*+ 980 %¥nzhat % Drug Evaluation Research 35 417 FE o6 # 20184 6 A

Caco-2 i AYHFIZE R K mRNA RIEKFEDIEN

M, £ OB Fwal, H o', Kk BYOBEKRT, wbg
L RHZIBF G AP F, RAHR SARMFEAGK S, R 300193
2. FhEZIKE, KA 300193

# . BE RZHIY Caco-2 M & 254528 5 14 () mRNA Rk KF R EHETE 1, W b5 N E 7 T b 2545538 &
HREMZE R AiE S 9O6E R PCR (qRT-PCR) JiEE Caco-2 4 il h A\ i #H 5G4z 811 MDR1. BCRP. MRP2,
OATP1A2. OATP2B1 Fl PEPTI HJFIEIK - ¥ Caco-2 44 T Transwell BN IEFE 21 d JH45 T A [F 254512 B A IR
W) B, YEY Caco-2 A MU AR CHZE B A B Gk 255R  qRT-PCR &5 3K, #1251 MDR1. MRP2. BCRP
I OATP2B1 #£ Caco-2 NI H AN mifIFRIE, FIERMIUTX: MDRI>MRP2>0ATP2B1>BCRP, fEIEH A7iE#R
AT BCRP>MDRI1>MRP2>0ATP2B1; izt AWE VPR, & 29508 B A g AR 45 B 0 BAE, 301F
THRFEMFRIEKFLE L. 518 Caco-2 4 FRIKIEH NMEGIE R IE B Y128 H (MDR1, MRP2. BCRP Al
OATP2B1), KIE/KFHIEW NMEGIEH KEBAHY, HBAFE—EZ R,
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Expression of drug transporters mRNA in Caco-2 cells and its viability
evaluation

CI Xiaoyanl, WANG Zez, LI Yazhuol, GU Yuanl, WU Weidangl, ZENG Yongl, YI Xiulin', SI Duanyunl

1. State Key Laboratory of Drug Delivery Technology and Pharmacokinetics, Tianjin Institute of Pharmaceutical Research New
Drug Evaluation Co. Ltd., Tianjin 300193, China

2. Tianjin University of Traditional Chinese Medicine, Tianjin 300193, China

Abstract: Objective To study the mRNA expression and transport activity of drug transporters in Caco-2 cells, and compare the
differences of the expression of drug transporters between Caco-2 cells and human normal intestinal. Method Establishing a
method for the determination of mRNA expression of drug transporter by qRT-PCR method to determine the expression levels of
human intestinal related transport proteins MDR1, BCRP, MRP2, OATP1A2, OATP2BI1, and PEPT1 in Caco-2 cells; Caco-2 was
then seeded in Transwell plates for 21 days and administered with different drug transporter substrates and inhibitors to assess the
transporter activity of the relevant transporter in Caco-2 cells. Results The qRT-PCR results indicated that MDR1, MRP2, BCRP,
and OATP2BI1 were relatively higher expressed in Caco-2 cells. The relative expression levels of various drug transporters were as
follows: MDR1> MRP2> OATP2B1> BCRP, the expression level of intestinal tract in normal subjects was BCRP > MDRI1 >
MRP2 > OATP2B1. Drug transporter activity assessment showed that all drug transporter activity test results were positive,
validating the expression level of the previous drug transporter gene. Conclusions The expression levels of many drug transporters
(MDR1, MRP2, BCRP and OATP2B1) originated from normal human intestinal tract expressed in Caco-2 cells were roughly
equivalent to those expressed in the normal human intestinal tract, but there were also some differences between them.
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Zx 15 25 W) R A 1) B 1 TURR N 24 ) B s B
M, —BRIETSMALMNE gt L, et
IR A3 A1 T R DA SRR X Y 253 o A R
YE L AR 22 . s EES R
AR G: ATP di6RieEABERE (ATP
binding cassette superfamily, ABC %% A i
9B H (solute carrier, SLC) # %%, SLC 418
RO RREDRAMEHMRAREFZE [, ABC ¥
1B E R B B T RE I AN R IS B . RN
RFE S A E TS Na - ARHa s (A HL & 1
1k & W) %5 328 34k COATPs )« Sk #5i2 & 1
(PEPT). AHLIIE Fiiz®Er (OATs). AHLIHE
THEEE T (OCTs); AMFRFGE & (1 & 2.
ZPEm 255 P-FEE . (P-gp/MDRD). Z i 24
I (MRPs) FIFLAEIR 258 A (BCRP) ',

