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ABC ATP-binding cassette

ATP adenosine-5’-triphosphate

AUC area under the curve

BBB blood-brain barrier

BCRP breast cancer resistance protein

CYP cytochrome P450

ES embryonic stem

ESI electrospray ionization

GAPDH glyceraldehyde-3-phosphate dehydrogenase
hMDR1 human MDR1

HPMC hydroxypropyl methyl cellulose

KO knockout

Ko brain the ratio of AUChrain (0-2 hr) t0 AUCplasma (0-2 hr)
LC-MS/MS liquid chromatography-tandem mass spectrometry
MAC mouse artificial chromosome

MRM multiplexed multiple reaction monitoring
MRP multidrug resistance protein

PBS phosphate buffered saline

PCN pregnenolone 16a-carbonitrile

P-gp P-glycoprotein

PIC protease inhibitor cocktail

PTFE polytetrafluoroethylene

PVDF polyvinylidene difluoride

PXR pregnane X receptor

RT reverse transcription

SNP single-nucleotide polymorphism

Tc trans-chromosomic

ULQ under the limit of quantification

WT wild-type






i

P W& > X7 & (P-glycoprotein, P-gp, i&/s ¥4 MDR1) i, adenosine-5-
triphosphate (ATP) DANKAfiET RV F—% T, FEE & 72 53K 2 RN D>
5 s ~HEH 9 5 438072 ATP-binding cassette (ABC) k7 > AR —H —ThH
%. P-gp (X ZANME 2 45 Lo BN AR @RI T DL X7 L LTHAES
H, DA O ZANM M2 SR T D 72 OIRFIEN & L CHERZED = (1). <
DHEDHFRIZ LY, P-gp 1IN AMBLO I272 &7, 1MiEMKBIF (blood-brain barrier,
BBB), W&, ki L OVEE/ & OEFHEMICLBET 5 ENHALNE SN
72 (2-4). TS OIEFMENCIET 5 P-gp 1, WO FRBEITE X OWE R&IX
O], B L ORI OREE/R A2 5 Z Lic kv, Yo mhiEERs &k
Ok A Z2 I 5 (2-9). F£72, P-gp 18 SRR IS I ER L TR O (AN E)
RRZHIE 52 1Tz, LFEEIERETORR D ZEREMZEE L L
TR T 22D, ZOEYOENHEICEELB LT T2 ENMmbNT
W5 (7,8, 10). ZOHIZE, MHREOE=X U T RUERFLITANAIEEL
FOREIHIA], JIRAAIZR L, AEFROLE LT VEY L EEND (10,
11). —J5, P-gp DIAFE S L < IIRBFFEFEH 2 FoFM & P-gp HEZ DT 5
ZEICLY, BRIRMICEEZRFEYM AR N EESND2 ZE AL E -
TW2% (10,11). P-gp I L7- MR A/ERHZIERH L, P-gp BBE & R 5508 A
#l & P-gp FHEHOGFHIC LY, BE~SDRHB AR EZETDHZ LT, it
IMAFIOIRE R 27 LS HR-AL RSN TS (3,10-12). 2F Y, P-gp il
X D EY O i OB IR E OFIENL, BRICB T 2EBEHB L OFEE
TEHOFRBUEBCRERT 5. ZOEEWNDL, KMOBEALTEE, 7 AV IR
rnEEGL R, BN EEGTE X OEEE N7 VAR —F—a Y —v 7 A, #H3
AL AN P-gp DIE L 72 D080, £ 7=, it &%) P-gp ORLENEM %2
BT HDEDICHONT, FEBEBO RN T5 2 L2 HERE L T 5 (13-16).

FERFIRELE T P-gp FE OBHNENRESLHMEIEH %2 in vivo THEATRIREZR Y — L
ELT, SURART w N EDF >, BEIXOP-gp / v 27 7 U NEMHMEH
INTWD (14, 17-19). — 5T, P-gp ZEEOHWRBITIEIZIZE R & T > HIED
MCERENRHY, P-gp IZX2IEWELICFENTFET D ENRBEINTND
(20). P-gpi%, B HTiX MDR1#Efs ¥, F->#¥E CTlE Mdrla £ X O Mdrlb Ei&
TFICEY a—RERTEY, b hEF-EWEOMTIE, MikicHIT 5 P-gp D%
REICERNBOOND (21-25). F7=, P-gp OGRSV T, P-gp 3
BAMAERE 2 O = invitro sBRRIC LY, B M EToHEOM CTERN D D AlHE



PRI TS (26-28). T b DFEAEIZ LD, FHEEREMW 2 o S Reak
BROFER D, B MBI D P-gp FEORNENRES L OV P-gp 27 L 7= YA
HEMAZTFRT 52 LIZREETHS. b MBI D P-gp HEDENEIER IO
P-gp Z I L7 MBI AAEH O FRICIE, SHRHCHEEER 72 R P-gp 2581 L
72P-gp &t MEEMWMINGHTHD EEZLNDN, TD L D72 P-gp & MeBi
RIS STV a0,

P-gp DF&HLIE, pregnane X receptor (PXR) Z 1% U & LizfEix OENZHFIRIC
X uHfENS (10). PXR U 2 RIZ XL D PXR OiEME(IZ, MDR1 Efs+ Dz
BIEMALEZ I L C P-gp DRBZFHFE L, P-gp DIE L 72 5K OIKNENRE 2 2
fb&¥2 (10, 29). JEicib~_7=i@ Y, P-gp 1ZIAFi e FERRRRIE A R 2 LD,
PXR U Y Rk D P-gp DRIFHEEITL < O P-gp WEOKRNENEIZEEEZ B
XIE9 (10). L7223 ->7T, PXR U A RiZk D P-gp DRBLFHEERL IO P-gp O
B FE A U BRI OW T LMNIT A 2 1, & b invivo 12
B 2EMOENERRE THITAICHZo TEETHD. ZTNETIS, b MBX
W >t E AW OMEICLY, PXR VA Y ROEEIZL > TRMED P-
op DEBFBENEELESIND ZEDNHLNER->TWVD (30-38). — T, fflEs
LMD P-gp IOV T, PXR U A > FOFEICT L D FEE SN D0 EDITHOWN
THE— LIS TR, E 512, PXR U Y RIZX Y KGO P-gp 23
FHEBEINDNENITONTH, REFLMNE 725 TR0,

U boz &g, KBGO 13 TlE, P-gp & MbEW 2 /ERL L, P-gp 2E
DENENRE THIE T VB LN P-gp 250 L= WM AER THIET L E LTO
BHMZHAONITAZEH2HE LTz, 72, 2 T|ITBWTIL, invivo 128
WTHHE, FTIgE ZOMKICHBLT 2 P-gp 28 PXR U T RiIZ K-> THE I ND M
BLZERAONNCTHZEXZHNE L.



=

PyEZ U E (P-gp) & MEBEMIZEIT D
b b P-gp ODRIELIB KX OBREMET
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1.1 X

P-gp IXEGIRICI T D3 ENEZ BB T 5 E T CTEHEERKF - THH Z &)
5, BFrEERLAEWD P-gp DIE L 72 D ED, T2, BER{bEWH P-gp OFH
FEEREHT 20EITONTIE, BP0 BRHICHRETT 5 2 L3 #ElE S h
TW2% (13-15). TR T V—=> 7)1k L LCiE, Caco-2 HlE<> P-gp %
BUMIRaAR 72 & 2 FH 72 invitro BBR 2N A < HO BTV b (13-15). LasL, #life
Z W= invitro BEROFT — Z 25, invivo I Y OGRS A, AR
L OBk 25 P-gp DRBEEZA LTS Z LIIRETH D, P-gp FEHM
fakkZ 7z invitro iR Z2 IS L, & MERCR T 2 2 Lo BELEREE EM
HEDOEDZ EIZED, invivo 2B D P-gp EOFRBITHEE THITE 50
BEMELTRIN TS H OO (39,40), invitro RERDT — % %52, B b invivo IZ
B+ 5 P-gp IEOENENEER L P-gp & L= 3R REAE EAEH 2 T4 5 =
ISR E LCREECTH 5.

FEERIREERE T P-gp AE OARNENRELEHMEIEM 4 in vivo THEMT RIREZR Y — L
ELT, YURART w e EDF oW, BEOP-gp / v 27 7 U NEMWHMEH
ENTWD (14, 17-19). —F T, P-gp OEE O FRBITIECITZE R & T > hiE
ORI TERNSH Y, P-gp &L 2L ZFEAANGFIEST D LRI TH
% (20). Thebb, FoEDT —X &M\ Tk b invivo IZ31F 5 P-gp FE D
KNENEEZ TS 512 HT-»> TiE, P-gp IZ X 2Pt ofEEs ZE T 50
N 5.

P-gp IZ, B b TiX MDR1 &5 1, - ¥E Cid Mdrla 3 L O Mdrlb #1571
XV a—Fan<Tky, & T -owmEORM T, MHEkICHIT 5 P-gp DFREL
BIZERPBDOOND. Hl2X, ~7ABLOT v FOMEMLEIZBIT S P-
gp Z VXU RBLEX, B MK L CTHEICEMERT (21-23). [AEkDZRIT,
/NG ERRIRRIZ 31T 5 P-gp # N7 FBELEIZOW T HRD BTV D (24, 25).
F 72, P-gp DIREFRFRMEIZOWT Y, P-gp FEELAIALRE A = invitro 3UBR R IZ
£V, e FEToWEOM TERN S L REMENREN TS (26-28). LavL
BB, b T oWBEOB CHREFRMMEICKRE RER TRV ET H58MELIF
EL (41), P-gp OIEEFRIMEICFEZEN D 2 0 E OV TIERTEH — Lz Afg
M HILTW e, BUIR, P-gp OB RN 2 M7 AT FTRE 7R > — /L% P-gp ZEELAH
RO TH Y, P-gp OIEFRFRMEICBIT A2/AEE LV EEICIH LT 57
DI, T b OMB LI ORI R 2 BT 2 NN 8 5.

WA, Y OERNBEIREZ BUE T 2 MR O N T VAR — 2 — & iE) &
L7z Te Mo A OERNAELZ AL TS, B M~ T A%, B R
F o EOMOMEEDOMEAZ TR LIZETF LB THY, £ | invivo IZBIT5
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HEENEREDO THNCER Y — L Th b, TOHFEMMENS, ABC 7 AR
— X —@OY 77 7 I Y —"T % multidrug resistance protein 2 (MRP2) 5 X UNbreast
cancer resistance protein (BCRP) (Z2>W T, BEICk ME~v U ANREN SN TE
D, IEMERENITEE X ORI~ ORI A BRI TV D (42,43). [FAIEEIZ, P-gp
IZOWTh, Sadig B (44) 1LV, P-gp b Mb~ T ZADVERZ R T Z &3
HINTWD. L, Sadiq 23 L7z P-gp & M~ 7 RI%, BBB IZKIT
5 b P-gp DRELRD TELS, ~ T ANIEMED P-gp D/ v 7 7 7 M b A+4
Thol-. £, fEH-L7-Pgp & Mb~D RIZEIT 5 P-gp E O HFHBITIEIX
Pgp /v 277U R URLIFEIFRETHY, HALE k P-gp BHEEEL TV
WZ EHREINTERY, Sadig bHEIEL, F#LE Pgp B MU X%
“insufficient humanized mice” & ffamf 7 TV 5. —J5 T, Sadiq H O LM,
P-gp t MbE~ T AR ZRAT-HMEIIFELRY. Thbb, #iEree &
P-gp 8L L7 P-gp B Mb~ U X%, RIEBZIIL TR0,

Fox i3, R TREANZ L0, ~ 7 2 N TY AR (mouse artifitial chromosome,
MAC) X% % —% T P-gp & ME~™ % (human MDR1-MAC <™ &, LIF
hMDR1-MAC ~ 7 ) #/ER L7=. MAC X/ X —[X, 7T AI RLUA NV A%
AW IERIEIZH LT, Hx 2A R 2 /T2 8IxFEAETH S (45,46). B
ZAE, MAC X7 Z — [ 3fE FYERITHA ST, M L TR SN D 2 8D,
HEEGFABIEST L2 R BIEFEANRARETH L. £72, MAC X X —
W D BAn 10 A XNIIHIER 23 722 <, F8 B B pE a0 FERH AR AR ke & #45k mT
RBTHD. 61T, MACRY X —T—EDa bt —TLEEIRFIND Lo
THEZAELTWS Z Enb, BEAERFOWmEHER L ORBHELNE XIS
W EWD R A FFS. AR TIE, 2O MAC X7 % —%HWC/ERIL 72
hMDR1-MAC ~ 7 A 22\ T, #K#fkiZH1T 25 hMDR1 mRNA B LUt + P-gp
B Ry DB AR L=, %\ T, hMDR1-MAC ~ 7 A2 ® BBB £ L WIEEIC
BT DHE b P-gp DHEREA T T D Z 12XV, B b invivo IZB1T 5 P-gp &
HOENERETHIET VI LU P-gp 2 LW A/ER THIET L & LT
® hMDR1-MAC ~ 7 A DA A Z=fEt L7z,

12



12 EBMEIE XUEBRT A

1.2.1 P-gp & ME~v RDO/ER

P-gp b Mb~ 7 2D /ERIZIE, hMDR1 Eis T~ OFIFREEL, FERNRR fEl L O
S HIETEIE 2 & Te 4 440 kb & MAC X7 ¥ —|ZHfi A L 7= hMDR1-MAC <7 %
—Z A=, /EfL L 7= hMDR1-MAC X7 % — %~ 7 A embryonic stem (ES) #llfi
IZ3E AL, hMDR1-MAC ~ 7 A= {#FF L 7= ES Mlld% ICR v~V R ZEAT S Z
L2 LY, hMDR1-MAC X7 % —Z{&fF L /= trans-chromosomic (Tc) ~ 7 A &1k
L. Z20%, Tcv VAL ANENED P-gp 2/ v 7 7 © b L7z Mdrla/lb-
knockout (Mdrla/1b-KO) v U A 2 ZRLSHEHZ LI12 LV, Pgp & MEEVY
hMDR1-MAC/Mdrlalb-KO = 7 % (LLF hMDR1-MAC ~ 7 Z) ZAE#L L 7= (47).

