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The oligopeptide transporter PEPT] is predominantly expressed in the brush-border membranes of small intestinal
epithelial cells, where it plays pivotal roles in the efficient absorption of di-/tripeptides. PEPT1 has enormous potential
as an oral drug delivery target, because it also mediates the intestinal absorption of peptide-mimetic and nonpeptide sub-
strates. We demonstrated that the peptide derivation of amino acid-related drugs is applicable to improve their intestinal
absorption. We have found that oligopeptide transport activity is also expressed in cancer cell lines. The tissue distribu-
tion of bestatin was significantly increased in solid tumors that overexpress PEPTI in nude mice. Orally administered
bestatin strongly suppressed tumor growth. These results provided the first demonstration of the tumor-selective delivery
of a drug by specific transport activity. The absolute degree of PEPT1 mRNA expression in the small intestine was deter-
mined using real-time PCR in rats. Starvation of the animals increased the mRNA expression level profoundly in the up-
per small intestine. The longitudinal expression pattern was well correlated with the intestinal transport of cefadroxil in
rats. We constructed a recombinant adenovirus vector encoding PEPT1 cDNA. Heterologous expression of PEPT] in
the liver was successfully achieved by simple intvavenous. administration of the vector, resulting in increased liver distri-
bution of [*H] carnosine. /n situ perfusion of the brain with the vector doubled the brain distribution of cefadroxil.
Heterologous expression of the drug transporter in vivo could be a useful approach for drug delivery.

Key words——membrane transport; oligopeptide; small intestine; adenovirus vector; quantitative-PCR; heterologous
expression
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AEYEREMEEEMEL TV, 1994 EH S
COEBICEBIIICBMLIGD:. KLBEFDE
D4RIZRBAVIRTF RIS AR5 —DH)T
ik & LT PEPTI @ ¢cDNA 78 Fei 5k D it R
THOTUYF L0 70— 34 Nature #£iC
BN 2 ZoRER, EYoELERIIZE
545 7 AR—F—IID0WTHFLNRILTOR
MRZRICEED EoMiT &, EESIR, B
W in vive PLERNKRBRAER LSy bXD
PEPT1 @)L 0% cDNA ZHEEL, 77U hY
AN IR E A in vitro Bl FHBR %R %
AWT, ZOWMEREOHFMEHEEEOEN &K
BEt U458, rat PEPTI 2R WERHATHS R
RTF Rz 2 E B RS pH K EEESRER
ENH IV BEKRENI LIS T LIEYHED
FTHMEERNARFTROFMEL L THNWSNS
77 ROFIINPTFLFI, BTIT,
tTIFTF, T ¥ L%HN PEPTI ORI
BHEELRBOICNLT, BIEERNSEEHAL
LTRHWSNEET77 U RRSI DR TFT
512 PEPTI ORHE LR 5T, MLERIRETE
BmHOTRL - FEAR sk 49 &5 PEPTI Ol
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BRHIBRS vy 5P CHBTRZEREYT
H53.
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1998 EICEHESIX, N—F2VmBEESL
THRWSN 2 L-DOPA IFBL, HILBEIZRRT
% PEPT1 2R L 726 AARICEHEF L . L-DO-
PART7 I /ERERENMLTRNENEEEX D
NTVBEN, TEONIFTRIFEY F 1 —3E
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#%2HM& L T, L-DOPA DANKRF I EENR
TFRESGICEDREEBTHLEDIE, KDTHR
D&V PEPTI ORBEANLFRLLTEHILERA
2. WINGET IV EMRD Caco-2 ZfINT, L-
DOPA RUED 7z =N 7 IR TF RFEK
(L-DOPA-L-Phe) D#EMfAEE% 2 KRMICHE > T
Mg L&A, L-DOPA DORIFEEEM, & R
FHMAOEBRE<BRHEINTRGEODTN 0.3
BMRNIELTHRIHEEINSDHTHo /e (Fig.
1). #Fhizx L T L-DOPA-L-Phe iIZ DWW TR
F REBDIKPBIZTH2HOD 2HEME TR
EB®D#2% 0 L-DOPA MlEBEMIcHEAL, R
IR EREHEHBUICETERNE2RET S
ZENTER. W AROEREVRTF R THDY
UIHILal s 10mM) LfFFTiiok &5,
L-DOPA-L-Phe OEBIIF RN DEEFICHEEN
7= Z &5 L-DOPA-L-Phe HRTF RELTDER
BEZIT TR I LRI, L-DOPA ORYS
FREBENEDTHEIELE2TRT I ENTE
2.0 Zh 5 DO#HIZ, BRONAFTRATEY
FA4—DREZRS-DICHLEICRRETS S >
AR—F—DOEREABHEOBREFMBTH I &4
ENTHO, BUOLEHEE —HLETHI &I
L0, FSRAB—=F—ENALTNRAFTRA5E
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Fig. 1. Time Course of Transcellular Transport of L-DOPA
and 1-DOPA-L-Phe across the Monolayers of Caco-2 Cells

