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[HWZE] HmY  RSNFEIR HepG2 I WG PG5 A SEBEELY) ( Swertia mussitii Franch) X 22 2451 25 A0 5G4 11 3 (multi-
drug resistance protein 3, MRP3) , #% %% 5t [ - SP1 ( specificity protein 1 transcription factor, SP1) F 4% 52 {& 28 48 X 32 14
(pregnane X receptor, PXR) .CYP7A J3 3l 725G A F ( CYPTA promoter-binding factor, CPF) ik 52m, Jii:  H MTT b
AN )1 P15 2 S AR ) 0 e AR VR VR B, B0 301 1 0.12.24 .48 [ 72h 3% HepG2 4T, Fli £ 40 ML i) RNA LEVEE 11 A%
HA L, RATOEE & PCR FIH A N BRI 5, 12 5 1 MRP3 % 5617 SP1 K% A2 1A PXR | CPF 7% 56 5 8 K
T FRIBAEA . BB ] RS B MR R DMSO 25 A BH M 1R 88 2 U IH AR (ursodeoxycholic acid, UDCA) 2, &5 IV
TEIF SREEHR Y ] B 215 S HepG2 MRS 2 2 19 MRP3 1) mRNA 8 /K P9 & =3k, FoAE 8 T UDCA(P <0.05)
J PG A% 28 SRR A Al v Y 0 1 VR A S P97 SP1 K% 32 1 PXR 1) mRNA FIEE 112635 K 7, fE AR T UDCA, X CPF ik
1 EJEVES UDCA A (P <0.05) . 518 PO SREHE Y ATl HepG2 20/ 4% 12 45 1 MRP3 Eif, HA AT RE 2
WL R SP1 K% Z A& PXRCPF iR,
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Alcohol extract of Swertia mussitii Franch upregulates membrane protein MRP3,

nuclear transcription factor SP1 and nuclear receptors PXR and CPF in HepG2 cells

Liu Chang, Li Shaoxue, Gao Yu, Chai Jin, Zhang Quan, Chen Wensheng (Institute of Gastroenterology of PLA, Southwest
Hospital, Third Military Medical University, Chongqing 400038, China)

[ Abstract | Objective To observe the impact of alcohol extract Swertia mussitii Franch on the expres-
sion of multidrug resistance protein 3 (MRP3) , specificity protein 1 transcription factor (SP1), pregnane X
receptor (PXR) and CYP7A promoter-binding factor ( CPF) in HepG2 cells. Methods The optimal concen-
tration of the alcohol extract used to stimulate HepG2 cells was determined by MTT assay. Then, total RNA,
membrane protein and nuclear protein were extracted from HepG2 cells at 0, 12, 24, 48 and 72 h after co-cul-
tured with the alcohol extract. The expression of MRP3, SP1, PXR and CPF at mRNA and protein levels were
detected using real-time PCR and Western blotting, respectively. Results The upregulation of MRP3 was
significantly induced by the alcohol extract at mRNA and protein levels, which was more efficient than that by
ursodeoxycholic acid (UDCA). The expression of SP1 and PXR at mRNA and protein levels was elevated by the
alcohol extract, which was also more efficient than that by UDCA. The expression of CPF was also increased by
the alcohol extract at mRNA and protein levels, which was similar to that of UDCA. Conclusion Our alcohol
extract upregulates the expression of MRP3 in HepG2 cells, possibly involving the activities of SP1, PXR and CPF.
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JI PG %% 5F 32 ( Swertia mussitii Franch ) 21545 % 25
Z—, R BV SRS AR, IR R B PR, B
A T VU 2 F AU PGB 1900 ~3 800 m 5
JrHBIX 2 AR A REACAT ), 4 B A 24, A R IH R 6 Y AF
B0, G PR TR YT 2002 e M I 28 S5 IR v TR v
Pt o R ERA TR MR A B Sl AR AR o e B, )1 7
o 8 3] 3 PR 07, AR IR TR L S IHET R (A
PEBERR I | ] A 2R 2 H 5 7% i A N 20 IR 2 e 5 74 il
SERebn  EEIRHLA M NI . 2T 2 A R
[ 3 (multidrug resistance protein 3, MRP3) J&F ATP 2%
A0 MRP(ABCC ) 58 I rh 1 — D 2 57 1 200 i ik
V&AM R T e o A AT R B s A 1, Y U A
TR MRP3 AU ERS &, A R TRV IR IR 2T 2 45
A HEY 5T S HE D40 A, 7R AR R BURAS TR X O
JH 4 e DG S I ) MIRP3 5 DR i 164k 174 I 1 4285 L,
NS AR REL IR Y 1R B R0 40 R B B s T OE
WM L5/ R . BFST R B, MRP3 f1_F 34 7] A
L5#% % 35 [N -F SP1 ( specificity protein 1 transcription
factor,SP1) K #% Z k22458 X 3Z4& ( pregnane X recep-
tor, PXR) .CYP7A J3 3 454 T (CYP7A promoter-
binding factor, CPF') %é;‘djif%ﬁjt[s_gj o FrLlL, MRP3
S KR (2 20 R T PR HE A RV 1 B LAk P ) i 4 AL
AT A G T R IR AR 25 W i bR . A E s ]
Western blot F1%5 e f PCR 455 IR, WL )| 76 44
AREEREY T HepG2 il il f5t 4% iz 5 11 MRP3 3R iK1
i, LA R 5 FOR 5 9% YT AR G 9 SP1.PXR | CPF 4§ 34
A2 M, 00 )1 P 28 S B 4 0 0T Ry A RR 9 I PR
SrYER .

