Fp E AT A 2E )2 243 Chinese Journal of Cell Biology 2013, 35(10): 1546-1550

DOI: 10.11844/cjcb.2013.10.0164

FoxA¥ R A F AR At % B PRI R TR

BrENR BEE

==
=R

WRR fEH* £ o

(PSR RN L s A B AR 2 T AR AR 7 T B S &, PP AR 010021; 290 [ R 2% B LAk A Bl
WEFEIE ALk 2 5 A 2B 2R o T, 3 2000315 355 2515 K244 AR ) 2 2ot 5, B3 200433)

E  FoxAZAZ—EDNALZASR AR ZRFRLEMGEZTRE T, CANL =4 &5}
FoxAl. FoxA2#eFoxA3 /L ILEh e e H69 BB A, ARARAT 200937 IR Rt Fe 1) FRISALZ AT £
FR2AEA . FFIEAF FFoxAT Rk & AL & RALFIEAE R, B 62k 2 P g aER T8
A&, Z XA FoxASEF BT AMIEL F P e E R BATT N, 2R T iR F R RITAFTARK.

KA

JFNER B ; FoxA; #5536 R 1 sGi& N 1

Advances on the FoxA Transcription Factors in Liver Development

Uyunbilig Borjigin', Gu Tingyu?, Lii Xiaowen?, Xu Chenhuan’, He Zhiying®, Wang Xin'**

(‘The Key Laboratory of Mammalian Reproductive Biology and Biotechnology, Ministry of Education, Inner Mongolia University,
Hohhot 010021, China; *The Laboratory of Cellular and Molecular Biology, Shanghai Institute of Cell Biology and Biochemistry,
Chinese Academy of Sciences, Shanghai 200031, China; *Department of Cell Biology, Second Military Medical University,
Shanghai 200433, China)

Abstract

FoxA proteins are subfamily of winged helix/forkhead box (Fox) transcription factors. Its three

members, FoxA1l, FoxA2 and FoxA3, have been found to play important roles in mammalian early embryo devel-

opment, organogenesis, metabolism and homeostasis in the adult. FoxA proteins are key transcriptional regulators

in liver development and play “pioneer factor” in liver specific genes transcription. This review summarizes the

recent research of FoxA transcription factors in the regulation of liver development.
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JRFTDNASS & DX HAT iy BEOR SR, Bk R S HE 25 4
(forkhead box, Fox), 1% 5K ik & H 1) 44 Fx B b 744Kk .
FoxA &Fox & H K ik i — /N W0 i, FoxA1-37% FH &
FETR T A1 [R) Y 1 =18 95%, Tl s 41 & A% i A
W Ko FoxA1-3 3 SKHE S A4 LLAM DX 8l 1 ] 5 5
1, 17T Sk HE 25 74 DX NN C R g 14 8 <7 P B e, G
FFox A3 [FJJEPE AN UWIFox A1 FIFoxA2. FoxA2 X 3k
AHEE DX PR NCA Sy €0, 25 UK R AK T2/PK BRI A A7 15
FoxAIDNAZ, & AR 451t | 5 41 8 THSAH A& 1),
H.CAK w5 4 B AH3FIHAM B AFE H o 31X SE kR 1L i
FoxA 5 8% (1) ge o Ji 46 & ok vl g, JF BRI 7R 3L
s G €0 S il Gk = 15 O T RS AT T R A &
X HR A% M . IXFE, Fox A e 1 55 G (6 506k HoAh
S 1R 55, IR W, Fox AR A BAT“5E
B[ ¥ (pioneer factor)”fr 4 FHI2,

2 IR A B 2 PFoxAKTERY IR
BaE N IBRE, 25— A0S M FoxAk
A J& FoxA2, 76 I8 Jifi 116.5(E6.5)7E 15 s5i(the node)Al
JER 4% T i (primitive streak) & 1 21 RN AFI 2 [
(R 2R W FL B IR IG (1) 7 R il 3z B (gas-
trulation) JE B 1) DG B, 3 b VR 2 10— 38 20 41 L W
% J5L 4% 1) A IE % (anterior migration) il B N IR )2
(definitive endoderm, DE)AI H' it |2 iif 44 (mesoderm
progenitors), M % 43 AL % 19 40 i JE M 22 (ecto-
derm). FoxA2[{FILFEET.5K 158 B4 4 iR 2% 31 A7
RN NI ZRIE I B il FOPR IR AR 41
JiR R I 2B, Fox A2X 1717 s AT RINAK B /&
W5 11, FoxA2HE PRI Rl B /) BUAE i W3z 2l It 44017 A