Caco-2 cells were preincubated at 37°C for 30 min with Hanks’ balanced
salt solution. The permeated amount of L-DOPA (squarc) and v-DOPA-1.-
Phe (circle) were measured as the sum of L-DOPA and dopamine at 37°C by
adding a solution containing a test compound at 200 um on the apical side at
pH 5.5 with {closed) or without (open) 10 mm GlySar. The pH of basolater-
al side was 7.4. Each point represents the mean + SEM of three determina-
tions.
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4. BRAMBRICHEEINDIRTFRIFF L AR—
Y—ERFENLELIHNRAET YN —
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BERHDOHINAENRRAY F U 28#T5 2R
L2 ZORRICKVEESIT, EEAGTO
FHAEEL, BAMBICOREETEIRTFRENS
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ELTRATESDOTEANMAENS ERICES
. IOZEERERTHEDIZEESE, T
HeLa filffi% AT PEPTI &ERB ARSI L /-
PEPT! Z B R R T 2MBMIIRZA Y F UMD AH
EEIRL, EARAIFUBSHDRAEL RS
FUEE T TOMBMBESHE CHIRH I NA DR
AEF 2 DHMBANRD A = X L3RR S
BIEERATHELEEZONTERLMN. BUTIEin
vitro T VA —RDT7RF— X ETHEEIH
HOHDEBIIRHARENEZ L., LEMN>TRT
FRES AR =5 —DBRERICE > THIFIL X
WTORRYFUBRBERB LA T B EESHRIIX
FHWKENSDOTH S, HeLa fllalIEI@EIEE4

U, X—RYIADKTICHBETZELEBEEWRT
BZEMNS, COEBARTVAZRANTNRAYF >
DIEGBITES in vivo TR L= (Fig.2). =D
WME, NAX¥F 12 PEPTI #BRETHEEICE
HI20H857, RAYFORUEEIZLHT
MBI ORI Y I SN B 2 LAGRES e,
b e SF PO I B R BR{L ML T & 2 HT-1080 &3
BREEERFS, HDOAKREORTF R AHEME
EFFDZEMSRBROREIZT o M, ZOBRAE,
PEPT1 Z &I 58] L /- Hela #ifIT CEE L EE
BRI RS hishHk ZORERAEL T,
HT-1080 HilI DN & F > BEHNDH XD EL 2
WZ &%, HT-1080 il DR T7F RE@EI %A
FHRTHOEIERERELOND., BHEEESIE
mRNA BE L X))V EXRTF R@EEEEOEIOE
BRAOLBBEGEHOMIZTAZLIZK 2T, mRNA
RELANUMSHRRVCHGE TR W BXENL%
FHTHMBEEDTNS. ZOWKICEL>Tin
VivVO IZBNWTEPLED DI+ RIL %%
RIET B -DICHER mRNA I L UM S M
RKIBB5TENBHBTESD. — 5T, MrlaAdR
ERAVWTRTIF R AR—F—REDL O3
BONAIRIT 5 OHT RN DRI b
EDTHY, NAMBTEYEINS S AR—
F—Z0FEE U hiNAEDRRNLEE~D
M EREL T3,