2y A IS (1 77 X B AN R (Rl AR
I A%, BN E On] o BT B 25 ) e is i
AN SIS E, eSHAR S, 524012
SR KRB Y] FERFR IR R, 24
Y BERAGET Canselate) AN v JLEE I RE )
ME—R 2, R E 2P B A e s i
FErpitl ) 7 RN, AR g ke

N EEE e (Caco-2) ZHHuARZAL T 10
TERE N ANIZ T 2RI TR, i
TR 2500 2 Wi s MU T ST, T
REBJGBR Ty 8, AR RN E s
B AT R EALEIE . AH H A7 P e e 5
Caco-2 4l iy A\ it AH G 2 W) is B 1 R IA 7K P
i P (AT R ZE OWF ST ™™ ABFoE it T
ME 23 HEIa 1 mRNA R IAZK I SZIN98 % &
## PCR (qRT-PCR) J5¥%, PFH Caco-2 4i i A
TG AH #2511 MDR1. BCRP. MRP2. OATP1A2,
OATP2B1 1 PEPT1 [F3RIE/K 5 1K Caco-2 A
T Transwell i N 157529145 T AN Rl #6125 1R,
PEUT Caco-2 4H i AH DG A ia B R i s i 1k
1 #8
1.1 AR5FFERN

7t CH (sigma 7], b5 061M1369V); Wil
MED CpE s 2 ke it e, k'S 16030504);
H-ME -1 7B-HIAT RS RR 1Y . "H-him o (SE[E ARC
ANFE], S 140331, 160624); ZUWEME. 4ERIITAK.
Kol43. A&, FFiZ A (GEE MCE A+, #its
I35 15327, 18578+ 03621, 11246 08527); DMEM

R TR R IR G (100X ). Phosphate
Buffered Saline (PBS, 1X). HBSS (&8545). &
EDTA 1] 0.25%/8EM . b4 13 (3£ H Gibeo A ] s
Transwell 12 fLEEIRIR IR EFL 28 (32 Coning A
F]); DEPC 7K (AL &K HERHZ A R A F] ;s TRNzol
Reagent CRIRAEMRIE, (bi0) FHRAFD; Wik
S5 £ Transcriptor First Strand ¢cDNA Synthesis
kit A5 € k5 £ Fast Start Universal SYBR
Green Master (Rox) (Roche 24 #]); PCR 5|4 H
IR B A R A .
1.2 EFENEH

Olympus-CKX41 {58 Wi%s: (HA Olympus
AFD ;s ZAEAMIREEFRM (£ Thermo AT]);
Millcell ERS-2 5 I Jz FEFHAY (3& [ Millipore 23 ]
770k ) Tri-Carb 2910 TR 5 M V44 TA) K 4%
(PerKinElmer A#]); ZHWY- BRI R 2%
et 2O RHEA R AR HPLC-UV R4EH
Agilent1100 (HAZHEIR A F]); SpectraMax M5 %
IhEEMFFRIX (ZE[E Molecular Devices 23 7 Do
1.3 ZAAEtk

Caco-2 4l Jfu ) [ Hh [ R 22 Bt g AR iy B 22 A
FEBE, ARSI BT 40 AR 26~28 4R,
2 FHE
2.1 YHREEESE

4 Caco-2 i T LS F= MLy, UL DMEM
BRI IR AL (5 10% FBS). 1E 37 ‘C. 5% CO, MIAf
XHRRE 90%M3EFRA NG, BEFe kb R, Y
1075 55 LIS 80%~90%I, FiI 4 0.25% EDTA ()i
B4, BT IE R R IL A0 M 2 B R T 2X10°
AN, #4305 I\ TRNzol Reagent 24 H] 1254
Mz B mRNA A 55— 53 420 T Transwell
RWIRBEEE 12 LD, fedi i)z T (AP) AL
T 0.5 mL 40 i, L) (BL) &L 1.5 mL
BrifRsgREL, ESEIE 21d, B4
R,
2.2 qRT-PCRUE Caco-2 AP AMEEIEER R
mRNA FRik7KF

