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Generation and identification of carbohydrate response element-binding protein conditional gene knockout

mouse model
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[Abstract] Objective To establish a conditional knockout mouse model of transcription factor carbohydrate response
element-binding protein (CAREBP), so as to provide a technical approach for exploring the biological function of ChREBP in
vivo. Methods and results Using Cre/loxP gene targeting strategy, we constructed the gene targeting vector and franked the
8" exon of ChREBP gene with loxP site in embryonic stem cells (ES cells) via homologous recombination. We microinjected
the recombined ES clones into blastocysts and implanted into the uterus of pseudopregnant mice to obtain the chimeric
mice and ChREBP™ " mice. By crossbreeding ChREBP™ " mice with Alb-Cre mice, we generated liver-specific ChAREBP

knockout mice. Conclusion The generation of CAREBP conditional knockout mouse model provides an important means to

reveal the physiological function and pathological significance of ChREBP in different tissues.
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Yy As Ak, IR I A RS IO AT AE DA T
(135 PR S, FEAHE K SF- ) ChREBP-a 13634
PR, 1 A A P B B K AR B P KE T R
ChREBP-o N3 i3 7 S % 16 P4 58 55 ) ChREBP-P
AR AL = A it se g Rk, &
$84E 1 ZBTB20 J& ChREBP-a %5 S5 K1,
Z 518 R R R Bk A T BT HETA K
ChREBP [HIIREMF 78 K223 T4 B i AR A ul &
PR REA PR T, RF4141% ChREBP 1)
AEBRTIREM AN AE . ABFFRAURIH Cre/loxP Z505:
ST ChREBP (W45 JE PR df B /N BB Y, W45 -
ChREBP A& N DjfE 55 5Lhii

1 #EFnFExE

1.1 &4
.11 Juk. WHk534 & ChREBP BN
M AN T Ye @Ak (bacterial artificial chromosome,
BAC) 7% bMQ-164K10 4 [ #[H Source
BioScience 2w, Jithi (pL-452, pL-451,
pBR322-2S. pBR322-MK ) . Wtk EL-350 FifHT
AT 400 ( embryonic stem cell, ES 4 )
K TARAH C57BL/6I*129S3 Witk /NEL [SE36 3
YA AIIES . SCXK (97) 2017-0010, i FHiF
AES: SYXK (37) 2017-0012] ¥y b i w5 A
AW R

Flp ¥ 3 /NR . FEE A (albumin, Alb)
Ja s F IR Cre 3L/ ( Alb-Cre /M)
FIEF AR CS7BL/6] /NRIS] A EE Jax s
A, FEAR S R BRI IR [ S5 s A TR
ZH SYXK (1) 2014-0028]. falFE41F: SPF
R P, ENIBEEGILE 25 C, WEEHAE
40%~60%, JGHRJEIISY 12 h SGHR/12 h SRR
1.1.2 &7 BAC DNA Hi#iX# &0 [ 7
Qiagen vl ES 45 3R 75 1) DMEM K535
(=B, ES 4iag ) Fis4E g (ES 40iug% )
4 F 92[E Gibco BRL AH], {8 % ( geneticin,
G418) . RS A A M6 T (leukemia
inhibitory factor, LIF) Il H 3 Sigma AH],
$it ChREBP Z il difk (1545 sc-33764 ) I 1 3%
Santa Cruz A1), HARTEIYIEE (horseradish
peroxidase, HRP) #Rid F£Hifk 1gG =9t (52
5 111-035-003 ) 1 [ 3 Jackson A+, FPL

B-actin ZFFEHUA (555 60008-1-1g) 4 FH 3 [H
Proteintech /A F], HRP bricEPiid IgG —Ht (/%5
115-035-003 ) 4 4 3¢ [ Jackson /A 7], PrimerStar
GXL DNA R4 4 H A TaKaRa 23 7l 7= i o

1.2 ChREBP i7¥e 8 ke My 3L

1.2.1 BRI EFHHEE RO RAERFEITR
AR, BT T/NE ChREBP J R 41 45k 4
#o ChREBP JEHEA 17 MM, Hrpss 8 4
PR 185 bp, it Iy 61 NI ; H
L RUERAIR N 400 4.5 kb AT 3.6 kb, i
UEARE,  RRBRES 8 Ah 1 Fl sk i T g iy 5l
MRS, Miliis %]k ChREBP & 1/ HAY.
I, ARWFFEEESE ChREBP LS 8 A T 41t
BRI [ AR

