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[ Abstract ] Objective To explore susceptibility genes for age-related cataract and screen
candidate compounds. Methods Genome-wide association study data on age-related cataract from

FinnGen R7 were integrated with multi-tissue expression quantitative trait locus data from GTEx
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V8. Cross-tissue transcriptome-wide association study, single-tissue transcriptome-wide association study,
conditional and joint analysis, and gene-level analysis were used to screen candidate genes, which were further
evaluated using Mendelian randomization and multi-tissue colocalization analysis. The optimal gene was
selected as the target for virtual screening and molecular docking. Results Cross-tissue transcriptome-wide
association study, single-tissue transcriptome-wide association study combined with conditional and joint
analysis, and gene-level analysis identified 38, 120, and 680 significant genes, respectively, yielding 13
overlapping genes. Mendelian randomization analysis showed that 9 of these genes might have causal
associations with disease risk. Multi-tissue colocalization analysis showed marginal colocalization signals for
IHH in four tissues, with PP. H4 values ranging from 0.803 to 0.835, although none reached the stringent
colocalization threshold. Virtual screening and molecular docking targeting IHH yielded 71 candidate
compounds. Silibinin B ranked highest overall, with a docking score of —6.60 and an MM/GBSA AG Bind free
energy of —41.87 kcal/mol. Conclusion This study identified 13 candidate susceptibility genes, among which
IHH was supported by Mendelian randomization and marginal colocalization evidence. Virtual screening
indicated that Silibinin B had a relatively high computational binding priority for IHH, suggesting its potential as

a candidate compound for subsequent drug repurposing studies. However, further experimental validation is

still required.

[ Keywords ] Age-related cataract; Transcriptome-wide association study; Mendelian randomization;

Colocalization analysis; Molecular docking
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Figure 1. Research flowchart
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Table 1. Multi-tissue transcriptome—wide association study results

SR G HH4 Jefafks  FDR SR i HPH% Jfafks  FDR
ENSG00000228446 ANKRD49P1 2 0.00 ENSG00000163501 IHH 2 0.03
ENSG00000171174 RBKS 2 0.01 ENSG00000171885 AQP4 18 0.03
ENSG00000248494 LNX1-AS2 4 0.01 ENSG00000213901 SLC23A3 0.03
ENSG00000133477 FAMS3F 22 0.01 ENSG00000211611 IGKV6-21 0.04
ENSG00000138439 FAM117B 2 0.01 ENSG00000143869 GDF7 0.04
ENSG00000163521 GLBIL 2 0.01 ENSG00000182944 EWSR1 22 0.04
ENSG00000227557 MTND3P9 2 0.01 ENSG00000204640 NMS 2 0.04
ENSG00000138028 CGREF1 2 0.02 ENSG00000225774 SIRPAP1 22 0.04
ENSG00000115896 PLCL1 2 0.03 ENSG00000264707 L3MBTL4-AS1 18 0.04
ENSG00000152056 AP1S3 2 0.03 ENSG00000115155 OTOF 2 0.04
ENSG00000181378 CFAP65 2 0.03 ENSG00000115657 ABCB6 2 0.04
ENSG00000226261 PIMREGP1 2 0.03 ENSG00000158552 ZFAND2B 2 0.04
ENSG00000138030 KHK 2 0.03 ENSG00000159873 CCDC117 22 0.04
ENSG00000187736 NHEJ1 2 0.03 ENSG00000171132 PRKCE 2 0.04
ENSG00000127824 TUBA4A 2 0.03 ENSG00000264012 GATA6 18 0.04
ENSG00000143921 ABCG8 2 0.03 ENSG00000171951 SCG2 2 0.04
ENSG00000115020 PIKFYVE 2 0.03 ENSG00000135900 MRPL44 2 <0.05
ENSG00000144567 RETREG2 2 0.03 ENSG00000163798 SLC4A1AP 2 <0.05
ENSG00000162944 RFTN2 2 0.03 ENSG00000237350 CDC42pP6 4 <0.05
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Figure 3. Results of Mendelian randomization analysis
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Table 2. Top ten compounds ranked by MM/GBSA AG Bind score and docking score
MM/GBSA AG Bind £33 Rii+244 Docking 11431 254

