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Transcriptional activation and protein structure of the FoxA family
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H 1T & LAY FoxA K 1% il 51 A FoxA1/HNF3a.,
FoxA2/HNF3p #l FoxA3/HNF3y, i FKH & 15
FoxAl. FoxA2 fll FoxA3 & (#LF >~ HNF3a. B
Fly) BUIFHIC, S foh & FoxA Rt HHmE—
(LR R

FoxAl. FoxA2 Hl FoxA3 () X 3k 45 k) 35 ) 1)
(FHD) [AEMERIA95% (K 1b, o) 7EXkE5H
Wz 4h, FoxAl FlFoxA2 531 R 90%, 4K
1 FoxA3 5 FoxA1 Hl FoxA2 MR &A%, {XAEN
Uity A1 C ¥t ) S 2P TG S A i B e Rl . (.
FRVEE S, R FoxA2 75 X Sk 45 My s N st kb B
A VAR ) AKT2/PKB B R AL o7 3 ' X%, R
{#i FoxAl. FoxA2 Fll FoxA3 n] fEFEFL LT RE I F7E
FRRIME, (RARRA SR RRE A AT T 4 R 4R
[ PR B

FOXA S N7 (X O RR R R R A I T 85 &
SIS AR A HL B S AU T, A2
FoxA2 [ 5418 (1 H1 &5 /AR5 e 0 (&
2) o IZAFEAE Fox A # 5i R T RE 5 4 5 AT A e £
B, KSRy s T, 5 DNAMEAEH (K
3). FoxAZ2 [ DNA %54 4514 3l R FH LAY 1) 3L 02 g
Pr&, IREH3 M | X4 =24 T DNA U, M
1T SRS AR AR A A2 1A O 1 Bt J 7 BRI A7 5
A HADFE SRR Y ARV, FoxA &M
Yo [ SEARAOH T 20 % 2R R S e i s (L
I, T TR B SRV s o 4, O
HvE B T A M R A R B B B

Fig.2 3D structure of human FoxA2 protein (left) and
histone H1 (right)
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HH3 A H4 A EAEH (K3) ", Hk, FoxA &
RS BB e i rh Bk L 1, IR HEIL
A SR T 2 A U SRR FH A a8t 1 UF 4 e i
1 W5 FoxAl Fll FoxA2 @k 0 /)N BRI i R )2 4
WL, R BTG k) 5 A I O I INE A Ak
FEF 5,
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B

Fig. 3 3D diagram of the interaction between human
FOXAZ2 protein and DBE2 (Daf-16 family binding
element 2)

B3 AZFOXA2ZEHS5SDBE2 ( Daf-16 R4 & Ti42 )
Z BEEEAN=4E
DBE2JE PRI TT LA 5 FOX A2 11 H3 2 K 3R AR T DT 33028 A% /IR )

T KA T pymol AR o



-872- EMUFESEYIRHR

Prog. Biochem. Biophys. 2025; 52 (4
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Fox SR R G s - e RSP R,
H FoxA SR ORSFIEJC R 21, R ENTHEY) A
KRB SR GE D AR, 3R IR
T FoxABER ZIGEAEA R R Z [ R IR LA, 7
K WFI ] Foxd RSFYEESR 1 0 FoxATE 5 A= 1Y)
IR E IR E A R 2z Rk, /bR, £&
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75 W B2 AT 2k . (Caenorhabditis elegans) #1176 I
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FE 75 T BeOFF 2 o At IR R st 72 v 2L At 3 22
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PR 4 h R G E R — 30 0 SR
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2 TERAZN, R T HEZEERR, 75X —
AT, FoxA B 14T U fe S U [ e B0 T 32
R oy B R ARk 200 E 2 >, DL
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HRTENIRZ MR bk, BEETERT A
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Hau-FoxA3 7E3k H AMNRJZ LR AN 2 19 BLph 4
WYL A K IR %3k P, Hau-FoxAl il Hau-
FoxA2 i 7 7K 1% 45 5 M i e 48 A9 T 28 4 A= B 1] 5k
ik 2, EKIRFA L], Hau-FoxAl 76 NIIRJZ A1)
ERB N RIFEEZEYGE, HADPIFN L B
KB ARG kb b R D Re 2. B
W EEAL, FoxA & H B AE DI RETE A A 21 41
KA, BN, F50NFRATEE AR RS R B
FER, XWEEZETIRERN LY, B8 T FoxA
X fE R R s ZE R e 2