1.2.2 FIrse ik wy i # Ll ChREBP 1) BAC
Foki AR, R PCR 4349 1 ChREBP 3:IA
21 DNA BB A fil B, 5197503 1. 100 uL
PCR AR &M DNA ( BAC ki) 2 L. 5X#f
MR ERZE MR 20 uL. 2 mmol/L dNTP 7 pL. 2 mol/L
5% 4 uL, PrimerStar GXL DNA R4&08 1 ul; M
FKEME 100 pLo KRB FF: 98 'C 52 min; 98 C
155, 58 “C45s, 72 °C 30s, 30 MEH; 72 C
5 min, PP AN AL B FEBHIH HindIl/
Xho 1 #1 Xho 1 /BamH 1 XG5, [A]I 55 [ 5]
pBR322-2S #AKHY Hindll/BamH 1 {iisi, 343
ChREBP 3£ 4 DNA B # A& pRV-ChREBP,
Pz AR BAC wkES AWK EL-350, il
MEANFEIREAD, KESHEBEE AL B A
Bt ChREBP J:[N 4] DNA fUFITHIEAK, iCh
pBR322-ChREBP,

1.2.3  loxP-neo-loxP F #thiE N VI&AE loxP-
neo-loxP FER 1 JFokL pL-452 ik, FJH PCR 3K
B8 ChREBP F:R4H C 1 D 19 loxP-neo-loxP %t
HAB (%K 80bp) , 5IWFIINE 1, Rz
ik EL-350 Bk N 9 [R5 E 2 m A 21 3R 3R A5
T #481& pBR322-ChREBP 1, 715 %3740k 14
pBR322-MK-ChREBP, 2[R {4 N U] g 2 i > 4
E. K& A pBR322-MK-ChREBP JFikifit) EL-350
ERRZBTHAMAS: Cre MRS, LIERTUR
pL-452 5| A neo JEH, XHELE ChREBP (%5 8 4
F LU R 1A loxP A5,

1.2.4  Frt-neo-Frt | B3N VA& H Fri-neo-Frt
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FEF B FURL pL-451 Rk, FIF] PCR R0
ChREBP 3% E 1 F 19 Frt-neo-Frt B ( &£K
80bp) , TIMFHNIWZK 1, 5 iR neo FPIHY T

AL A EL-350 Fkk, ZeatiEEA, T
#H#AK pBR322-MK-ChREBP-KO, FFZBR#ITEN
I Sy %€ -

&1 ChREBP T8I
Tab 1 Primer sequences of CAREBP targeting vector

Primer Primer sequence (5’ -3" ) Size (bp)
RA1 Forward: GCA AGC TTC CAT AGC CCT GGG AGG GTG G 343
Reverse: TAC TCG AGATTT GGT GCC TTC CAC AGG G
RA2 Forward: AGC TCG AGA AAG GCA TGG GAAAG 361
Reverse: GCG GAT CCATTT CAGAAACTG TA
loxP Forward: TGC CAA CAG TGC TAG AAG GGG GAG CAG ACA CAG GGA GGG GAA GTG ATC TAG 98
CAT TGG GAC TCC ATG GGT GAG CAG CTT CCATCATAT TCAATAACC CT
Reverse: CAC TCA GGG GAA GCT GAG GTA GAG ATA GAT AGG ATT GCC CTG GGG AAG ATG 98
GTG GGG TCT AGG AGT ATG TGA GAG CCC CAT CTA GAA CTA GTG GAT CC
Frt Forward: GAT ACA TGG TCT CAG GGC CCT GAA TGG CCT TGG ATT CAT AGA GAT CAA CCT 98
GTC TTT GCC TCC TGA GTG CAG CCA CTAAAAAGC TTG ATATCG AAT TC
Reverse: CTT CCAATC TGG CTT GCC CTT TCC CTA GCC TGT CAT TCA CTA AGA CTC AGA ATA 98

CTA GGC AGG TACAGA TGG TGT ACA CCT CTA GAA CTA GTG GAT CC

ChREBP: Carbohydrate response element-binding protein; RA: Retrieving arm

1.3 ES fmiesy AR 4r¥el ihik

1.3.1 ES @faddsc  EFRMLL 0.1% WIS
HeRh 22 3885 % C AR 2400 (B4 10 em
FAEFD 2X10° MGEFRZUE ) , SREFRE R AT
R0 ES 40f. ES AMiESE iR DMEM B3+
W (% 1 mol/L B-3idt LB, 2 mmol/L A2 i .
0.1 mmol/L JELTRAILRR . 100 U/mL HFEE.
50 mg/L $HE X . 15% ES %9 Jh 4 i
F11000UmLLIF) .