EILIEA MM/GBSA AG Bind Docking EILYEA MM/GBSA AG Bind Docking
AR M -41.16 -4.52 ERiEARN s -28.11 -6.54
VTS -41.87 -6.60 LIRS PR -32.72 -6.54
TNk Z R -43.78 -5.34 IKRETFR -41.87 -6.60
IR R4k Hb % -44.74 -6.36 ZUKBRR SN R -29.31 -6.76
BN 7S IPANEE 2 -44.75 -4.50 VBT Wi -35.84 -6.86
RS 2 U -46.26 -5.68 JIRTTHR -21.83 -6.88
[ifE=2s -46.46 -4.94 FR R 7 5 Atk -29.92 -6.88
R R BT e -47.74 -4.85 AR FARE -24.24 -7.08
ST K= EA -48.24 -4.59 R LR -24.25 -7.08
R -50.63 -5.47 SRR LB R -26.73 -7.09

---------------------------------------------

______________________________________________

El4 IHHZE B85 Silibinin B9 FXHZES
Figure 4. Molecular docking analysis of IHH
protein and Silibinin B
7. Silibinin B AEFAR] THH 25 & 0 & b 49 = 4 25 & H) 4 7% 7] I AL
WL,

3 it

ABIFFE I IR AR AR DGR N B GWAS T
e 5 GTEx V8 ZH 4 eQTLEME , RH UTMOST
LI TWAS /3T . FUSION BAZHZIIIE . COJO 5%
PFBRA 5HT B MAGMA 3 R K43 4522 2 IR BGIE
WM, FRGuik 134 FE N [R] B R A5 22 Fh R K
ST IR S, 2l MR AT AL 9
A (ABCB6., CGREFI, FAMI17B. IHH,
KHK. NHEJ1. PLCLI. RFTN2. ZFAND2B) 54
WA AH CME N AR AR FE R AR OGHK . COLOC #&R
THH FE R X IAERR 2 | /NI 2 BR % R ik 2 40
HFAEN PRI EN (S S (PP.H4=0.803~0.835),
HH 1 P B 500 7 S T R 1 i 20 iR iR 21 21
KRR 2 Sk, RIEAMR LI
P2 FE I P S 9 A s ) THH R A e 8 o5, i i K
LG 8 R0 2T X %F FDA #E AL & W) R E TR &R
PEGHEVE, 45 47K Silibinin B EL AT AH X 48 85 131
MBS &L .

PELAZUTWAS AT o) iz W T 2 Fh &2 44
Pgis Ty ERIE P ) S 52 o 5 BR A e S T 01 9 3 o 1

https://ywlxbx.whuznhmedj.com/

ZH 21 TWAS Bt 4 FUSION, MAGMA . MR A3t 5
PEMATYEE Y REVI FISREBF2 ™, U RS H 42
PR H- 9T %5 1 SPTBNT . EMLG6 %5 8 Mg i 5k
PRI SRmS—30 1, BRI 2 2R A8 SRR
IR RS TR BH R, $Em T ke B Yy al
R, TRy, AR TR iy 13 e L R Ay
9NiE L T MR PR OCIRRHIE, 3% — Lu il T o5
REAEATSE, FTRE S AR AH DG 1 N B s s A%
1 (435%~50%) VI K FinnGen $35 R85 K BOAE
AEA K,