1 WS

L1 ##HEME

NP8 20 B HepG2 4 (rh BB B4 M) , i 4F 17
(FBS) (1640 ¥i % HE (HyClone, 3¢ [8) , JI| P44 - S B4 4 ()11 74
T 2F Sk A A ERROR RN B 524 a1 T o 25 5T
Pt ) SO WSCHR[ 1], MTT (38 = KA RHE T T )
UDCA(Sigma, 3 [H) , Trizol ik 7] ( Invitrogen, 32 [# ) , J 55 s8¢ A1 7¢
J5E i PCR i 7 £ ( TaKaRa, 35 [ ) , MRP3 $74 (ABCAM, 3%
[#),PXR. CPF. SP1. SH-PTP1 $ii & ¥ [ Santa Cruz /A &,
GAPDH Hiik (38 = RAYEARTFFI) , ILFEdif . LEh R
PR P23 B B A IR A A ), BCA 4 FE &l &
(Thermo, £[H ) ,
1.2 &%
12,1 A0 AEs RS0 40 BT 96 fLAR, B AL
200 wlL, 404k 3 000 ~5 000/ 4L, F4H I 6 DAL, Trafffg
DU B J I A S R RR S A AN [R) e B 24 W e B2 43 3 g (25,5075
100,125 .150.175 mol/L) (4% 37 5, & 37 (44X HR 2 41, [R] Asf
s X HRZH (TCAHMIE ) , B AR BRI A B X e BE A 1Y