Histone H5

o143 5ol FH RS €N S B b i o R RN BT 28 (R AR o

FEH, MISEW T IR JE I ) R B R ek
i (5% D J 7 it PN VR 2 4 B v (1) Fox A 256 DR 25 /N B,
JR G AS T S0 2, I FLAH AT ) P I 2 4 i 2k
27 U b i 25 X ——H i B 1 (o-fetoprotein,
Afp)Jt K 1) 2 3k . FoxA 255 DX b i B (9 DEZH g 75
PRGN EE IR, WA RERIE T 2 40 i A 45 2
FGF (41 4 40 Jifd 4=+ [F ¥, fibroblast growth factor)
5T RN, RIS A 25 AL i 11 4 1 (albu-
min, AIb)H1#% HUIR IR 3% 8 F (transthyretin, Ttr)%k
(1) 2R, Ui B Fox2 ARG s IR 1 I 7 77 P4 IR )2 48 il
Wiy )& i 115 545 5 R e

/N LI R T 41 il (embryonic stem cells, ESCs)
A S 1) 23 A 155 28 fi 4% T B fif TE . 4 U 5% )
Fox A27E JH I & & i R v i R 4 1) B 2 FHE Y. 44
n, FATIEE T FoxA2 1) % (Fox A2-KD) X ESCs 1]
DE4H fitd 53 4k 1) 5% Wi, FACS 3 T 45 R & W, FoxA2-
KD 7440 o DE4H S 1 23 b W B AIG T 0k AL
4 i HDEZH i 1¥ 5 7 bb o FoxA21¥ i Bk ml e T4
T DEZH M o3 A AR A7 S AR v i RN BR
7, W 7RFox A2 1E W I8 T-DEAI ML I & & 4 b
o B/ B DESH M P Rs 5 Pk B Fox A2, FFAN
23 5% W DE [a] JHJIE 1) #i 32 Y€, 31X A7 1) fE & FoxA %K
) HAh 1% 53 M2 T Fox A2 1 FHUY . IX BB % 4l
Al RE NG K B IR 2 R R R R A AE
g R Rk, FeATT LA S0 41 S bs &5 45 Rl 4 fp A
Ttrif) 2k 7KK 45 7~ DEZH M i3k — 20 1) - 41 H- 40 e
AR FE, 76 WY 4 40 P AT LLBGX P AN SR DT )
K 7K LA X 9 25 40 i 1) F 303 JH 40 i 2 A0 1)
FERE . (EDE ) JIFAE 23 Aot e v, 0k L2 40 e (1 A fp

FoxA3

Notice the similarity in the orientation of the helices and sheets, shown in blue and green, respectively.
[El1 FoxA3#N4AZE HHSRIDNAL S (IRIES % 3CHR[311820)
Fig.1 Structural similarity between FoxA3 and linker histone H5 (modified from reference [3])
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FNTtrff) 235 KT 235 1, TFox A2-KDZH 1) 41 il
S et Rt 1| I G L 7 P E D I DK
1, FoxA2 1 1F 7 238 0F T~ JH R 6 10 4 1) 9 e A2
WA I o

FoxA1/E R G ) iz ik, RistE il 5
FoxA24HL . HE7.00K LAHT, 15 s A i 4% Ji i A il
ANE|FoxAl. Br/bHUE HLLLAE, EEEMK'PFOXAWD
FoxA2 ] % 1A i (expression profile) K i &
AN e PR R R Koy K (P LI Y 18]0 f
W R JZ TES.S LA HT AN 3K 1A Fox A3, 7E Jit 4% Fil 4l
JWE )2 (axial mesoderm) S Wil A 2 H L TAB, BAR
E10.5K ) I Js 2% v TSR A DI B Fox A3, K &
B gt B o RN A K GA & LAt Fox A 55 1% 1
RNAZKIA S HIRZEY, H5FoxA2H [, FoxAl7Fl
FoxA3™ @B/ WU i & & A2 5w If e 43 2l J5
AU, 15 W Fox A B [ X AT I 08 33 22 il 1 Ty
e B AMIRE Ao

