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[WZE) B HHEHESE T TRB RXR FREhH T4 XN B Cips R T RRBIEM, HiE &
WA, Cip4 JEH B 31 T X551, M EER 45 3K pGL3-Cipd ; #5543 1 7 TRB .RXR T2 H] peDNA3. 1 A E A
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A MTOC RS R 5, WEBURL A TRB sl FRIR R T4 G0 B SREEM R, SR DK
JNVP R Cipd 8 3l XS 7 51 G R B 2 I R AE (8 8+ 7% Sk ) . pRL-TK =201 B BTk i 2
g B Y soR B iy, A e DO R R G PE . S 7R , SUMA TRB REAE Cipd B9%: 5K (P>0.05)
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In vitro verification of Cip4 gene regulation by RXR and T4 in
Mongolian gerbils using luciferase double-reporter gene system
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[ Abstract ] Objective  To investigate the regulatory effect of nuclear transcription factors thyroxine receptor
(TRB) and retinoic acid receptor X (RXR), as well as the agonist T4, on Cdc42-interacting protein 4 ( Cip4) gene
expression. Methods The Cip4 gene promoter of Mongolian gerbils was cloned into the luciferase-reporter sequence of
pGL3 basic to construct a new plasmid pGL3-Cip4. Coding sequences of transcription factors TRB and RXR were cloned
into pcDNA3. 1 eukaryotic expression vectors. pGL3-Cip4, pcDNA3. I-TRB, pcDNA3. I-RXR, and pRL-TK ( reference
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plasmid) vectors were used to transfect HEK-293 cells to form a luciferase double-reporter system for the Cip4 gene.
Transfection efficiency was optimized by adjusting the ratio of these plasmids. The agonist T4 was used to analyze
transcriptional activity. Results Transfection efficiency and luciferase activity were the highest when a total amount of 2 g
plasmid and a ratio of 20:1 between the ( promoter + transcription factor) and pRL-TK. RXR could significantly increase
Cip4 gene transcription of (P < 0.05), whereas TRB did not alter Cip4 transcription (P > 0.05). Thyroxine T4 could
enhance RXR upregulation ( P< 0.001), while a combination of T4 and TRB downregulated Cip4 transcription (P <
0.05). Levels of Cip4 transcription were significantly downregulated in the presence of T4, RXR, and TRB (P < 0.01).
Conclusions T4, TRB, and RXR had coregulatory effects on Cip4 gene transcription in Mongolian gerbils; moreover,
they simulated the process of ligand T4 agonizing TRB/RXR to activate Cip4 gene transcription. These result indicating that
Cip4 transcription was significantly affected by the RXR signaling pathway lay the foundation for revealing thyroxine’ s
mechanism of action in human nonalcoholic fatty liver disease, as well as the study of ligand-agonizing nuclear transcription
factor regulation of Cip4 gene expression and related drug screening.

[ Keywords]  nonalcoholic fatty liver disease ( NAFLD) model; Mongolian gerbil; Cip4 gene; dual-luciferase

reporter gene system; retinoic acid receptor X( RXR) ; thyroxine receptor B(TRB)

CIP4 ( CDC42-interacting protein-4) A HU R i
SZARVEFHREF 10( thyroid hormone receptors interactor
10, TRIP10) JE R R IARY 1, 2 —Fh A0 280 5
I, B 545 EERRRFLAL, | IZ A T S
JIFVE S5 L0 TSRS AR Z AR T, H
Faks A HE R RN T /E IS ALY CDC42 1T
Uit , Cip4 TEVA 5 WLZH 25 11240 ML 1 28 5998 1 A A,
AT 200 D ) 6 RG B, P A A AR bR A Y AR
W, HAETRRT T AL (1) /& EGFR f9 LW
(2) mBET Cipa REVERIEE b e 200 i 1w 1) 5 200 A 1)
¥ 4y 46 ( epithelial to mesenchymal transition,
EMT) ! ; (3) 1817050 T 4H A 4 30 2 b 434k Ao 1 I i
SR IERL 5 (4) ZR Cipd B A2 18 AL/
MRBEREAL 5 (5) Cipd LR m R/ BRI H 48 5 11K
I , 92 55 FRAHRT, #4000, 5 AR AR PO R
(6) 5 Z ALY (insulin resistance, IR) B K FR B2
il i 22 3R A ) T P WERE B AL ZUrh Cipd IR
E 1 HUIR B 2 52 4K ( Thyroxine receptor, TR, 4% &
HEZARZ — B — IR S B % 1) 5
FCAA B AR 2R (= FPOR s 2R T3 5 il FR AR
PRI T4) 456 )5 TR MR WL, it 5 RXR
(retinoic acid receptor X, 4t iz X ZAR) G5 E W
MK PR HE ) 3K, TR BE6S 5 4 1 2k R
DNA J#51) ( BLan HUAR IR 28 28 Te A ) 46 i & 45 4E
HFIVEH] . RXR 2A% 32 8 R (A iE (45 TR
Kead S8 Ak W B K 14 5E W) TS A2 IR ( peroxisome
proliferator-activated receptor, PPAR) Z£ %) A%
OO TR AN & B AR R T B AL T AZLO AL
AW IRIE 55 F RGN Z AR — 1A
R R R (RXR/RXR) S5 I — 2R {4 (RXR/RAR =