BFAE R (ICR, wild-type, WT), Mdrla/lb-KO 3 X T8 hMDR1-MAC ~ 7 Z (%, 9-
12 BB ORERFH Lz, RERITITERZB LOSRKZOBYERZERIC
BWTHGR N, EBREMOIROFNTA R4 it TB I b,

1.2.2 Reverse Transcription PCR &

hMDR1-MAC ~ 7 A Dligi#sn> 5 @ total RNA OffitHiE, ISOGEN Il (= KRy
U=V, BHR) EHWTTmr ha @itk I o MIHRFICIRALES . A
DNA (L, recombinant RNase-free DNase | (Roche, Basel, Switzerland) L2z L U FR
FL7-. Total RNA IZEBIF 547/ A DNA OIBADAH T~ 7 A glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) @ %7 / AERICKF B2 7 T 4 ~ —
[forward, 5’-CACAACTGCTGTTTCTGCTGCCA-3’; reverse, 5-
CTTGCCCTTCCAGATTGCCCTAC-3 (—nu 74>y =/ I 7 A, HN)] BL
Y Emerald Amp MAX PCR Master Mix (% 71 7 /31 74, &) M\, annealing i
JE% 59°C, A 7 VH A 40 YA 7 L& L7z PCRIZ L U figid L 72. Total RNA 7>
& o first strand cDNA D& kl%, High-Capacity cDNA Reverse Transcription (RT)
Kits (Thermo Fisher Scientific, Lafayette, CO, USA) & X OMJ& ™ random hexamer
primer Z i\ T b L@ BZ o7, 557 firststrand cDNA (XK
ZHWT 20ng/uL IZF R L7Z. Z® cDNA 7 Riliz=7 7L — k& L, hMDR1
B LU~ X GAPDH mRNA Z#Hi L7=. hMDR1 mRNA O#:Hii%, hMDRL1 |Z
¥r R )72 7 1 — =7 (TagMan Gene Expression Assays, Thermo Fisher Scientific,
Hs00184500 m1) 3+ X O THUNDERBIRD Probe gPCR Mix (BLEER, KBX) 2 FHu
T7a ha@ickBZ o7, ~ 7 X GAPDHmMRNA O tH %, ~ 7 A GAPDH
(R RA 727 T A ~— (forward, 5’-AAGCCCATCACCATCTTCCAGG-3’; reverse,
5’-GGTTCACACCCATCACAAACAT-3’) ¥ L T Emerald Amp MAX PCR Master

13



Mix % FHV>, annealing iR 4 60°C IZRRE L TR 2o 70, HFBin B L Ulidds
IZ3B1F % PCR O 7 VS Table 1 12R L=tk % v 7=, PCR # O itk
IX, MDR1 mRNA ([ZOoWClI=F Vv a7 n~A NEGH 35%7 Fo—A SFR
(Amresco, Solon, OH, USA) ~7 /L, GAPDHmMRNA (ZOWTld=TF Vv AT o~ A
REH 3WERET Hrn—R (HRY—2) FIUITERKE B Z-7-. BB
DOHETEFEYIEL LAS-4000 (B L7 A /LA, B #HWT UV BEIC L L
7=

123 BNEMIME R X OVNE ERMROMRE 72T 5 F2 7 BEED
HIE
1231 FSEAMILE OFR

WT, Mdrla/1b-KO 3 £ O hMDR1-MAC ~ 7 A2 DM EAIIE DX, Uchida
5DJE (48) &AL TRB I 2o7-. ~ 7 ADOHAEMMAME (n=10/1) % &
LI, REVR— LR, TXA T U AWTED L2, IRV T,
210,85 B LN 45um DF A v A v v 2 AV TR L72%, MBS %2 20
um OF A v Ay a TR Lz, 1550 - MBI oL, B RAsic
& D ARBENE DRR IR I S E 7. IREAN LS B 5y 0 & /X 7 JR 1T Pierce BCA
protein assay kit (Thermo Fisher Scientific) % i\ CHllE L7-.
1.2.3.2 /NI b Bz i e oD it e R 43 D R Y

WT, Mdrla/1b-KO 3 L O hMDR1-MAC ~ 7 A D /MG b Bz M o il e [ 4y
OFHEIL, Akazawa b DOHE (25) = HHE L TB IR o7z, vV AD+ 5
B (H4F97>5 5em, n=5/FF) ZHEH L, Lom EICUIKF L CHIBH L7, BEZ &2
7=V LT, M sy o & 287 JREE 1T DC protein assay Kit (Bio-Rad, Hercules,
CA, USA) ZHW\WTHIE L.
1233 Z U7 REBEOHIE

RSy - D & X7 3 B1EE, Uchida & (48) 352 OY Nakamura & (49) O
HZHEVY, multiplexed multiple reaction monitoring (MRM) Z34TIZ L » CTE®R L 7=,
JIbd A L 1143 38 L OV b B E oo MR i 43 % 12 mM sodium deoxycholate
F L 112 mM N-lauroylsarcosinate TZERL S, =tk KOV /L F /LB lysyl
endopeptidase 3 X O trypsin TYE{L L7= (50). WNEPIEHEL L C, [REED 7T
L L= BB RN ARIEFR AT T RERIN LT, IROT, R L7277 T REBitE L,
0.1% R/ ICIRIR L CIRiAk Yy v~ N9 7 40—/ % o7 DE &M (liquid
chromatography-tandem mass spectrometry, LC-MS/MS) Dkl L7z, #iEf iR
BHE, SIER DT DOIIEHR~TF R H—RIITHRL, 1P =7 Vg V&R
0.5-100 fmol &£ 722 L H IR L7z, WEIEESTF ROA P =7 v a v &lT
30 fmol & L 7=.
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B D /M1, micro-LC system (SCIEX, Framingham, MA, USA) ¥ L O
QTRAP6500 (SCIEX) # v iz, 4 A bE— RNiZ= L7 hr AT L—A F A4k
(electrospray ionization, ESI) & L7z. % 7 A% ChromXP C18CL column (Ekisigent,
Redwood City, CA, USA) Zfifl L7-. FEND T DH TP aro—
& Table 2 (2~ L7, 5 D L7277 — & 1 MultiQuant3 (SCIEX) % FH N CTHENT L,
NEIEHRES 7 F RICkIT D EMN G TF RO —7 Hib 2R H L. BE
I ERHRB O REICT o — 27 mERE 72 >y ML, R/ F
B L <UHTEAMTE R/ RIEIZL Y B LT, EEEITFD IO 3-4
RO M T T a LI EZ T L TR

124 hMDRI1-MAC =7 2 DRKIZIIT 5 P-gp DSRERRAT
1241 RE

Elacridar hydrochloride |3 AdoQ BioScience (Irvine, CA, USA) L YA LT-.
Indinavir sulfate % Cayman Chemicals (Ann Arbor, MI, USA) X v A L 7.
Hydroxyzine hydrochloride 1ZfnJehisk T3 (KBR) L VA L7-. Loperamide
hydrochloride, quinidine sulfate, ritonavir 35 J O verapamil hydrochloride %3 5{bk
T2 (FHR) LA L7, Paclitaxel (% KareBay Biochem (Monmouth Junction, NJ,
USA) L VA L7=. Vinblastine sulfate {% Sigma-Aldrich (St. Louis, MO, USA) X
DIEA LT
1242 #HE5IEOFHH

Paclitaxel 33 & O\ ritonavir % 5-38i%1%, ethanol:polysorbate 80 (1:1, vIV) &k
IZZENEN 6B I 3ImgmL & 722 KOOI L7 DA —20°C TRE L, &
HERT (B5-R1 4 FERIDIN) ICAEBREK CENENSEEIEE 1.5 3LV 0.75
mgmL &7 XA R Lo %M L7, Elacridar % 5-3#&I1L, 2%
polysorbate 80 &/ 1% hydroxypropyl methyl cellulose (HPMC, {E#{b2T 2, K
) KIAHR @BHK (11, viv) WIRIZ5mg/mL & 725 X 5 iR L 7= b o & fF
L7z, ZOMOIEYIZ DWW TIAREE K Z HWTREER LT L, 2nEi
D IR X 0.5 mg/mL (hydroxyzine hydrochloride 35 X OF indinavir sulfate), 0.2
mg/mL (loperamide hydrochloride), 1 mg/mL (quinidine sulfate), 0.1 mg/mL (verapamil
hydrochloride) % L < i 0.4 mg/mL (vinblastine sulfate) & L 7-.
1.24.3 P-gp ZEDORFHIRANEK 5B X URIEDEEL

WT, Mdrla/lb-KO ¥ X O hMDR1-MAC ~ 7 X (n=3-6/time point) (Z
hydroxyzine hydrochloride (5 mg/kg), indinavir sulfate (5 mg/kg), loperamide
hydrochloride (2 mg/kg), paclitaxel (10 mg/kg), quinidine sulfate (10 mg/kg), ritonavir
(5 mg/kg), verapamil hydrochloride (1 mg/kg) & L < i vinblastine sulfate (4 mg/kg)
ZIREIRNZE S Uiz, BEM O E, paclitaxel 35 X O ritonavir (22Tl
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6.7 mL/kg (= 7 AKHE), Z DM OIEYIZHSWTIT 10ml/kg (7 7 A {KHE) & L7-.
B O JRFIRANE G025 0.5 5 4 FFEZIC~ U 2 ZSHHERL A L, IEERE R
MORMAEZRZ o7, 2MAERMN Lz, S L7 i#kix 10,0009, 4°C T 10
piELL, Sz EEamfEs L=, 2NTEEZHEL, 458 (W) O
BRAKZMZ TRED R —FTHZLICXOMAEY R— AR L2, g
BEOWEAE T R — MEL—80°C TR LT=.
1.2.4.4 P-gp FHEAIB X O P-gp ZE D E & BRIEDEE

hMDR1-MAC ~ 7 A (n=4) |Z elacridar (50 mg/kg) %% H$¢5-L7=. Vehicle £f
(n=4) ® hMDR1-MAC ~ 7 A {21 2% polysorbate 80 & A 1% HPMC /KIAHL :
#ik (1:1, viv) AR % #5- L7=. Elacridar 35 X ONAEEOFKIF £ 10 mL/kg (7 7
A{KE) & L7z, Elacridar & L <3O 4 Fpfj#2(2, paclitaxel % 1.2.4.3
ERBRD FIETREIRNE S L=, X512, Paclitaxel 5 4 B2 1.2.4.3
ERBRD T ETHR I LM 2B 2720, B L OMARESRr— M e
AL 7=,

1.25 hMDR1-MAC ~ U A DBEFIZEIT 5 P-gp OHSEEMRT
1.25.1 R

Paclitaxel % 1.2.4.1 LRI C & D& A .
1252 ®E5IKEROFR

Paclitaxel D#¢5-3K%1%, ethanol:polysorbate 80 (1:1, v/v) I&EIZ 6 mg/mL & 72
HE IR L7= b D% —20°C THRE L, BEERT (B5ET 4 FERILIN) (24
A K CHREBE Img/mL 225 X ICHARLIZbOEFH L.
1.2.5.3 Paclitaxel D OB 5-1 X OBRIEDEER

WT, Mdrla/1b-KO # L' hMDR1-MAC ~ 7 & (n=5-6/) = paclitaxel (10
mo/kg) R OG- Uiz, gL 10mL/kg (~ 7 AAE) & Lz, £72, F550
2 RFfEIEA R & L7z, Paclitaxel Of% A# 5225 15, 3047, 1, 2, 4 B LT 8
fzIc, ~ 7 ADOIREEFIREE LD 50 ul T ORFHICERINZ B Z 2 -7 BIL
721k 1% 10,000 g, 4°C T 10 /ofiliEL L, Boniz BiEEimiEs Lz, miEix
—80°C TiRfFL 7.

1.2.6 MiER X OWKICR T 2 EDEEOHIE

HWEFEHL, BAFICEHET 5 X 9 I2miER L ORNA T Y X — N &K — ik hhH
U IEMRA w87 BT L7212, Table 3 107 L7 NEBEHEYE % N
LG L7, ekl 2 LC-MSIMS T2 Z iz kv, IiiEs X OWMic
B AEHEYBEE 2 ERE L. MEfHREEH, o7 rohb o lcRILED~
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U AMAEL L <IIMAE Y 32— M & AV, %538 % E BN CHN L2 Lgk
1%, HIEREE FREOALEC X R L 7.

1.2.6.1 HERBIOFHR

1.2.6.1.1 Paclitaxel

Paclitaxel DR FFIRNIE G225 4 BFiE S L <ITRAHRGRZR ISR L2 7
JAZDWTIE, R —RAHEIZ L TRAERB 23 L7, 7 AR 12 e
H L <IEIMAETY R— 20Ul ZWHI L2, RWT, RLEO 7 Z1iES L <X
HRAE D~ 7 APHRETY F— |k 80 uL, A X/ —/L 20 uL, PEBEEYEFRIK 20 uL
F L OV t-butyl methyl ether 1 mL Z¥A0L, 10 70 L <#E% L7=%, 1,710 g,
4°C T 10 ofilimE D Lz, B oiiz B8 800 uL 2 #i7-72 4 7 ABRE I L, W
JE T CHARIEIEME L2, 200 pL @ 60% A ¥ / —)LIC KV FiRfiE S 7=, s
R D4=E% 0.45 pm polytetrafluoroethylene (PTFE) 7 4 /L X —TAiL, &5
72 A% LC-MSIMS &7kl & L7z,

Paclitaxel ®RBEFIRINE 575 0.5, 1 BL OV 2 B ICEIL L 7= > 7 ico
WTIE, BRZ 7B Lo THIERBIZME L2, 15 mL A e L F
o — ZITNEEEYERR IR 20 uL 2N 2, JUE N CAIRLE S B 7%, 7 h=1FV
JL 200 pLIZ K- THEM S, VT, miEd L IEMAEY 2 — b 20 uL
UL, 3RS L <R L%, 20400 g, 4°C T5pRELLE. BHh
72 E3% 180 uL (2K 60 uL 23RN L7=t%, &% 0.45umPTFE 7 4 /L % —TC
AL, &5 7-AiE%E LC-MS/IMS HIE k& L=,
1.2.6.1.2 Hydroxyzine

15 mLAY e Ly F a— 7 ITNEEERERIK 20 uL 2N L7-. IRV T,
MAED L <IIMAREDF— F20uL B LV 0.1%FF7 & h= h UL 200 uL % ifs
ML, #ULIE#R L%, 20,4000, 4°C T 10 /5EL L CHRa 87 L=, 15
Bz B 160 pL (ZA8HIK 40 pL ZWSIN L 721, 2% % 0.45um PTFE 7 4 L 4
—TAL, bz AIK%Z LC-MS/IMS HIERELE L.
1.2.6.1.3 Indinavir 3 X T Loperamide

15 mLAY e L T a— 7 IZNEEERERIK 20 L 2N L 72, IRV T,
MAES L <IIMAREY X — F20uL BL N 0.1% X7 & =k UL 200 uL % s
ML, #ULIE#R L%, 20,4000, 4°C T 10 5fEL L CHRE 87 L=, 15
HAvz B 180 pL (28K 60 pL ZWSIN L 721, 2&% 0.45umPTFE 7 4 L%
—TAL, BLILTZAIKE LC-MS/IMS HIERELE LT,
1.2.6.1.4 Quinidine

15mLARY e b rFa—7ZiffEd U< IIMAE R — k20 uL 230
L7z, WRWT, NEBEEME 2 ate 0.1%FFR/KIRIK - 0.1% X7 h=F VUL
(1:2,viv) Z 180 uL ¥ L, L < L=, 20,4009, 4°C T 10 syfELo L
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ThrH X7 Uiz, &6hi- EiE% 045 um PTFE 7 4 VX —TA L, AR%
LC-MS/MS HliEzLELE LTz,
1.2.6.1.5 Ritonavir 3 X T} Vinblastine

15mLARY P L Fa—7I2MiEd L <IEMARE P R— T 20 uL Z#0
L7z, WRNT, NEBIEEME 2 &t 5 mM BiE T & =7 A8 H 0.1% XK
W 01%XHET & h=hr U/ (1:2,viv) % 180 uL N L, L <R L -1,
20,4009, 4°C T 10 /il L TR /37 Lz, #5572 Eif% 0.45 um PTFE
TANE—TAEL, A% LC-MSIMS JIERE & L=,
1.2.6.1.6 Verapamil