ARG K BRI T RES 5 2 A 5 H N
bR AE UM G A et 8. Hrh, KHK
(ketohexokinase) i fih QI Ol iy, =5 bk
R 2V AR LB, SR PR
AL IR AR O it DR A 2R 1 N SR AR ) A
R, BN AE SRR AR, SRR
WE A KA AEM . P S 2Ry, B
FEMG AR AE I BE = ik, KHK RiE 55 7]
FIE3 2052 M) 41 B £ G RN AL fh A SR 2 5 4
WA EPE AN B & Az . BEAh, THHAE N Hedgehog
GO LY, RN . ik R
AR R CHAER ™. CAMREY,
Hedgehog 15 518 62 5IR 41 21 % 5 LU SR IR TE
TR, S IR T RE R AR A4 R 20 B T
e A IREAS o ASHFSE MR 23 #r /R THH 545 1%
AHEE A N BERS AETE IR TE R C R, Pominst
DK AT e R i st A a9 5 IR AR A T M AR 1Y
BT AR COLOC #E— 2 R,
[HH SER DISAE RS | /NI BR I 2 iR /R R iR
KRS P A PRt 5% (PP.H4=0.803~
0.835, H. PP.H4/PP.H334>9), #E/R1ZANL A5 B35



994

FEAR S ] REAE o PP 2R A NIR 2SR PR 2 2 rp g =
KPS 5 R DG A e R, (A IR
PRER R F LA A ) A E A 38k . ABCBG .
NHEJI . PLCLI }; ZFAND2B %k 5 4 [RRE A
TAEA W) # 75 X . ABCB6JE T ATP 4 & & kintk
HFEE, 2 5uMANINLT Z A AR i 5 s
i, JFrTRES S U AL B i . Zhr iR T RE
SR FAAA IR AR S R S AR AR M
B & AR B UIAHOC . BEAE ARG, AR
137 2 52 AR M A AL R R s, 2o iR 43
FIE T 42 B B AT B B0 AR IR AR b Bz 41 i D) R S+
H,OJFRHESCIRIKE A EH B . SIS R
£ Ik, ABCB6 ik 5% n] gl i sZ iy
Yy 32 R0 A0 AR AL N BT 22 S 5 N R A
3 — I, NHEJI % b5 3k [R5 U5 K o 3% 42 I 7
XLF, BE#%5 XRCC4 - DNA #E IV &2 4 Y1 IR]
%5 DNA WGBSR e R
AEEAER ™ BRI, AR CHE T
e £ IR AR L R 20 B b Y DNA 53005 S 2 5
K, NHEJ1 FiRsY)6e 55 nl G55 DNA $ifs
GRS, FEuk SR i e KB PR
{H X —HEMAT 5 Dy RE S dr e >

AN 5E DL IHH 8 H R 32 44 T i M2 400077 3k
Silibinin B ) Docking #5373 #1 MM/GBSA AG Bind 1%
343 51 -6.60 F1-41.87 keal/mol, H.IJ3E AR 10
f7, FRHATRES IHHJE AR E 4 & . BE
FERFFE B, Silymarin 7T BCEBE IR KRR A IR A
AR S 22 Ol s S S PR AR
53 silibinin 38 BEFHIAE IEAL . AR B R A
T A0 R BTG 1, T8 ES TGF-B2 5 5 1 IR 4
bRz AR RS I b R - TRl B AR 0 SR TR
P05 . A ISR A SRR L R 20 M e B A
Z HAE M XN L L, B IEdE N
Silymarin YV TE f AR PRAPVE FTER AL T 2E W24
i HAh, silibinin EEEPN Il TCF-B25 T A i
AR b Bz GRS Je b Je - Bk, 3z AE ]
fie 5 PI3K - Akt {5538 B2 2 G A ¢ ™. 454
AR AL FEE 0, HEI Silymarin B & #5504
A& FN BT LA 7 AN, 38 v] BB i I 15 THH/
Hedgehog {55 s W Al RARER S . BRI, 40T X4
(R WP E 45 A AT REE, 1 ANREUERH Silymarin B8
i LR THH 803697 F N B, BEAk, Silymarin
& T2 IREY, HEARTE AR KR N AEY)