BHESIYIH T 48 (dorsal midline) | Hij & Mt
(prechordal plate) . A % (notochord) . T &
(hypochord) FUECH (floor plate) FINRARZEH) HA
ILERIE, fERt S fmrh, XU R IE T R I E
B 57 T IR & (embryonic shield) (1 — #¥ #H 4
M " foxa2 FN foxa3 TEBE R T 10 1A 1)
G F1E R IR )2 (chordamesoderm) 3 ik,
Soxal TEJE G AZeIk =0 /NG N IR 2 5 5t
ik FoxA2, BJ5 3Rk FoxAl Ml FoxA3, /NG

JiE (node) ik FoxA2, i FoxAl il FoxA2 ¥4J7F
BRMIEHRFEE ", 1A, FoxA KGIEHFTEZ
Syl R AL R KR, Fox A G015 A G X 4k
R R . BRI & R0 5 ) [ —
PEROCHEZ, o T HAEH ST AT o
H **. FoxA2ifid Sonic hedgehog (Shh) #Nodal
RS, S5 MR 24515 R A TR RIS ) pf
2ottt KB4 RARSE = ZHE)/5 24 h (24 hours
post fertilization, 24 hpf) K8 (1 JF {7 4258 45 5,
AJ LU ) Foxa2 FEEAEFFBEEAR . 17 il FH A g o7
FoxA3 7£ It ity B iU A 3R 35 85 X 15 Fox Al Fil
FoxA2 AN[A], FoxA3 ATEAFRIEEE . Rl k)= 5l
pregh Rk, HENITE/N BUES.S WG MG 7 4E fif
iz -Hi A A X IR I BT A 4 A
RGN IRJZATAE B8 B ik . $5E 1, FoxA3
& Fox A GRIBRTE BUAF I rh 2 35 o g A 1 o
FoxA3 i J& ME—7E /NS B th 3R I8 1Y) FoxA HE A,
AP FRIBAR T/ NRIRIR I B13~16 BB 27, i fy
WF5R R, FoxA3 SAHAGA KL, #fEs T3t
BAAM Z L BAT P SRR FoxA BB EAN
A HESI Y RIS 25 57, (B e e P e
JERANIZE RS 1Y BR Foxd BRI KRR
KOS TR AT R, BEAFFHE
YR DI RRAEAE — 222 5 B i, FE/h
B, ZEE R R AR R AR (R2),
Hrf, FoxA2 38R I AE 0] rh 208 Wi
JRACTCIEARA, DA RELLE 1 %l 1) 85 4 1L 48 i 1) 35
T, FRANZEATFILEHE . MERDS
farh, foxa2 BN 278 S EBURMCARRR S 701k, T
(USSR T U7 e SR e | D) N 5
(Xenopus laevis) W', FoxA4a3ikv] LI5S 5 i+
PEEAR MR B CHERIRE LR Ry Foxd2)

Bl & X A= B k& B b A DR AR W 2% (gene
regulatory networks, GRN) Hf# KA, K& F
GRN Witk 5 ZHEAL B A5 450 1 ik 2 1] B B 3R
Ok HATAT A A 2], GRN A
A ZH R o IS Rl sk 32 e A i Ak, Horp— 23y
JEPR SR (R SFE B BFIERI, BT IZ AR
Yk &, FoxA JEDXS AN A . ZEffAIL 2
WG B R OCEZ, KRR NI Z R iR 2
o 2 Foxd RPN R NI E & & 1A% 0 5
B, B8E AR ARZERE, BRI
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e, FoxA 7F K J& it A8 v it FE AR~ E vl e i T L
PR A R B 42 7 R) e B 3] B e A A A Ak
e, JFHiR ThiEM L. EEHESIYTh, Foxd
IR ZE W36 N FoxAl . FoxA2 il FoxA3 ', [&l'5
WIR, FoxA2 52 fe /6 DAH e 56 R gk b iy R A
FoxAl 5 FoxA3 AL RS, 1 H. FoxAl 5 FoxA3 1F
AL FIE T . FoxA & A b5 HAE R