M, A3 FR 0.12.24 .48 .72 h J5 AR R 5 mg/mL {7
WA MTT (20 pL/fL) , 4h2e35 5% 4 h 55 LR, AL 5
150 wL DMSO, 4% 10 min J5 7 [ 20 il 8¢ 508 40 74 DU 5
490 nm WAL DGE B[ D(490) 1. BAIHRA LM HI% =
1 = D(490) jyzy1/ D (490) 4y 15 L1 B ZH AU 22
1.2.2 YIS Reiib s 7E 37 CH 5% CO, 4T,
FH 10% it 4 I3 1) 1640 K535 FE 5 37 HepG2 40, fr 20 i AE
KB EEIRE] 60% ~T0% B, I 2% % 17 B9 35 5% WL AR Ak 12
12 b, B VG 5% 28 SE B 4 (49 B2 50 mol/L) W E 0,
12.24 48 .72 h, [IHEXT REAL N A L9 Bk 0. 1% () DMSO, [H
PN B2 IN A 244k i 2 100 mol/L( % DMSO 0. 1% ) () UDCA
PR A AR ARSI 4] .
1.2.3 Real-time PCR 44517 mRNA /K537 2
F2 B Trizol 357 Ud B B #2 B R RNA, Ff% &L RNA #% Prime-
Script™ RT reagent Kit with cDNA Eraser #3815 ( TaKaRa, 2% [ )
% cDNA . 285652 5 PCR % SYBR®  Premix Ex Tag™ 1l
LB 43 (TaKaRa, 36 [ ) #4E . S MRICHK[ 4 ] 09 k05 B VAR
REAEAFEN, WIS P51 S BCik[4,9]. 519751
MRP3 (157 bp) I ¥#:5'-AAAAGCAGACGGCACGACA-3", T iif:
5'-GCAGGCACTGATGAGGAAGC-3';SP1 (821 bp) i :5'-GCG-
TGGAGGAAGGAATAAGT-3', T i 5'-GTCAGGTCAGAGGGCAT-
AGC-3'; PXR (117 bp) I ii#: 5'-AGAGCGGCATGAAGAAG-
GAGATG-3', F i: 5'-GAAATGGGAGAAGGTAGTGTCAAAGG-
3';CPF(149 bp) I ii%:5'-GCGTCCAGGAAGGAATAAGT-3", CPF
T%:5'-GTCAGGTCAGAGGGCATAGC-3"; GAPDH (224 bp) |
i%: 5'-ACCACAGTCCATGCCATCAC-3', T ¥i%: 5'-TCCACCAC-
CCTGTTGCTGTA-3',
1.2.4 Western blot f il & 484nME FRIA G k[ 4]
Y7 B O B S B 1 DA S A 1, ) BCA 3200 38 R FEE
BUEAFET S 5 xSDS _EREZE il % 42 LI LUl 52 /0 IR 5T . %
FHERES 100 C Vs 5 min, 10 000 r/min B> 1 min J5{f
Mo BEARESADANY, B LA, BER 30 pL fLaEA
50 wl F 10% SDS-PAGE $EfiRfa ik 4355 , L VR4% 2 PVDF i, H
5% BRI W A IR 3 2 h, 885 A —$L (MRP3 1:2 000,
SP1 1:1 600,PxP 1:1 200, CPF 1:1 200)4 C & i1, TBST
VERE)S , INAKHRE — 4T 1: 500 == &P 2 h, TBST YEfE 4 1k, &
20 min, £ _EMGERE G SRR A, B R
BA% . R A Quantity-One B4R 47 (19 0% B (H EAT 047, B8
FI AR R 2 f 45 SR LS50 4% 1% B (L GAPDH 5 SHPTPI 4%
WL R
1.3 %itsr%

JH SPSS 13.0 G it AT B4 b 38, BRI % + s
TR, U AN LR Z R 2 T 225086

2 #R

2.1 RJEH 50 mol/L #90 & %E F 3 B2 1% 4 5t HepG2
om B3 78 T B %R
WL FEoR I VE % oF SEREER W) A6 vk 2 R 25 ~ 50 mol/L
B, X5 40 B AE AR RS AN R, T LA TR AT B BUHE & 4 50 mol/L /Y
25 A PR A
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1010 2014 4E5 A 30 H
—8— 25 mol/LL —— 50 mol/L
—A— 75 mol/LL —>— 100 mol/L.
—=— 125 mol/LL —0O— 150 mol/L
—— 175 mol/L
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80 |
70 |
s 60k
£ 20 A
= 40} 2 A
2 30t
= ol O—O\O——O
— o ° e
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1 1 1 1 1 1
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B ] (¢/h)

Bl FRRERNIEETRERY X HepG2 M
MEELE (n=6, xxs)

2.2 N®EFEERY T R # LiF HepG2 %m L ft 4%
5% G MRP3 8 %%

SER LI 2, 5 B R AR HE, P S e R )
MRP3 mRNA (24 .48.72 h 435l = 0. 68.1.46.2. 10 f%,P <
0.05) FIFE /K (24 .48.72 h 43538 = 1.20.1. 19 1. 55 1%,
P <0.05) FyFeik i3 18 HLAT I [ 4R 1, xS HepG2 40 i
MRP3 2 35 (4175 S A1 I A 8 3 1 A 245 fig 22 40 IR (ursodeoxy-
cholic acid, UDCA ), #&/5 JI| 4 & oF S 4R ) Bk B % S
HepG2 i 54432 2 11 MRP3 f9514 , 11 HIIH 5% F UDCA,