15 mLAY e L F o — 7 ITNEEERERIK 20 uL 2N L7-. IRV T,
MAES L <IIMAET R — 20 uL BEN0.1% KT & h= K U /L 200 uL & ¥R
ML, #U<#HE# L%, 20,4009, 4°C TL10 0RO L CTHREZ 7 Lz, 15
HAVTZ B3 150 pL (ZABHK 50 pL AW L 721, &% 0.45um PTFE 7 4 L %
—TAlL, bz AiK%Z LC-MS/IMS HIERELE L.
1.2.6.2 LC-MS/MSIZ X 5453#T

Quinidine, ritonavir 35 X O* vinblastine ® 3471 LC-20AD Prominence HPLC 7~
7 (BEEEWERT, 5UER), SIL-20ACHT #— ¥ 75— (BEEWER) BL O
QTRAP4500 (SCIEX) # W THB I 7e-7=. ZDOMOEY D /3H11E LaChrom
ULTRA L-2160U UPLC AR 7 (H3Z, HL), LaChrom Elite L-2200 A4— ~¥ 7
Z— (H3Z) ¥ L amaZon SL (Bruker Daltonics K.K., Billerica, MA, USA) % fu»
TBIo7. WTROEYIZONWTY, A4 1bE— Fi ESI positive & L,
MRM E&— RCHELXFB 7 ~7=. # 7 LiF COSMOSIL 5C15-MS-I1I Packed
Column 2.0 x 150 mm, Sum (% 7 A 7 A 7, 5U#), COSMOSIL 3C1s-MS-11 Packed
Column 2.0 x50 mm, 3 um (777 A4 7 A7) L TSKgel ODS-100Z 2.0 x 150
mm, 5um CRY—, &) &HWe. SHEMITKT 5878 LC-MS/IMS S4:1%
Table 3 127k L7z, 550727 —# 13 MultiQuant (SCIEX) % L < % QuantAnalysis
(Bruker Daltonics K.K.) & FHWTRENT L, WEMEEEMEICKT 2 ELEH O
— 7w ZRE N Lz, BERIIRERHAFREOFREISH T 5 v — 7 mfEkk
7y bL, RN FED LIFEAMNE RN TREICI D EYE L THE
7.

127 T —Z AT

T EERERT AR T EfE (area under the concentration-time curve, AUC) 1B TIEIC
£0 %Hj L7z, &YYo Kp,brain BIOX Kp,brain ratio |4, LI FREDi [1] B
L [2] s THEH L.
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AUChrain (0-2 hr)

[1]
AUCplasma (0-2 hr)

p,brain =

Kp,brain in Mdrla/1b-KO mice
Kp,brain 1n WT or hMDRI'MAC mice

[2]

Kp,brain rath =

P-gp transport activity per molecule (%, Uchida & @4 (40) (ZHEVy, TFREDI
[B8] ICLVEH L.

P-gp transport activity per molecule =

Kp’brain I‘atIO - 1

[3]

P-gp protein expression levels
in brain capillaries of WT and hMDR1-MAC mice

1.2.8 HEHEMT

T2 T R A D L IAEHERRZE L L OR Lz, MEHIENTIZ I Excel
Wty 7 b Statcel 3 (A —x A= AR, L) &V, Scheffe’s F-test 12 k5%
HIRE H L < 13 Student’s t-test 12 X 5 2 FELLIREZ B 22572, T o
BEICBWTYH, P<005 ZHEAEH & L.
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Table 1. PCR cycle numbers for RT-PCR

) hMDR1 Mouse GAPDH
Tissue
(Cycles) (Cycles)

Brain 40 28
Intestine 38 30
Liver 38 30
Kidney 40 28
Spleen 40 30
Adrenal gland 36 30
Testis 38 28
Stomach 40 28
Thymus 40 28
Heart 40 26
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1.3 FER

1.3.1 hMDR1-MAC = ¥ 2 D& IERIC 31T 5 hMDR1 mRNA D3&H,

hMDR1-MAC ~ 7 21231} 5 hMDR1 mRNA OFHAZH S22 5720, RT-
PCR (ZX % mRNA RIUFENT 23 2o 7=, Tt RhgesiL, & MW T
hMDR1 mRNA OFBLNHE SV TWDIN, W, I, B M, =88, &
BOH, MR ZOWEE L (51). hMDR1-MAC ~ 7 ZICHBWTIE, Bl
722 T OJEZRIZ >V T hMDR1I mRNA DR BLNEO b= (Fig. 1). — 7,
Mdrla/1b-KO ~ 7 ZIZEB W TIE, WTNDlEasiZiB W\ TH hMDR1I mRNA D%
BUIRE O H 7o 7= (data not shown).

1.3.2 hMDR1-MAC ¥ 7 A DMEMMEIZRBIT 5 b P-gp #2237 DIEH,

hMDR1-MAC ~ U ADKREMMEIZIITHE b P-gp & /37 ORFBLZH 5
N D72, WT, Mdrla/1b-KO 3 X TN hMDR1-MAC ~ 7 A 5 & MBI %
HEEL, LC-MSIMS (2K 5% U U BB O 23270 >7z. P-gp # /37
FEEOMATIL, & F MDR1, ~ 7 2 Mdrla 3 X T Mdrlb I Z N EHVERE S
L<iZkE b MDR1 BXW~ 7 R Mdrla (2383 57 F FESIAFER & LTz
(Table2). WT, Mdrla/lb-KO £ X X hMDR1-MAC ~ 7 A 7> &5 BAEfE L 72 ix = 1.
EESY DX T FIENE, TN 149, 230 B L U204 pg TH o 7o, BB
I 8 5y OFE R L O — 2 R34~ v Ry B~ — 5 —Na'/lK*-ATPase D
BEIX (39,40), WT =7 AZH# LT hMDR1-MAC ~ 7 A C 1.7 f5ifE 2~ L
7= (Table 4). £7-, P-gp L[AARIZ BBB 23845 ABC 7V AR—4—Th
% Mrp4 35 KON Berp OFTEIZHOWTEH, WT ~ 7 2| ZH#E LT hMDR1-MAC
VU ATL6fEEfEZE R LT (Tabled). 6D Z LD, ITBMNILE 4y Rl
R LU —MHI1ZWT & hMDR1-MAC ~ 7 2D THE72 > TH Y, hMDR1-MAC
~ U AD MBI B /2L, WT ~ 7 A2 U CHERS KO R Emn &5
ALY Wi

Table 4 |27k L72 X 912, hMDR1-MAC ~ 7 A DM EAM I i 43 12 B8\ T,
t F MDR1 [ZHRFERM 2T F R SN 7zolcx L, 7 A Mdrla B X O
Mdrlb ([CEF AR F RIS noT=. —F, WT ~ 7 2O MBI E
B2V TIE, w7 A Mdrla ICRFRA2 7T R Ehizolzki L, &
F MDR1 B X W~ 7 X Mdrlb IZF B X7 F NIt S neiro 7.
Mdrla/lb-KO = v A28\ T, & b MDR1, ~ 7 A Mdrla 3 X O Mdrlb @y
TNOXTF R EhZ2ho7-. 562, B b MDR1L 8L U~ 7 A Mdrla
WZIET 5T F NS ZHER & L THT L7 & 2 A, hMDR1-MAC <~ U A D

23



JRERMAE IZH 1 D P-gp & /37 FBBLEIX, WT w7 R &Ll U CH R IZRAE
Zax L7z (0.43 %, 2.21vs 5.15 fmol/ug protein).

1.3.3 hMDR1-MAC = 7 2 D/ bR MIRIRE 53 238175 e b P-gp & 237
DIEH,

hMDR1-MAC ~ 7 ADFEICEITHE N P-gp ¥ /X7 OFRBLEZHLNTT
%728, WT, Mdrla/1b-KO 3 & TN hMDR1-MAC ~ 7 A %> & /)M i b B i ) 4
ZHUBEL,1.3.2 ERIERIZ LC-MSIMS |2 X B % VR BB DT 23 2 /r o7z,
WT, Mdrla/1b-KO ¥ X O hMDR1-MAC ~ 7 A7) & HEfE U 7= /N5 b Bz Hil i s
DR RTEINEE, NI T60, 941 B ON679ug TH 7=, /NG R
Rl fBE 1] 53 DML J5 L O — &2 R 9 & o X7~ — 7 —Na*/K*-ATPase D%
BEIZHOWT (25), WT & hMDRI-MAC = 7 2 D THE R ZEI1TER 0 b ds
o7 (Table 5). Z D Z L, /NG bRz AM A 43 @fﬁﬁr“jbotviﬁ PRI~
UAMTRIZETH S EEZ LN,

Table5 |27~ L72 & 912, hMDR1-MAC ~ 7 A2 O /N b BB 45 (2 38 T
%, & b MDRLIZHFFE 72T F R ShizolzxtL, v 7 & Mdrlaioct
O Mdrlb (2R 7T F NI Snedo7z. —7F, WT ~U Z20/Mg E
FE AR 3 2 BV T, ~ 7 A Mdrla [IZRFRA72 T F RAKH S =l
®FL, B F MDR1 B XU~ 7 2 Mdrlb (R EAY2_T7F R S ivZe o 7=,
Mdrla/1b-KO 7 R IZFEBW\WTiE, & b MDR1, ~ 7 A Mdrla 3 X Mdrib d»
THOXRTF RS2 nolz. 251, B F MDR1L BX O~ 7 A Mdrla
WZI@T 5T F RSN AR & LT L7 & 2 A, hMDR1-MAC ~ 7 A D
/NG b RS 43 (2 31T D P-gp X L8 FEEL R, WT ~ 7 X Lk L TH
B 27~ L7= (0.03 1%, 0.70 vs 22.86 fmol/ug of protein).

1.3.4 hMDR1-MAC ¥ U ZDKIZBIT B E - P-gp DHERE
1.3.4.1 Paclitaxel ® PHERITH:

hMDR1-MAC ~ 7 ZDMRIZFHELT 5 Z L B3RS v7c e b P-gp & /37 O
REZHA 5 20T 5725, WT, Mdrla/lb-KO 33 X O hMDR1-MAC <~ ™7 |2 P-gp
EETH D paclitaxel %J%H%HFEWTQ’E&L B 4 Rrf% OB X O AT A
paclitaxel JREN O — MEHRERZE R T2 I8, £~V RIZBITD
paclitaxel O FHXFE T2 f#HT L7=. Paclitaxel 1%, P-gp OFEREXRARIZ LY FAKE
FIRRELIINT D Z ERNHRE SN TWBRENZ Pgp FWETHD (39, 52).
Mdrla/1b-KO ~ 7 A (281 % paclitaxel DML, WT £ X OV hMDR1-MAC
VA L THREICEEZRL, ZE 85 BXW 116 5 Th -7 (Fig.
2A). —J7, paclitaxel @ [MAEH I EIZ-SUVWTiE, WT, Mdrla/lb-KO 3 X O hMDR1-
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MAC ~ 7 A @Fa'ﬁf\‘ﬁ%?foe%;% B B o7 (Fig. 2B). Mdrla/lb-KO ~ 7
BT % paclitaxel O — M AEREEEEIZ, WT 3 X OV hMDR1-MAC < 7 A (Z%f

Lfﬁi FEEZRL, TIE 43 kotw 6.1 5 TdH~7= (Fig. 2C).
1.3.4.2 Paclitaxel D HFEBITIZHRT 5 P-gp FHEAIORE

hMDR1-MAC ~ 7 AIZF1F % paclitaxel ®FXEITHHAEA L & P-gp
IZEDHEONENELNET D728, hMDR1I-MAC ~ 7 A2 P-gp BHEHI % Al
@%L paclitaxel O FHEATIZ® T 5 P-gp FLEAI D 2% kgt L7, P-gp FHE
FNCIE, WT ~ 7 2IZEB1T % paclitaxel D HHXEAT 2 0 S %75, Mdrla/lb-KO
~ U ZIZBIT S paclitaxel OHFREBITIZTLESE LW LEPHESNTND
elacridar % AV 7= (53,54). hMDR1-MAC ~ 7 A (23T, paclitaxel o PN
li elacridar OFTALEIZ LV 5.4 f5IZHIN L7 DIZxf L (Fig. 3A), paclitaxel o ifi.

HER R IZ OV T, elacridar ORTLEIC X 2 EREBITRRD b noT-
(Flg. 3B). Paclitaxel % — MAEHEE LLIL, elacridar O RFTALEIZ X Y 3.5 fFI2HN
L 7= (Fig. 3C).
1.3.4.3 Hydroxyzine ® HFXBITHE

WT, Mdrla/1b-KO I & (" hMDR1-MAC ~ r7x (2 P-gp FFHE & EFIRN ¢ 5-
L, ZOHRBATIEZ M L=, P-gp JEAEE ic P-gp ZBERERHR L CH HX
BAITHEOELNE D 5T, > BBB 7& WT DT ENMBINLTWVD
hydroxyzine % FV 72 (41, 55). € O#ESR, hydroxyzine D5 1 FEfEIZ 23T,
b PR B, mlﬂﬁt%ﬂ?&%f;f%otzﬁﬂ“m’—mﬁﬁi;;%fﬁttm\ﬁ“‘m IZoW T, WT, Mdrla/lb-
KO £ L U'hMDR1-MAC ~ 7 Z D[R CTHE R ZRITFRD bz - 72 (Figs. 4A-
C).

1.3.5 hMDRI1-MAC ~ U ZADFEIZE T D & b P-gp DHERE

hMDR1-MAC ~ U ZADGEIZHELT S N P-gp ¥ /X7 OREREZ B 5 /»C
5728, P-gp OERBIZZVRAONA AT XA ZEU T 0 NRE N
HZENMBINT WS paclitaxel (56-58) 2 WT, Mdrla/lb-KO 3 L TY hMDR1-
MAC ~ 7 ZICREA#E G L, £~ 7 RIZEBIT 2D paclitaxel O i H i EHER & it
L7=. WT, Mdrla/1b-KO 3 X T hMDR1-MAC ~ 7 Z{Z351F % paclitaxel #% 11#%
515, 30 47, 1, 2, 4 BLO 8 W% oI HREHEMS % Fig. 5A (/R L7z,
Mdrla/1b-KO ~ v {2351 % paclitaxel O fBEFHEE L, WT ~ 7 A2 D paclitaxel
MAEHREE & i U TR TORM THEEL R L7Z. hMDR1-MAC ~ 7 AIZH1T
% paclitaxel O ML, Mdrla/lb-KO ~ 7 A LIFIE[E UHER 271k L7223,
&5 15, 30 438 L OV 1 B2 12351 % paclitaxel % FHIEFE 1L, hMDR1-MAC ~
T AN Mdrla/1b-KO ~ 7 A2 i U TR Z2 7= 9 2358 80 H 7z, Paclitaxel
& O $e 5 8 % £ To AUC Z3R$H7= & Z A, Mdrla/lb-KO ~ 7 AZk1T DA
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X WT v~ 7 RZBITAEICHE L CTHREICEMEZ R L7z (Fig. 5B). —77,
Mdrla/1b-KO & hMDR1-MAC ~ 7 A Df# T, paclitaxel ™ AUC fHEIZ 2 FIT7E 0
7o 7= (Fig. 5B).