[] 4 b ) 3 0 Pk AR AR DDA DG, ildn, s n
FoxATEDfig [ Z MR /8 T H AR R IE, &8
AL N TOKIREE . P 5T TSI FoxA Jk
KOF G BT e, aiasEmin 2 & . WELal
Y1) FoxAl M FoxA2 #k—03 Ak, SCREE it
KB RIEE AR R TEE MRS, LAE N
AT RN =R SRS

Table 1 FoxA gene family homologues

F1 FoxARARKREFEER

Bk Lk FoxA[F| 54 FHUERIBM B FIEX I ZH LR
LR RIL Y /NER FoxAl PR EZ SRR, T 5 78 A A b i h ik [30]
FoxA2 E6.5 Tl e R 2 [28]
FoxA3 E8.5 WIEEERE [27]
BN B foxal 10 hpf M RA [18]
foxa2 4 hpf JRIR K [23]
foxa3 3 hpf WIRZEKE [31]
[z B[N foxAl WIEERE [32]
foxA2 DAY s AT o iy e A [33]
FoxA4a Ji 0 S 67 JEC AR 41 i [34]
Y ES0 BmFoxA 4 WA RIRE [35]
i Skh i A R M [36]
BNk 75 W B2 PHA-4/FoxA LR [37]
K Hau-FoxA WIREA VR R, RRERTRA &L [21]
RS i Joxa 21hpf PV J2 A0 e R 2 R T AR X ek i [38]
& g 24 TR Cn-FoxA AR JZE TE A [38]

Fig. 4 foxa2 expressing in zebrafish embryo at 24 hpf in situ hybridization
B4 24 hpfHE D& RRfoxa2RiE ( R ZEZER )
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Colored ranges
[ :FoxAl
[] :FoxA2
[] :Foxa3

Fig. 5 Phylogenetic tree of vertebrate FoxA protein family
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HR A FIAE 2/ NRAE R I k& B Bee T
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i, HJZ Fox A3 X 4EFRE/IN BRMBE 7K F- A3 Fi 2 A
AR s E AN RI A HEEEN, R
FoxA3™"/INER ) FoxAl Fll FoxA2 3L R #3537+
w9 RAE FoxAl Rl FoxA3 BB WS LD B s
INRIIFIE R B IEH, (HJ& FoxAl Fl FoxA2 WL H

RN BV IG 58 A Bk AT oAk A B JFERIE S
=t kB, AEMBEERKN T2
(fibroblast growth factor 2, FGF2) Fl#i R £ it fF
ZE NHETS T FoxAl il FoxA2 Ty RE Bk 2 /)N BT i 40
TR 3 A ) IR AR ARy S VBRI, U] Fox A1
FoxA2 HJ RE J& /N U IE 43 4k A W] Bk 11 % 5%
T HUEAERL, R FoxAI™ il FoxA2" 44
B/ NI REA IE & &, {HJ2 FoxAl il FoxA2
Yrhe A s i /N R I e & & kA S0 2
/N BRI PSR 2 40 M B SR 3R G FoxA3, {H )&
FoxA3" /N N IRZE otk B 2L 8% B
IR P

FoxA 1 R RN X 7 A2 SURR AL 0 AZ 0 77
FEHEN, W TR B H SR B B E
2, FoxANRERTEH TIER M AT SR, R
SERMEFERMER 5 @, R4 FoxA FE 5 AR
ERBMX, eftmEsgmhZn kT . Fl
., FoxAl I FoxA2 i it A X H I K B (55
W, R RE R IR E RIS, Qe BRI
RGN AT " Fox A Y7 145 P9 5z 40 B Fn