PPAR/RXR = TR/RXR, il 4% H A9 FLAARFR A [H] I
o SR DU SRR ) VB e s PR 7 5 # L ) DNA 502
FL 1 Ui A0 28 O 2 A, DA T 8 92 i PR 1 7 S R 3k
ik, B E— R B

KN BRTE R IR 1RURE( 5 IR 15 5 K/ B A
AN RASTT N A A R BR 0 259 ) ISR 1 )8
Je BVAT I B B 4l 1 I I, 2 JRJE W g 5 14 I R
(nonalcoholic steatohepatitis, NASH) ,4 ~ 12 J& Rl ]
TE A [ R BE () 4 44k, 12 ~ 16 J8] i1 B R AL
FLA ST PR BT AR (G R T 90% ) (i
T2 2 A AR T RS P4 B8 B 9% ( nonalcoholic fatty
liver disease , NAFLD) %5 BE3E & A4 258 7R K5k
+ZAEWFFE R, A VA P e I A T
R A S 4 J5 (NAFLD RS 4idk) 2 8 A i
DL @i (R AR) H & NAFLD (35 8 IiLiE ) KR b
UG SR 4L, 3RAG T 352 422 S L BRURN 32 A3 %, B
L NAFLD KD RS R AG 10 KR8 X
B AR TR, 5 Cipd FE A5G 1 3
(ko04910, i &5 5 5@ ) 8.3 LW, IR A A
NAFLD EiFK T 3 £, X D45 R WoR il Cipd B
AT REAZ R R R B H R IR 2R 2 AR b & A
SEIETEAR L, T340, FRAT & B Cipd JEH 8 3 17
5 RXR RFEXHLE B o F R EmH A LR,
HAT& A I IE, XT Cipd SRR EZ W
EHE CDC42 fI R, B CDC42 J& Cip4 LiiF, 540
M 24 VIR Cipd 1 —Fh 32 4 5
A B R Y 1 FRODR R 2R A2 A R, LA S
RN T Rk RIRM S, R AT B R
JRZE T4 1 HEARWE? Cipd 13K 75 32 BRI
TURHE D 1 R B h ) T4 4%, H 275 RXR
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A S5 A1 000 2 IF 5 235 6 i R 5 ) X ek v
AN TCE (WA 2+ R FDUER 755 ) R X
TEREFHE/EAC RN —FEZE T H" ) #E
S KR 9 G R i A B LR R I, SR EE A
s BRI A S g R 25 H R DA B AT LR
Pk RAOE R AN (— M2 pGL3 BUkLE 2
1A FiEE B DG B WA (— 2 pRL-TK BORLAE
WS HERIIRE RGP K iR 5 5
PRI R Ge 25 & pRL BRI R4, B3k 58 A4ty
LRV B R ) 2R R G, T LA B it
TIN5 FE DR ARG, b RAg b, A
FFE 2 R FH 98 56 25 i XU 25 25 [ R G5t Cipd 1
FIKE TR Z RXR, TRB( HUR R X 21K TR B B F
RY) PR AT S