Kl Caco-2 4017 MDR1. BCRP. MRP2.
OATP1A2.0ATP2B1 F1 PEPT1 ) mRNA ik /KF-.
2.2.1 RNA [F#EEL K TRNzol Reagent Z41i# 41
FES TSI E 5 min, 4 "C. 12000 t/min (4 C)
250 10 min, B 100 uL 3% % 55— EP %, IIA 40 uL
AR, RIZEY 15s, FIRMCE 3 min 5,4 C.
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12 000 r/min 25.Lr 15 min, Kb 2 AMEERS 22510
OV, ISR NEE, TS, SilBE 30 min.
4 °C. 12000 r/min 0> 10 min & 3%, 0 400 pL
(K1 75% ¢ (LA DEPC /KECHD YLdkiiiE, 4 C. 5
000 r/min £5.0» 3 min ¥ . PURESEWECE T
AN 30 pL [ DEPC 7K, J ZIRITAE RNA 7850 i o
2.2.2 RNA Wif%55 cDNA 4% Roche 2 H
Transcriptor First Strand cDNA Synthesis kit %% 5%
WA & U 5, % 8 pL Total RNA. 1 pL
Anchored-oligo ( dT ) 18 Primer . 4 pL Water
(PCR-grade) MUE iK%, 65 'C/MY 10 min
Je, SERIFUK A, % 4 uL Transcriptor Reverse
Transcriptase Reaction Buffer. 0.5 puL. Protector RNase
Inhibitor . 2 pL Deoxynucleotide Mix . 0.5 pL
Transcriptor Reverse Transcriptase ¥/ W A& 2 1358
RABIEFIMA, 55 CRJY 30 min, 85 ‘C/RM 5
min, SCVEEH.
2.2.3  FEbLQRT-PCRAGH DL, SR ) cDNA A4
B, ¥ Caco-2 AL ZIE B-actin 43 7
MDR1. BCRP. MRP2. OATP1A2. OATP2B1 i
PEPTI (1 RE[R [R5, HUAR & B DR 0k B IR 22 52 o
SR GIRPPI WA 1, $I85R 2 B SEm € & PCR
SN FR, BEAT PCR Mo
2.4 Caco-2 HREHILEZA R NZE

FEANTT A Wk Transwell /M= AP Fi
BL #iffi57R 45, I 37 CHUY HBSS ¥l
37 C-¥if 20 min; W % HBSS, 7F AP Jii 1A 0.5 mL

£ 1 qRT-PCR 3|45
Table 1 RT-PCR primer sequences

# 2 RT-PCR RFiF&
Table 2 gRT-PCR reaction system

el ARYIL
Fast Start Universal SYBR Green Master(Rox) 25
ERG14) (10 pmol- L™ 1.5
K514 (10 pmol-L™) 1.5
H,0 18
cDNA i 4
AR 50

EIEZERS BT (5'-3D
B-actin-F GGCATCCTCACCCTGAAGTA
B-actin-R GGGGTGTTGAAGGTCTCAAA
MDRI-F CGCACCTGCATTGTGATTGC
MDRI1-R AGATGCCTTTCTGTGCCAGC
BCRP-F AGCAGCAGGTCAGAGTGTGG
BCRP-R CTGAAGCCATGACAGCCAAG
MRP2-F TGAGCTGGATCTGGTCCTCA
MRP2-R CACCGGCAGCCTCTAAGATT
OATP1A2-F GAATGCCCAAGAGATGATGCTT
OATP1A2-R AACCCAGTGCAAGTGATTTCAAT
OATP2BI1-F CGCACTCACTGATTCCTACACATT
OATP2BI-R AAGCCATAGCATCACTCATTACAC
PEPTI1-F TGCCCAAGAGATGATGCTT
PEPTI-R CCAGTGCAAGTGATTTCAA

TRARS A #6128 )W) HBSS ik, BL A 1.5
mL %% 1 HBSS %: 37 CHHIRIR 23 &, 40 min
JE WL BL 3 (R 1 W, D B 1 v R e AR B

ANEETT I HRAE: W Z: Transwell /NE AP Fl
BL i fi5 7%, N 37 CHUK HBSS il
37 “C V-5 20 min; W% 2 HBSS, £ AP i I 0.5 mL
¥ HBSS %, BL i II AT & A 2 )
(1) HBSS ¥#i; 37 ClHIRIRY 407 & 40 min; W
I AP Ui (R I, W58 F s b IR R