1.3.2 ES 4 F3L DNA # % LbFX%0E
KA ES 40M0hn 0.125% 4 Fff-EDTA JHAL
FEEEL, TN W R 5% v R 4 i % R B 24
1.5X10"/mL. H2 0.8 mL FiA ES 4008, A
2y 35 ug 2 Not 1 Zk4k) pBR322-MK-ChREBP-
KO ik DNA, 1R5)5 54 2 J0w L 22 fLAR
PL 240 V., 500 uF WS EHTTHLZEL, SRTETTE
JE P53 e R 3 AT SR Z ALY 10 em 1553
MG

133 ERZGHFE ES MfERLZF 24 h J5
W& A e FR 25 G418 (300 mg/L) AN &S
(2 mol/L) MIEFRWGHFATIEFEMEIG I, BR T 4
Bigime, 4 7~8 d mFRERTSE, Uik ES i al
PHR AT D64 5w R B AT R4 Tk B

1.3.4 NiynMapzw kR FEx Pl
PESERETCA & 30 uL 0.1% JBR FAlE-EDTA #Y
96 fLA (M) TPl 3 min, BREWAT, il
MM HL, RHERE 96 LI TR, R

MR 60%~80% fill & J5 BURHS 7 40 M R A7,
Tl A AR RE 3R 2 100% FilA 5 T Bt
ZH DNA.

1.3.5 ES @ ERE4 wkeh PCR £ #FK
Wi ES 4R 96 FLAR - L8R, fLmA
80 uL 2wk (% 1 mg/L FHHE K) , 56 C i
TIHASE IMATEK 218, F R IGE R 41 DNA,
#F 100 pL Tris-EDTA i+ . 7£ ChREBP [v]
U E LR A AT neo JER W43 B HEY, %
SEFTHR AR 5 L 37 [R)EE 55 400 g 3k R 4 1) [
BEMAHMN . 5P sIidk 2. B DNA X
4K PrimeSTAR GXL. Je W&k : 98 C
2 min; 98 C 20s, 64 'C 30 s, 68 C 2 min, it
35 MEFR; 68 C 2 min, PCR F=#R/Na5l 2 h
3.4kb F14.9 kb,

1.3.6 ES @ja ey T St KRR A VRGIATR
FHMYSEJC LIF i) DMEM 58455350, REMCEIRTE
515 DAY ES diffl. A B SR TG
LIF ) DMEM 52555, 37 'C. 5% CO, %4
FFE3E 1 h 47, RIS R M RIG R A 2
2.5 d RZEMERL (C57BL/6J*129S3 /NEL) T,
EHFZHE 8~10 F.

1.4 £Haik b ROEF %R

141 EEBRWEE K neo W £ PhkEOH
G RE>50% MYMErER S BRSP4 C57TBL/6) MR AS
fid, FRf3 ES Ak m B &R, W ES i
Jrik, H PCR Jik%w PG THER . Fah
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TN flp IR/ RPE T ACme, A fp v 5
W Fre B4, LERZRGT/NRIEN AL neo FEH

FIRHE ; THIEANT neo A flp RN JEIC/NEL, I8
ChREBP™ " /N,

%2 ChREBP ZEHEZ3|¥F7
Tab 2 Primer sequences for CAREBP genotypes

Genotyping Primer sequence (5’ -3" ) Size (bp)

5" HR Forward: CCT TTA AAG CTC CCT AAATGT TGG GGC TC 3407
Reverse: CTG AGC CCA GAA AGC GAA GGA

3" HR Forward: CCT CCC CCG TGC CTT CCT TGA C 4905
Reverse: GGT TGT ATG GAG TTG AGA TCC CCT GA

loxP Forward: GGG CCC CAGAGAACCTA WT: 593; mutant: 681
Reverse: TGA CTA CCC CGC AAA GAT