5. HEBRTF RIS AR-Y—DOEBEY
TCHT D RALTH & RYRINES)
HEECRRTEINOMD NI D AR—F—1T
DWTIE, FO mMRNA LAY NI EL NI
TELEHSBEDONDZ EAASNTINS, Ll
FTDREBL XN REBESHLEITLD EORBRELE)
TH3OMORFR oIz ENTIRVEN, 22T
EESIT, BRRUKERGETTHELES Y b
DABEBEHL, REAMIZ8ENLEEET AL
FEDRNAZHEBL, FIAR—F—FBL X
WEVZVI LI LAERPCRIEICE DR ETo
=W EDORSE, PEPTI OB L NILid/ME LS
TEL, FTEHIZHA > TERTIERMESH, &
NETOWMEL BT 2HREEBHIENTE
EHITEDRBL RIVEERBAITHITL &%, /N
BEEHETRETEDOERHIM (B AN
2.0X 108 copy/segment, =~ A > 8 : 6.6 X 108
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Fig. 2. Tissue-to-Plasma Concentration Ratio {Kp) of Bestatin after i.v. Administration to Mice Bearing HeLa Cell Derived Tumors

and the Inhibitory Effect of Orally Administered Bestatin on the Tumor Growth

A: Bestatin (20 mg/kg, closed column) and [“C] inulin (18.5 MBg/mouse, open column) were administered intravenously to Balb/c nu/nu mice bearing
HeLu or PEPTI-transfected HeLa tumors. At 30 min after administration of each compound, plasma and tissuc samples were taken, and the concentrations of
compounds were determined by HPLC or by its radioactivity. Bach value represents the mean+ SEM of six determinations. *Significantly different (p<0.05) from
inulin administration. B: Saline (open symbols) or bestatin {closed symbols) were orally administered at volume of 100 ul/10 g b.w, for 28 days consecutively to the
tumor inoculated mice. Tumor volume was measured every four days. Each value represents the mean+ SEM of seven animals. *Significantly different (p<0.05)

from saline administration.

copy/segment) H B ZEMNagholk. THIZ
PEPT! mRNA OHEHE L NI, BRICEK D ZEER
(BT Ak 2—4) TH2SFBITWMT 5 &N
ShEkof, RERICEMENAESy b2RHLT,

INBDEZ AL 4, 8ITIRT 58 (T2
B, ZBRECEER) Z2HWTPEPTI OEHTHS
77 ROFINEEBEELTHNWT, £OERND
WL AT Z % in situ closed loop HRIC K DRETL
7. FTORR, BAS Yy MIBIB L7 7 FOoFS
D20 HEON—TANS OWHERBIL, ThEh
+ 35K 71.2%, Z2h3 85.6% K UMM 39.9% &
fENRESN. BB TET 7 ROF 2 IVRINAE
VWZ &2 PEPTI mRNA OB BOHBMEL — A
FETAHERTHoN, TOBEINV—TANpH 2E
HU=&EZ A+ pH6.5, 2448 pH 6.3 KU
BpH7.9 CEBIZBWTI—FTAPHOT IV AY
MHEBE T > TV, FZT, ¥R pH 2EET
2 7= 312 Ussing chamber & W THIE pH 6.0
F—4&& FTRBERMACHITZDt77 ROFIb
DOEZEEEELZRBE L. TOBE. BNFHROR
MTORBBEEIBRT v M TlE+Z#15 3.27
X 106 cm/sec, Z=hE 4.97X10-%cm/sec, [BIfE 8.17
X 10~ cm/sec TdHho/=. RBRICERT v FTiE+

T 499X 10 %cm/sec, ZERR 9.23 X 10"Scm/
sec, [AHE 7.49X10-%cm/sec THolz. BB TDMH
ARG OBHE GBS BRI H AN 1.8 AL
j=Z &13, PEPTI mRNA #HBOLHF & X< —F
L. #ZT, MNBOEEIT AL MEZDD
PEPTI mRNA RE&E &Lt 7 7 ROF )V ORI
DR OBEREE O ERINLEE TS,
r2=0.859 & Btz MBEMNG S (Fig.3). Th
SOEEMNDS, Ty MIBWTHLEDEMZDE N
DEB/AMDLLIZE D PEPTI ORBEREEL,
FHITHE > THHEHEDERIT D 2 L IRRRICH
ffirshi= 19 _