2025; 52 (4

TR, F: NKIEEBARREH#NL . KFFERPHITIEE 875+

DI R R SR Fk, AR D IEES I TE S &
7M. WAL, FoxA2ilit 5 Gatad, Nkx2.5%F
HoAb oo e &I RIVER, O lEgsH
MTE BRI R & XA R A T AS A 0000 ik
KB AT D, AR BLIR S i T S
fafh, AU IEHZUE E R A BAE T IR A
IeAh, TEIMAE REMITE AT FE, FoxA il 4%
PR AR AL FNE RS, X AT e 3] 1 S R
FH 7', FoxA BT LIGH L T P4 B 41 A g 34 5 A oA
AR A A 9 1 A K s R e b, 4
JETEMIR LI AL FE 1, FoxAl Fll FoxA2 [l
RN I 1 I TE B S 3 S K B A S 4
YRR
TESMNIRZH, FoxA MY BLEEAE A X 40, (1
EATE I R K B S S 1R AR B &
F, JLHAEM R G RIS e R IR
B, R AEYPE DT, Foxa2 AR A4
fk !, Norton 4§ ' W5 %W, Nodal {55175 55
hAr AR IR AR A 2 A, A PR AR el T T
FRY % 1) P VRS2 ZHL 44 Shib {55155 /M JEE i 40 i F
k. TEWNMENR T, foxa2 7£ Nodal T i & 4 4E
FABIAN, Nodal {5554 S04 B 45515 S foxa2
Feik s TMTAEAMIJEE B Shh 3 #4145 AR (K R foxa2
FAREAE, R foxa2 161% X I 1) e S AR T

Shhifith. TEmol 57K (B foxa2 FH 5E74E) IR
JEZRBL 100% i S PEPEIR A 58 4 — Sy R AL, R
XSG AR BRI TE IR, (EJRAE T A il ) 7K
T EABRIE R IE S A 2 A TSR ISR
bricJE R ik 5 R R, (HCHRANARATS SR AT LA A
SEATRIEATUN U A, PN PR A 2 AR AR R
G AL, (BARAELE, SR T Nodal
AR —#E, X R/ T RN A — 2
Fefk 9 BRIP4 R, 7RI FoxA2 {5 1%
MITEOL T, Nodal BEUEE SR AIM & A4, [HIKHR
40 L Y o3 AR AR KRR B b B F D) BB 1 Foxa2 ¥
Foxa2 7E K AR O B ) 4 Jre rh i AR, IS8 IS AR AE
mol ™ FRAFRIE R, AH LA [ 4 Jre A i A 38 ) T
ARG A A 4 i . Shh il Foxa2 £ [
Z 8] I 5 0] BE T 2 mol ™ R G H RS A 2H 21 4 il 1)
Pk M B W R UL, FoxA2 B4EHRE MR
PR FIE LT H A+ AL, Foxd2 BEPH Hydk
RERBEMEKE R, QDR EHM . & -
PRE R AR L) R s ST R B EEG

25 BTk, FoxA Z05 WL 0L TR HESh 18 T 45
FTE B b R ¥ 3 SCHEVE T . TEAS R R R &
B Fr Bt Fox A ZE05 B 01 () Il AR 3R IR XA D g
R T XL SR AR AR R IR kB B e A
i R Z R RN A 2R

Table 2 Variants of FoxA family members in mice and zebrafish
&2 MRS & P FoxAR IR RAIE

Wb B oNpit B AR 4K FH 27 R
B £ mol ™~ Soxa2 BRI AR AR, A it RARMAAEIES A AT [23]
mo-foxa3 Soxa3B:H % SRZ AR, i g5 R TR [18]
mo-foxa2-foxa3 Joxa2. foxa3FERIFIRSRAR AR e A Re sk, AT NI TG R [18]
N Foxdl™" FoxA I i P2~PI2INFET:, MRMLIE, RIZUIRIESSH, WFORAupsamn  [49]
Jit R AS R A B IR
FoxA2*" FoxA2 AR iy 20 e L B AT T SR B R, i R IR S BUIE IS [15]
FoxA2™" FoxA 2K Rl E10~11IMAET:, #high. FR. #has MniE ™ ik (28]
FoxA3™" FoxA35ER i IEHESTIRERE, AHAMEEE, Rl [27]

FoxAI""/FoxA2""/FoxA3™~ FoxA= ik

JEI 200 L Pl P PR O e S Bl A B R PR B ) MM SR K 25 T (4]