Chin J Pharmacoepidemiol, Sept. 2026, Vol. 35, No.9

FUHEEA A6, STl aFohi2e. 4E%
5. AR I R 20 i K sh A L B AR FH AL
EIRIT RO

N 35 A2 2 SRRSO 1 0 0 AR A e e 4 5
N ZIE BT TR R IRTT 259, FEEe R
AEACRE RS . H A L= 40— B0 s HERR Al
B TR e e e L A W R AR IR k%, B
FoE N, BIMESEAG IR ZB B, 259 ik
HE R B LI 24 R 10% 5 (H BAT W A 258 1%
X FFZSIHLE], IR TR 2 i = G
FEFHEM 265 HAMRER, 2013—
2022 4F- FDA HEAERTH 25 11 24 63% (30 55 s AH G BR
F A RN 1 A S L2k 0 BRIk, TWAS,
MR Bz i $OL 07 326 45 7 vk 1) 5 LA (EAE 42 i Ao i
S AR AL SR

KRB FADAFAE — B R R . e, A5
GWAS $ 4 T BRI FRRIMARE, R o8 4%
A T FH T S U B b e AT T i — 2L
WE. Hk, T HAEHZ KRB FeR ik 21
eQTL G, AW 7T £ BARH GTEx 24 LKA
BAEVEATHEWT, v RETCTR 58 4 S W TR AR S 1
PHEEHLE] o A RBEE S 40 MG S 2 AN SR AR 2 20
WL IRI RS, AT HE— 0 B0 IR A 1 5 K AR AN [
R 2R AL (T RE . EAl, T MR SCEK
EFDR K IE G ¥ RA B Geit22 w2k, ik B
25 BV RRVE IR R RO A ke 4, [5)B
MR 2 M7 {27 THH T30 26 35 55 (1 P B LR o] BB A7
FERR R, W A /AT AW 8 21 3 B 3L 2
S, AN REHRBR H A [ 34 AR S 0K 2 OCHK 1Y ]
B, AT B M S 5 S A AL T — 25 B A
SR ERPEIBLS . JFEL, BRI /Xt
% J MM/GBSA 58U e e 16 & 4 5 THH &
FERFEM S T LSS ST RerE, RREEEEIE
WL A | B0 SR A FH O 1 N R TR T
WO AN, BT GTEx BUHE = etk ik 4 21
eQTLEME, BT AIES 24U E AT BT
Mg s R BRAEAR RIS, PR LA SR
REfR L Ee it F LR, ANREEAC AR Sy
SEPETESE . RN ZE A SRR R A, IR A
21 2 R AT M S A B, R G D R S g i —
A G A BE R PR () 2 SRR S A

g5 LTI, AW £ G SV S O
WAt Je Pt A2 ik, it 13 1~ S54RI AH

https://ywlxbx.whuznhmedj.com/



FHRE 2026 FI9HE B EFIH

M T BEA DG R R SE R, L IHH 3145 MR
A PR TR SR 28 i L 1 5 45
FXF4EH R, Silibinin B 7] f8 & 1E H T THH 645
VAL AW, LREE SN AR A DG (1 B Y 8t AL
HLHIRIFSE e 25 T (i 4 T Bk 2%, (AR5
T 1 0 AN Bl A S 2 IRIE

MR CAMRITRERE) ERMMR (https://

ywlxbx. whuznhmedj. com/future Api/storage/appendix/
202608069.xlsx)

xR AEH S AR AR 257
s AR £5 vh e

S 3k

1 PEREZE SR A2 R 2. (IR e &
FILP (2024 KD HHAE T BR 2 2%, 2025, 59(3): 263-270.
[Visual Rehabilitation Professional Committee of the Chinese
Association of Rehabilitation Medicine. Expert consensus on the
health management process of cataracts (2024)[J]. Chinese Journal
of Preventive Medicine, 2025, 59(3): 263-270.] DOI: 10.3760/cma.
j.en112150-20241223-01029.

2 Wan Z, Bai J, Wang W, et al. Global, regional, and national
burden of cataract among older adults from 1990 to 2021: a
comprehensive analysis based on the Global Burden of Disease
Study 2021[J]. Front Med (Lausanne), 2025, 12: 1679828. DOI:
10.3389/fmed.2025.1679828.

3 de Diego—Garcia L, Rejas—Gonzalez R, Latre IC, et al.

Pharmacological strategies for cataract management: from
molecular targets to clinical translation[J]. Int J Mol Sci, 2025,
26(12): 5658. DOI: 10.3390/ijms26125658.