Fip Forward: CAC TGA TAT TGT AAG TAG TTT GC 725
Reverse: CTA GTG CGA AGT AGT GAT CAG G

Cre Forward: AGA TGG CGC GGC AAC ACC 400
Reverse: GCG GAT CCG AAAAGA AAA

ChREBP-KO Forward: ACA AAA AGC GGC TCC GTAAGT CC

Reverse: GGG GGC GGT AAT TGG TGA AGA AA 363

ChREBP: Carbohydrate response element-binding protein; HR: Homologous recombination; WT: Wide type; KO: Knockout

1.42 At DNEMWE K ChREBP™ /MR
JHF 4 S M 3R 19 Alb-Cre /NS, B 4k158
ChREBP™™*: Alb-Cre 44 7/Mil.

1.43 ARFEHEALE B4 HB/DIREDR, $#2
BUEE 4 DNA ¥R PCR %5E . 5 8 b+
(1R loxP 7 f51% 3t ChREBP R %] PCR % &3]
Y (F£2), nfEPAAL LS R A3
P 593 bp il 681 bp B PCR 774, PCR S
ZA: 95 °C 1 min; 95 °C 15s, 54 °C 155, 72 C
30s, 3£ 30 MEH; 72°C S min., Neo il Cre Y3
PRI 70 6 7 T v 2 DL SR (8]

1.4.4 /NEFTUE ChREBP Btk W 4 Rk
(/N BRUFFE S /N 1 40, 3R LN 41 DNA #E 4T
PCR %5 . £IXEE 8 AN Fi%1T ChREBP SEH Y
PCR %5 W (£ 2) , ] NBEFA BUSEA FE A
PHaH 363 bp /) PCR F=4, 1 3 A Rk /N R rh
BT IR A — 3B AR i, AR 3G
BEIM A . PCR RWZ%fF: 95 °C 1 min; 95 C
20s, 60 C30s, 72°C 30s, 340 MEH; 72 C

5 min,
2 &% R

2.1 ChREBP ¥ hogM % FH
ChREBP ) BAC SElE AN N IR w4, K&
ChREBP JLNEE 8. 9 Ah 7 KW/ N &+
IFE 2] DNA 5 [ 2 5 A B BE £ br 75 3L A g
i (thymidine kinase, TK) FikJjof4

) pBR322-2S Jiify, 193] HFT A pBR322-
ChREBP. #F—ifid PCR FI4H T P[RR E 4,
TEZEEARE) ChREBP LN 8 AT EiiF5I A
loxP i 5., 1FH RS A Fre-neo-Frt-loxP Julf,
NHIEE Y, ChREBP {254 T #4514 pBR322-MK-
ChREBP-KO (&l 1) , Ff-2aFR il P U1 g rd i)
5317 52 DNA I P %78 1

22 ES@fpwiARite 5 RREALS T {THIE
& DNA £ Not 1 FYIZetbAb)s, il g fLEE g
ES 40fif, ZiE MRy 88 4~ Xt
FENZH DNA 7EFTHEZRAAR 57 0 37 [l Y5V 55 4 it 3k
DR 20 ) [ VR E 4 A5 AT PCR 325, S50
5 ANk v B FP R I 2 2 A R PR 4 % A ] Y5
H, /%14 Bl, B2, D2, D6 flE10 (K 2) .
XF IR E L% PCR =25 i) Al DNA P %
FW A ES UM TCRE b ER Y R E A ek,
T S WA A AR AT

23 BERIAMEKFRLEEF RO MES Bk
5 ¥k ES AU CE R 268 MUEIR, IR IRIRRE 2=
26 Rz iRz, 55 8 X Fo /M. WNE
rwr, Ho 4 REMH/DNRERAE >50%, #ix
HHER S C57TBL/6T ME ST, HiAp a5k 8
ES 4iffisifs B2, D2 19 2 R & R4 F1 ARK
23 Ho & PCR %, H 5 HoyMAMEREG /)
UK 3) , i#kAs aT LAFh R ARG T AN
KL, 30~ ChREBP™™ " /N, R neo HEN
iz F1 R GF/NRE flp FREDBU/INRASHEE, 3R
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BRI fip 5 ChREBP™ ™ fFH/NR, st 0k CRREBP™ " (18 4A) . #—5 C57BL6/]
FUBILNZ] DNA Y PCR 4G, JESE neo JEBE AL /NEUSCHED, KA EH fip i ChREBP™ ' /L.
R, BEAE neo LAY ChREBP 5 2H %5 3L H

) NLS Pro-rich bHLH ZIP-like
ChREBP protein [ II T | .