Paclitaxel #% H$¢5- 1 Rtk £ T paclitaxel MAEHREEIZ- OV T, hMDRI1-
MAC ~ 7 A TiZ Mdrla/lb-KO ~ 7 (il U CTIRAE 2 7~ 3B 23538 B 7z
Z &5 (Fig. 5A), paclitaxel OWIGEFRIZI5 1T 5 P-gp ORRE A #AT T 2 720,
K~ AT 5 paclitaxel #% 085 5 431% O PR 5 AR g 2 JE Lz,
Mdrla/1b-KO ~ 7 ZZ81F % paclitaxel OFJRIMAEFIEE X, WT ~ 7 A (g
L CEEEZ RTHEENRD SN OD, Wi~7 ZOMICHEERZERITRD S
n7ph-iz (Fig. 6). F£72, Mdrla/lb-KO & hMDR1-MAC ~ 7 ADIZE W\ T
t, paclitaxel O FANRIAE IR ICA B2 2R ITRD bz h - 72 (Fig. 6).

1.3.6 WT, Mdrla/1b-KO L ThMDR1I-MAC = A28 5 7D P-gp X
B DRI T D Lk

WT, Mdrla/lb-KO ¥ X T hMDR1-MAC ~ 7 A (Z paclitaxel Z&de 7 FEHD
P-gp FE % RBEIRNEE G L, #4505, 13002 BEM# O X O K
WP EE B I — MR EE 3 X O Kpprain ZFHHT D2 228D, U RITH
7% P-gp FE OFHBATIE A Ll L=, P-gp DIEIZIE, paclitaxel (21% T,
[ U < P-gp OBEEERIAIZ LV FIEBATHARE SHINT 2 Z L nE STV g
indinavir, loperamide, quinidine, ritonavir, verapamil 35 J O vinblastine % 7z (17,
26,41,59-64). Fig.7 XU Table6 (/R L7 L H1T, M L7222 TOEYIZHON
T, Mdrla/1b-KO ~ 7 ZIZH 1T 5 MR EE L WT 8 X OVhMDR1-MAC ~ 7 A (2
XL CEfEz s Lz, —J5, mER 2>V T, loperamide, paclitaxel, ritonavir
B L vinblastine WL DD EERWNT, K~ U ADB CHERZERIIZRD
Siipiro 7= (Fig. 7 3 X8 Table 6). Mdrla/lb-KO ~ 7 2238 1F 5 4534 D i
— MAEEREE RIS, ritonavir DFEH- 1 BRI 2 R\ C, FEWEs O 5% ORERITRE
W30 BT TO M TWT BELRhMDRI-MAC ~ 7 A2 L CTHREICEE
Zoas L7z (Fig. 7 B LW Table 6). = 512, Mdrla/lb-KO ~ 7 A2 BIT 5 K3
D Kpprain 1L, WT 35 X TYhMDR1-MAC ~ 7 A (2% L CREfiZ 7~ L 7= (Table7).
F72, WTHOEMIZHONTEH, hMDRI-MAC ~ 7 A (ZBT D Kpprain I WT
~ 7 2K U C i 2R I 3R S 417 (Table 7).

13.7 WT B LU hMDRL-MAC = R} 3 7D P-gp FE 0 EE Rk
D Lk

WT & hMDR1-MAC ~ 7 XA D] THFED D Kpprain I Z R DNTEO BTz Z &
226 (Table 7), P-gp O FEE RS2 753 P-gp transport activity per molecule % &
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L, WT & hMDR1-MAC ~ 7 AD[H T P-gp DIERFMEELE LT, WT B
L TYhMDR1-MAC ~ 7 22317 5 434 D P-gp transport activity per molecule %
Fig. 8 {Z/r L72. WT (ZF1T % P-gp transport activity per molecule /3, loperamide,
indinavir, ritonavir, verapamil, quinidine, paclitaxel, vinblastine DJIEIZ &V MEZ 7R L
7. —J7, hMDR1-MAC ~ 7 X2} % P-gp transport activity per molecule i,
indinavir, loperamide, paclitaxel, ritonavir, verapamil, quinidine, vinblastine D JIEIZ &
WEZERL, WT SRR DERTH--. WT v RICBIT55E DD P-gp
transport activity per molecule i, hMDR1-MAC ~ 7 Z|Zx%} L 0.85 75 3.6 {5 D
%7~ L7z (indinavir, 0.85 £i%; paclitaxel, 1.0 fi%; vinblastine, 1.2 {i%; quinidine, 1.6 }%;
verapamil, 1.9 1#%; ritonavir, 2.5 {#%; loperamide, 3.6 {i%).

27



RT (+) RT (-)

hMDR1

Brain
GAPDH
hMDR1

Intestine
GAPDH
hMDR1

Liver
GAPDH
hMDR1

Kidney
GAPDH
hMDR1

Spleen
GAPDH

Adrenal hMDR1
gland | sAPDH

hMDR1

Testis
GAPDH
hMDR1

Stomach
GAPDH
hMDR1

Thymus
GAPDH
hMDR1

Heart
GAPDH

Fig. 1. Expression of hMDR1 mRNA in various tissues of nMDR1-MAC mice. RT-PCR analysis
was performed for detection of h(MDR1 mRNA in various tissues of A(MDR1-MAC mice. Each lane
represents samples from an individual mouse. Expression of mouse GAPDH was used as an internal
control.
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Fig. 2. Brain penetration of paclitaxel in WT, Mdrla/1b-KO and hMDR1-MAC mice. Brain
concentrations (A), plasma concentrations (B) and brain-to-plasma ratios (C) of paclitaxel. Mice
(n=3-4/group) were administered paclitaxel (10 mg/kg, i.v.) through the tail vein. Brains and plasma
were collected at 4 hr after paclitaxel administration. Concentrations of paclitaxel in brains and
plasma were determined by LC-MS/MS, each performed in duplicate. Data are shown as means +
S.D. of three or four mice. **p < 0.01 compared with Mdrla/1b-KO mice. N.S., not significant.
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Fig. 3. Effect of elacridar on brain penetration of paclitaxel in hMDR1-MAC mice. Brain
concentrations (A), plasma concentrations (B) and brain-to-plasma ratios (C) of paclitaxel. Mice
(n=4/group) were administered a solvent (vehicle) or elacridar (50 mg/kg, p.o.). At 4 hr after
administration of vehicle or elacridar, mice were administered paclitaxel (10 mg/kg, i.v.) through
the tail vein. Brains and plasma were collected at 4 hr after paclitaxel administration. Concentrations
of paclitaxel in brains and plasma were determined by LC-MS/MS, each performed in duplicate.
Data are shown as means + S.D. of four mice. 'p < 0.01 compared with vehicle-treated mice. N.S.,

not significant.
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Fig. 4. Brain penetration of hydroxyzine in WT, Mdrla/1b-KO and hMDR1-MAC mice. Brain
concentrations (A), plasma concentrations (B) and brain-to-plasma ratios (C) of hydroxyzine. Mice
(n=3/group) were administered hydroxyzine hydrochloride (5 mg/kg, i.v.) through the tail vein.
Brains and plasma were collected at 1 hr after hydroxyzine administration. Concentrations of
hydroxyzine in brains and plasma were determined by LC-MS/MS, each performed in duplicate.
Data are shown as means + S.D. of three mice. N.S., not significant.
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Fig. 5. Intestinal absorption of paclitaxel in WT, Mdrla/1b-KO and hMDR1-MAC mice.
Plasma concentration-time curves (A) and AUCo-s nr (B) of paclitaxel. Mice (n=5/group) were
administered paclitaxel (10 mg/kg, p.o.). Plasma were collected at 0.25, 0.5, 1, 2, 4 and 8 hr after
paclitaxel administration. Concentration of paclitaxel in plasma were determined by LC-MS/MS,
each performed in duplicate. The AUCo.gnr Of paclitaxel were calculated using trapezoidal rule. Data
are shown as means + S.D. of five mice. **p < 0.01 compared with Mdrla/1b-KO mice. N.S., not
significant.
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Fig. 6. Portal plasma concentration of paclitaxel at 5 min after oral administration of paclitaxel
to WT, Mdrla/1b-KO and hMDR1-MAC mice. Mice (n=6/group) were administered paclitaxel
(10 mg/kg, p.o.). Portal plasma were collected at 5 min after paclitaxel administration.
Concentrations of paclitaxel in portal plasma were determined by LC-MS/MS, each performed in
duplicate. Data are shown as means + S.D. of six mice. N.S., not significant.
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Fig. 7. Time profiles of brain and plasma concentrations and brain-to-plasma concentration
ratios for seven P-gp substrates in WT, Mdrla/1b-KO and hMDR1-MAC mice. Mice (n=3-
6/time point) were intravenously administered indinavir sulfate (5 mg/kg, A), loperamide
hydrochloride (2 mg/kg, B), paclitaxel (10 mg/kg, C), quinidine sulfate (10 mg/kg, D), ritonavir (5
mg/kg, E), verapamil hydrochloride (1 mg/kg, F) or vinblastine sulfate (4 mg/kg, G) through the tail
vein. Brains and plasma were collected at 0.5, 1 and 2 hr after the administration of each drug.
Concentrations of drugs in brains and plasma were determined by LC-MS/MS, each performed in
duplicate. Brain concentrations (left panels), plasma concentrations (middle panels) and brain-to-
plasma ratios (right panels) of P-gp substrates. Data are shown as means £ S.D. of three-six mice.
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Fig. 8. Comparison of transport activity per P-gp molecule of seven P-gp substrates between
WT and hMDR1-MAC mice. The transport activity per P-gp molecule was calculated as [(Kp brain
ratio) - 1] / [P-gp protein expression levels in brain capillary of WT or hMDR1-MAC mice]. The
data for P-gp protein expression levels and Kp prain ratio were taken from Tables 4 and 7. The solid
line passing through the origin represents the line of identity.
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Table 4. Protein expression levels of membrane proteins in isolated brain capillary fraction of
WT, Mdrla/lb-KO and hMDR1-MAC mice

Brain capillary fractions were prepared from pooled frozen brains of WT, Mdrla/1b-KO and
hMDR1-MAC mice (10 mice/group), and the protein expression levels were quantified by LC-
MS/MS. The protein expression levels in four sets of transitions in one pooled sample from 10 mice
were used to calculate the average (mean) and variability (S.E.M.), which are shown as means +
S.E.M.

Molecular names Protein expression level (fmol/ug protein)

WT Mdrla/lb-KO hMDR1-MAC
Human MDR1 & Mouse Mdrla 2 5.15 + 0.62 ULQ (< 0.10) 2.21+0.19"
Human MDR1 ULQ (< 0.10) ULQ (< 0.10) 2.77 £ 0.05
Mouse Mdrla ° 4.30+0.21 ULQ (< 0.10) ULQ (< 0.10)
Mouse Mdrlb ULQ (< 0.10) ULQ (< 0.10) ULQ (< 0.10)
Mrp4 0.54 +0.01 0.51 +0.02 0.89 +0.02™
Berp 2.24 £ 0.09 2.61+0.12 3.61+0.15™
Na*/K*-ATPase 66.75 + 3.41 153.18 + 6.63™ 116.43 + 3.09™

ULQ, under the limit of gquantification; peak area ratio was lower than the lowest point of the
standard curve (0.5 fmol/5 pg protein).

& measured by using a peptide probe set common for human MDR1 and mouse Mdrla.

b measured by using a peptide probe set specific for human MDR1.

¢ measured by using a peptide probe set specific for mouse Mdrla.

**p < 0.01, significantly different from the protein expression amounts in brain capillaries isolated
from WT mice.
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Table 5. Protein expression levels of membrane proteins in the plasma membrane fraction of
intestinal epithelial cells isolated from WT, Mdrla/1b-KO and hMDR1-MAC mice

The plasma membrane fractions of intestinal epithelial cells were isolated from pooled small
intestines of WT, Mdrla/1b-KO and hMDR1-MAC mice (5 mice/group), and the protein expression
levels were quantified by LC-MS/MS. The protein expression levels in four sets of transitions in
three biological replicates were used to calculate the average (mean) and variability (S.E.M.), which
are shown as means + S.E.M.

Molecular names Protein expression level (fmol/ug protein)

WT Mdrla/lb-KO hMDR1-MAC
Human MDR1 & Mouse Mdrla? 4.57 +0.14 ULQ (< 0.10) 0.13+0.02¢™
Human MDR1 ULQ (< 0.10) ULQ (< 0.10) 0.17 £0.02 ¢
Mouse Mdrla © 2.95+0.06 ULQ (< 0.10) ULQ (< 0.10)
Mouse Mdrlb ULQ (< 0.10) ULQ (< 0.10) ULQ (< 0.10)
Mrp4 0.11 +£0.00 0.11 +£0.00 0.11+0.01
Berp 7.37£0.18 7.79+£0.18 7.13+£0.43
Villin-1 18.29 + 0.34 12.52 +0.19" 20.47 +0.40™
Na*/K*-ATPase 264.16 £ 12.14 210.85 +9.14™ 245.93 £ 10.60

ULQ, under the limit of gquantification; peak area ratio was lower than the lowest point of the
standard curve (0.5 fmol/5 pg protein).

& measured by using a peptide probe set common for human MDR1 and mouse Mdrla.

b measured by using a peptide probe set specific for human MDR1.

¢ measured by using a peptide probe set specific for mouse Mdrla.

d the value was determined from 2-3 transitions, and the reliability was lower than that of other
values.

**p < 0.01, significantly different from the protein expression amounts in the plasma membrane
fraction of intestinal epithelial cells isolated from WT mice.
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Table 6. Time profiles of brain and plasma concentrations and brain-to-plasma
concentration ratios for seven P-gp substrates in WT, Mdrla/l1b-KO and hMDR1-MAC

mice

Mice (n=3-6/time point) were intravenously administered indinavir sulfate (5 mg/kg), loperamide
hydrochloride (2 mg/kg), 10 mg/kg paclitaxel (2 mg/kg), quinidine sulfate (10 mg/kg), ritonavir
(5 mg/kg), verapamil hydrochloride (1 mg/kg) or vinblastine sulfate (4 mg/kg) through the tail
vein. Brains and plasma were collected at 0.5, 1 and 2 hr after the administration of each drug.
Concentrations of drugs in the brains and plasma were determined by LC-MS/MS, each performed
in duplicate. Brain concentrations (ng/g), plasma concentrations (hg/mL) and brain-to-plasma
ratios (mL/g) are shown as means + S.D. of three-six mice.