1 #efnrE

1.1 #HEzxR

B4l 2 HEK293 (ATCC, AATHEFREAC) o
1.2 FERXFSMUE

TRB #3157 (TRB FECAA ) T4 (A2 i HUR IR 22 40
FHAKA W) ( Damas-beta, $5 5 P1081372) , DMEM
( Hyclone, 5% 5 SH30243.01B ), FBS ( Gibco, 7% 5
26400 044 ) , X % & B & W L 7 & ( Dual
Luciferase Reporter Gene Assay Kit, Promega, 77 5
E1910) , #4457 Lipofectamine2000 ( Thermofisher,
75 11668030 ), # W #% ( Gilson ); B > HL
(Ependorf, 15 5424R) ; {HiR IR ( i AE | #Y
5 ZQWY-200) ; 4l il £5 £ 48 ( Thermo, 5 Forma
3111) ; M E.0HL( Beckman , B5 Avanti J-301) ;46
SR (R AR, LS BK-1.96C)
1.3 XWHE
1.3.1 [kt st

WA A O K e S R CDS P 81 T
FFEH S| peDNA3. 1 FiR M LK KD R Cipd
Joi BT 7 5 T e I ) A ) pGL3 basic RERAIR (T
SRR bR SR YRR 03 ) o Bl iy e s T 2
TRB #1 RXR, J& 8 F ¢ 51 2 K NV B Cipd ZE - S
BFIX LR v | G i B B AR 3 P e
SR 2\ 58 B, BR3P 81 K B K GeneBank &
mr,

()% 5% 7 TRB CDS X KNP B thyroid

hormone receptor beta (TRB) , transcript variant X1,

mRNA ( 1428 bp), NCBI % # J¥ %I H XM _
021654936. 1, TRB i@ i Pl (5 BamHI-3" EcoRT) #%
IMEEYIAE 551 peDNA3. 1 (+) , Bl 3751 3 1464
bp , FORLEITEANE 1 F7m

(2) 55 F RXR CDS X . KV B4 355
B2 UL https ://www.ncbi.nlm.nih. gov/gene/? term=
RXR%20Gerbillinae , 345 =4~V &Y | % BT &35 5
B RXRM™ B K 7D B retinoid X receptor alpha
(RXRa) , transcript variant X1, mRNA ,NCBI &% ¥
51 Sk XM _ 021638115.1, 1404 bp, RXR-XM _
021638115.1 3 & 5° HindllI-3’ Xhol 7 & %I
pecDNA3. 1(+) 244, Bk L 751 3L 1440 bp, JFokr &
a2 R,

(3) IRV B Cip4 53 31 BT B thyroid
hormone receptor interactor 10 ( Trip10) , Gene ID &y
110545609, 1426 bp, Cip4 Ji 3 F i i 76 76 ] 5] A
5” Nhel-3" Xhol VI F 55, 5 £ E] pGL3 basic %k
& BEIE P51 3L 1438 bp, TR EE AN 3 7R

ENLY BamHI(930 bp)

TRB CDS

pcDNA3.1(+)-TRB
6863 bp

«

DGH poly(A)
signal

SV40 Poly(A) EcoR1(2388 bp)

signal

NeoR SV40

promoter

B 1§53 A F TRB 1R =&

Figure 1 Plasmid map of the transcription factor TRB

1.3.2 TRB WYREAA—3sh H AR AR = T4 1k

P RXR M TRB RN NPRIC, T4 W E B
HelE M 0.1 pmol/L, 0.01 wmol/L, 0.001 wmol/L,
W 24 h 5 48 h IAB ] 8, 2868 i PCR 1%
AT R, RXR EWF51 . 57 -TGCTCATCGCCT
CCTTCTCC-3°, T %% 51 ¥ 5’ -GCTCCGTCTTGT
CCATCTGC-3" , i BtA B4 177 bp; TRB L5149 .
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HindIII(912 bp)
cMV

RXR CDS

pecDNA3.1(+)-RXR
6788 bp

SV40 Poly(A)
signal s
Xhol(2346 bp)

SV40 DGHV poly(A)
signal

NeoR

promoter

2 ST RXR B SRR Z R

Figure 2 Plasmid map of the transcription factor RXR

Pause site
Poly(A) signal

Nhe 1(22 bp)

