£ 2 7 R (E¥HO
Fudan Univ J Med Sci 2014 Sept. , 41(5) 569

siRNA F#f Caco-2 M pa 4R A S &g 2 (SMS2)
ERE X AWz K5 =2

bEE A 7

(B HRAEmB R A b R R 200433)
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Effects of sphingomyelin synthase 2 (SMS2) interefered by
siRNA on drug transporters in Caco-2 cells

JIN Gui-ying, YANG Qing’
(Department of Biochemistry,School of Life Sciences s Fudan University , Shanghai 200433 ,China)

[ Abstract] Objective To study the effect of sphingomyelin synthase 2 (SMS2) defect on the expression
and function of drug transporters P-glycoprotein (P-gp) and multidrug resistance-associated protein 2
(MRP2) in human colon cancer (Caco-2) cells. Methods SMS2-specific siRNA was transfected into Caco-
2 cell. RT-PCR and real-time PCR were employed to detect the efficiency of siRNA. Western blot was used to
examine the protein expressions of P-gp and MRP2. Intracellular accumulation experiment was carried out to
evaluate the effect of SMS2 down-regulation level on the functions of P-gp and MRP2 in Caco-2 cells. HPLC
analysis was used to decect the accumulation amounts of parvastain and rhodamine 123, the specific substrates
of P-gp and MRP2. Results The expressions of P-gp and MRP2 were down-regulated in SMS2
knockdown cells treated by siRNA. Cellular accumulation experiments revealed that the excretion function of
P-gp and MRP2 in SMS2 deficient cells was decreased,as the accumulation of rhodamine 123 and parvastain
was increased significantly.  Conclusions The down-regulation of SMS2 gene on the expression and
function of P-gp, MRP2 in Caco-2 cell.

[Key words] siRNA interference; sphingomyelin synthase 2 (SMS2); P-glycoprotein (P-gp) ;

multidrug resistance-associated protein 2 (MRP2)
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25 W) ¥ 35 {& (drug transporter) & 20 il i 4
S Y R B W R IR B S . TR 25
3 A AHEME o AR v ke A L R R R Y
R T R M E R E N R
Wi 245 W) FRI6 7 B R A T ROCR

NFEFEHAH L AREZER G S Chuman gene
nomenclature committee, HGNC) A ## 25 4 # 15 14 )¢
FIRIAR LR R £ B R W s A
(solute carriers, SLC) % & f1 ATP %45 & & (ATP-
binding cassette, ABC) ¥4 iz & K ik, SLC K&kl 43
AR IGEH I A 298 AR . ABC B iz (R K G h
7T AWK A 49 SRR . 2251 25 5 G A
Z 2T 25 M 5 B 1 & ABC 532 (R W Fh £ 209 1 K
J Herp Z2 24T 245 45 1 b Y P-BE 2R ) (P-glycoprotein,
P-gp) I £ 251t 25 A0 56 & 1 2 (multidrug resistance-
associated protein 2, MRP2) 11 35 £ F 25 ¥ 0% 4 E, 78
JIREAYT 11 22 250 24 vh 3 0 T B AR 0 BRG F
G P-gp Fll MRP2 F A FITIREAY 2R X T 25 90 Y
W Wi AN o3 A BT HE R

W2 s A RBM A RARE, dn i
PR~ L 400 0 38 DA B sk IR 745 . Blokzijl 455 & 3R
JERE A0 ML P TNF-a, IFN-vy89 il 11-18 4L [/ 5% &
NI B AR 2H 21 25 80 MDR1 iy mRNA £k
K 5 H A5 ol Ak 27 0 JO R A L 380 2% 14 51 R 1 40 i
W 25 ) JE R 1 265K s 7E BSEP/Bsep Ji3 &)
T IXHAETE TR S o & % 5% sk I ¥ FXR/
RXR 5 AR 455 A0 50 . 455 )5 A0S BSEP/
Bsep [ 5™ . BRICLASE . 254 5 38 1R A g —Fh &
SR L R IR D RE R 2 B AR A 4 . 24
Yy % 3 A BT Ak 1) R A 455 7T RE S Wi 24 ) e i 1A ) i AL
O R R BRI T 1Y A R g R
BH , 5 8% 1§ (sphingomyelin, SM) £ fiH [# 52 i ABC
SIS ORI E AT RV RES 5 S A1 IR Y T RE TT R
&k P-gp AYTHEEL" ") s fHJ& SM X P-gp Hil MRP2 (1
HW RS A Z 0.

