% S ik
(Closeness Centrality) > Ff7%; 1217 % (Radiality) > FA7%; 0o (Degree Value) > Bt 4751,

24. BERFGEIRERABERSERAGNEBRBRERS N

JE K 4244 (Gene Ontology, GO) 73t Al it # 3k K] 5 3k [K1 41 1 4> F3(Kyoto Encyclopedia of Genes and Ge-
nomes, KEGG)E Sl > #1# /H] R 155 BiocManager 24 £ BPA FlERIE T 2L 138 A2 40 /S 3T GO 1
RE s TRl KEGG g & 1. GO /Wi SL R ThRE 7 A EMIE /8 . AL AN 4y FohRe =28, A
R BPA 5 5 I JRE 2 CHE s ) R A S DhREIR I R GtIE R . KEGG BHEA TR T 5 BPA
S PRIE TR ERE S A DGR . FERIH R IES X GO /Al KEGG HEAT Al AL 20 #r .
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25. GrFXHE

A5 8 13 B HL AR N A P AR 245 749 2351 A UniProt %5045 72 & PubChem %4 2 3575 . 42 AutoDock Tool
156 HATEMAMELLE, REHAERKEWHTRE, FH pdbgt #%x0. FIAH AutoDock Vina 1.2.7 it
1T 7%, 348 PyMOL 3.03 #E4T 7] ¥4k 2047

3. &R
3.1. BPA iFSRE T M HiFIE

#£ PubChem i %2 i A\ < B 17] “ XY A (Bisphenol A, BPA)” #4712, 345 BPA i) SMILE =,
Wik 1 fizs. M Swiss Target Prediction V-4 . STITCH 4% . ChEMBL #¥5 7 i i Hi 133 > BPA A
B, ) HITE GeneCard 34 5. OMIM %4 /%2 . DrugBank $¥ 246 28 5 PR8N 24 & R LA 9% ) 3
DR 5, SHERT IR G AT RN, L0 it 5 PR3 N Z4AH G 11 5033 /M s i Venn 143 #r BPA
B PRIE T 2R R AR ARG I, Feor AT 36 M ILFIRE AL i 2 s

3.2. BERNERRHEEIER MR D R A HE

HMH String $df Xt BPA 5 FRIE T RINIE L 2t 1T 8 A A LA Mg ORI, Gl 2 fos. i
Cytoscape #fF ) CytoHubba Jfif XS LT sl db AT N AE 0T, BB A AT P A R OVESE S8, 9 R

HO

OH

Figure 1. Structure of Bisphenol A (BPA)
1. BPA H%5#

XA PRIET L

Figure 2. Venn diagram of BPA potentially inducing hypospadias
2. BPA BEBSRETHNFEE
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Figure 3. PPI network of BPA-induced hypospadias
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Figure 4. Identification of core modules
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Figure 5. Degree value analysis of core targets
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Figure 6. GO analysis of potential targets associated with BPA-induced hypospadias (bar chart)
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Figure 7. GO analysis of potential targets associated with BPA-induced hypospadias (bubble plot)
7. 5 BPA BFRIE T HRIBXHBER R GO S (SiEE)

3.4. KEGG EEo#H

B LR FE IR B ST KEGG &80T, L3R5 128 EHEME T, %I FDR /M 0.05 Xf
KEGG il #E47HE , KA G AR OLE 8)A1I i - (WL 9)%F FDR /T 0.05 1) 34 46 KEGG {5 =il
BT T 2P . KEGG @t — 2 BoR, thAB0RER - S2AREE . NPT MRS 58
MAPK {5518 . PI3K-AKT {5 5l B 45 34 2415 518K 5 BPA S HIJRIE 31 T2 528k
3.5. SrFXE

B A4 AutoDock Vina 1.2.7 #7453 T X645, % B TR R ECH 10 4, B 245 B rh 45 & B (Binding
Energy) B 4 x4 8 i R EIFI R, SR 5 H ] PyMOL 3.03 23 31 . it 4 7 a4t 0B /o 1B Ak
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Figure 8. KEGG enrichment analysis of potential targets associated with BPA-induced hypospadias (bar chart)
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Figure 9. KEGG enrichment analysis of potential targets associated with BPA-induced hypospadias (bubble plot)
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Figure 10. Molecular docking of BPA and ESR1
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Figure 11. Molecular docking of BPA and PPARG
11. BPA #1 PPARG & Fxi#&