Kyl P-gp/BCRP/MRP2/OATP2B1 ik 7% 4%
B IRYITE R Caco-2 M rh iz 5% iy, FH A
B MR IS A ) HBSS A L5 i)
HBSS # I

WNMERR] 56T CH R YG UF 40 M A0 () 0
P, SAZ5HIE S 10 AT 100 umol/L; *H-Hiu
£ P-gp (MDR1) W2 KY), LK EN 1
uCi/mL, ZERIIKAER P-gp HIFIHEIF], 2520
A 25 pumol/L; S{EWE{EN BCRP HZ)KW), 4
2 JE A 50 pmol/L, Ko143 1424 BCRP (K5,
UPIRIEN 1 pmol/L; H-ME - [-17B-4 2 4 s 1R
1 (EG) 1A MRP2 [WHIZIKY, H29RIEN 1
uCi/mL, 12 A 1 MRP2 [(3HIF], 45 20k
4 25 umol/L; F4E~F- H 424 OATP2B1 K451z i),
YRPTRIE N 50 umol/L, FAHIEE A /£ OATP2BI (1)
I, 4R 25 EES 25 pmol/L.
2.5 Caco-2 i EZIEEBEE (TEER) BINE

B AN TS 37 CH HBSS 1, Pl 20
min. BERFFENR P R FRIE, 16 AP MBI T
() HBSS 0.5 mL, BL %&£l 1.5 mL, 37 C-F4j
20 min, [FINFGEEGRRI L. %2 HBSS,
FOF AT HBSS, 2 TEER, A 1 NMFH
BAES EIRPBRUSAG A1H.

TEER= 5 FBHME — = AfY) X BZEMA (cm?)
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2.6 ZAYE9MIE
2.6.1 CH-MiE % *H-EG S8l HIIN 4L
ASCI R F 38 WS Ziirp CH-H R E & CH-EG 1
DPM 1, HUHLIZ¥ 200 uL, JOANARA 3 mL, ¥R
A, JERE, BCET o/B SR ERET AL
2.6.2  WMMERK] | SUBERE SR AREF ) HPLC-UV
FEISE, %k Diamonsil Cig £F (250 mm X 4.6
mm, 5 pm); FEE e S AR N, R
AN FEE- K 1% LTR)-— 4 1% (24 276 2 0.2),
FEIR 40 C, ABURE 1.0 mL/min, F7K 260
nm, BEFEEN 50 uL; HEHE I SUsERER I 7 i
WAk -7k (4 0.1 mol/L NaH,PO, * 2H,0,
FHfERRH pH 22 3) (90 : 10D, FEif 30 'C, ABUR
& 1.5 mL/min, KA 271 nm, BEFFEA 60 pL;
RTINS BA S H - 2 -
0.075 mol/L KH,PO4 ¥ ¥K-FII4IR 1.0 mol/L ¥l
(30 :30:36:4), kit 30 C, HHHEE 1.0
mL/min, KA 254 nm, HEFEEY 50 pl.
2,63 FtEE CH M KR OGIENE ¥is il
96T CH, BULIE 100 uL, & T 96 LA il
b, 18 H SpectraMax M5 22 Il g BiAR AR ¢ Y
IR, BORIEK 425 nm, KT 520 nm.
27 HIRELESHH
2.7.1 RNA XA E  FIRME Caco-2 41+
it is B (15 (MDR1. BCRP. MRP2.
OATP1B1. OATP2BI1. PEPT1 Al PEPT2) FINZ
SR (B-actin) 1) Cr{H, T 29W%ia & 5L 1)
FEX IR

RNA AR ik i (538 fA/B-actin ) =2Cr actin mRNA) ~C;
(Transporter mRNA)
272 #HEiEtE RWBE R E (Apparent
permeation coefficient, Py,,) [FK/NBET 254)i%
Tk B AN HRLIRTBE T LA R 24 I T T