SM 2 H A REZH 43 o5 3l 0 A R S S 43 50 %6 LA
o H SR K KR (AR NELAR0 TP 2% 5 /K e L g g e
FIRE W5 2 5% ) 4H . 5 Wk s & B (sphingomyelin

synthase, SMS) & SM & & 12 19 B J5 — 4> il » 1
i M & Bk % (ceramide, Cer) F1 0P # Jig
(phosphatidylcholine, PC) A= i SM F1 — Bt H i
(diacylglycerol,DAG) , WiF. 34 SMS A Wi~ 5,
B SMS1 il SMS2, SMS1 & fi T W it =5 /K F 44, i
SMS2 22 i TR =" . HEix SM fil SMS )
%R SMS S 1K 5 S ks A A & A Y C &R LA
TXE NI TR B AT R BFSE A Al SM
KPS O I B P I S R T W 5 IE S
SMS1/2 siRNA J# /0 T DAG F1 SM [ /K -, M T B
KT 2l Ik o5 A R A 1 XU . SMIST i SMIS2 (1 3+
FIRBINT CHO 40 o ¥ SMS 7 ¥ 1 41 g i SM ok
S sR T DAG Fil & [ i B C (protein kinase C,
PKOC) B3 A5 1Y 20 L 98 T2 2% B8 4 in 1 TNF-o
M CHO 4 =" . B4R SM 2 —Fh B 2 i1y
JR2H 53 o AH X 245 49 i 3 K 32 38 52 il 9 I 9T i R 2
W 76 E A0 p, SMS2 i Bk 2k T LB 3R
ABCA1 5 ABCG1 & 1 14 352 5 78 SMS2 i B& 11
ANERU Hh P-gp BB Rk B RS,

N2 988 40 i Ccolon cancer cell, Caco-2) &
LN W) e B K TR RS2 I ik 52 P-gp Al
MRP2 {63 40 i vh ¥4 8w 43k . H A i R
FHAZ A0 M ik DF 58 SM K F 5 25 ) #% 38 & P-gp 1
MRP2 Z ] ) K & . A iz ] RNA T AR, ©F
5% SMS2 gt %F Caco-2 4l P-gp Il MRP2 % ik
EJIIRE RS LAIA Sy - 4% 5 I 1 24 i A % R
) T8 TR RE AR S 1B Y JEL B, X T 30 A iy 22 2 24 5
B R R YT R MORA B

BB AT %

R K DMEM K 3R 5k AE w5 & AR
TrHEEZZE M 0. 25% B 8 [ 5-0. 2% EDTA (3%
Gibeo 22 W] s A 2 E AR 0 LR AR A= AL B (db 50
AR 596 FLEGEAR MR CEIRERS & L R R R AT
FRZS ] s RT-PCR Kit, Trizol i % (4t 50 18 K % 72
AW R BR A FD s DNA f3id (i & K
Fermentas 2 &) ) ; PCR #i B% 4 (3£ B Axygen 2%
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A]);GAPDH —$i . BCA & [ & & il Il & . 3L A 4
DNA /N G0 & G = RAYE ARV ) 5 P-
gp — ¥ (FE Abcam A ) s MRP2 —$i (3£ [H CST
2 FD) s HRP ARic —Ht (b st gl [ 5 A YA R 584
)55 ¥ (3 E Invitrogen /A ) ; PVDF Jif (€ [H
Millipore 23 ®]) ; B FFH 123 (H R @AY HE AR A R
o ED s F A TT (WL E BE 25 9F & A PR \)D 5 SYBR
Premix EX Tag( H 4~ Takara 2 &)); ECL & %)
(£ H GE Healthcare A 7)),

gz &E 722 Ot Cl e A
BT 3 P A Dk R (AL AR AR R R A
Al s B AL PCR A (3£ 5 Bio-Rad 24 A]) 5 5 #
AL ThermoMuliskan MK3 [if F5 4% | #8 11K V& vK 56
(% E Thermo Scientific 2y 7)) ; SCS-24 8 & £ &
QLI KRB FRIBAR)) s BER R R 58 CE g S50
BAL BT s R 1260 5 00 A 1 RE Y (36
Agilent 4y @] ); Typhoon FLA9000 ( 3 GE
Healthcare 2y #]) ,

