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Abstract

e AIM. To investigate the association between HOXA1
and FOXF2 gene variants and genetic susceptibility in
multigenerational families with exotropia, and to
elucidate the molecular genetic etiological mechanisms of
exotropia.

¢ METHODS : A total of 10 multigenerational families with
a definitive history of exotropia were recruited from
September 2023 to February 2025, comprising 165
members (87 exotropia patients and 78 normal controls).
Detailed ophthalmological examinations were performed,
family pedigrees were constructed, peripheral blood
samples were collected, genomic DNA was extracted,
and PCR amplification followed by Sanger sequencing
were used to detect exons and flanking sequences of the
HOXA1 and FOXF2 genes. Identified variants were
subjected to pathogenicity classification and association
analyses.

e RESULTS: Among the 10 families, 5 variant sites in
HOXA1 (c.218G> A, ¢.385C>T, c.496A>G, ¢.652T>C,
c.874C>T) and 4 in FOXF2 (c.102C>T, c.344G>A, ¢.576T>
C, ¢c.892A > G) were identified. The HOXA1 c.496A > G
variant showed statistically significant differences between
carrier and noncarrier in exotropia angle, exotropia type,
stereoscopic vision, and parallax (all P<0.05). The age of
onset of FOXF2 gene ¢.344G>A mutation carrier group was
younger than that of the non-carrier group (t=3.55, P=
0.004).

e CONCLUSION: HOXA1 and FOXF2 gene variants are
significantly associated with genetic susceptibility to
exotropia,
deviation angle, offering novel targets for molecular
diagnosis and precision treatment of exotropia.

e KEYWORDS: exotropia; HOXA1 gene; FOXF2 gene;
gene variant; association analysis; genetic susceptibility
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B WA TR AN 5 (4) RERE 42 A AR XS 58 B 1Y 5k
SR HEBRARAE. (1) 4k & PEAN R, G PR AR 38 B 51 fin
AT A R GURYe NR A S B 4k R PR A (2)
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Wi A0 R T 6, A I R R Y 6 m AN IR B 33 em
B KRN AR ) . RIRHE RS 5 EHMEARAD
SERRIE R RS AR S A (1 R T e R BPE ) LAY
A EE (DD R ) DL S RE DAL 25 1. Tl
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FUHEAT HEXT, LA 2 WA 1 A8 S
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P <0.001 <0.001
SR IERE
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Exon 1 ¢.218G>A p.Ser73Ser [F) S 75 S 17(19.5) 14(17.9) 0.07 0.789
Exon 1 ¢.385C>T p.Argl29Cys i SR 8(9.2) 3(3.8) 1.89 0.169
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Exon 1 ¢.576T>C p.Alal92Ala ) LA 5 19(21.8) 15(19.2) 0.16 0.685
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el 62 8.9+6.4 20.1+9.2 45(72.6) 17(27.4) 206.5+128.4 32(51.6)
t/Fisher 0.71 3.16 2.75
P 0.507 0.001 0.027 0.003 0.005
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FARI IE AT BRI 5%
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AP B TR SR i X 5 b ) TR SRR A 45 51, LA
PTG ER I N E P, (2) FE L Sanger W 7
R ET HOXAL Fl FOXF2 FER B 41 i 7 B A 361X 38k, 4
K AT REAETE TR N & 1 IX AR S s i X AR 57, oK
kT2 E 4B F4H I T (whole exome sequencing,, WES)
oy 4 LR ZH I 7 (whole genome sequencing, WGS ) it — 2
R AL EAR S, (3) Bt = % S B AR S A0 05 1 T fiE 2
B, 5 2 40 it 55 2 ) 5 56 ok TIF S X 26 A S5 0 AR AR
£ \DNA 25518715 7 A Bk, (4) BEoE R 2045
Hr HOXA1 Fl FOXF2 B A G2 11 M > 56 R AR 16 &5 A2 5= (4
R HOXAL ¢.496A>G Fl FOXF2 c.344G>A) 550
FERU ) A | 0 AR 2T WA AR 4338 1 v i B R4 R AL
il , P RE 20 T 2235 PR A8 T X6 90 ) S vk i 5 i), R R 7
I Y RESL IR /R 4 Tl B B PR R VE AL, (5) AhAY
P FE Y IAEE R ™= AIRAR BT i K IR R AR >
PR T B8 A A I R BRSO, 1 75 76 A R i 4 BA
FIHIFFE H R AT 3 - PR 558 AR AR

A5 B s R BERBLAE DU AN 7 i (1) RSN
X —HR LIz sh e I 2R R X B FREAE AL
5 JE DR S B AR 5, LA i 1 0 AT S
(2) BRI HOXAL JEH ¢.496A>G 75 5 55 SR FA
FOXF2 M ¢.344G> A A8 53 5 9 A6 R RS 1 L R - R 78
SRIR, R AT A R 2 B S T MR R AL T A AR s (3) A
BT HOXAL FI FOXF2 SR AR S5, 28 o 56 PRV F 92 s
B8 T2 KT (HOXAL 4+ F) S5HRAMILE T (FOXF2
A5 WEMRIBCR ML, £ & T AN 256 g% 1) B
HEZE s (4) 3 10 M2 RE R RGHr, AR T kAR
S H e A PR R KON SE A AL, B0 191 % RE A
FEER A — K R AT A R R T MR AL A X R
e o Holm RN FIE 22 (1) M AM RIS A 1R 5
GyF12 W HE s, BIXE R AR A B AR R T AL S O A
HOXA1 ¢.496A>G 78 5 R & 45 5] v] 25 5 4 FOXF2
c.344G>A AR5 | By J1RS HE TR a8 A% = XU ABE 5 (2) st
i AR AR | A S AR S SR L I R FRAIE
AT HERAPEAG 22 058 KU, 3k B i B TR BT 5 (3) T4k
e PR TSR W, A 485 5 R A8 S i B % ol K A B R
AT St R I TR TR T BE YISk, 3 TS
(4) HEB IR IR T A6 M 1) 36 T 356 IR ARG AL 55 7%
AR IR YT T G ) B LA, B E R TR R T T
B RS E

AHFIE KR HOXAL FEA ¢.496A>G 728 S5 H1 FOXF2 JE
¢.344G>A B R AEAMRAIL Y 5t % By It R AR,
Horf HOXA1 28 S L ZR2 AN RH I /1 B T FOXF2 28 5
WSOk R AT, EL 2 5 5 AR AR B R R e A
FHOGHK X2 SN 3k — 25 ) B AR 20 1 38t % BL I
PRUE TR LR, A BRI INRHL R T2 WA SRR
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