1.9 kb i\ 42 kb
A C[D ,", “'.
WT allele ---- / 8 @
S
Target vector / / /pGK-neO E pGK-TK]

V{0
Flp recombination

——

Ca

Homologous recombinant

Flox allele E }—E
Alb-Cre
Knockout allele E ’ E E ..... .| 17 I
’/oxP 0Frt

Bl 1 ChREBP ERFTHRERLE
Fig1 Schematic demonstration for ChREBP targeting strategy

A, B: Homologous arms for obtaining the ChREBP genomic DNA fragment; C, D: Homologous arms for insertion of the loxP-neo-
loxP fragment; E, F: Homologous arms for insertion of the Frt-neo-Frt fragment. ChREBP: Carbohydrate response element-binding
protein; NLS: Nuclear localization signal; Pro-rich: Proline-rich; b-HLH: Basic helix-loop-helix; ZIP: Zipper; Alb: Albumin; WT:

Wild type; neo: Neomycin resistance cassette; TK: Thymidine kinase

S5p 3p

Bl B2 D2 Do6 E10 Bl B2 D2 Dé6 E10 M bp

10 000
8 000
6 000
5000
4000
3000
2500

2 000

2 [FIREHEFAM ES HAE5EER PCR EEZIEE
Fig 2 Identification of homologous recombinant positive ES clones by PCR genotyping

ES cell: Embryonic stem cell; 5p: 5" Homologous recombination arm; 3p: 3’ Homologous recombination arm; M: DNA ladder

marker. B1, B2, D2, D6, E10: Clones with correct homologous recombination of both homologous arms

5p 3p
12 13 16 17 19 WT WT M

o

B BOW hUaoo— T
o uno oo
SIS
SISIEEZESS

B3 F1 R/ ChREBP EREHK PCR EEZEFE
Fig 3 Identification of recombinant ChREBP gene in F1 mice by PCR genotyping

ChREBP: Carbohydrate response element-binding protein; 5p: 5" Homologous recombination arm; 3p: 3" Homologous recombination

arm; WT: Wild type; M: DNA ladder marker. 12, 13, 16, 17, 19: F1 mice with CRREBP"™”"" genotype
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2.4 FHEm R ES ¥ ChREBP™ /N
5 Alb-Cre /NRIEATAHE, 375 ChREBP™";Alb-
Cre Z2A/MN; K05, A FHMA T/
W34S ChREBP™™ ™ Alb-Cre 4lii57/INE., BiKN
ChREBP 11 WEAE S mi R /N B o A (o TRk 1)
b FL R R AT, ABFR A XSS 8 AR T R
loxP {7 5511 T 3RS E 514, 7l 2 5 BT A

Genotype flox/+  flox/+  flox/+

Flox allele
WT allele

bp
681
593

Flp allele 725 A
WT KO WT KO
bp
ChREBP-KO 363
©

RIFIE L ChREBP 5 L #4593 bp.
681 bp Y DNA 457 (F4B) , 454 Cre H%ELE
W, ATPE I N SR AL, SN, SEEBURFAE K
/N LIIENZ DNA, 0555 8 AhFikit514)
H#HT PCR, 45% 5/~ ChREBP BLPRTEJIT I vl 4
SRR, TiAE ) ChREBP SR WA 510
(Kl 4cC, 4D) .