CIP4 CDS

pGL3-CIP4
6239 bp

SV40 Poly(A)
signal

Luciferase

B3 3T Cipd HBTRLR R
Figure 3 Plasmid map of the Cip4 promoter

5’ -GAACAGTCGTCGCCACATCTC-3", FiF 5l ¥.
5’ -CCTTTACATTTCTTCTCCTCCGTTTG-3 ", A Bt K
JE4 131 bp, PCR F£JF 4 95°C 1 min,95C 15 s,
60°CiE k 30 s,72°C #EfH 10 min, 40 PG, 99°C JiF
PRIG . BURAS LS RN T4 92 HAMH A 22 57
FRIHEE Tl T4 (1 TAEME |
1.3.3  BORFE YL 550 5 BT PEAG I

FIH Lipo2000 %% Yeial i &, #5521
{149 J5 A1) FH i J5 AR B G 1) T vk B YL 1) HEK293T 4
Ja e, FH 22 il AUHR 5 i PRI AT Cip4 5 RXR/

TRB % 5T RARGE G160

(1) ekt g . OFE YL i — K 24 FLER TR 42
Tl 240 0, (2 S iRt I L AE 70% ~ 80% , B SR Ay
132 T A TAEHEE (0. 01 pmol/L) T4 259
9 DMEM + 10% FBS (4544411045 o5 R B 3¢
T4 5AEHARIRE T4, FR)) ;@2 pL Lipo2000 %
YUK RS 50 pL JCILE DMEM 3535 | Bk
FoBH] 50 L JCILHE DMEM 553756 (3 3 F +56
FETTK=20:1 BFORIRE 2 ) IR A IR 7T
20 min, #MJC I 7 DMEM 35359 100 L ; G [ L
TR FREL A B — B A 1 FE Y S A 200 pL,
37°CHiFE 5 h; @MW BRI IR, #: 0.5 mL &4 1.3.2
G £ 4 TRV (0. 01 yumol /L) T4 25319 56 42
FHE,3TCHTR 48 h; GFE YA S W ; © bk
Pl A —WER A ME 1 Fros,
peDNA3. 1 .pGL3 basic 258 ikL, pRL-TK A4 {it
T B D R B ASIN 1% P9 X5} B8 50K, pGL3 basic-Cip4 |
pcDNA3. 1-TRB 435l &4 5 44K 5 TRB KL kL,
Kl TRB Xt Cipd 5% 506 M52, DL E 2 44
FEEHUR AR ZE T4 FIASE T4 PIFPALFE, LUK I T4
FIP BN s 5 R R gL o A AN 3R 2 Fom 38 0m T
pcDNA3. 1-RXR ik Fohr, 55 L4 M RXR . TRB
RN Cipd 5 FeiH HER 0, AR 1 (IR
FEEHURIRZE T4 AR T4 WiAh AL, LIAG TN T4
HIEBIRCR ) .

1 TRB IR Cipd J5 B sV TRy 0K 41
Table 1 Plasmid grouping of TRB on the initiation of Cip4

R S R &
No. Plasmid groups
1 pcDNA3. 1 + pGL3 basic + pRL-TK
2 peDNA3. 1 + pGL3 basic-Cip4 + pRL-TK
3 pcDNA3. 1-TRB + pGL3 basic + pRL-TK
4 pcDNA3. 1-TRB + pGL3 basic-Cip4 + pRL-TK

F 2 RXR.TRB X} Cip4 i shifF 1 FORE 53241
Table 2 Plasmid grouping of RXR and TRB on the
initiation of Cip4

FF5 L Origaaiives
No. Plasmid groups
1 pcDNA3. 1 + pGL3 basic + pRL-TK
2 pcDNA3. 1 + pGL3 basic-Cip4 + pRL-TK
3 pcDNA3. 1-RXR + pGL3 basic + pRL-TK
4 pcDNA3. 1-RXR + pGL3 basic-Cip4 + pRL-TK