MRS L XA 102 R4 TS 0 &
B DMEM K32 rh . 1 37 °C.5% COL 54T # M
Bi3® Caco-2 40 g, B K He i . 308 JBOXT % A= < 1) 4
JHO o JER TR VS A 20 B T R T BOT R R A Tk T Dy 5
X10°/mL, R R E 6 fLt P A K 2
60 Y6~ 70 %0115 L - 3 e 85 F7 W O 35 1L3E) » #EAT
SIRNA B e . SEIG 73 O 25 O B ZH CRIVOR Ak 24 40 i
A1) PR X B ZH A SMS2 siRNA T4, #5 e di
YE+ IR Lipofectamine™ 2000 ( 3% [# Invitrogen 2%
ADULBT B AT, & 2 sIRNA F1 Opti-MEM 783 iR
G E IR CE 20 ming B YL A W) AR I L AR
L SR 6 h & 10% FBS 9 DMEM 5 5% ¥k
B 48 hJ WA AN M AT AH OGS

siRNA #] & R #lf GENE BANK A ffi i A
SMS2(NC_000004. 11) 4 K 7 41 . 5% H SCHk o 2 28
AT R SIRNA P 5102 IR 5B B |
5 B 2 B RA " k& . AT
SMS2 siRNA IE X % 5'-AGAAGTGACGAGGC-
GAAT-3", . 4% 5'-GATACAAGTCAATAGTG-
GGACG-3"; B # %J Bt IE L 5'-UUCUCCGAA-
CGUGUCACGUTT-3", & X ## 5'-ACGUGACAC-
GUUCGGAGAATT-3',

RT-PCR #&:  # Je (J7 2 40 if) 1y Caco-2 4
Jf1(48 b J5) F Trizol 1850 . #% U6 B 5 32 At 4841 07 vk
RS RNA J5 AT UV 205606 B2 e E i, LA

pg RNA #4735 5% B-actin /EN N2 51 )7 51 4
1R, PCR RN ZAFH:96 CHUAEE 5 min;
96 CZ5 4 1 min,54 ‘CiB kA 1 min,72 C #£€&1 min,
SN FR 25 IR (B-actin) B 35 ¥k (SMS2), % H
1.5 %0 Byt I Bl s i Uk 43 BT PCR 724

&1 RT-PCR#&EMHIS ¥ FFFI
Tab 1 Primer sequence of RT-PCR

Gene Primer sequence (5'-3")

SMS2 F:AGAAGTGACGAGGCGAAT
R:GATACAAGTCAATAGTGGGACG

Bactin F: TCCTGTGGCATCCACGAAACT
R:GAAGCATTTGCGGTGGACGAT

real-time PCR #& Ul I 1 g & RNA 17k
¥ ffi ] SYBER Green i %F H Y 5 F 3 17 AH %
JE B Bractin fEN NS 51 RS IR 1 s, PCR
JN .96 C HZE % 5 min, 96 C 48 £ 1 min,
60 CiB kK 1 min,72 CHEAf 1 min, g W5 38 K,
i o bk Myl1Q 84 .

Western blot #: il % Z¢ 1) Caco-2 40 J)fi (48 h
JEO B . 4 BCA I B EWRE. 1005
R0 TR M 58 M2 PR 9K (SDS-PAGE) Ji5 5 5% 28 5 I — 98
LG (PVDE) i &, 5% BiAg 583 3041 1 h, —HT
1:1 000 FEEHY P-gp. 11 000 B B (5 MRP2 il
GAPDH, £ PBS-Tween (0.3 %) ¥t 5 J5 % & AH B
YR ECL PLUS Al & B . K5 H
Typhoon FLAY000 94, &7 %5 [ A1 Image Quant
BAEI . KL GAPDH 15 9 N2, i Ak BLLL H 1
HA/GAPDH #y HC AR A2