4 BIEAK, AR, RRG R, S YRR R T ARG B R Y i
FEUEHE B4 (. Ly EE, 2023, 23(1): 44-49. [Liu YL, Qu H, Du
JK, et al. Summary of best evidence for infection prevention and
control measures after cataract extraction surgery[J]. Shanghai
Nursing, 2023, 23(1): 44-49.] DOI: 10.3969/j.issn.1009-8399.2023.
01.011.

5 DRy, SKREESE, BOEE FIARRRIZEIGTT S, IR
Bl43, 2025, 40(7): 565-573. [Wei JQ, Zhang XW, Huang TM.
Pharmacological treatment and research progress ofcataracts[J]. Eye
Science, 2025, 40(7): 565-573.] DOI: 10.12419/2041507.

6  Hammond CJ, Snieder H, Spector TD, et al. Genetic and
environmental factors in age-related nuclear cataracts in
monozygotic and dizygotic twins|J]. N Engl J Med, 2000, 342(24):
1786-1790. DOI: 10.1056/NEJM200006153422404.

7  Shiels A, Hejtmancik JF. Molecular Genetics of Cataract[J]. Prog
Mol Biol Transl Sci, 2015, 134: 203-218. DOI: 10.1016/bs.
pmbts.2015.05.004.

8  Liao J, Su X, Chen P, et al. Meta—analysis of genome—wide

https://ywlxbx.whuznhmedj.com/

10

11

12

13

14

15

17

18

19

995

assoclation studies in multiethnic Asians identifies two loci for
age—related nuclear cataract[J]. Hum Mol Genet, 2014, 23(22):
6119-6128. DOI: 10.1093/hmg/ddu315.

Choquet H, Melles RB, Anand D, et al. A large multiethnic
GWAS meta—analysis of cataract identifies new risk loci and
sex—specific effects|J]. Nat Commun, 2021, 12(1): 3595. DOI:
10.1038/541467-021-23873-8.

Diaz—Torres S, Lee SS, Garcia-Marin LM, et al. Uncovering
genetic loci and biological pathways associated with age-related
cataracts through GWAS meta—analysis[J]. Nat Commun, 2024,
15(1): 9116. DOI: 10.1038/s41467-024-53212-6.

Hu Y, Li M, Lu Q, et al. A statistical framework for cross—tissue
transcriptome—wide association analysis[J]. Nat Genet, 2019,
51(3): 568-576. DOI: 10.1038/541588-019-0345-7.

Ni J, Wang P, Yin K, et al. Novel insight into the aetiology of
rheumatoid arthritis gained by a cross—tissue transcriptome—
wide association study[J]. RMD Open, 2022, 8(2): €002529. DOI:
10.1136/rmdopen—2022-002529.

Gui J, Yang X, Tan C, et al. A cross—tissue transcriptome-wide
association study reveals novel susceptibility genes for migraine[J].
J Headache Pain, 2024, 25(1): 94. DOI: 10.1186/s10194-024~
01802-6.

Chen J, Zhuo X, Li Y, et al. Cross—tissue transcriptome-wide
association study identifies novel genes associated with POAG[J].
Invest Ophthalmol Vis Sci, 2025, 66(6): 7. DOIL: 10.1167/
10vs.66.6.7.

L, DR, =], 45 . R i 2t R AT e 2 )
— T 2R 2 S 2 DGR BF AT 1)), A2 B4 e (B2 2 hiR), 2026,
53(3): 350-359. [Sun H, Bu FJ, Yan JC, et al. Potential drug
targets for sensorineural hearing loss: a  cross—tissue
studyl[J].
Journal of Medical Sciences, 2026, 53(3): 350-359.] DOI: 10
3969/j.issn.1672-8467.2026.03.006.

TIAR, SERKIGE, S ILE, 45 . B He SR DCIBRBIT ST U o R AIRAE
TETEZGPIHE R R RZGHIRY 7 255K, 2026, 24(6): 40-46. [Shang

R, Meng QX, Shi WZ, et al. Cross—tissue transcriptome-wide

transcriptome—wide association Fudan University

association study identifies novel susceptibility genes for major
depressive disorder|J]. Clinical Medication Journal, 2026, 24(6): 40—
46.] DOI: 10.3969/}.issn.1672-3384.2026.06.006.