. B E AT

4.2 FoxA®MMEEREE
421 JERERA:

IR, FoxA BERTEZFs, JUH
FE AR A = AL R A b AT EZAEH . 7F
AR RERE R, Foxd JEDH O Th BE T REAE ML
Iags DXL~ il e 0 ot R I A i A [ =

FoxA I IV A% SZ AR 1 PEAR TE A% 3 38 52 AR
P A E B 5 N, EAS IR O A
W i PR 25 2 AR KT Fox A2 F77E i BE R Ik =), [
RE, MEBCER ROV IG5 FoxA1/FoxA2 F 454 167 5
3 A [R]E A T TS B S PR R R I e
H, HEME Z RS FoxA B EAER 5. KB
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I MTMERR SZ IR A IS e s T MR O
TGS Fox A1 G5B AL Z R B TIARIE &R, i —
ARSI R, TEFLIEA R T, MERER ROV
ZFRAMIH T Fox AL IZRE ',

TEMESS K Z K o (estrogen receptor, ERo) [H
PEFUIE S, FoxAl i Fikimad ol AR B R 2 k5%
FHIL-8 335, AN . FoxAl AU
JZ ERo PHYEZLRR S s S @ 5 AE b ik, HR
IR E IR AR LIRS 1 —Fp o> 7
) RIEMSE. BEAh, FOXAL X T e % Z ik
(androgen receptor, AR) 4\ B It 3 2 {5 5 7E A2
9 g 240 B A 4 rP AN AT Bl 7, Fox AL FE T
H R i geE b i 2Rk K S s BLAR 09 (Gleason 77
%) THEKLR, MFoxA2 5HAE G XZIH
TE IR P 988 A1 — L 127 Gleason P43 B daa vh i ),
FoxA 1381 815 JB 5 RAEAE K 45 & iR
TG RR Jib E A E R BO AE 20TR R
(acute myeloid leukemia, AML) ., &% . MifmA
HUR B 1 Fox AT BYRIEZKEEG N, RIAE g2
XL PEORE I SO LR A R, TR A O
(hepatocellular carcinoma, HCC) . Ji I Ja Flph 22
I8 1, FoxAl FIEFEAR . FoxA2 FKikK-F
SEUERE ARG, EiE G A g, 4Eky
SR T AR MO A IR e J AR Y

XPIHAL R GG MR I F 5 R B, FoxAZ 5
T Z%E SN, W L -0 LT R
(epithelial-mesenchymal transition, EMT) . Hippo-
YAP {5 5 i@ % . W 1 o i & A (alpha-
fetoprotein, AFP) 43, FERZEAE | m6A H 3k
S 2 . FoxAI 76 i 98 1 S i b i F 22 4R
FoxA 1 W25 &0 5 AE FoxA2 W 31 F X, FoxAl il
1t FoxA2 A2 /E 1 1, FoxA2 5 Slug i 31 T X A 45
5 DT X Shug M8 55, HE 1 R 45 E 45 36 2
(E-cadherin), FW FOXA1 A figjtilid FoxA2 I 77
Slug, HEMHE EFSEE S EMT iR &,

BTG R, FoxA Kk 5 4EF5IE G T 40
MRS B UIAE G . FEE BRI ZL IR IE (luminal B
breast cancer, BC) 1, BT 408 (cancer stem
cells, CSCs) U5 FoxAl ik 2 8] f7 75 2 % H
Kok, FLBREKIE BCARMOAR B TN RS SR AR A e ot 1
TS5 1) Fox A1 R T 240 M AF G IR A 2R K 7K F o
AN, FoxA2 FIH2A.ZTEIIG 120 A o0 Ta] 9] 55
R/ IMAFR AN IE R, R ILAE T4 E 2 rh
Y EEAEH

4.2.2 UL

55K W], FoxA f# H7EARHA B & & 1 0
Wy BOZ AT A, BN IR AR ), BT
HE A B R R T E B SRR TR 1 R 2R
W2 o, FoxA 2 I GG EA TR AR AR i1
5500 R i A2 & A AR IR 1 B D5 PR R (non-
alcoholic fatty liver disease, NAFLD) # YA
FoxA HE A 5GP, FEARTEA: dr i ],
UAF AR SC A B REAE o