FFHER 123 s E X ft1iTH Caco-2 HAE N E R
WIE KPR EWNED A Caco2 1M (48 h j5)
I PBS ¥, A fL i 5 pmol/L F R 123, 8 0. 5
mmol/L FARAMIT . 37 ‘CHE 1 h, dLH N E 259
VW UKYR 1 PBS W ¥k 3 U, il B 200 p L 41
VO 240 BB R4S P R . 3 000 X g B0 15 min,
BB A R B, 4 °C R CE 30 min KRR
MG .17 000 X g g0 60 min §_F 3, | F HPLC
FER AT, TR RE LI 0. 125 mL {1 40 i M 3% R
BCA R B & ik fr s p e i . B fLm
M P B % PRI 123 B 7T A R B LA I ) R
S T LA B 15 L At i Ak i A R i 22 .

HPLC # il E M HPLC W& % FF o] 123
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A e 7T 19 & & 3% 254 R Agilent C18 #E
(4.6 mm X 250 mm,5 pm) ., HR K 25 °C; ¥ sl
S 50 mmol/L B — A MBI (pH=3.0): L lIE
= 671333 H N 1.0 mL/min; gERE Ry 20 pl; &
FHIY 123 195 AR A5 < BOR PN 485 nm, K5
Pk Ry 565 nm; £l 7T R 2 Ah A K R
239 nm,

FitFSH GeitF iR SPSS 1.0 4eit
. WEGYL BRI AR R 3 L B BT
AEHELL x +5s Fom, WMABTEMESH « %5
P HT. P<<0.05 2R A SR L.

45 R

Caco-2 ZHfEH SMS2.P-gp .MRP2 & & i & iX
KE  WE Caco-2 gl p 2 &HH SMS2, P-gp.
MRP2 FEH R38R AP Caco-2 4 L & ik
90 % J5 #2 B RNA,RT-PCR %5 5§ g 7k Caco-2 4 il
Ht SMS2.P-gp MRP2 F:FHHH Fik(E 1),

" - &

i

o

N = |7 N
;}\" _«-:\\-3 o QS é
% & Q ! N

<—500bp

1 RT-PCR # il Caco-2 #f iy SMS2.P-gp .
MRP2 EFH #FRiEKF
Fig 1 Gene expressions of SMS2,P-gp and MRP2 in
Caco-2 cells detected by RT-PCR

SMS2 siRNA Ti SMS2 mRNA By &i£AKE W
£ SMS2 fi K5 Caco-2 i SMS2 mRNA /K I
Tk A4k (B 2), siRNA # 4L 5, Caco-2 4ii g
SMS2 @ik 2H SMS2 (14 22 35 /K P-4 25 1 xf B4 L B Pk
X B2 e ik K R 5020 /247, 5 RT-PCR # 25 %
—3.
SMS2 EFE K G P-gp #1 MRP2 EHRIEKF
REETE WL SMS2 {5 Caco-2 4l i v 25 ¥y %
Bk P-gp. MRP2 & 17K F- | ik 1948 b (&l 3D,
SIRNA % 44 J5 Caco-2 4fiJfid o SMS2 #ifIR4l P-gp # M
IRV B R s (0 B L B X BRI T 40265
SMS2 @4 MRP2 £ 7K - 1) R IR 3825 0 IR 4
BRI BT BEAIR T 45,

A .
WT NC  SMS2 KD
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Fig 2 SMS2 RNA level after SMS2 gene knockdown
A: RT-PCR results; B: Real-time PCR results. Results
were expressed as x * s from 3 independent experiments. WT
Blank control group; NC: Negative control group; SMS2 KD
SMS2 knockdown group. ws. WT, ™ P<C0. 05.

A
WT NC

VR ..

P-gp — g ——

SMS2 KD

GAPDH W e -

B
€  EWT @NCOSMS2KD
212
10} mmEh =
z 08} o -
; 0.6
204t
5
g 0 :
3 P-gp MRP2

B3 SMS2 EEAER/E P-gp 1 MRP2 EAKRZETH
Fig 3 P-gp and MRP2 protein expressions after
SMS2 gene knockdown

A Western blot detection; B. Result of several repeats. Results
were expressed as x *s from 3 independent experiments. WT:
Blank control group; NC: Negative control group; SMS2 KD: SMS2
knockdown group. vs. WT, " P<C0. 05.