TiaE, A EE, ERRE, % BRI RAR B 42 S CHRBIT Y
B3 55 R TR 5 AR ). RIS 2 2, 2026, 17(1): 223~
229. [Fang K, Li GZ, Wang LT, et al. From gene expression to
transcriptome—wide  association  study: development and
comparison of methodolgy[J]. Medical Journal of Peking Union
Medical College Hospital, 2026, 17(1): 223-229.] DOI: 10.
12290/xhyxzz.2024-0920.

Kurki MI, Karjalainen J, Palta P, et al. FinnGen provides genetic
insights from a well-phenotyped isolated population[J]. Nature,
2023, 613(7944): 508-518. DOI: 10.1038/541586-022-05473-8.
Consortium G. The GTEx Consortium atlas of genetic regulatory
effects across human tissues[J]. Science, 2020, 369(6509): 1318—

1330. DOI: 10.1126/science.aaz1776.


https://ywlxbx.whuznhmedj.com/futureApi/storage/appendix/202608069.xlsx
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDkxMzIwNDYxNxIPemh5Znl4MjAyNTAzMDAyGgg2a2dmOHV2aw%3D%3D
https://pubmed.ncbi.nlm.nih.gov/40978749/
https://pubmed.ncbi.nlm.nih.gov/40565122/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDkxMzIwNDYxNxINc2hobDIwMjMwMTAxMhoIeG0ybjZmMTI%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDkxMzIwNDYxNxINeWt4YjIwMjUwNzAwORoIMmg5Z2xqaGs%3D
https://pubmed.ncbi.nlm.nih.gov/10853001/
https://pubmed.ncbi.nlm.nih.gov/26310156/
https://pubmed.ncbi.nlm.nih.gov/24951543/
https://pubmed.ncbi.nlm.nih.gov/34127677/
https://pubmed.ncbi.nlm.nih.gov/39438440/
https://pubmed.ncbi.nlm.nih.gov/30804563/
https://pubmed.ncbi.nlm.nih.gov/37582060/
https://pubmed.ncbi.nlm.nih.gov/38840241/
https://pubmed.ncbi.nlm.nih.gov/40459497/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDkxMzIwNDYxNxIRc2h5a2R4eGIyMDI2MDMwMDYaCGNjaDY0cHJ5
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDkxMzIwNDYxNxIRbGN5d3psenoyMDI2MDYwMDYaCDF2Z2I5YzVq
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDkxMzIwNDYxNxINeGh5eDIwMjYwMTAyNxoIdW9vYXdxamI%3D
https://pubmed.ncbi.nlm.nih.gov/36653562/
https://pubmed.ncbi.nlm.nih.gov/32913098/

20

21

22

23

24

25

26

996

TR, Zhang Zuofeng. i /R B LATEALE B SR AR L.
HAEF TR 2R, 2017, 38(4): 547-552. [Wang LN, Zhang ZF.
Mendelian randomization approach, used for causal inferences[J].
Chinese Journal of Epidemiology. 2017, 38(4): 547-552.] DOI: 10.
3760/cma.j.issn.0254-6450.2017.04.027.

Wishart TFL, Flokis M, Shu DY, et al. Hallmarks of lens aging and
cataractogenesis|J]. Exp Eye Res, 2021, 210: 108709. DOI: 10.1016/
j-exer.2021.108709.

Mirtschink P, Jang C, Arany Z, et al. Fructose metabolism,
cardiometabolic risk, and the epidemic of coronary artery disease[J].
Eur Heart J, 2018, 39(26): 2497-2505. DOI: 10.1093/eurheartj/
ehx518.

Fan X, Monnier VM. Protein posttranslational modification
(PTM) by glycation: Role in lens aging and age—related
cataractogenesis|J]. Exp Eye Res, 2021, 210: 108705. DOI:
10.1016/j.exer.2021.108705.