Substrate WT Mdrla/lb-KO hMDR1-MAC
Indinavir
0.5 hr
Brain 109 +5.1" 233 +38 14.6 £ 0.9
Plasma 132 £ 85 101 £ 27 91.7+26.9
Brain-to-plasma ratio ~ 0.0904 +0.0283™  2.37 +0.51 0.169 + 0.052"
1hr
Brain 545+1.71" 178 £ 82 9.86 + 4.44"
Plasma 37.5+14.7 25.6+184 78.2+£55.0
Brain-to-plasma ratio ~ 0.158 + 0.060™ 7.94+2.38 0.182 + 0.120™
2 hr
Brain 214+ 1177 74.9+15.0 3.50+1.66
Plasma 4.82 +2.08 3.32+1.65 2.96 + 0.60
Brain-to-plasma ratio ~ 0.449 +0.154" 27.4+145 1.15+0.33"
Loperamide
0.5 hr
Brain 155+ 0.9 474 + 43 446 +23™
Plasma 110 + 26 84.7+3.9 96.5 +23.5
Brain-to-plasma ratio ~ 0.147 +0.039™ 5.62+0.75 0.479 +0.107™
1hr
Brain 9.42 +2.34™ 395 + 18 42.0+6.0"
Plasma 66.9+1.3 67.4+7.0 327+79"
Brain-to-plasma ratio ~ 0.141 +0.034™ 5.88 +0.41 1.31+0.20™
2 hr
Brain 4.85+1.44™ 350 + 53 20.3+2.97
Plasma 27.5%8.7 22.3+4.7 11.9+4.38
Brain-to-plasma ratio ~ 0.179 +0.027™ 158+ 1.1 1.83+ 055"
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Paclitaxel
0.5 hr
Brain
Plasma
Brain-to-plasma ratio
1hr
Brain
Plasma
Brain-to-plasma ratio
2 hr
Brain
Plasma
Brain-to-plasma ratio
Quinidine
0.5 hr
Brain
Plasma
Brain-to-plasma ratio
1hr
Brain
Plasma
Brain-to-plasma ratio
2 hr
Brain
Plasma
Brain-to-plasma ratio
Ritonavir
0.5 hr
Brain
Plasma
Brain-to-plasma ratio
1hr
Brain
Plasma
Brain-to-plasma ratio
2 hr
Brain
Plasma

134 £ 20™

2650 + 730"
0.0518 + 0.0080™
118 £ 25™

1380 + 350
0.0858 + 0.0041™
125 + 42™

600 * 235
0.219 + 0.059™

395+ 75"
208 + 44
1.97 £ 0.62"

170 £ 16~
123 + 23
1.44 +0.44™

42.6+6.97
40.3+15.8
1.12+0.25™

476 +8.4"

1850 + 470
0.0264 + 0.0054™
26.8+1.9
777+ 92"
0.0351 + 0.0069

11.5+29™
97.7 £135.0

40

396 + 63
1220 + 510
0.349 + 0.094

697 + 88
800 + 152
0.884 +0.139

780 * 186
441 + 138
1.86 + 0.53

2230 + 380
168 + 22
13.2+05

2560 + 420
103 £ 57
28.3+9.3

1150 + 280
25.6 +9.4
46.2+5.9

980 + 397
1800 + 80
0.541 +0.200

192 + 154
313 £ 145
0.858 +0.713

212 + 106
147+ 74

176 + 15~

2080 + 100
0.0843 + 0.0053™
109 +91™

576 +598
0.215 +0.060™

80.1+60.5™
316 + 184
0.237 £ 0.044™

678 + 133"
174 £ 21
3.95+1.00™

258 + 26"
63.4+7.3
4,08 £0.34™

446 +0.77
19.3+4.6
2.42 £0.69™

73.9+438"
1170 + 560
0.0626 + 0.0287""
81.3+15.3

636 + 187"
0.139 +0.059

27.8+156"
104 + 66



Brain-to-plasma ratio
Verapamil

0.5hr

Brain

Plasma

Brain-to-plasma ratio
1hr

Brain

Plasma

Brain-to-plasma ratio
2 hr

Brain

Plasma

Brain-to-plasma ratio

Vinblastine

0.5hr

Brain

Plasma

Brain-to-plasma ratio
1hr

Brain

Plasma

Brain-to-plasma ratio
2 hr

Brain

Plasma

Brain-to-plasma ratio

0.239+0.114"

746+11.5"
135+ 12

0.559 +0.128"

30.0+4.1"
76.0 £ 30.4

0.421 +0.104"

10.2 +1.34™
16.1+2.38

0.639 +0.030"

382+17.47
45.0+6.0

0.879 + 0.482"

489 +4.4”
27.4+6.5
1.87 +0.56™

46.9 +8.3”
18.7+4.0
253+0.217

*

*

*

*

*

1.45+0.12

1110 + 100
119+ 36
9.70+1.91

380+ 31
59.4+22
6.41+0.71

68.5 +16.3
16.2+4.72
423+0.11

531 £ 66
55.0+ 3.0
9.65+0.85

354 +£99
355+28
10.1+3.2

391 £56
214+11
183+24

0.290 +0.127"

201 +15™
147+ 2
1.37+£0.12™

72.2+55"
67.7+214
1.13+0.30™

24.1+7.4"
22.7+5.8
1.07 £0.20™

66.4 £ 6.6
40.2 6.6
1.68 +0.32™

795+5.7"
29.2+129
3.00 £0.95

67.0+£7.4"
195+17
3.47 £0.58™

*p < 0.05 and **p < 0.01 compared with Mdrla/1b-KO mice.
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Table 7. AUCpiasma (0-2 hr), AUCbrain (0-2 hr), Kpbrain @nd Kpbrain ratios of seven P-gp
substrates in WT, Mdrla/1b-KO and hMDR1-MAC mice

AUCpiasma (0-2 hry and AUChrain (02 hr) Were calculated using the trapezoidal rule and are
shown in ng/mL-hr and ng/g-hr, respectively. Ky brain represents the ratio of AUChrain (0-2
hr) t0 AUCplasma (0-2 hry @nd is shown in mL/g of the brain. K, brain ratio was determined as
(Kp,brain in Mdrla/1b-KO mice) / (Kp,prain in WT or AMDR1-MAC mice).

Substrate WT Mdrla/lb-KO hMDR1-MAC
Indinavir

AUCpIasma (0-2 hr) 188 141 224

AUCrain (0-2hr) 10.6 287 16.4

Kp brain 0.0562 2.03 0.0735

Kp,brain ratio 36.2 27.7
Loperamide

AUCpIasma (0-2 hr) 162 141 119

AUCrain (0-2hr) 17.2 708 64.0

Kp brain 0.107 5.03 0.539

Kp,brain ratio 47.2 9.33
Paclitaxel

AUCpiasma (0-2 hr) 3660 1840 2330

AUChrain (0-2 hr) 218 1110 210

Kp brain 0.0594 0.603 0.0900

Kp,brain ratio 10.2 6.70
Quinidine

AUCpIasma (0-2 hr) 307 258 223

AUCbrain (0-2 hr) 346 3610 555

Kp brain 1.13 14.0 2.49

Kp,brain ratio 12.4 5.63
Ritonavir

AUCpiasma (0-2 hr) 2860 1860 1840

AUCbrain (0-2 hr) 49.7 740 112

Kp brain 0.0174 0.397 0.0608

Kp,brain ratio 22.9 6.53
Verapamil

AUCpIasma (0-2 hr) 206 169 199
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AUCobrain (0-2 hr)

Kp,brain

Kp,brain ratio
Vinblastine

AUCplasma (0-2 hr)

AUCobrain (0-2 hr)

Kp,brain

Ko brain ratio

64.9
0.315
16.4

66.0
79.2
1.20
7.34

876
5.17

82.5
727
8.81

167
0.838
6.16

64.0
126

1.97
4.47
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P-gp S8 O ARSI T Z fEHT L7265, hMDR1-MAC ~ 7 A 28T 5 &K EE D
b4 — I AR BT HE X Mdrla/1b-KO ~ o A ICH L TR EICIERME 2~ L (Figs. 2 B
V7, Tables 6 3110 7), hMDR1-MAC ~ 7 2 TliZ P-gp JHE & 2 23 h
WBITHAMEI S NS Z ENRENT. £7-, hMDRI-MAC ~ 7 R |{ZBIT 5
paclitaxel D} — AL X, P-gp FHFEAITH 5 elacridar ORTALEIC LV A&
W L7=Z &5 (Fig. 3), hMDR1-MAC ~ 7 28T 5 P-gp FEE D HHE
1TEHIIE, hMDR1I-MAC X727 Z —|Z X WEA It |~ P-gp DHERBIZ L D Z &
DRI ENT-. —J7, P-gp HEIE TH D hydroxyzine ORI TIEIC W T,
WT, Mdrla/1b-KO # LT hMDR1-MAC ~ 7 Z D[] TERITZR O b ho 7=
(Fig.4). 5D Z &5, hMDR1-MAC ~ 7 A ® BBB [ZIZHERERY 72 £ b P-gp
NFEHL L, P-gp FEOFTHEBITAIH L C\d &2 Sz, Sadig H2MERIL
72 P-gp & Mb~ 7 A TiL, BBB I[ZRBVWTHEBERIZR P-gp DRILNGZED BT,
T/, vV AMdrla #EFHKED P-gp # 2RI BEFL TS Z EHLRENT
W5 (44). L7223-> T, hMDRI-MAC < 7 A%, ~ 7 ANFEMED P-gp & 58412
R L, HRER 7 M Pgp 2 RBLL7-HOTOPgp & Mbkv T A THD VL
%. %72, hMDR1-MAC ~ 7 A (2B T, P-gp BHEHC L % P-gp FE O T

44



TOBMBNRD BTz Z s (Fig. 3), A~ A FHICEHIT 5 P-gp OFLE
7% L7 EER YHleT v ELTHERHTHD Z & 75>/Tﬂ"ﬁén7l. Bk
BRI OWHAAR 7 ) —=20 7 THEfi S5 invitro FZBRIZB W T, BEaibEW s P-
op FHEMEM %k:rﬁ“fﬂ/\ ty, =D ICso EILIEK TD X o /X7 JEFE ST P 2T
XU BIEDEIMDITEVEEZ RT Z ENZNT Enn, BRETIIMKICEIT S P-gp @
[HEEHEF VBB L TIWnEENTWS (65). oL, HRIZEBWT, M
P-gp DILEZ N L7-EWEHEERPEEZ SNSRI TS (66-70). 3
WO HREBATHIENZ 351 5 P-gp BHEDEEMEIZOWTILE B2 D808 EET
bHEEZ BN, hMDRI-MAC ~ 7 A ZFD—BL 5 Z LRI S 5.

hMDR1-MAC ~ 7 ZADOMKEMIMEICIHITHE b P-gp ¥ /N7 ORBLEIT
WT <~ T RZBITH~ T A P-gp ¥ /37 OFBLEIZEE L THEL 1&1ﬁ%rb
7= (Table 4, 2.21 vs. 5.15 fmol/ug protein). = DZERIE, & F &~ XADOMMEHMIML

EICBITD Pgp Fo NI RBEOERL I —HLTWZ &b (21),
hMMﬂNMCv?XiEF 2T D P-gp OFRBURHEZ KL L7 ET VB TH
HAREMED RS NI, — T, ¥ NI H~—J—To 5 Na'/K-ATPase 35 L O
ABC h TV AR—H—Tbh 2 Mrpd 3 L Berp DRILEX, WT ~ 7 A (ZLLEE
L ChMDR1-MAC ~ 7 A CEflizx L= Z &5 (Tabled), A lalgisd L 7=50k
TIE, W~ 7 ZOR THREMIME S OMER LOE—MICERN DD LB X
DAV, IEANILE )5y O I L O —MER R OB Tk T & UL, WT
& hMDR1-MAC ~ 7 ADMH]D P-gp BEEDOEZRIIIHIZKRELS D EBZZXH
5.

WEOHEITBNT, b FOMEBHIILEIZBIT S P-gp & > /37 FEHEOHEIL
6.06 33 X U 3.98 fmol/ug of protein T2 Z & AR EHTWD (21, 71). & [EIOHF
LBV TER L7z hMDR1I-MAC ~ U ZDMEMME ICIITH P-gp & /N7
FEBLE X 2.21 fmol/ug of protein Td > 7= (Table4). ZiL 5 OfElE, LC-MS/MS (Z
LM EEIEICE > THELNIELDTH D, AWZE L BEOWRE ORI TKE
ARIMAE OME & B — MR R > TnD 720, BMICMEA T 52 Lix Tk
NWHDD, EHLBIERICK > TRHRONTMETH D Z &b, IMEMIME I
BB P-gp & oV EDHHIL, £ k& hMDRI-MAC = 7 2D TA72< &b
F—H =L~V TCRETHSL B2 b,

hMDR1-MAC ~ 7 A28 5 7 FED P-gp FE D Kpprain 1L, W T ILDOFHEY)Z
WTHWT vV XK L CEfEZ R LT (Table7). 2D Z &%, P-gp EEDH
WRATIED, WT <~ A2H# LT hMDR1I-MAC ~ U A TEWZ & 2R LT
WD, HEHERNARTT L LTz P-gp FE 2 AW =iRBRIC XL Y, P-gp EOH
WBATHEIZZ » MCHE L TE RBXOH AL TEWVWI ERMESINL TS (20).
T2 H, WT & hMDR1-MAC ~ 7 A DT 67z P-gp E O PRSI

45



DFEFIL, FoWBEEBREHEOMOZER L —EF 2BIANRO N, ZhbD
Z &MB, hMDRI-MAC =~ 7 A%, E K invivo IZ31F % P-gp E O3y X
ITHETRNCA A e T VEW) CTh 5 alREMED R S 7.

ZAVE TIZHE S P-gp B BUMIAEE 2 W 72 invitro s R 07— & T,
P-gp DIEZENEITHEEN D D DB OV TREHE — LIz AN E S T
72\ (22,26-28,41). & 2T, P-gp HEE D Kpprain 3 L OB E (23515 5 P-gp
& Xy B BB DOE % A\ C P-gp transport activity per molecule Z & H L, WT 1
XY hMDR1-MAC ~ 7 A 2B 5 P-gp D FEE B ki L= (Fig. 8).
Paclitaxel 33 & O vinblastine 1%, WT 3 X ' hMDR1-MAC ~ 7 A TIZIX[RIZE D P-
gp transport activity per molecule Z7~ L7=. —J5C, loperamide 35 & OF ritonavir ™
£ 912, hMDR1I-MAC w7 RZ%F LT WT w7 AT 2 LA LD P-gp transport
activity per molecule Z /R THY LIFELTZ. TNHDOZ LD, B hETTAD
[l C P-gp DIEFEFIEICEZRENH S LT DA L RIEEIC (26-28), WT BL O
hMDR1-MAC ~ 7 ADR]T P-gp DILEBIMEICERNH D Z LIRS,
hMDR1-MAC ~ 7 A% P-gp O AVEFRFRMEIZET 5 & b &~ T ZADMOFEZE % B
LT HIHD invivoET /L E L THAHTH D ATREMEN RSz, P-gp %
BHOFWRBATIEIL, P-gp OFRBLER X ORER#MED &7 59, P-gp LIFLD K
T UARN—=F—, Y X D P-gp OFBFHE, ML IOMNICKIT L4 N
gy, ZOBERICE->THIE IS, P-gp OREFRFMMEOTEAEZ LV
IEREIZHREAT 3 2 720121, WT B8 X OYhMDR1-MAC ~ 7 A Z81F 5 P-gp & D
FHXBATIES P-gp LISNDIKF 2352 2 BIZHOWTER T L2MLE R H D &HE %
Hivs.