Py =VX (dC/dD X 1/AX1/C,

V RN BBUE WA CRS28e b AP il 0.5 em?,
BL Ui A 1.5 em®); A FoRBEITHA (ARS8 1.13 em®);
Co RANHYNIRIRIREE ; dC/dt RN AF HLA 5] B) 3145
HIZR AL, RN = ) R R B B LA IS i ) [

IMHER (efflux ratio, Rg) 1SR ZGWAMNAERE I
KN, i ke o] DLA 25 ) e R SO 5 A7 A8 A HE
B

RE=Poppe-a) Papp(a-n)

273 GuiksEatr AR RN EEE ROBAT 3

FLIFME, M X £sFR, NMHMK office excel
AE, AR ¢ 6 .
3 #R
3.1 YHREFREAYSTEEMEIEIE

Caco-2 U5 28555 21 d, TEER iA% (387+
9.02) Q-cm’. 2 FhCLAIHERMEN T HZG (A, 9%
3 CH) 7E Caco-2 4l i # J2= i is B FAAR S R
W3 3. Caco-2 4l ¥ )2 TEER>350 Q-cm®, Wik
DRI [K) Popp 1 <<49, 563K CH (1 Py, fH <1, AMHEE
WLEET 1, BERY] Caco-2 41 M #2185 AN
SERENEIN T sz R ™, AR AR A5 3 K
HA W5,

Fz3 WMHEE R E CH 7E Caco-2 (AR ZHIW EEIE
B9 Py 1 (1 =3)

Table 3 P, values of caffeine and lucifer yellow CH in

Caco-2 cell monolayer by bi-directional transporter assay

(n=3)
TR Popp(x10° cms™) R
AP—BL BL—AP
1L 3PS 23.0+£2.00 21.6+2.60 0.939
RN CH  0.199+0.024 2 0.201+0.019 4 1.01

3.2 Caco-2 HilAAMFHIEERERMEMNRIEE

[] IS € Caco-2 41 o 7 6 Ff 25 iz 25 11 3 A
(MDR1. BCRP. MRP2. OATP1A2. OATP2BI,
F1 PEPT1) Fl B-actin 1) CrfH, R IE 4. 45
xKWl, SR ZiY)%is i MDR1. MRP2, BCRP
AR NI 25112 5 11 OATP2B1 £ Caco-2 4l
B AR i) R0k, @it — 2 g ks HAE
Caco-2 4 furfr, & 244 ia (AR ROk 5 (1 7>
J3: MDR1>MRP2>0ATP2B1>BCRP.

F4 TREHGYEFIZEBERE Caco-2 WP H CrERIE
WRIAE (n=3)
Table 4 C; and relative expression level of drug
transporters gene in Caco-2 cell (n = 3)

s CrfH HIXS R R/ %
B-actin 17.5£0.015 0 /

MDRI1 18.2+0.045 0 62.4

BCRP 22.9+0.115 2.29

MRP2 20.9+0.0150 9.47
OATP1A2 37.8+0.228 6.81X107°
OATP2B1 22.2+0.055 0 3.67

PEPT1 30.4+0.010 0 0.0129
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3.3 Caco-2 R B AMEIZERBIFE NN
H-Hiu i 4 MDR1 (52 JEY), 4F Caco-2 41

M AhHES S 5.43, IMASIHIFI4ERI K )G, BL—~

AP [¥] Py, (R TR, AMEREN 1.54; SEGR

i BCRP [W#EIZ)KH, {E Caco-2 dllffirfi4bEE )

26.6, NI ko143 J5, BL—~AP [f] Py, (H 2

F B, SMIERE 2.14; H-EG  MRP2 ({15412

A B

u CH-H 52
4.5, SPH-HbE A 4ERIIAK

mH e
NE{IHEE +-ko143

e
L P
*
*

Papp(x10°% cms ™)

L
P 6
app(X107° cms )

S = N W kA U

_»

0.0+

AP—BL BL—AP AP—BL BL—AP

Papp(x107% cms™)

JE#, 1 Caco-2 4l rh AMIEA 4.04, AT
I A JG, BL—=AP [ Py, (HZ3 NF, A%
B4 1.36; F45°F- 9 OATP2B1 fIFEZ iKY, 45 Caco-2
AP AR 0392, IIAIIEIFIFAEE A )5,