3 FoxARFETHFREHAZE T

“EEFEH
kN T GATA4E T-GATA XK ik, #-DE4H Jifu

(A)

RIEAKTE. MRS g, LRRBES Mt DE
] AN 9% B IR A8 YT 75 ZEGATAFIFox A S 5 8
LR IR /s BRUVR i vh (1 2 1 B DR 3R P A
JY A W], FoxA2IFK £ GATA4 )3 3 AT E 4 5 5 R A 1b
DRI PRy ek, h—Fhest e B 11t 7 AL [R) ¥ DE4H
TR JHE 1e) 23 A i 3T, B 4R S 3 A A B
Bto SR, FAEDESH M ¢ B 0] 434k 1) iz Y 2
HI, GATA4HIFox A2 L& 45 & 2] T AIbFE A (1) 1 5% 1
(enhancer)[X (1&]2), 11 It I [R.AI6HE PR3 oK TF 46 4% 3
B AR, K IR GATA4RIFox A2EAIbIE
R IA T 45 5 AR T LS, ZaretSEHEH T 5k
BT B, N W Fox A2FIGATAAAE 4 4% A
T, PL— PP ot 45 A 21 #E L X [ promoter/enhancer
X I A SR T A5 A8 1R 7 2, TG S DEA i o

JHF I 3 A A G 55 DR B 7 e B AR I — 4 4 i, It 2
TS SR B B sk iE B . {H &, FoxA2HIGATA4
e TR R S E SN N (SN ST &
) R AR R . T HFRIEAS ) 8, FRATTk
ST A i IR T 41 Y (embryonic stem cell, ESC)
ZEDEMY B /0 2 5L 4 B i s A . A A
DR 1 7K1 B S DR 2 A7 1 R ERIDNA A A TR

Gastrulation

Albumin Fetoderm Albumin \ Albumin Mesoderm Albumin
enhancer promoter enhancer promoter
— =
DRI
LI
BB
v Albumin
(B) Albulili:itgiilrlrlr;ncer <—>1 0Kb p(_)romHoter

VI JVIL)

)
)W)

A LE R R TG B R R B 2 5 Albumin ) R 7, RIEAlbumin ANZiA; B: A IR 241 Y Albumin  F3i 4 Fox AT Gatad 45 45 C: 48 N IR 2 10) BT
SRR T, HoAth e S 8 7 Bk 845 4 B Albumin 37, Albumindi XRS5

A: at the time of gastrulation, because of absent of transcription factors, Albumin gene lacks the potential to be activated; B: in the endoderm, occupan-

cy of Foxa and Gata4 can be detected on the upstream of the Albumin; C: during hepatic induction of the endoderm, subsequent binding of additional

factors, results in activation of the Albumin gene.

[E2 FoxAZEHMIEEIERIRES E CAK28]12850)

Fig.2 FoxA as a Pioneer Factor(modified from reference [28])
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SV S I AT 3007 70 0 T S e SR 25
M J¥ (chromatin immunoprecipitation followed by
sequencing, ChIP-Seq) & T 4F >k XL [, W50 4% &
DAL 41 7K SF- - DNAFI G 5% B8 7 AH HAE FH I — PR b
ARE30, F 138 FIChIP-Seqi A, 764> 1673 £ ()DE
b, %58 T Fox A2 FIGATAALE 4 5k N 41 5 [
(G55 R IR o BATTHE JLAN S KL A
Ter P Timd2 (1) i 51X, #5485 ] T FoxA2HIGATA4
EDEMY B 3L 45 407 5. IR, 45 freDNAW i %
TG AT ST ChIP-Seq &, FAT 145 Rk 4R, 1
DERI AT 1A 73 A i R b, Fox A2 FIGATA4 1] REAE 423k
B2 7K X Fpe S B 1R F o AT 70 26
— IR A B v 4 5 PR - Fox A2 FIGATA4
FE A JE D2V T P9 3 S s IR R, JF HOM IR &
B R AR FIESCIHE ) 43 A4 5 THI () fF AT 2
T AR A 0 fE BEY,