P-gp 1E, MMEISMZ b ER 2 ZHARICRELT 2 2 Ao TnD. 1 ThH, I
BOP-gp L, EYOEEWINEIE L, P-gp EDOASAFTT AT T 4%
BET LI D, BYOERNEIRBLZFMT 2I2Hc> THETHDL & INT
W% (5-8). #Z T, hMDR1-MAC ~ 7 Z D& D P-gp IZOWT b, TOREE
K OMERERENT 2 3 Z 72 > 7=. hMDR1-MAC ~ 7 A D /Mg b Bz A0 A5 45 12 1,
~ 7 AP-gp TIE72< & RP-gp ¥ > /87 OFRIBNBFBD HT-Z Eve (Tableb),
hMDR1-MAC ~ U R Z%EBLd 5 P-gp 1TfENICE MESTWbH EEZ L.
—7C, hMDR1-MAC ~ 7 2 O/ bR IR 73 1231 5 &  P-gp & > /37
DRBENT, WTIZBITD~T R Pgp # /87 ORFBEICHE L TF L < KE
%7~ L7 (Table 5, 0.13 vs. 4.57 fmol/ug protein). #& 1 $#¢%5- L 7= paclitaxel ™ AUC
%, WT = 7 2 TlZ Mdrla/lb-KO = 7 2 12%f L CHBEIIRE 2R L7 DIkt L,
hMDR1-MAC & Mdrla/1b-KO ~ 7 A D THE R ZAZRITR D bhZe - 7= (Fig.
5B). E£7-, FRH#% 5 545 @ paclitaxel OFYJRAIAETEEEICHONTE, WT <
A TlE Mdrla/lb-KO ~ 7 A Zxf L CIRAE 2 R TR 358D H AL 7= DK L,

46



hMDR1-MAC ~ 7 2 TiZ Mdrla/lb-KO ~ 7 2 L 1ZIERIZ Dl 2~ L7~ (Fig. 6).
ZNHDZ END, hMDRI-MAC ~ 7 Z DI IZ 51T % P-gp DIHELEIL, P-gp
FEE OWGEWIN ZMH T 21234+ Th D Z L 2VRIE S 7=, hMDR1-MAC
~ U ADFEIZBWNT, P-gp ¥ 2T RELEMEE Z T BRI X 50T
V. L2>L, hMDR1-MAC X7 # —(ZI3EENZ AR PXR OINEELS 3 & T
0 (29), vT7APXR DV Jj> R T 5 pregnenolone 16a-carbonitrile (PCN) %
hMDR1-MAC ~ 7 A 2592 L 15 O hMDR1 mRNA FHENENI 5 Z &
225 (datanotshown), hMDR1-MAC ~ 7 A DIGEIZBWT, D7 & PXRIZ
& 5 hMDRLE G O R BLHIENIFEIE L TV D LB 2 6N 5. EFOWFIEIZ LD,
<7 AN X5 BEIZ LD P-gp OFRENEET H Z L0, RN 72 microRNA
MR THRBOFEIZEA G35 Z E N RBINTWD (72,73). L OREMEN
hMDR1-MAC ~ 7 A D% P-gp DRBUIHEZ B LT L TW A AREL H 5.
A1%, hMDR1-MAC ~ 7 Z DI ICHB VT b P-gp 2MEFH 2R HK A2 5
L, TORBEHEMSEDL Z LN TENIE, hMDRI-MAC ~ v 20 H A
X olizmbEdasbo Mg,

£/, P-gp iE, MR, Bl L OUEEICHRELL, EYo et L OUR
HHE O, FREBITOMEWERZHE S Z LN E > TS (5-8,74).
hMDR1-MAC ~ 7 2D Z 5 OV TH hMDR1 mRNA OFEBNFRD 5
ALTeH (Fig. 1), & > /37 BBl L OWERE D FENTICIZE - T /2. hMDR1-MAC
~ U ADNFIE, Bl L ORERICHBIT 5 e b P-gp DREE L OREREIC W T,
LSH S ORDMIENPVETHD.

hMDR1 &{5 121350 — LA (single-nucleotide polymorphisms, SNPs)
NRIE SN TWAD., ZHE TIZ, hMDRL E{s+ D SNPs 73 P-gp DI HLE L O
BE, HMISEMR L OVRBRZ M PORBAICE 2 5 EBIZ OV TE L O
eI TE 7. Lo L, hMDRL s ® SNPs DEENZDWT, KRIEH —
L7 E STy (8,75,76). hMDRL & s+ SNPs D HI T, KElo ¥
X BRRBEICFEE T S 3 > SNPs [rs1128503 (1236T > C, Gly412Gly),
rs2032582 (2677T > G/A, Ser893Ala/Thr) 3 X U rs1045642 (3435T > C, lle1145lle)]
IZOWTIE, EYOERNEIRERS XL OWRRIZE 2 D BIZ DN THE S < OGRS
RENTWADD, RIS STV, AREFZEICEB VT, hMDR1-MAC
AR H—|ZHH L7 hMDRL 815 2B 1T 5 2 3 HETOEIEEYNIE, WTh
t, Bp B (1236T/2677T/3435T) T - 7= (data not shown). #it, &H LD 7L
— 1%, cytochrome P450 (CYP) 3A5 iE{sFI(Z SNPs A4 %5 CYP3A t ML~ v
A Z&AERLL, CYP3A5 OFEBLZKTT % SNPs D8 % invivo CTHELT 5 Z &1k
7= (77, 78). CYP3A t MMk~ 7 A L[HfKIZ, hMDRL Efs 112 SNPs #H 3
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% hMDR1-MAC ~ 7 A Z{E#l4 2% = LA T& L, BBBIZHITHE K P-gp D
%ﬁki@%%_ﬁT58M%®%@%%%T%5k%ﬁéhé.

P-gp LSO T AR—F =B L OEMHEERIZONWTSH, EhEvT R
@Fﬁfv%@%ﬁﬁ%ifﬁﬁ&%*‘b ICHENH D Z LR ENTVD (22 79). L7=H»
T, b binvivo (IZBF 2 EYOIRKNENRE A IEMEIC THIT 5 729121%, P-gp DA
e MbL7- hMDRl-MACvWX@ﬁJ% IXRERNTHD. *jif, GEY AR
B A RITHIBR 2V E D MAC R_7 X —DREEFIHT 5 Z L2k b,
I OMEE R TE D AREMERH D, Thb b, MAC XY X —IZEHEO T v
AR—HF =B L OEDRHFERZOB LR TFE2EAL, £ ORTZFKIZE Mb
a“%s* ik, b&vrﬁxmf‘aﬁ@@#@ﬁﬁ&%E?Ea“?b@@%é =N
Vivo (253 1F D FEY O RNENRE 2 IEFEIC THIT 5 729121X, MAC X7 Z—B LW
é’ééﬁii%&m%/%ﬁﬁ L, E MbvURES B J&E LTV ELRHD.

UbEXy, RETERLZ Pgp B ME~ T 2 ThMDR1-MAC ~ 7 2 ] 1%, JiX
IZBWTHERERI 2 | P-gp ZRELT 54O TDOP-gp & MEEMWITHY, & K &
~ T ADMD P-gp DFEZEE R LI=ETLVEMTHD Z L RENT=. £z,
hMDR1-MAC ~ 7 A%, P-gp EHOFHBEATHED THI, P-gp FHEIC X 5 FEWH
FAEAEH O FHIB L O P-gp OFEZEDHEIFIZAH T 5 ATREMEN R STz,
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In vivo (2331 5 P-gp DEBEFHE
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21 X

PXR U # > R X% PXR OIEVE(LIE, MDRL i& /s 1 D GiEM L&/ L T P-
gp DHEBLEZFHET 5 (10,29). P-gp DREFHEIZ LV P-gp FE DORNENRENZE
fEL, ERRMICEZEREYBMEAEAPREE S NIBbME SN TWD Z &
5 (10,30),PXR U H > RIZ X % P-gp DREBFFEICHOWTH LTS Z &1,
t kinvivo IZBIT 23 OENENEZ THITHBRICEETH L LB 6T
5.

PXR U FOEHIZXY, B FBXOT - tHEON, Kl L OMMIZIEH
92 P-gp N invivo TIHEINDENIHOWNTE, ZHE T2V OO fEt
M7 ZHTE 7= (30-38, 80-84). FRZ/IMHIZHOWTIE, B MBI NT - thifE% H
W BB OWMEIZL D, PXR U T ROEGIZ X > T P-gp ORBLFENER I
N6 ENRRABMNEIRS>TVD (30-38). £7z, B Kinvivo (Z8BWT, PXR U
> RTH 5 rifampicin O DG IZ L0+ " F6ED P-gp BENFE I, P-gp
HETH S digoxin © AUC BEONRA AT XA ZEV T s NMETTHZ &R
ENTW3 (30). —J7, HFEE L OWKIZ oW TIE, P-gp OIIUTKT 5D PXR U
Wy REHORZELZE B invivo IZBWTRE L7Z#ESI3/FE L722V. B R PXR
DET VAV ==y 7~ AT rifampicin Z & 5925 Z & T, g L ORNEH
MAED P-gp Z 2 /87 BN 25 Z EARENTWD L OD (81), AHMSLMHT
THBLT H PXR OIEMALIZ X 0, IFlgds L UMD P-gp OFRELFHLE I 45 G
DIFA BTV, F2, ~URABLUYT v MIBWTIE, PXR Uy RO
HAZ X0, IFligids L OUN D P-gp ELUTFHFE S ND LT o8ELHDH—F (33,80,
82), HEITFR O bWV ET DA BAF(EL (33,37,80-84), JiflEis L Oz
7% P-gp OFBLD PXR U AT ROFGIZLVFEIND AT ONTH—
LT AFIIE O TRy, 26 e THEM S Uz PON O 5513, 10 2
5 200 mgkg EHREICL > TR > TWNWDHZ LD, PCNIZ LD P-gp DRI
EERIC B LZAAPESN T RWERIFO—>& LT, PCN 5 ED#ER
MEZBND. ST, BEICBWT, P-gp 13/MEET TR KFBIZBWTY
FORENRBOLND Z ERMBNTWDHAY (37,83,85), PXRUH > RIZLD
KIGD P-gp MEBFE SN D ENITONTE, REHGNE 25TV,

Z ZTCARMIETIE, v U RAIZPCN #4551, PCN #5013~ U A 5%, ik
X O Mdrla/lb mRNA B LN P-gp # L /37 ORFBEIZE LT T 2B A il
L7c. PCN &, FomHD PXRIZKTHREM2PXR VT RE LT, £<
DHETHNLNTWDLEY TH D (33-35,37, 80, 82-84). AHFFETiX, PCN D
&% 100 H L <13 200 mg/kg [Z3%E L, PXR OIEMHALIZ A+ 72 & D PCN %
FhH UTCBR, #4021 D P-gp ODFBNTFEIN L EN TG Lz, £z,
PCN O#EIZ LV, KIMEE D P-gp Z 2 /87 DRBENFLEIND Z LENREN
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2.2 FEBMER L OERFE

221 ®REK

PCN (% Cayman Chemical X W EA L7z, a— i3k T L VAL
7z. Verapamil hydrochloride (% 1.2.4.1 L [AI U b D& W o, ZOMORIEIZDOU
TiE, milROb DAL LT,

222 EBREY

AR~ 7 2 (C57BL/6, 8 M, 1) IZTAART= AT /Lo — (§fd) LVEBEAL
72. hMDR1-MAC ~ 7 2 (14 #EH, ) 12121 TER L2 AW, A%
BRI TIERZOBMEREE DI TBWV TR SN, EREMORD T A R
TA NS> TR I b,

223 FEHFOHRE

PCN # 53T a— iz 10 b L<iX20mg/mL £ 7225 Ko iIcB Li=b o
AW BRI~ 2 (n=4-5/#f) {2 PCN (100 & L < % 200 mg/kg/day) & L
<iX vehicle & LCa—2il% 1 H 1[F, 4 AREIEEARE L. SEREF 10
mL/kg (v 7 A{KHEH) & L.

224 gz DWH

PCN & L< Za— il b 6 24 Ff%IC~ T A2 SEMERFA L,
B, IFiEEB L OMMEREHE L7z, PCN & L < ik a— MRG0 5 lgds O
MECo 24 I3 L Lz, IBEIX, BOETHLILMERTE COLE LM
HL, 23 L7=%IC5%5 L7z (segment 1-5,S1-5). WD~ AT
WTh, FoRBBIOEHBITIENENSI BEIUOSAIZEENTWE., T42b
b, SI3BLUSADEBE TII/MG, SAOERLUTFRBIOSSITREBTHD L
EZONT. BESLTEENEND T T T A DL, K7 T 7 A NOAk
3-4mm ZYJFR L total RNA Ol L7z, F7=, S1, S3HBLUS5 D H Bk
ST, EHICHE FEMROFRICHE U7, B3 %, KM -
THRMND 2 HEIL, BN EROY b —FHEa2le Lz, b9 —HDYEk
TR BE DT % oyBiE LT, BEIRDIgZR L, FEZ LI — v L, IRIREFR TH
f5 L7212 —80°C TIRIEL 7=,

225 mMRNA ZREOHIE
KhgER7 5D cDNA OFELL, 1.22 LREEOFIETEB IR, Gbhi-
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cDNA [T#EEHMIKZ T 20 ng/ul (AR L 72, Mdrla/lb mRNA FEHL &S real-
time PCR (Z X W Il L7z. cDNA #i#K (20 ng/ul) &7 > 7L — k& L, Eco
Real-time PCR System (Illumina, H) & HWTHEIEEY ORHZ B 2R -7,
Mdrla/lb mRNA @ # i (%, TagMan Gene Expression Assays (Mdrla,
MmO00440761_m1; Mdrlb, Mm00440376_m1) I L UfEagleTaq Master Mix with ROX
(Roche) ZHW\WT7'r ha/Lil Y B 72 ->72. Mdrla/lb @ mRNA FEL £,
Mouse GAPD Endogenous Control (Thermo Fisher Scientific) 2 7 mn—=>7 & L T
GAPDH # & L7-EIC X W #iiE L7-.

PCN DEDORYT 4 7 ar hu—i b LT, PXR OEHEE T TH Y, PCN
DGV /MMER X OIS 2 FREN N5 &R LNER ST
W% CYP3A11 (33, 86, 87) DFEHLEAHIE L7z. PCN OFEEIZLY, /NMEE X
O C 81T % CYP3AL1 @ mRNA JEHEIT 4.2 775 159 f5ITHIN L 72 Z & 7>
& (data not shown), 4 [ElD PCN & 5-Z&H2 W T/ IMEER L OUTFIEO PXR 131E
MLzt E 2z oNnT-.