SR EBEARKNGE ARSI, —BIAN, SiaRegnt i, SasEM . 4R ER, ESRL M
PPARG 731 X #4854 BE 31 T—5 keal/mol, b ESR1 194 1% #2454 ik —6.84 keal/mol (/4] 10), PPARG
[ 43 F- 454 8 9—8.10 keal/mol (4] 11), #2275 BPA 5 & 8] 7] R B AT RIF45 O G E . bk g 5Lk
—3P3R M, ESR1 Ml PPARG £ BPA 53 Rl TR I CHILH, X IRE FRIKAERERIETIER.
4. WHig

AW TE L5 i FH IS TR 2 5 00 FAHEROR, IR ARG T BPA 55 JRIE T 2410 AH LA I
4. RRINIRIEH 36 MR AL, HEL RN T ESRL. PPARG AR DA . 43T X Heidt—
S, BPA S5IX N CHEHE T R AR B I S5 o IX S RBIAMY N R 2 SCFF T BPA B85 5 RiE
NRMSCEE, R T IS

ESRL X FRMEM R 21k 1, 1AM Z AN EE A Y —, FR AR, B8R &
FESCBEAE FI[16] - JAT I 4 A0 7, ESRY JE PR [ RF o B (35 BUTE JRIE R 2200 B8 ) LR8O WL, X $27 ESR1
AREME N 5 KN K5 5 RIS N MR R AE[L7]. AHSSEhIRT LR B, ESRL R/ G4 IR E JR
T FRRA, XU IER ESRL 75 JRIE I TEA KA PR AT EER[18] . JRIE TR R A 5 PRI T 4
P S T T R B UM DS [19]. AL R, ESRL RH GG, b5 SRS ok [ A O
THEE PINKL-Parkin 5541, 2R [ W5 5 22 98/ LR R R R R 3 PR AL B R, b i 400 1 i o o S A gk
FET AR, RIS AL ARSI A RIE, DM Bk A0T @K% [20]. BRI EIR, BRAET: 5 R HIIRG &
B U R B S AR AR SR [21] [22]. ESRL AT ABRAE T 52 B P 2 5 SR8 BR R AT 4R 40 P S 1
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RN, S RIERR TR, 451 RIRIERVE RS, (Rt RIE FRIRAEKRE.

PPARG X i AP BG ARG FE S 244, VRN — PRS2 244, FERR AR 2O5E )R BY |
T 184 5 25 2 o 2B B RE R R PR O R R FI (23] AHFCIEIE 0 K B PPARG & B AT iR H Y
BPA 45 & el A% O BB AT, X AT R AN AL B L BB R I — . BEAEREFEUERA, PPRAG I {2t iE i
TERL, BhY)SEE R PPARG RIJE/ /MR T AN IR BIAREE, (et th D@ &[24]. T RAFFTRIL, 5
BRI IR = 2R E B BOE PPARG UG IEH K E , 1X4 PPARG F] BE- R HURE T 2452 fit | — L3 ip
Fmli[25]. — TSI AR, R THR HL-2- 2.3 O W] AT % 2 4R PPARG ] MMPL1 (€35, {2
HERIE FREIR AR RE[26]. 4546 KEGG BT, BPA HJREEN PPARG ARG #Lfic ik, S i1y H
WEYE, BRSNS E L A G O S 2 AN JE TP PR AR G T XA B ) TR AR B AT, AT AR
HEIRIE R RAKE
5. B4

S LRTR, AW T MBI, TS ERUD IR, YDA T BPA 75 IRIE NN
EMLH . 45 REIR, BPA HIRE#EIT ESRL. PPARG “5CHESE 5, IS EE S @M. PISK-AKT %41
FAS T, XL G B BPA 5 5 IRIE N R AENUITRAL T IR I, NISE S RE TR
AL T — @ M-S . A0 F0 2 W 2 B 3 2 5 0y P e B S UL AT T iy, R
I N 24 B HEL 5 43 0HERT BPA 53 PRIE TR ML LRI UL, B R B8 S AR AT IR . 1X L
RIFPRN T FEAEE N 3 TR0 2 e B N LR AR AL R BRHELE , IR0 I VbR BT K
RS SR AL 7 B B e 4 A
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