SMS2 EE /5 P-gp 1 MRP2 E B I Ih &€
RS W% SMS2 i fk/a Caco2 41l h 254
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5z ik P-gp F1 MRP2 Ijfig 221k (& 4), Caco-2 4
LA P-gp Al MRP2 )4 — P i 4 & B RE S e i
ShHET R B N S HE D RE AR . 2 A ofE it
2R A5 3 08 T AR 5 G W VR BE YOG &Rl 2 (I 4A R
4B), siRNA # Y4 |5 Caco-2 2 p SMS2 @ik 41

A
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y=5E+05x-0.678

8r  R=0.9932
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Rhoadmine 123 accumulation

WT NC SMS2 KD

Ma P 2 FFE 123 1 & B 28 1 BB 4L BH Pk o R 41
BT 45% . B P-gp b HE D BE B S8 55 (] 4C)
SMS2 G IR 2H PN 3 A Al 7T A9 B B g a8 1 X R 4
1 X B ZH 38 T 50 %0 A2 A7 . B MRP2 ZhHE 2 it B
B (B 4D),

B

8§+ »=0.015 703897
R*=0.990 1

Peak arca

. 0 200 400 600

Concentration of pravastatin (pmol/L)

0.30r i

L

Pravastatin accumulation
(pmol/mg protein)
=3
s

0.05F
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B4 SMS2 EFEFKE P-gp 71 MRP2 EHHTIREE K
Fig 4 Functions of P-gp and MRP2 after SMS2 gene knockdown

A:Standard curve of Rhodamine 123;B; Standard curve of pravastatinin;C;Intracellular accumulation of Rhodamine 123 in each

group detected by HPLC; D: Intracellular accumulation of pravastatinin each group detected by HPLC. Results were expressed as

x %5 from 3 independent experiments. WT; Blank control group; NC: Negative control group; SMS2 KD: SMS2 knockdown group.

vs. WT,® P<0.05.
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20 AR BL A 2 ) 2 T 259 00 i W AR
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MDR1,MRP2 I OATP-B #] 4 # & K F 2 3622,
Horpr P-gp Al MRP2 1 53 2 % 25 9 19 S HES L DR g
FLA IR I RE Y 2 Al Xt T 25 1 9 WSO o3 A B AT
BRI

25 ) i 15 AT Dl — i RR R 1 IR B 1 KR SR
A H R MR PR i R . SMLR Bl g A i

) EH )y SMIS2 & SM A J8 11 5 5 il , H 33k 57
R 4 SML .

AWFFE A SMS2 siRNA % 4t Caco-2 4fi Jid , Wi
£ SMS2 il i % Caco-2 4l it H 25 ) % 32 f& P-gp K&
MRP2 EE 5T R m . 45 R8s, v SMS2
siRNA T4 Caco-2 4l }fy J5 ., SMS2 mRNA /K- 3%
k3R R LW RNA T 402 A &y, SMS2
siRNA F4f Caco-2 41 ifg 48 h J5.P-gp M %E H % ik
IKART 45 (16 B L BA P X B AL BRI T 40 %05
Ji P R SR ) & R SR 25 R B R Pgp M9SMNHET
RE V55 - HLU 55 7K 7 5 88 B 3R T IR K- AR AR Y
HEM P-gp A BE 14 98 55 2 Hy H 2R 38 7K BEAIG
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R AERTIOEIT R FAT A BUAE SMS2 3 A Bt 2k
f /N BB Pgp 194635 5 T B M A 0 R R
SFRATAE Caco-2 21 45 81 A 45 5 — 50, PR B ik
T SMS2 5 P-gp Z KA.

AR SLH R R B SMS2 iR )E MRP2 i H

IKOFAE s LR R B P BRZREAIR T 4500, H A
HELh e AR Bk 55 » Ui SMS2 5 MRP2 {9 458 )
TReB YA . Rt SMS2 R 4t X Caco-2 44
fgrf P-gp A1 MRP2 9 3 3k L K Iy g 39 47 2 3 A
Mo Wi SMS2 A &E J 38 T 11 Ak 25 4 W i 3% B
4 TR A B AR O 305G IR IR T T B 22 24 T 25 2L
SR TR BB
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