6. FERGPEAEYCIZIHEELI R
R—5 —ORBEEE

O R RF R IC L 0 B ORIENEET
B2 L3, BICERFEROMWEYM TIRXEYHELFA
ELTHKRLEELARS. B, EUCRFOEZE
ZED M AR—F—ORBLXIVBEHY 551
HWEINTVS, FTBRFEANDY T 7 EY
COROFEICTED /NG MDRI ORBENFES
h, BOgEInoIx o ombBENEST
BZEWR, AL T77 v EYIHREICEOVTE
EBOMRP2EHN ERTHIL, 9Ty FOR
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Fig. 3. Correlation between PEPTI mRNA Expression Level and Permeability Coefficient of Cefadroxil in Intestinal Tissues of Fed

and Starved Rats

The small intestine of anesthetized rats were excised and divided into eight segments of the same length, numbered as 1 (proximal) to 8§ (distal) . TotalRNA was
exiracted and quantitative RT-PCR using a specific primer sel was performed. Each value represents mean +SEM of three rats. The time course of cefadroxil (1
mw) transport was evaluated with the Ussing chamber. The experimental solution was adjusted to pH 6.0 and 7.4 on the mucosal and serosal sides, respectivcly.

Fach value represents mear. = SEM of 4—9 determinations.

BRREDTY I /BRI RTIFRE2RMT S L
PEPT! O RRAHEB X /NGRITF&BE/NE~D S
DINHNTIL RO ABDERERABONDZ LT
BREDHENZINTNS., LMLEOMOEYM
ACREREOENICED bSO AR—F—DRH
LARIEBT ENENIDNTIRINETIEEA
ERSMTINTVARL, FZTIMLEICBIT 2%
YR IIC HE /2 PEPT1, MDRI1, MRP2, MRP3 2%
BLT, TORBELNNOE#HZL0EDEET
TREAT DI, MNEEFIILE L TEERRICK
O3 LBEBL /- Caco2 HiIlZ AL THREZ2TH-
f:' i8)

BN O « MEEFICETAR LT, FEihTR
WF—BELUTRRNEINB TN aA—-ZDT NI I
DB, TOMDORBERNIELTT I VB DY)
PORTFR (FUINTNII), E¥I
(FRANECE, 753K /4 RO ITNEF),
IoiCEEYMEL Talltrans- VF /A 28, U7
7rEYY, NoUSFELRTOFFAFa i E
ZHWTHRE LE. TOHE, VL a—XolBiz
&£>T, MDRI OREAH 10 880U 7= 13,
PEPTI © MRP2, MRP3 TH # T D FE B E A E

shie. 2 TI)IEF 2 HEMZE - T PEPTI %
B2 EIc LRL, alltrans- L F /1 &Iz &
o Tid MDRI ASEREICFEHE N LhlLY Ty
RN YL FEIIR invivo ITBNWTEE
K-FTd % PXR &/ L THES/MNE D MDR1
CYP3A4 2 HAMICHBT B Z LM SN TS
2, PXR ZFI|L T Caco-2 il s A&
BTN SEYIZ L5 MDRI ® CYP3A4 ORHE
BHEIIR S o . Caco-2 HllITHKY O WL
TERNEZHMT2MBESNELTEHEATNS
2, PXRZNTHBIZTFREFEZANETHH
BRLLUTEEY TRV EMES M E o -,
PXR %I L /= MDR1 % CYP3A4 O3t % %R B
IKiE Caco2 EM UK KBMNABKMILTH %
LS-180 MRS M AHTH D, #ESITHIE LS-180
ZRAVNTYIAYORIFSISA, ZbL2oE
CRBREDP-BEY NI BEOEE S MDRI KU
CYP3A4 ¥ T DT A RMLU 7= 9 iy
ZHH 3 b I AR—F —ORBALEIIEBE %
BT 5 L THELRBERLZE/RTDDT, invivo
KBWTIHHEIhERIC L TEIER-Ih5#
B REBAEH & NIRRT 5 in vitro BSR A D
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ETHD, THRHBLVELDEHIDOLTHRITE
To T DENH S,