AP—BL ] P, (B35 TP, AMERTEN 0.816, 45
RO 2 Rk 5. G5 RRT], & WHASHE ARG )
DRAZE T N BRPE, B0AIF T BRI AR I 45 5L

C D
w’H-EG w FJAE-F
4.0 ®H.EG+HIFEE A 16- WFE IR A
3.0 ~124 s
Tw -
2.0 © 4344/ P o
% 08 3333 8333
] — o4 L ood
X 444 peéed
Lod E 1333 3334
- C04 333 b3t
J rseel e oes
reeed L ood
444 peeed
0.0 S 00 mE 2
AP—BL BL—AP AP—BL BL—AP

LAHMHIRIA R T P<0.01
P <0.01 vs non inhibitor group
2 MDRI (A). BCRP (B). MRP2 (C) % OATP2B1 (D) JE¥IRK EHIHIFIBIZE Caco-2 HAEM B EISEERT Popp 1 (X £
s,n=3)
P, values of substrate of MDR1(A), BCRP(B), MRP2(C), and OATP2B1(D) with and without inhibitor in Caco-2
cell monolayer by bi-directional transporter assay ( x Ls,n=23)

Fig. 2

=5 TREAMFZEHRMEY R SIEIFIFTE Caco-2 ZHAE
HEISNHEE (n=3)
Table 5 Ry of different substrates with and without inhibitor

of drug transporters in Caco-2 cell monolayer (n =3)

HEiE RN TR Rg
MDRI H-ME 5.43
SH-Hh i SRR K 1.54
BCRP SR 26.6
SUWEE+ko143 2.14
MRP2 *H-EG 4.04
*H-EGHAI 3 A 1.36
OATP2BI FAE-~F 0.392
FlAEP+ER I A 0.816
4 g

$& 2010 4 Nature Reviews K &[] {Membrane
transporters in drug development) & 2012 4F:2£ [
FDA A& 1K) €T 258l M AR F k45 S Js )y 19
AIAL, AENRIGIE RN s A 8 A 4
AL 22 8 1 (MDR, BCRP, MRP2) KHHA
I Y)AE 8 1 (OATP, PEPTD). #f& CiikiRia™",

TEIE T NARNIE b & 290 2 B AT 208 £ (1)
J¥4: PEPT1>BCRP>MDR1>MRP2>0ATP2B1>
OATP1A2.

Caco-2 41 f A A i K WIFE RN IR, 5
TE W NAK N TE R IR () ia ARk v] e e e 22 e, R
H a7 E AN e 6 Caco-2 4H i A\ iziE A% 25%)
FEIS B (1 RIEAKOT BOd M ) AT R, Jeik
P Caco-2 BFFCHTAS 45 RIUERATE . A5
mRNA KL KP4 REW], Caco-2 4IHIKIEH 4 1F
W NRIE Y EaE O, RIEAKTF S IEE M
WREAY, (B 2R, DU ZER B4
T OARLYiIs T PEPT1 AHXRIA R
N, ATHNE N FEABERIE . W] Caco-2 41 kAT
PEPT1 %18 e RS LI, #3245 52
ENENEIEATF. @7 IEH ANMAiE S, SN2
Wz B A RIS = W) )7 5 BCRP >MDR1 >
MRP2; ft Caco-2 #iffdrP)iii/3 k) MDR1>MRP2>
BCRP, 5 IFH A i Rk A —3 . Wi Caco-2
a0 Mo AT A HE B 25 W) B ois B2 3 ( MDRU/
BCRP/MRP2) 32 JiKH 1 i L 5, 75321
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(P ] R os 5 AN B A —3

Caco-2 4l iy 1 % 245932 B 1 3% ) VEAN 45
W], MDR1. MRP2. BCRP. OATP2B1 #j¥)i%
BHEAME SR, 5EEEMRIAAKT 1)
Bgs 3. HRAMEMhEHYEiEED
MDRI1. MRP2. BCRP. OATP2BI1 2 [i] ff) 5 Fl k5
&, ALV Caco-2 4ilH, (HILREWF 2995 25
HIEEARTHRR; WRIRAYS W ikiss
FIH BN HIIREE (ICs) 30 K, {8, WIARE
Caco-2, HEEH ML RIAE M Thredn .
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