St-Jacques B, Hammerschmidt M, McMahon AP. Indian
hedgehog signaling regulates proliferation and differentiation of
chondrocytes and is essential for bone formation[J]. Genes Dev,
1999, 13(16): 2072-2086. DOI: 10.1101/gad.13.16.2072.

Burnett JB, Lupu FI, Eggenschwiler JT. Proper ciliary assembly
is critical for restricting Hedgehog signaling during early eye
development in mice[J]. Dev Biol, 2017, 430(1): 32-40. DOLI:
10.1016/j.ydbi0.2017.07.012.

Kerr CL, Huang J, Williams T, et al. Activation of the hedgehog
signaling pathway in the developing lens stimulates ectopic
FoxE3 expression and disruption in fiber cell differentiation[J].
Invest Ophthalmol Vis Sci, 2012, 53(7): 3316-3330. DOI:
10.1167/iovs.12-9595.

27

28

29

30

31

32

33

Chin J Pharmacoepidemiol, Sept. 2026, Vol. 35, No.9

Ulrich DL, Lynch J, Wang Y, et al. ATP-dependent mitochondrial
porphyrin importer ABCB6 protects against phenylhydrazine
toxicity[J]. J Biol Chem, 2012, 287(16): 12679-12690. DOI: 10.1074/
jbe.M111.336180.

Ahnesorg P, Smith P, Jackson SP. XLF interacts with the XRCC4-
DNA ligase IV complex to promote DNA nonhomologous end-
joining[J]. Cell, 2006, 124(2): 301-313. DOIL: 10.1016/).
cell.2005.12.031.

Malaviya PB, Shukal DK, Sharma T, et al. Silibinin suppresses
TGFB2-induced lens epithelial cell migration and epithelial—
mesenchymal transition[J]. J Biosci, 2022,47: 51. DOI: 10.1007/
$12038-022-00286-3.

Patil KK, Gacche RN. Inhibition of glycation and aldose
reductase activity using dietary flavonoids: A lens organ culture
studies[J]. Int J Biol Macromol, 2017, 98: 730-738. DOI:
10.1016/j.ijbiomac.2017.01.129.

Patil KK, Meshram RJ, Barage SH, et al. Dietary flavonoids
inhibit the glycation of lens proteins: implications in the
management of diabetic cataract|[J]. 3 Biotech, 2019, 9(2): 47.
DOI: 10.1007/s13205-019-1581-3.

Minikel EV, Painter JL, Dong CC, et al. Refining the impact of
genetic evidence on clinical success[J]. Nature, 2024, 629(8012):
624-629. DOIL: 10.1038/s41586-024-07316-0.

Rusina PV, Falaguera MJ, Romero JMR, et al. Genetic support
for FDA—-approved drugs over the past decade[J]. Nat Rev Drug
Discov, 2023, 22(11): 864. DOI: 10.1038/d41573-023-00158—x.

e H . 2026 4F 08 A 12 H &RIHI: 2026 4509 A 04 H

B R (A (7

https://ywlxbx.whuznhmedj.com/


https://pubmed.ncbi.nlm.nih.gov/34297945/
https://pubmed.ncbi.nlm.nih.gov/10465785/
https://pubmed.ncbi.nlm.nih.gov/28778798/
https://pubmed.ncbi.nlm.nih.gov/22491411/
https://pubmed.ncbi.nlm.nih.gov/22294697/
https://pubmed.ncbi.nlm.nih.gov/16439205/
https://pubmed.ncbi.nlm.nih.gov/36222151/
https://pubmed.ncbi.nlm.nih.gov/28192136/
https://pubmed.ncbi.nlm.nih.gov/30729071/
https://pubmed.ncbi.nlm.nih.gov/38632401/
https://pubmed.ncbi.nlm.nih.gov/37803084/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDkxMzIwNDYxNxIPemhseGJ4MjAxNzA0MDI3GggxZ29mZWQ1dA%3D%3D
https://pubmed.ncbi.nlm.nih.gov/34339681/
https://pubmed.ncbi.nlm.nih.gov/29020416/