1.2 3.4 5 6 .7 8.9 10 .11 12 13.14 15

—— ——

MRP3—>  S————

(169x10°)

GAPDH—
(36x107)

1 ~5:DMSO 422 20;6 ~ 10 )| & 13 F K BFR 4p & 2 20511 ~ 15;

UDCA 4322131 .6.11:0 h; 2.7.12:12 h;3.8.13; 24 h;4.9 14

48 h;5.10.15: 72 h

El2  Western blot #ill)I| 75 %% oF e EE 12 #) & #| BE 25 UDCA & At
/8] = %3 HepG2 fR#:1E3E A MRP3 RiXHI M0

2.3 N ERETXERS T L LA LK PXR fo
CPF & %3k
ERULE 3, SR B AR L, )1 P R S I AT
24K PXR (9 mRNA (24 48 72 h 43 B4 55 1.00 2. 12 2. 13 4%,
P <0.05) FI%E [ (24 .48 .72 h 43 Bl 0.59.0.79.0. 61 4,
P <0.05) /K- geak , i B AR AT UDCA 41, JIVEMR T %
B Yt AT F A% 2 {4k CPF 363k (mRNA 7E72 h 35 0. 75 £%,
FEHKEAE 4872 h 43534 =5 0. 99 .0. 89 £5,P <0.05) ,{HHAE
FAREAS T UDCA, 4875 )11 VG 5% 7 S BE 4R 4 AT 0 4% 32 1 PXR,
CPF FiR B @38 hn, BXF PXR ¥ Hl 34 1E F &+ UDCA,
2.4 N EREF B T 2% k% HepG2 2m R Az 4%
F B F SP1 #y k& ik
ZE B OLE 4, Real-time PCR 5 Western blot 455 /8, 5

DMSO AbFRZHAH e, 1 VG4 25 SR B P o] 2. 3175 5 SP1 mRNA
(24 48 .72 h 4y B RS 1.31.1.32.1. 13 4%, P <0.05) fIE 4
(24 48 72 h 431455 0.74.0.79 1. 1 4%, P <0.05) K53
ik, HAE B B3 F UDCA,

1 23 4 5 6 7 8 9 1011 12 13 14 15

(Ssxﬁlgg* T .

PRI o s s s e s s s s s s s s
(50x10°) -

SHPTP]H.“.-

(67x10)

1 ~5.DMSO 432486 ~ 10 )| W 5 F E B2 dp /320,11 ~ 15

UDCA 4:2%1;1.6.11:0 h;2.7.12:12 h;3.8.13:24 h;4 .9, 14;

48 h;5.10.15:72 h

B3 Western blot il )I| 75 %% 7F X B2 42 Y1 R M| fE 25 UDCA &R
i8] = %F HepG2 4 A% 2k PXR CPF Rk KM

1 23 45 6 7 8 9 10111213 14 15
SPI—> " s o - - —

(106x10%)

SHPTPI— s e s e e ———— —————
(37x10°)

1 ~5.DMSO 432406 ~10: ) W F R H AL 11 ~ 15,
UDCA 4 #228;1.6.11:0 h;2.7.12:12 h;3.8.13:24 h;4.9.14:
48 h;5.10.15:72 h

B4 Western blot #;ill)I| 75 %% 7F X B2 4= ¥ & F| fE 25 UDCA &R
18 = 3T HepG2 4R A% R B F SP1 RiZRI NG

3 it

RE PR i JIE Az s s Ak s/ A E 7 3 20 [ A
JIT SR —2H 9 2 [R) A it PR IR, , 2 S U0 i #6343
HFohRE sl iy S BRI 2. FFTIRG R L Gy7 B IR AR
W AEE A R, UDCA BR9E ) 12 (7 3k 22
SR, BRSO A B HRIER KR, Hik, 35K
— PP A R EL A YT R R 24 ik ik 1
RO MESL, VU o S AL S Mk 2, < 3
TR T3 , VT4 & PO IRV R BUE A Y7 3L, {5
HAE L A B A