4 TFoxATEZ Bk B £ 4 2/ Rfn =) BT 32 B 2/ A
o evtER

AT R A R A A R e R K T
GATA4MFox A3 I IF 7T 3 WP, 71 H B/ U
FEAR HE IR o 43 0 TR A B K AT A A Bk, i
JL[A] £ iKFoxA3. GATA4FIHnfla, HE1F 2 40 i iy
12 M\ ZF 4 4 0 % A 210975 5 98 1T 55 0 48 i (induced
hepatocyte-like cell, iHep), ¥t 3545 [ iHep i i 7E %
T YRR S (1) S 56 TR 445 LUIE I, AR AR B
FEPR TR T FOAR S Tl 6 5 T 25l OCBEITF 10 Fia b o 4%
ARAT (1 T 552 o 48 Rk — S0 e UE B T RSS2 /)N il
w3 ARGA . X — R — P78 T FoxA3
A Ay D B A S DR 1 A 4 3 DA 1) 2 Sk 1A 97 0 4% oy
P 7 10 A 3s PeE B R BEAL fl. FoxA3FIGATA4,
Hnf 1 aip [R] 75 FH 1) 25 S f A 4 256 DR 110 2 s 1A 42 0 8%
MR 4 Bz ) FE Al B i) i is . F ik, AT Fox ARG
SR AR JE R KPR 4 1 I 3k DR AT B 148 7%
0 M T 1) 2 AR ) R LR . R AT, 20114F
7H, SayakaZ S ik i 5 1270 % 32 R 1, % tH
Tty S DR (1) = Pl 2 16 41 & (Hnfdouhin - FoxALl.
Fox A28 Fox A3)RETE R AINKE R I 1 21 4 40 it F e o
FSCET S 4 2 A A A AL T 40 P 40 i (iHep)
XN (1) 40 A 4t A A7 22 P T 40 PR e 2 1)
Rk, S B 5 Ae g U2 i IF AR 41X —
75 ARG 1 iHep 4 MU BE Bk B A A L 4 M RS A

FAH 23 TR b B2 A 40 Bk 5, iHep 1) A2
4 249 40 B 2 A T 23 WL RH 98 1 1 JHE U s v
I PR BEHT G RCY . B, Takayama B 41
Flt# 5% [X -F-Fox A2 K Hnflalpt £ i 8k 7 ARG T 41
JfI(hESCs) M N 555 2 RET- 41 )i (hiPSCs) 5 %k 734k A
JH40 . 33 FoxA2 M2 Hnflaff) % 5, X 6741 i 3k
737 A0 A DG L DR () 2R IK 0, LL 4 40 i €4 25 P450
FEDRL SO MEER . AN A i AR DT LR 4
B AREE . A R IR L Dy R P 5 AR
N ZRRT 40 TG 5, 6 WIFox A27E N 2R AT IE & & e
KEAEH

5 BRE

FoxJE PR AT G 6 Y51 5 40 o B8 7 20 1) 22 4f i A=
Wy, JLDRE A AE R AR 1) A0 B AR, F i 4t e ) S A
AR R . A K ) S B — K
RN T8, HA T LU vk Rk, i
iR IR, AN TR U2 B[R] — R 2 R AS [R] A #48
A RFHEPE ) Fox i 3R IE, X SeBE R 2 5 4i i 25 74 1)
Yo A E L P A A TP R
(R — N3 B, R T YRR BT AR R AT AR,
HAT W WA b ) D k. Fox A% 5 R 5K Ik
RO E I R B ik R ol R AR . R
PRI PR 3 38 1k 2 Fox A %% s H 1 4 S B R 7
AVEHT . Sdle, A M 53 1b AT NES PS4 i ifs 5
ST FE AT ) HiAIE W Fox A%, B3 78 I 10 % & i
HHA AR ) B o Bl A 12 S Fox A I £
JHERE R TP ) Bh e S SL T s WL RN 70K 2 48
AR S 2 ML, AT R AR A T A I ST N
W R LR IS 4R S .
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