ﬁ\g\oﬁ\

g\o

) x
X\X\ o S\dﬁ\

Genotype

Flox allele
WT allele

bp
681
593

Cre allel
re allele 400 B

WT KO WT KO

bp

ChREBP-KO 363

B4 /PNEEFEZF ChREBP EFE S PCR £ 4R
Fig4 PCR genotyping and ChREBP gene knockout results of mice

A: Identification of neo gene deletion in mice by PCR genotyping; B: Identification of CAREBP gene deletion in mice by PCR
genotyping; C: Identification of ChREBP gene deletion in the liver of mice by PCR; D: Identification of CAREBP gene deletion in the
intestine of mice by PCR. ChREBP: Carbohydrate response element-binding protein; WT: Wild type; KO: Knockout

3 #

[l 2001 4 ChREBP #{ & ¥ LIk, % ChREBP
()4 BRI BE AT — ELAERp ek n i it . 76 LAAE
Xf/NE ChREBP 4> By et R i b o sp A B, 4
B ChREBP /N R SEBEATH 52, Al i S
BT R A R RE S 551, B R SR AT AR
58 %M, JFIE ChREBP 745 M ff 57 55 1
10y i & AE EEAE AN RN ChREBP St
Ko FHA G MR ZHPT, I A s
ZHUY, i ChREBP )4 ) 4 5 55 50 d
WA B A RN AN TR 371,k s 2k LR ] ChREBP
FEVRPIBE IR ACH B G B2 A IRE . I
S, ChREBP WXf i i) A&tk | kA G B %
M52, Flan, £ NS5 Al & HTC116
i ChREBP Al EL p53 #0E"s 1EAT 1 g
W, ChREBP WU 5 e 20 B i) 1 58 47 B0A
S MAE A %, ChREBP U A4 2 1 1l 5 4
ML Ao PR T D R A e A . R . X segh |
$&78 ChREBP 7EA[A] A 40 i ook g i % 2E . &
JEA EAFBIVER, ChREBP HIKN I EA & 24
22

T HAFHLAFSY ChREBP TEAK P (44 92 3

e, AWFSERI Cre/loxP 24557, T ChREBP 4%
PRGNSR Cre/loxP ZE5UET F1 W4,

Wi Cre FABHRE SR loxP 457 5 IFVIEI F
2 /> loxP Z[8]f#) DNA 351, iK3mibrEAIEHE Y
H AU 3o AN AT DASE B A 2] SRS I
R lR, JOf HEA SRR« SR .

RIGEGERARA P, PR HAE S35 N Rt B
TN Tz . ES A & B il & 5 R sh i
B . ES 2 RV G A G PR AR
Bk — il , HARIN BRI . £ M5
6. BIRTE B o K AR S DR 3 o 2R AL A
JriESA ES Hiifl)s, iR s REIEs . AR
U5 ES 40, CREHEST AN U AT R B IR K
AN, HaEddascmRRai G 7/ . 1
AW, FATRA ES 4UiEiE9%H: ChREBP %3k
/N, B2eFIH AL B 2 DNRITEVE RSN 5
%8 TAMNE YK B B R BORER, T
TR, SR 5IFH C. D M E. F X 4 4
JINEIERES 3 5908 loxP 5i s LA K Frt-neo-Frt Bt |
A, WEMITH /A& pBR322-MK-ChREBP-KO,

Z I A S ) F TR A i L 2R AL A B ES
YA, s E BRI I AR AS I A Y [ VR E 4 e R T
AT, PRIE IE A Y e e EA T S I O S R A
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MNEZEMERF B, RS US4k Ea T 3e Bl
B, PFAFLEE T Flox /MRS, HHS Alb-Cre /)
SACHD, RPSCEL T 72/ MU 2Lk % ChREBP.

ARWFFEFIF CrelloxP RGNS T ChREBP
SRS R A B /N BRA Y, 4R R AN [R] 41 21
ChREBP 14 B ) G Al B 24 2 R IL T 2L
FE.

(& % x #f]

[11 LIMIJS,MIETUS-SNYDER M, VALENTE A, SCHWARZ
J'M, LUSTIG R H. The role of fructose in the pathogenesis
of NAFLD and the metabolic syndrome[J]. Nat Rev
Gastroenterol Hepatol, 2010, 7: 251-264.

[2] STOECKMAN A K, MA L, TOWLE H C. MIx is the
functional heteromeric partner of the carbohydrate response
element-binding protein in glucose regulation of lipogenic
enzyme genes[J]. ] Biol Chem, 2004, 279: 15662-15669.

[3] TIZUKA K, HORIKAWA Y. ChREBP: a glucose-
activated transcription factor involved in the development
of metabolic syndrome[J]. Endocr J, 2008, 55: 617-624.