226 HIEESORBEB LT V) BEROHIE
2.26.1 FHBRICIIT 2 REE S O

I, WPliEds X MM O FH0i&k, LLUT o v MG 5y 2 F0 8 U7z, A
W53 BT D X 787 JEEE X DC protein assay kit % FVCHIE L 7-.
2.26.1.1 BB b RTRRRHL R 4y D FR R

S1, S3 B LS5 2o DIFE L RMIE O HEEIE, Kazuki © D 7L (88) %
BWELTRBI o1, KIFE T 77 A2 M, VIBBELIOKG LIZAT LA

K L —I|Z#HE L, Jk#% L7= phosphate buffered saline (PBS) % W TP L7-. ¥k
Wik, %7 7 7 A > b % 1.5 mM ethylenediaminetetraacetic acid, 3 U/mL ~/ 31 >,
0.5 mM dithiothreitol 33 JX T8 1% protease inhibitor cocktail (PIC, 77 A 7 A7)
A TeokiA PBS (pH7.2) 112 20 43R L7z, WT, AAN—H T 2 & FHWC
& LR E R EEY, 2,000 g, 4°C TLOMELTHZ Lk, L L
THHE LRI 2157, AR & HEE L 72 ERGHE, BEZ &l — L,
RN ZE R CTOAG L 727212 —80°C TR L 7Z.

e bR ds 1 S LS 4y OFHELE, Chow b D J5ik (89) & —Hftk& L
TBI /o7, 50-100mg DFE 7 Z 7 A2 Minb &AL BREIE LR Mm%
1 mL @ 1% PIC &4 100 mM Tris-HCI buffer (pH 7.4) THEY A X L7, 10
MEBERARAZB Z/eo72. RWNT, ATV FR— % 1,000g, 4°C T 10 45fH
mOL, §6hn7- bif4 21,0009, 4°C T 1BREEE O LZ. BEOZICELN
72 TEE% % 1%PIC &4 100 mM Tris-HCI buffer (pH 7.4) T L, 1B LRI
FREE 7y & LTz,
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2.26.1.2 g5 DFRER

Tl 36 1 2 MU 3 O FHELIX, Chow D5k (89) A L TR I A
Sz, HWEEZHEL, 6f%%E (W) @ crude membrane homogenizing buffer (250
mM 22 m—2%, 10 mM HEPES, 10 mM Tris-base 35 X (8 1% PIC &4, pH 7.4)
THREYTA X LT, 10 PHEEBEETEAEEZB Z o7, IRWT, REVR—
k% 10,5009, 4°C T 10 srfiliEl L, S 607z B4 33,0009, 4°C T 1 KFfH#
s U7z, B LIS D VT2 Ik % resuspension buffer (50 mM < > = h—/L,
20 mM HEPES, 20 mM Tris-base 38 X O 1% PIC &4, pH7.4) THE&E L, Al
HLBEE 7 & L7z,
2.26.1.3 ReAHBEE Sy ORE

Bz 31T 2 M E 7y OF T, Durk 5O 5L (90) 2 —HAE LTIk
72, IMEZEZWEL, 55E (wWiv) @ crude membrane homogenizing buffer ¢ -E
DI A R ULTA%, 10 BB E A Z 3 2 o 72 IRWT, BRE TR — h % 3,000
g, 4°C T 10 /yfilimi L, 153 5h7- Fi%% 33,000 g, 4°C C 10 4y flidisi L=,
R DRI DAL= IR % resuspension buffer CHERE L, MHLEE 2y & L7-.
2262 ZUNIERBEBOAE

B O HLE R 2B D P-gp & > /87 3 BLEX, Western blotting 1 L V) fi#
Br U7z, FIEE S 2361 2 NIEEHE & LT, Na'/K*-ATPase D% > /37 F Bl &%
fENT U7, 4Rk OB 43 (20 pg protein/lane) % 10% sodium dodecyl sulfate-
polyacrylamide 7" /L Z AW TofE L7, # o7 T m v T 4 o 73EE 2 VT
polyvinylidene difluoride (PVDF) * > 7' L AZHRE LTz, 55D PVDF A 7
LA, 5% A A2 V7 &N Z 7= 0.05% polysorbate 20 & 4 PBS % T, =ik
TL1RFEIRE L7 1 v % 7 L. 1 IRFLIRIE monoclonal anti-P-gp mouse antibody
(ALX-801-002-C100, Enzo Life Sciences, New York, NY, USA) % L < | monoclonal
anti-Na*/K*-ATPase mouse antibody (Sigma-Aldrich) % Can Get Signal Solution 1 (3
FERB) T 1,000 fEIC AR L= b o2 AV, TNEN 4°C TH——F 1 b LL
(X=|IR T 1 RpfIR%Z L7=. 2 RBufRIL peroxidase-conjugated secondary antibody
(anti-mouse 1gG, Abcam, Cambridge, UK) % Can Get Signal Solution 1 (3#:#%5) T
5,000 fFIZAIR L= b 0% vy, =R T 1RFMIER L7z, BHICIE ECL Western
blotting detection reagents (GE Healthcare, Menlo Park, CA, USA), ImmunoStar LD (F1
J) L OVLAS-4000 (& L7 A /v2) #fEH L7z,

227 FHEAREIC X 5 EYEMAEEER ORENT
2271 FHEABIOP-gp EEOEE

hMDR1-MAC —~ 7 A (n=2-4/time point) (Z PCN (200 mg/kg/day) & L < IX
vehicle & L CTa—lia 1 H 118, 4 HEMEENEEG LUz, &53EKR B L OEEK
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1% 2.23 LRBROFMHEZ Tz,

PCN & L< o — U lO&&E 575 16 FEfi#4 12, verapamil hydrochloride (2
ma/kg) & REFIRNI G L7z, 5K R L ORKET 1.242 B 1.243 &
DS E W=, F£72, PCN & L IZa— MoK D P-gp AE
verapamil O 5-F TOHK) 16 Wl i3AE R & L7z, Verapamil O EFIRNE G225
05, 1BXO2 FFRRIC~ U ZAZSEMERA L, 1.24.3 L RERDOFHETISEER X
OHAE Y Rr— b L7z,

22.7.2 BFIERBOFR

15mLARY Fe L Fa—7I2MiEd L <IEMARE D R— T 40 uL Z#0
L7z, W, WEBEREYE ritonavir % 5 10 0.1% B2 /KIEHE : 0.1% K7 & b
=hrU (B2,viv) Z360uL N L, dL < H#H L7z, 20,4009, 4°C T 15747
MO L TR X7 Lic. 5o BiE% 0.45um PTFE 7 4 L2 —TAila L,
AHikZ LC-MSIMS HliEEE L7z, BEHHRENL, 7 onb b ic Rkl
BO~UAMES LIIMAE Y 2 — N2 A, K3EY %2 EE®BENCHRINL
7o DAL, BERE & AR OB L0 GRS L 7=,
2.2.7.3 LC-MS/MS 2 X B455%T

2.2.7.2 T L 72 ER B2 LC-MSIMS Z W T+ 5 Z Lic kv, miE
BLOMWIZE T D verapamil JREA EE L7, #TICiX LC-20AD Prominence
HPLC AR > 7, SIL-20ACHT 4 — F ¥ 75— LT QTRAP4500 & 7=, A
4 1AkE— RiX ESI positive &£ L, MRM &— RCTHIEZ2EBI72-7=. BT AIZ
COSMOSIL 3C1-MS-11 Packed Column 2.0 x 50 mm, 3 um ZfEfH L7=. 5 7 L4 —
7 OIRFETT 40°C, FEEHIE 0.6 mL/y & Lz, BEMEITABER A (0.1% X ERKIA
) LIREER B 0.1% X7 & b= 1 VL) ORAREZHWE., 7920k
SMEIL 0~1 3% 20%IAHER B, 1~1.9 53 % 20~90%IAHER B DEMT 7 V>
N, 1.9~4.9 /3% 90%IREER B, 4.91~6.2 /3% 20%IABER B & L7=. 7 EAEIL3
uL & LU, {bAawomts L OEEIE, verapamil (22T m/z 455.2—m/z 165.1
Zo, WNEEREYE T & 5 ritonavir |2V T mlz 721.3->m/z 268.1 # =% —1 %
ZEIZLBIhoT.

51727 — %1% MultiQuant Z FWCTHEFT L, WNEEHEYE 23t 5 HIEAL
SO — 7 gl Z RN Lz, RERITRERHREOSREICHT S E—
JHEEE 7 ey ML, EAME RN FREICE D BYR LT,

2.2.8 SHEHEENT

T — X IR REREFZE L U CR LT, FEEHIEAT X 1.2.8 L [RIEED HFIETE Z
Tpo7-.
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23 MR

23.1 BED Mdrla/lb mRNA BX O P-gp # )7 REEITHKT % PCN &5
DR

Fig. 9A 12, #HDO~ U ZDRGEIZEIT S Mdrla mRNA OFEBLEZ R~ LTz,
S1, S2, S3, S4B X WNS5 DK 7 Z 7 A2 MIEITDH MdrlamRNA OFEH &L
100 mg/kg @ PCN # 5-1£Tid vehicle BElCx L TW IR b A EICEMEZ R L, %
OFEERITIAIZ 1.9, 2.1, 2.7, 28 BL 335 Th-7=. [FEEIZ, 200 mg/kg
@ PCN # 5-#£ ¢ vehicle FEIZ% L THEIZHE VY Mdrla mRNA B &%2 R~ L, %
@aﬁw LKITNEIZ 2.4, 2.3, 2.6, 28 BL P41 TH-7=. Fig.9BII/RLT- &

2, &£ 777 A2 MZBIT 25 MdribmRNA OFHLE L, 100 35 L O 200 mg/kg
D PCN P& 5-HE Tl vehicle BEIC Kk L CHEICEE Z 7~ L7=. 100 mg/kg @ PCN ¢
HAZ X 53585313 S1, S2, S3, S4 kJ:Uss DIEIZ 1.4, 1.2, 3.6, 1.9 BI W
1.5 %, 200mg/kg @ PCN #5612 X 535845213 1.6, 2.1, 24, 35 B KUV 1.8 1%
TH-oT-.

Fig. 10 |2, &HEO~ T ADIGEIZEBIT 5 P-gp X > /37 ORBlEEZ R~ LTIz, &
77T A MZBITDH P-gp # 3T OFBLEE, 100 3 KT 200 mg/kg @ PCN
5B Tl vehicle #EIZEHEZ LU CHEICHEEA 7~ L7z, 100 mg/kg @ PCN # 512
XD EMEIT S1, S3 BLU S5 DJEIZ 2.3, 3.7 BLV 7.3 %, 200 mglkg ©
PCN # 52 X2 EMERIT 1T, 37 BLM42(5TH 7=,

PCN £ 512 . 5 Mdrla mRNA 5 X OV P-gp # > /37 ORBLEDFHEE R,
W& BRI b UCIEE T CRafE 2 R 3 Em iR by,

2.3.2 JFig® Mdria/lb mRNA B XWX P-gp # 7 BB EITX 5 PCN #5
DR

Figs. 11A B LW 11B 12, KHEO~ U ZADFIZF1T 5 Mdrla 35 LT Mdrlb
MRNA O¥H &%/~ L7=. Mdrla mRNA O3 a1, 100 35 L O 200 mg/kg O
PCN Bt 5-#£ Tl vehicle B GREICHR L TENEN 5.0 B L ON6.2 5 L BRI EE
Zos Lz, F7z, Mdrlb mRNA OFHi&EE, 100 3 L0 200 mg/kg @ PCN # 5
BEClT vehicle BGREICH L CENEN 1A B IO 125 AEICEMEEZ R LT-.
—7J, Fig. 12 IZ/Rr L& 91z, HlgcEIT 5 P- gp 2N DFBLEICOWTIE
vehicle B¢ G-#E L PCN & 5RO CABE R EZRIIRD LN Rd - 7.

2.3.3 f¥®D Mdrla/lb mRNA B X P-gp ¥ /%7 BRIFEICT 5 PCN & ED
-2
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Fig. 13A 12, &HEDO~ U7 ZADIKIZIS 1T H Mdrla mRNA OFBIEZ R L7, K
M2 E 17 5 Mdrla mRNA OF8 8L &L, 100 33 L Y 200 mg/kg @ PCN # 5-8%
T vehicle #GREHCH L CENEN 12 BL O L7 FEABEICEMER L.
BT D5 MdrlamRNA O%8iE 1, 200 mg/kg @ PCN $&5-7£Cix vehicle #
HREZR LT 12 fF L HEL :Fﬂﬁfﬁéfﬁ L7-7%, 100 mg/kg @ PCN 5/ Tl

vehicle % 5.8 & ORICABERZRITFRD Lo Tz,

Fig. 13B (2, KHEO~ T ADKIZISIT S Mdrlb mRNA DR B EA R LTz, K
MR E 17 5 Mdrlb mRNA OFEEL&EIE, 100 35 L O 200 mg/kg @ PCN # 5-8%

TliX vehicle B GHEICKH L C LA BIN12 B EAEICEMEE R L. —F, &K

BT 5 Mdrib mRNA DR HL &1L, 200 mg/kg @ PCN # 57 Tl vehicle $¢ 5-7f
’ﬂ LT 14 f5EAEI umfﬁ%ﬂ“ Lt%OBO) 100 mg/kg @ PCN #5-RE Tl
vehicle & 57 & OMICHERZRITFRO bhign oz,

Fig. 14 |2, &HEO~ 7 ADMMIZEIT 25 P-gp ¥ X7 ORBEE R LIZ. KK
IR D P-gp Z v 737 OFEH I, 200 mg/kg @ PCN #5-#f Tl vehicle #
BRI LT 20 5 ARICHEMEZ R L?Z —7J5, 100 mg/kg @ PCN #5-RE &
vehicle % 5.8 & O T, KRMEEIZEIT D P-gp # 2/ 7 ORBLEIZHE /R 2R

TRO Ol Fio, BKICEBIT D P-gp # 237 OFELE] Lob\f&i
PCN #5812 X 57 vehicle % 58t & PCN &G HEOM THERERITREO BN
otz

2.3.4  Verapamil D FIEBITIZN T 5 PCN &5 DEE

WT <= 7 228V, 200 mg/kg @ PCN #&52 kv, KIMEEIZHIT D P-gp

KR FEBLENEINT 5 Z LR STz (Fig. 14). = 2T, [A&E® PCN &5
(2 XV P-gp FE TH % verapamil O FHXEATHED A 521 % 025 7% hMDR1-
MAC ~ 7 2 Z W TR LTz