MRP3 Z—Fifs S RIG LA B Fikia 1, KB
ST A0 B L TR AU , 23 16 IR 21 2% | JIEER e i %
S5 TR B T AR, 7 B SRR X T A i A
BAEAY IER A BRRAS T, MRP3 25 BHRAE, (H7E
AR AR LR, MRP3 & A A p bk b g | ]
A 1 O P DA P20 L 358 00 1) i 34 o HE 6, i 2
JIEL 7 58 365 B 1) P 240 B8 000 R DI R AT R IR
FRR BB v e B, )1 PG 45 2 S It 4 40 ] Dol i 37
e AR ALT (AST /KSFF R, BEARRE T R /KT, 2% fif
JEREA5L055 , E 2 GV 5 WL o R B AR L S, AT
FEE P2 LI B 2N HepG2 il &, I DL H Il IR
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EIT IR E A E 2540 UDCA iy BEA X BR 2, & 311 v
T 8 SR WL W RE 5 4R 5 HepG2 41 i IR 5% 32 3K A
MRP3 mRNA FI#E (4 #ikKF, HACR I AT UDCA,
PRI VOSSR Y 2 MRP3 a5, HAE T
UDCA.,

A, MRP3 323K (G 8 P HLAH A+ B o, BF
FEFRMA %2R PXR  CPF FIAZH; N ¥ SP1 2 5%
MRP3 feik!" " AT SP1 J&2—Ff DNA 454
HEMH, 5 MRP3 J38hF X GC/TC &Rt 4&,
MRP3 ekt '™ o 4% 52 MOl 52 1 S — 4 IE A3
) Bt 53 DRI~ 0, % T U %) e Sk 98 4 R P 1 T 0 Jo 1)
HTREACE R B AR . PXR 2 1R o 5 IR R A
SNBVEZG I 2 R 2 AR 2 — 5 5 LR N ANIE AL 2
W i 75 IS AT A A2 A A R Y R R R A HE s
PXR #IAH R 65T MRP3 25k b 8 2/E A, [ it
5 SP1 B RIEAE" ) CPF & MRP3 (19337,
u] |34 MRP3 ikt . [RImt CPF ]/ SP1 [
T M HFe k™ HE g5 4L R BB o RRE R
TNF-o Wil #% 32 44 CPF (K B LRH-1) ik i LA
MRP3/Mrp3 3236141,

A FE K B P04 4 SRR ] b 5 A 2 ik
CPF .PXR FlAZ % 5% H 7 SP1 mRNA Fi4E K&+
Ko I PR SF S0 46 ) 0 A2 32 Ak PXR RN AZ i 5% IR
SP1 () b 8 4/E H B & 3% F UDCA, #3214k CPF,PXR
KA sk R SP1 3 = g [Rl B, MRP3 3R 38 B & ol ,
X5 SCER[ 4,8 ] iR — 2, #2787 MRP3 3475 0] gE &
iHad SP1 . PXR,CPF ik LiEEEH, HE, )V
SRR Y ] MRP3 ik 2 5 8 o 9 & CPF,
PXR SP1 i SEE A A foy i — A58 o )1 PG 8 2 50 1t
PEY R 0 5 H A AR 2 5 IE TR A 5 A TR
SRR, BRI PO 28 S8 B 4 T e R R 7 4
ol CPF PXR SP1 5 2 ik, {H 3l ¥ K - 5945
WA R e — L IER R . (] LU & B J2: , 16 40 M /K
U VG882 2% B 4y ] A 3k 42 i 2 38 36 11 MRP3 % %
SEIR TSP K% 324K CPF Jz PXR AU 23K, X L[N 114
Al 2 5 T AR DR AR 0 i B 5 IR R B 1
AT R D4 A6 PN T BB/ NS HE R T AR A2 A B AS
PR 06 PR o B 32 1 A B R HE R AR A1 AT ek 4% 7
P R PR R SR 200 e 1 e, P 48247

ZE LT NV A% o SE 4R 9 T 1 3535 5 HepG2
MRS 12 B 11 MRP3 B 5% 5% [ F SP1 %32 1k PXR
K CPF FikHé iy, H MRP3 ik mnl g5 SP1 CPF,
PXR EHAT 56 ASWESE A b 24 )1 6 fi F S A8 I IR YA
7 AR R B AL BRI , b & 38 30 [ B 5 v 2
PEER LR, R & 36 57 TR 259 A B K
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