TR AR IR, FoxA 8 FIERAZ OAE
FH ., o Fox A2 78 4k 7 4 7 B8 A2 28 Jr Tl Gk &
B TEAREOIRES T, FoxA2 I W R M U TN
filid i ¥% 1% B (phosphoenolpyruvate carboxykinase,
PEPCK) #1 # %4 B 6 # 2 B (glucose-6-
phosphatase, G6Pase) %2 54 5 A Y HE PR e 5k
AT G IR 280 B4 7 A DA 2 BHAR R RE R 1@
MR, FEHERET, BESRESMEH FoxA2 i
PE, WBE A R R AR . Ak, FoxA
A ORI o 200 LR B AR B Y A B OC EE Xt
20 53 1) £ 0T JRe v AR 2RI B R A s, TS
55 0 S A FORE e A i R IR, R A I b K
-, FoxAl il FoxA3 2 54 pEs, S48
HAEHA I Fox A2 BHH, (HENIEIRTESNEZHR
V14 i £ 22 UM R AR R AR . it
FERW], FoxAl n] LI BRE) 2R AZ Rk, AT
GBS R A5 S

Fox A TEMFLEN W AE fi 224~ W Besg i fig oAt
A B A 20 S B 105 28 P FNAFLD i & e, B
FWAFE IS AHSCHEAE e B0 B AT IR Y BT
ftAE AL R 23K, FE4ERRRE PR A ki G
YEH 1. NAFLD BYFHIE ARG VE S R )k
PRI HERRIS £ ' FoxA 2 1S 518 B I Ak
A NAFLD & JRHLH G5 S 53, FoxA2 16 PEFE
AT BRI A AR D R I B3, fE gk
WEH AR ITHERR (- 78 A3 I NAFLD s )45
AU #0OUL 22 2] FoxA R 1 R A W elc 42, il an
FoxA2 O 4 UE W i 10 222 P 19 1) 7 28 1 0l />
AT ] 5 JHG 6 D) PN O P O PR 8 R Y
(augmenter of liver regeneration, ALR) Y3 k7K
S, SRECN AR SRR I, S AR
PPRSFIINEE, X — B AR AS PR AR R P

BRIV W R AR 2GS 1 IbAh, FoxA &

I YET SAE AR IR 1 AR 4 FE R 9 3Rk, AT
Wi JHF P53 43 P 7™ B R
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FoxA H FI %58 5 4 W AH DG R AR A8 1L 2% U
I, FEHIJE FoxA2 FlFoxA3, XPi# SRS K
1A PR JIE R A BR 5 3R IR A R e R R O T
FoxA2 575 /N A= KR 7K P F1 Stat5b {7 5 5% 5
BEAR, AFRER A I FoxA2 -3 PRk 6 /I R 3 PR 35
K5 BA/NEAL, RV FoxA2 5878 R 11 5
BRI AR FoxA3 -3k R B fa /N R B
B E QAR AP RIS . 2k
0 JF AU A 72 P R & 28 SR I S i 1)
fiE 207, Fox A3 X (7 Jig Jiy 5 R AR 1 19 I P AL ) 40
FEE T cCAMP R W e H 45 & 8 1 1 SR
SA A W T 4 B ) RO A2 A y RO T La
(peroxisome proliferator-activated receptor gamma
coactivator 1-alpha, PGCla) J& 3lIF 145 a4k
Ml PGCla K, X LU 1 ot 23 5 W Jig W 21 2100
REFNREITHAE, TR F8US A
L