(4] JAERLE,F I Sk T ook G ROV REs &

UG RIERE A A 98 35 A D). 50 —ZE B K22,
2011,32:318-322.
ZHOU L T, ZHANG W P. Regulatory role of
carbohydrate response element binding protein on hepatic
glycolysis and lipogenesis[J]. Acad J Sec Mil Med Univ,
2011, 32: 318-323.

[5] 1IZUKA K, BRUICK R K, LIANG G, HORTON J D,
UYEDA K. Deficiency of carbohydrate response element-
binding protein (ChREBP) reduces lipogenesis as well
as glycolysis[J]. Proc Natl Acad Sci USA, 2004, 101:
7281-7286.

[6] HERMAN M A, PERONI O D, VILLORIA J, SCHON
M R, ABUMRAD N A, BLUHER M, et al. A novel
ChREBP isoform in adipose tissue regulates systemic
glucose metabolism[J]. Nature, 2012, 484: 333-338.

[71 LIUG, ZHOU L, ZHANG H, CHEN R, ZHANG Y, LI L,
et al. Regulation of hepatic lipogenesis by the zinc finger
protein Zbtb20[J/OL]. Nat Commun, 2017, 8: 14824. doi:
10.1038/ncomms14824.

[8] XIE Z, ZHANG H, TSAI W, ZHANG Y, DU Y, ZHONG
J, et al. Zinc finger protein ZBTB20 is a key repressor of

[11]

[12]

[15]

[16]

[17]

alpha-fetoprotein gene transcription in liver[J]. Proc Natl
Acad Sci USA, 2008, 105: 10859-10864.
R I W g LR B, Tk e XA R A R0 TR
N IRIR AR MR B AR Rk Cre &
ZHL il ) R DN B AAT SR A 0], 28 R R i,
2014,35:185-190.
LIL, GUOR, CHANG X S, YINK, ZHANG Y, LIU Z M,
et al. Generation of islet B cell-specific Cre recombinase
targeting vector by homologous recombination in
bacteria[J]. Acad J Sec Mil Med Univ, 2014, 35: 185-190.
ISHIT S, IIZUKA K, MILLER B C, UYEDA K.
Carbohydrate response element binding protein directly
promotes lipogenic enzyme gene transcription[J]. Proc
Natl Acad Sci USA, 2004, 101: 15597-15602.
ZHANG D, TONG X, VANDOMMELEN K, GUPTA N,
STAMPER K, BRADY G F, et al. Lipogenic transcription
factor ChREBP mediates fructose-induced metabolic
adaptations to prevent hepatotoxicity[J]. J Clin Invest,
2017, 127: 2855-2867.
VIJAYAKUMAR A, ARYAL P, WEN J, SYED 1,
VAZIRANI R P, MORAES-VIEIRA P M, et al. Absence
of carbohydrate response element binding protein in
adipocytes causes systemic insulin resistance and impairs
glucose transport[J]. Cell Rep, 2017, 21: 1021-1035.
KIM M, ASTAPOVA I I, FLIER S N, HANNOU S A,
DORIDOT L, SARGSYAN A, et al. Intestinal, but not
hepatic, ChREBP is required for fructose tolerance[J/OL].
JCI Insight, 2017, 2. pii: 96703. doi: 10.1172/jci.
insight.96703.
TONG X, ZHAO F, MANCUSO A, GRUBER T J,
THOMPSON C B. The glucose-responsive transcription
factor ChREBP contributes to glucose-dependent anabolic
synthesis and cell proliferation[J]. Proc Natl Acad Sci
USA, 2009, 106: 21660-21665.
ATALA A. Re: inhibition of the hexosamine biosynthetic
pathway promotes castration-resistant prostate cancer[J/OL].
J Urol, 2017, 197: 403. doi: 10.1016/j.juro.2016.11.022.
GU H, ZOU Y R, RAJEWSKY K. Independent control
of immunoglobulin switch recombination at individual
switch regions evidenced through Cre-loxP-mediated
gene targeting[J]. Cell, 1993, 73: 1155-1164.
KUHN R, SCHWENK F. Advances in gene targeting
methods[J]. Curr Opin Immunol, 1997, 9: 183-188.
[AX4wEE] %