5 pcDNA3. I-RXR + pcDNA3. I-TRB + pGL3 basic-Cipd+ pRL-TK

(2) R E R BRI . (D2 40 . A FL A
YR 2L R 200 L, FEIRMFF 10 min, 7855 247 4
it ; @Y 24 10 000 r/min BS.L> 5 min, B FEE
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SRSV 5 (R fife it K HR it s 2 Tl A 00 3 7] A Vg
R BRI 22 v, TR B =R, 1 RO R
KNS (100x) B F ki siok & L& @ U
PRAE UL I A 122 6, B 100 pl SRR 135
HIA 96 FLEYEH I 100 WL & K L %¢ % 2 il
R TAEW , IR AT & B AL & AR, 30k B ]
5 s; @AM B ZOE R BRI T AR 100 L, g
RAT, EHLIN A SEAH, Bt 5 s D7 LR 3%
FHE NSO T , FH 7 R 28l D e 15 2]
1Y RLU BB LA 15 5 ' 2= B 75 2 1Y RLU A,
R 2 1 FEAB A Eb AN [R) A o 1] 41 45 35 P 119 7
TRREEE
1.4 FitEHRZE

S A S A s R R O S B e b v 2=
(% +s ), BRI SPSS 19. 0 Ak #4743 #r , 3%
H GraphPad Prism 5. 0 #4788 HrfER . R
e Kk H &k g, IP<0.05 hERA
B

2 #R

2.1 T4iREZIN RXR.TRB HERILZE

AHXFF IS B
Relative expression levels

AHXF A B
Relative expression levels

T4 H3#J5 RXR  TRB BN JE K IR qPCR 45
R hlE 4~6, WK LRI LIE H,0. 1 wmol/L, 1
wmol/L [ T4 Hl3 HEK293T 7£ 24 hr & 48 hr J5 , ¥i
ANFER R 225 M 0. 01 wmol/L B T4 H3#
HEK293T J7, TRB ,RXR 7E P /> i ] s 245 3¢ 9 HH —
FEMZES RXR EiAafa THhn, M TRB Kik &
F R, %F RXR 5 TRB fIRIE BN ES , NLK
B H B &, PEE 0. 01 wmol/L A4 T4 1R K —2b 5z
B TAEWREE
2.2 TRB MIEsNMERKEN

R T 5 s PEAE S T ] an iRl 7 R
WATGE 2 BT a5 3 W, DS B0 4 B %of IR 2 1) 7
SRR E s, TRB (5 A 45 & Cipd 1B
P H 15E 5E3EYE(P>0. 05) .

2.3 RXR 5 TRB X} Cip4 HIEEh1EH

HRYEHAEI 0 AiE PR R T2 [, A 8 i,
WATGET 2o W 25 3 W, S B0 4 K X HR 4 1) ¢
SEE ARG R RXR YL Cipd JE 8 F
FE 1 7 S 3% M (P<0. 001) , {H RXR , TRB #j %%
SER TR FEHUIRIR R T4 BB TENL T Cipd 1%
PR RXR BUIAEAE S O i 28 R (P<0.01) .

B4 0.01 umol/L T4 Jl¥# 24 h( 7 ) 5L 48 h(4y) ) HEK293T #* RXR 5 TRB (W Fik &
Figure 4 Expression of RXR and TRB in HEK293T stimulated with 0. 01 pwmol/L T4 for 24 h (left) or 48 h (right)

1.57
ERA RXR

E2&3 TRB

X REE
Relative expression levels

AN AR

Relative expression levels

1.57
EARXR

E= TRB

B 5 0.1 wmol/L T4 #ill¥ 24 h( /) T 48 h(£7) ) HEK293T H* RXR 5 TRB RYHEPH Rkt
Figure 5 Expression of RXR and TRB in HEK293T stimulated with 0. 1 wmol/L T4 for 24 h (left) or 48 h (right)
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&3

X R IE B
Relative expression levels

&6
Figure 6 Expression of RXR and TRB in HEK293T stimulated with 1 pmol/L T4 for 24 h (left) or 48 h (right)

Il »1 & Control

ns

T

AR e R B T
Relative luciferase activity
*

Z

A ORI A 1 & pRL-TK, * P < 0.05;“ns” KR £ 57
Jo i EHE,
B 7 TRB 5 Cipd Ja 3 WG R BEH 25
Note. pRL-TK was used in all groups. *P < 0.05, and “ns”
means non-significant difference.
Figure 7 Detection of double luciferase reporter for

TRB and Cip4 promoter
3 g

L R 2R Gt 2 U G 0 201 R PR e Ak 1 T
P B AR il A T8 R A 6 R 38 o 4G T 3k 7R
(REHE B POEME S ) Rbr e B B FE R K1k iy I #
FEBLU %R B S e ERE T R
JE R RS SR A SRR A, DR AR I 3 T A AT
FEREH R iR A A5 5 i s BT L K1
AR A B 2R AR AT )2 B