5 BESRE

FoxAl. FoxA2 Fl FoxA3 HA7 i B [ I 1) 28 5
iR 75 FIAHBL) DNA 25 & 25438 (FHD) . 1ER%E
BRI F, FoxA MM B /IMAMA . JFHI DNA,
JashFEH L 5%, Il G (enhancer) H
FAKF, R TIEYE, dERR E RR s
BRI FRIRE ) Y, EPOE FERR A i Az
oy 8 OC HE A R 5 I 14, FoxAl., FoxA2 Fll
FoxA3 i 7E MG & B RIRFEIB B A, s FEA
Fik, SEWKREE . BB & A 5 G5
AR . RS FoxAl~- . FoxA2-H1 FoxA3¥—
Fe R 5 FoxAl/FoxA3 X3 H Ty BE Sk 2 /N RO i
(1) T 0 P B A B AT & B AR R, HJ2& FoxA ™/
FoxA2 SR D RE Gk /N RV IG ITFI0E DR BE i 2, i
FoxAI"-/FoxA2"/FoxA3™ A /IN BRI IE JE ] 38 35
TR, AR E, S EUNRIET, £
FoxAl. FoxA2 fll FoxA3 I HE 1) &M . FoxA 7
ANE S IEIG % F R I RE L FEE, AR
FoxA SR AL FI D) RE T AL B2 4L T AT BB FoxA2"
/NG IE T A IR, W FoxAl7/FoxA27 /)N ER
RIRAET Z RS JE 4 10 K (E10), RJGAET- PR T
W 9% FoxAl. FoxA2 1 FoxA3 [ & & Ak, (H 2
foxa2 LSS AF BE T IR IR BE RS 1S, S9A8 (R Bk
0T AV, MRS REISHRE B LSRR .
il 3o B [N 4 B R (CRISPR/Cas9) , #4 7 foxal -
il foxa3~FE N B BRBE S 6, A 4E 7R Foxal . Foxa2

FlFoxa3 WIIRNiG & & Difie b (v REdE . R4 K
ISR . AR SRR R R, R s R R
FoxA SRk R M AR EAEROCR, 2R FoxA 1Y
A= PRI REANAE U Ak A b (1) D) BB AR B SEA

5% SCFF Fox A 8 I 7E SR 2615 00 HoA BUEAE
HL I e 2 i i e i BB gl i o =,
{H H AT ASTE 2 Fox A 2R 1 U] 26 35 PR R AE X 7 I
FIThREZ [ R A5AVE R . ML 22078 R B, it
R FoxA Tt B 5 F% 5% 1% P A ¢ 1) H3K3mel Al
H3K27ac &M KK, FEHRBKETRE. B4, b
7538 1 B Fox A BRI KT, SEEG Gt fR 45 4y
IR AE R T B0 B R AE 2k R A 287K
TR B3RS 7 R FREAE A Y, K2 ok R
Ke—AEEHIBFTR 71

2 % x #
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Abstract The FoxA genes belong to a conserved family of transcription factors, that play a crucial role in
regulating embryonic development, cellular differentiation, and disease pathogenesis. Initially identified as
hepatocyte nuclear factor 3o (Hnf3a), FoxA is pivotal in activating liver-specific genes and contributing to liver
morphogenesis. Studies have shown that FoxA proteins interact with specific DNA sequences and nucleosome-
bound DNA, altering the local chromatin structure to regulate gene expression. The unique ability has earned
them the designation of “pioneer factors”. The FoxA family comprises three members: FoxAl, FoxA2, and
FoxA3. FoxAl is predominantly expressed in endoderm-derived organs such as the lungs, liver, pancreas, and
prostate, where it regulates hormone metabolism, cell cycle, and cell proliferation. FoxA2 is primarily expressed
in the floor plate of the vertebrate spinal cord, where it plays a key role in establishing the dorsal-ventral
patterning of the neural tube. FoxA3 is mainly expressed in the testes, where it regulates germ cell formation.
FoxA genes exhibit functional diversity in embryonic development across different species, offering insights into

their evolutionary roles. For instance, zebrafish embryos with mutations in the foxa2™~ gene can survive,
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providing an opportunity to study embryonic development mechanisms. Currently, a growing body of research
suggests that FoxA4 genes are involved in early embryonic development, cancer, and metabolism-related diseases.
This paper summarizes the discovery, expression patterns, and biological functions of the FoxA genes while
identifying key scientific questions that remain unresolved. It aims to provide readers a solid scientific basis for
understanding the molecular mechanisms through which FoxA genes regulate embryonic development and

contribute to cancer pathogenesis.
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