Fig. 15A IR L7291, #5 0.5 KffE# D verapamil OAMNIRE X, vehicle
FGRC LT PCN G HECTHEIEMAZ R L. £72, &5 1B X002 K
BIZEBWTH, verapamil ORMNFEREE X vehicle £ 5-F£12xF L C PCN £ 5.8 TIK
B2 R EANRD B =, —J5, verapamil OILAETHEEE L, vehicle £ 5-8FI1
% LT PCN & 58 CIREZ R T AFEO N2 b DD, WD RIZENT
t, vehicle ¥ 5-#f & PCN &fﬁf@ﬁﬁfﬁi‘iﬁ%ﬂ IR BN - 7= (Fig. 15B).
S 5T, #5505 RFfH# O verapamil O — MAEREEELIX, vehicle # G- R % L
T PCN &Eﬁifﬁ%c:ﬁ&{ﬁ%ﬁ L7 (Fig. 150) T2, B 1B 2 K%
2BV T, verapamil O — MR EE LLIE vehicle B G-HEIZ% LT PCN $& 5-1E
TIRfEZ /Tﬂtﬁr'mm&b%nt (Fig. 15C).
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Fig. 9. Effect of PCN on the expression of Mdrla/lb mRNA in the intestine of WT
mice. Mice were intraperitoneally treated with corn oil (vehicle control) or PCN (100 or
200 mg/kg/day) for 4 days. The intestine of each mouse was collected at 24 h after the
final administration and divided into five segments of equal lengths (S1-5) as described
in Materials and Methods. The expression levels of Mdrla (A) and Mdrlb (B) mRNA in
the intestine were determined by real-time PCR and normalized by those of GAPDH.
Data are shown as means + S.D. of three different determinations, each undertaken in
duplicate. *p < 0.05 and **p < 0.01 compared with vehicle-treated mice.
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Fig. 10. Effect of PCN on the expression of P-gp protein in the intestine of WT mice.
Mice were intraperitoneally treated with corn oil (vehicle control) or PCN (100 or 200
mg/kg/day) for 4 days. The intestine of each mouse was collected at 24 h after the final
administration and divided into five segments of equal lengths (S1-5) as described in
Materials and Methods. The crude membrane fractions prepared from S1, S3 and S5 were
subjected to Western blot analysis using an anti-P-gp antibody. The expression levels of
P-gp protein were normalized by those of Na*/K*-ATPase. Data are shown as means +
S.D. of three different determinations, each undertaken in duplicate. *p < 0.05 and **p <
0.01 compared with vehicle-treated mice.
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Fig. 11. Effect of PCN on the expression of Mdrla/1b mRNA in the liver of WT mice.
Mice were intraperitoneally treated with corn oil (vehicle control) or PCN (100 or 200
mg/kg/day) for 4 days. The tissues were collected at 24 h after the final administration.
The expression levels of Mdrla (A) and Mdrlb (B) mRNA in the liver were determined
by real-time PCR and normalized by those of GAPDH. Data are shown as means £ S.D.
of three different determinations, each undertaken in duplicate. *p < 0.05 and **p < 0.01
compared with vehicle-treated mice.
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Fig. 12. Effect of PCN on the expression of P-gp protein in the liver of WT mice.
Mice were intraperitoneally treated with corn oil (vehicle control) or PCN (100 or 200
mg/kg/day) for 4 days. The tissues were collected at 24 h after the final administration.
The crude membrane fraction prepared from the liver was subjected to Western blot
analysis using an anti-P-gp antibody. The expression levels of P-gp protein were
normalized by those of Na'/K*-ATPase. Data are shown as means + S.D. of three
different determinations, each undertaken in duplicate.
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Fig. 13. Effect of PCN on the expression of Mdrla/lb mRNA in the brain of WT
mice. Mice were intraperitoneally treated with corn oil (vehicle control) or PCN (100 or
200 mg/kg/day) for 4 days. The tissues were collected at 24 h after the final administration.
The expression levels of Mdrla (A) and Mdrlb (B) mRNA in the cortex and whole brain
were determined by real-time PCR and normalized by those of GAPDH. Data are shown
as means = S.D. of three different determinations, each undertaken in duplicate. **p <
0.01 compared with vehicle-treated mice.
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Fig. 14. Effect of PCN on the expression of P-gp protein in the brain of WT mice.
Mice were intraperitoneally treated with corn oil (vehicle control) or PCN (100 or 200
mg/kg/day) for 4 days. The tissues were collected at 24 h after the final administration.
Crude membrane fractions prepared from the cortex and whole brain were subjected to
Western blot analysis using an anti-P-gp antibody. The expression levels of P-gp protein
were normalized by those of Na*/K*-ATPase. Data are shown as means * S.D. of three
different determinations, each undertaken in duplicate. **p < 0.01 compared with vehicle-
treated mice.
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Fig. 15. Effect of PCN on brain penetration of verapamil in hMDR1-MAC mice.
Effect of PCN on time profiles of brain (A) and plasma (B) concentrations and brain-to-
plasma concentration ratios (C) of verapamil. h(MDR1-MAC mice (n=2-4/time point)
were intraperitoneally pre-treated with corn oil (vehicle control) or PCN (200 mg/kg/day)
for 4 days, and intravenously administered verapamil hydrochloride (2 mg/kg) through
the tail vein at 24 h after the final treatment with corn oil or PCN. Brains and plasma were
collected at 0.5, 1 and 2 hr after the administration of verapamil. Concentrations of
verapamil in brains and plasma were determined by LC-MS/MS, each performed in
duplicate. Data are shown as means + S.D. of three-six mice. *p < 0.05 compared with
vehicle-treated mice.
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24 EZ

B2 mTIE, R, B X OWMO Mdrla/lb mRNA 38 LK UVP-gp # > /37 D
FEHL I D PCN #5088 % it L7z, 100 & L < 1% 200 mg/kg @ PCN @
BHAIZ XV, Mdrla/lb mRNA OFRELEIIMET L7z 2 TOMMBIZB W TN L7
(Table 8). J -, 200 mg/kg @ PCN (%, PXR ZiEMALL, ~ 7 A Mdrla/lb i&
BT OEGEZIEM LT 2 IChlo THaRHAETH L EE X B, —J7, 200
mg/kg @ PCN OF 52 X 0, IFE S K OMNIZIIT 5 P-gp # /37 BB &EITA &

IZHIM L 7= DIzxt L, gz B W OIAERE(RITRE D biv/e > 7= (Table 8).
INBDOZ END, P-gp Z 2 /X7 OIEBLUIXTT 5 PCN ORNFITARMIZ L - TH
wHTZ & 75>/Tﬂ7‘“é%b71

/MME (S1-4) 1Z81F 5 Mdrla/lb mRNA 3 XV P-gp # > 37 % 8l&lX, PCN
DEGHIZLY, £T0)77&% Y NMZEWTHEMT 5 Z ENRI N (Figs.9 B
FU10). WEOHREIZBNT, vUX, Ty MBLOE FO/NNFIZET S P-gp
DFBULPXR U AT FOBHIZE S THFEINDZENRINTWNDLZ ENnD
(30-38), PXR U B> FIZ X B/ P-gp DB, TotEHEHB L FOMET
BN IBBOHRTHDL EEZ BN, 2, K (S5) 2B W TH, PCN
DOFEHAZ XV, Mdrla/lb mRNA 35 X TVP-gp & /X7 OB OIEBLENBEEIMNT 5
ZEnRENTe (Figs.9 B L TN10). ZivE TIZ, KIGO P-gp RHLUIZX4 % PXR
UHY ROGEIZOWNTH SN LEHRE iﬁf LWz Enn, RAFgEIE
PCN X KGO P-gp BELZFE LG L2 R LD TORETHDLEEZD
5. PXR U Ay ROEEIZ X DK P-gp DREBFEN, Yok H Ay

BREFFONDIZOWVWTIERIZHAL TRV, LL, PXR U RIZX D KEG
P-gp DOIEBIFHE Y, HEYBREFMICEEREREZF>EEZOND. HlxiR
W) OB RGEG-1%, PlEhBiEgh R 2 Bl L, 3z @l en s 2T G BRI E %éﬂ’
HFEE LT, NERCHILE OEFREELZ 2T 2BFICZHEINTWS. 772D
B, PXR U T RIZXK 2K P-gp OFBEHEEIX, EGEEEG Sz Pgp AE %
FEEPICHEM L, P-gp BEOARA AT XA TV T 4 2K TFSEDZ ENTHE
IND. KIBIZEWT, 20X 5 23Ry AERNEBRICE Z 0155 o0
TIEESRDIMERNLETHDH HEOD, PXR Y H v RIZ X 5K P-gp DRBLH
X, RIBICBWTRIL SN D P-gp FEORNEIREIC B A 5 2 5 Al RerE RN &
WeEEZILNS.

JFEIZHBWT, PXR MRNA OFRBUIETHOT T 7 A2 F TR LT (data
not shown). L7-28-> T, /MR XOKRIEONIFTIZEBWT, PXRIZPCN IZXD
P-gp DFFEICTFET D EEX BN, —FH T, PCN&512L % MdrlamRNA
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FOP-gp # v /37 ORBLEOFHFEMGRIL, IHE MBI L ORE T cmiE
R ANEEO ST (Figs. 9A ioc]:U 10). B DEALIC & » TR D FHE
BERNRBO LN Z LITHOWT, ZOFEMR A T = X LT TRV,

Mdrla/lb EinFDOFELL PXR LA DA RRFIZ X - THflflEhTnd &

EZBNDZEND, PXRUSIDRFDZERIZLY, PXR U T RiZk s P-gp

DFFEAERITEHNLZNRD HAT-ONnE L.

WEOHREIZBWNT, PXRIY T FORGIZED, 7y, vT7RABIUVE
FPXR N7 AV z=y 7 ~0 ZOFEIZE T S Mdrla/lb mRNA & L < 1% P-
gp ¥ NI ODRBINFEEINDZ ENRINLTVD (33, 80-82). — 5T, PXR
VA REHEGLTYH, gD Mdria/ilb mRNA & L <X P-gp # > /37 D38
EIIEAFH LN T HELH D (37,83,84). LaL, AF&ICEIT D P-gp D%
BUZXF L TPXR U Yy ROEGNE 2 5581250 C, Mdrla/lbmRNA B X T
P-gp & /X7 DOIMIT~D 5B %[RRI LTe S 1A L. & 2 TR
JETIE, PCN OG- 25Tl P-gp FEA~5- 2 % 2825 T, Mdrla/lb mRNA
BEROP-gp Z 37 DRI ~DOF a2 et LTz, PCN O 52X, [Tz
i7 %5 Mdrla/itb mRNA OREBREITAZICHEIM L7 (Fig.11). D2 &b, B
EAERIS, 4D PCN IZAFIEIC B W TS Mdrla/lb & s+ Dis 5L 2 &
BT D LRI, —T, MlED P-gp # /37122 TIE, PCN OF
HIZ X2 ERBHBEOLLITRD Loz (Fig. 12). ZOFERIE, w7 &
IZ PCN Z#e 5 L7-WRIZ P-gp ¥ v /37 ORBLENEE Lo T- Lo HiE &
—HT5 (84). ZNHDZ EMnD, PCNILP-gp DEIFR S L X5 %HEG O
2 R M LNDORBEE G252 L2k, g T 5 Pgp ¥ /37 OFRBL
Z AN B ATREMES R &7z, PCN 23 P-gp & 737 EELOHIENC I KIE 2
BIOZDOFEMR A=A LIZONWTIL, SR ILRDINEEEB /9 LER
boHEEZLND.

PXR U ROEEIZL VIND P-gp BNBEEINDNENERF LTI E 25,
meﬁﬁfi@ AT D Mdrla/lb mRNA ORBUIFFEE I N D08, 2K

IZBT D P-gp X7 ORBUTFE SN2 LARENT (Figs. 13 ;ocm
14). ZOfERIE, BEHomA L X< —H LT\ (37,84). —JF, KRINEEIZ
WTIE, PCN O EIZ LD P-gp #2327 OFFEMNED HNT-Z LITZ (Fig.
14), Mdrla/1b mRNA OFFERERITLMICK L TEfEEZ R L7 (Fig. 13). Z#uH
D LB, PCN (FMIZE VT Mdria/lb & a0l EiEN b2 &KL T 5 H 0
D, P-gp XN @Eﬁﬁ@ikﬂﬁ&%ﬂ:%b\TOD%Ufé‘Em_I“bT“Ebé ZEMREE S
Nz, ZOREKE LT, HEMILE DD, I L CIKEE (T2 5
K2 '8 )f}ﬂ\:kﬁﬁﬂ+bfw»5ﬁ%LJM&ﬁ(%)lﬂﬁaﬁwt BT,
7y FBELPE FPXR F 7 AV 2=y 77 AZPCN b L < (& rifampicin %
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FNENREGT 5L, MEBEMIMEICBT S P-gp X o\ HEANFEIND Z &
D/RSITVND (80,81). EHIZ, PXRBXOV vaandad RZFEIEDOY
> RT&® 5 dexamethasone |2 L5 P-gp ¥ >/ 7 OFFEIL, MEMIME TR
LMD, BMARETR— FES TIEROLNRNI EHRINTND (92).
INHLOMRAEEZADLESL E, PXR Y B2 RIZX B P-gp OFFE X, MEHM
MAERRMICERL SN D AEEMENE 2 NS, P-gp IMEBMMIME LMY, I
D& IRELIZRBLT 5 2 L v D (90,93), EMIZRBWTIE, MEBEMIME LSO
ERALIC BT D P-gp 12 & - TIMEBHIILE 2072 P-gp OFENR~R T S D
ZEITKY, KREMBEICHE: LT P-gp OFFE O AR TH D alREMENE 2
oY W

WT =7 2 &2 HWEHEHIBW T, PXR U A ROFEIZ LV MBS IC
B D P-gp ORIANFHEIND AIGEENREINTZZ D, PXR U TV FEE
2N P-gp HEOHFWBATICHEL 52500 ERALNET 572D, hMDR1-
MAC ~ 7 2|2 PCN % L < IZ vehicle & L Ca— M ZRi4LE L, verapamil ®
WRATHEZ AT L 7. hMDR1-MAC ~ 7 A1) 5 verapamil DX — 4 B b
I%, PCN ORALEIZ L WK T L7 (Fig. 15). 972> 5, verapamil O FHXEITIE,
PCN ORMLEIZ L VIIHISIND Z EDBRBINT-. ZORENL, WT w7 X
IZRHT 5~ A P-gp LA, hMDRI-MAC ~ 7 A® BBB ([Z®HT 5 b
P-gp & PXR U NIZX Wi EI NS aaetEn RIS, £, M TH
t N P-gp OFIBFFE LI L SEYBFHAERNEZ VG5 Z LRSS 7.
INHDZ END, hMDRI-MAC ~ 7 AL P-gp F28& O AR T T il kA% o> fi% BH
B LU P-gp HELFHFEIZ L 2 FEMMHAEFEHOTHICAHTH D E&E 2 b,

PLEXY, 2% TiE, PCN OE5IZXLY, Mdrla/lb mRNA OB IGE,
gl SO TRHFEIND Z RS, —F, Pgp #2307 OFRBUTKTT
% PCN OZhFITNEEC L > THERR D Z EVURIB S L. IBE D P-gp (22T
IZ, PXRUZ Y ROFHIZLY, /WNEFET TR KGO P-gp MEHFEIND
ZEWTRENT. F72, O P-gplzoWTIE, PXR U F Y FOEEIZLD, K
B R BRI E SN D AIREME DS R &tz & 5IZ, PXR Uy ROEEIZ
Lo TBBB IZEIT 5 P-gp ODRELNFHE S, P-gp ORIBFHLE I LI-FKWH
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Table 8. Effect of PCN on the expression of Mdrla/lb mRNA and P-gp protein in
the intestine, liver and brain of mice

Tissue Mdrla/l1b mRNA P-gp protein
PCN100  PCN200 PCN100 PCNZ200
Intestine Small intestine 0 1 1 0
Large intestine 0 1 1 0
Liver 0 0 > —
Brain Cortex 0 1 > 0
Whole brain > 1 — YN

1, induction; <>, no induction
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