ARWFIEEFE IR KRV B Cipd 22N o 7 /5
LR B Cipa FEH IS 878 81 LAk 2= 6 B
J7 XA A BN 56 R Bl i 3 R 34K pGL3-basic H,
SR e ALLAE ) 7 A EE7E pCDNA3. 1 AR TP B
WA %% S B F TRB, RXR., TK A9 it ki 3t 4% gy
HEK293 4 Jifa A6 ) 5 ' 22 i 17 M, 5 31X A 41k

B3 RXR
&3 TRB

X REE

- B3 RXR
: £33 TRB
E 1.0
Z
)
5
2 0.59
g
L
~
0.0-
% b<
NN &%C <
> 9> » e
P v P v

1 wmol/L T4 #i# 24 h( 7£) 5 48 h( 47) f) HEK293T /" RXR 5 TRB (4L K ik &

| Il % Control
T4
T

AR 9 't A B T
Relative luciferase activity

TE A AR 4 A& pRL-TK, * P< 0.05,™ P < 0.01, ™ P <
0. 001 ;“ns” 7R 22 57 T EHE
B8 TRB.RXR ‘5 Cip4 J& 8T WO Z BN ZE R
Note. pRL-TK was used in all groups. *P < 0.05, ™ P < 0.01,
“* P < 0.001, and “ns” means non-significant difference.
Figure 8 Detection of double luciferase reporter for
TRB, RXR, and Cip4 promoter

R Cipd FEH g 87 5 2 K 5O R 5 Bkl 5 T4
EE ,#E T T4 . TRB 5 RXR X Cip4 3 H (14 )5
S SREEVE T, WFoE 4 R W, gl fin A TRB (T4
ZR) FEABERAE Cipd [R5 57K (P>0.05) , {HHL
afifin A RXR, AT LABH & 2l 48 Cipd 19 5% s K1 (P<
0.05) , 7 T4 (AVEA T 20T LABA 2 B3R Cipd 1% 5%
KF(P<0.001) , X UESE T RXR AJ LMESE S Cipd
gEA0 [EI W] T4 X Cipd A A S 43R F ak
FELEHAAKAST TRB (SFR AR ) IR IR AR
TRB 27 81 FIX 5 Cipd-RXR A5 WEEA 17—
MR, TRB %2 T4 W8, Cipd 16 PEAS L]
W(P<0.05), 3 45 G Be A4 3 B 4 S I 19
fEVST iR RXR, TRB LFIALEME N T, Cipd
BB S K S22 B A ) T R (BRI Y ) (P<
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0.01) "7 BEL HMR M R, AR SR R R
RXR \PPAR | TRB %5 f# 55 X 75 #0356 [N 5 S vh
Fr A EH RAHIE A, — MBS 5L RXR Fl PPAR
ST EEA (A OHAL) B9 A R TR
TEH 5 R R #R A 2R AR AT T4 ik
JE VPR IR T 1 TR SR T T4 13 sh B
TR 22 S (RO A2 AR Sk R 00 R ] 26
B0 B A A A L 1 42 ) 1 R e B Sl e
T4 FEE TRB sl BHIESE T 0. 1 pmol/L,

PENCE RS 550 52 B 2 R I F5 S 7 5 4t
Wrdl G sh P R S T R S 4 A R B T B,
H A7 BC A G 5% 53 97 (40 miRNA 3 sh 710, 30
TR R A R 5 e B 52 55 ) AR AR 9 b s FH Y
PR RIS RME T T4 TRB & RXR J# KR
TP Cip4 SEDR% SEF IR ATEYE | R BEREH0L T e A4 i
T RIEL LR T RXR-TRB 576 R IRLE B K T4 77
FEXT Cipd WG SEIG LB P WAESE T Cipd 9%
SIS RXR 55 s VI 56, X B — #1034
ARG SRR 2, B A7 U0 6 R R A5 L R 4
3 T Hofh 52 A 5 S PR B3, S5 A AR
WFFE R R IR 2R 1 SR 3 sl 351 (AR ) 04 S 560 4
D R NAFLD #5850 g R 6 e HOIR iR 27 A8
NAFLD &I tIL il B 57 55 A,

SE 3k
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