1. P2 AR—9—DATORRICLDIEDT
Ji)—

AR O & DIZHE 2 FHE T 2Ky % H-A Loagic
R RABR—F—REL XN EFEHTZZET, ¥
VIOWLEWRNPLHEBS T 2RETE S Wiz +
PELZLGND. —HTEELR, FIAR-F—
DRBZEEBIICHEIT S Z LIZ X888 L
WERYEERBEILOBNEZBELEHRICEEL
7. FOREABIRIZ, HTEHELTEYZNS
DAR—F—OFEHL T LEEEICHL T, &Y
T HEEZHE DR W PEPTI ® OAT, OCT,
OATP 2D b TV AR—F —HIEF % in vivo T
— BT REIRI X ® B Z Sk DB A AR
ENEL, BHEEL2EYOENENEEERERYIZH
WIBZEHB. FRTRARRICEDO—EMET
L=,

TESRRBILTREDLEDONRI S —E L THHE
FMERA TS ) IANARIZ—IZEB L, 7
F ) INVARY F—3KIEH R0 ZHEE DBV
BALBETFE2EATHIEMNTE, KoM, 2R
BBk, B, R, B LR, R OB OB
B, BHSELEOERAOHVWBETHEADRD
in vivo BEFBANBH THDIEMS, a1l T2
F R T U RBECEIEREER EDORKE TR
gIcHWS N, Phase IBRICE > TXIF—H
BoMEECRE R EDBE B MIEZN
TWaY, FRERRLAEZIDRETHROHNAN
2y —DHEENRE OHRBICLDEDLNTN
B, PFI)ILINARI I =L X2 ARETFOR
Bl —BICERTEA%24BHTEESRETS
A, BABRGTFIERNEERRORGENIEET
EOEEMROFRIENIE—EERDL, in
vivo T 4 MO - BEORBEE LT, FESI
ZORYI—EHNT, RTF RERVFXRTF K
BOBLREMERLB LTS PEPT] 28K 5 N
PETHFASEHRL, HRERAZBTLEORBH
FhE 293 filEE AW T PEPTI RE YT/ UM A
(AdhPEPTI1-EYFP) Z{ER L 7=. % EHRICERHEN
BELTHNIONIBGFP DA ERBRTHO
fo—JL®o 4 IV A (AdGFP) HERIL~=. 75/
TAIWAR Z—IZX0BEGINL T AR

& —D in vitro TOEYBETFESEE2BMT S/-0,
multiwell dish EIZ5%38 U 7= HeLa i8> HepG2 4
B2 BB S, [PH UL as
>% [BHI A7 2 O-BARDAAZHEIEL
7o. EDO&HE, AJhPEPTI-EYFP iRz B W
Tid AAGFP ¥ JE R Mlife & LE X THRE
BOAABENFE N, BEINLRTTF R
EIEHE EE RS pH RZH SRk OLETH
EENS PEPTI O@RRHERIEFL TWE 22
T, AR & —ZHNT PEPTI iifk % in vivo T
LY TELINTTAEZHNTRIFLAZ. O LY
P 1X10°d 5 1E 1X10° PFU (Plaque-Forming
Unit) ® AJhPEPTI-EYFP 285 L/~ 7 AICH
i+ % PEPTI-EYFP O 3# % RT-PCR RU'U LA
Fo7Oy MXOBRMLEEZA, LWTHhORI
bFikick > THFRBICBVLWTYUT IV ARESRIZIKRT
L/-iztx PEPTI-EYFP BB R hiz. &5
{Z AdhPEPTI-EYFP I[ZBR L2 U XA DFEEL D
WEEE 2 {ERR L. PEPTI-EYFP ¥ > X7 E DM
MABENE2 EYFP HIXICKORELALE DS,
FORESDERE FIZHE TS 2 ENMEREN,
R D ORMENL L —RBOMIL TITHBAIC S
PEPTI-EYFP OEFE M@ o=, HFETHED
RERBICHET S P- Y NI EICHT SHk
EAWT2E8BRERTo>/2& I 5, PEPTI-EYFP
ERTEN—BLTWDIE - BADATHS I &M
5 PEPTI O KERMIRFEAMMRBICHEEL TWa
L#Ez 5N, B L/~ PEPTI-EYFP X, E#o
RS FEBNOBITIEEGS B/ EN
f=. FIT, YR BH] A7 ¥ e@ikA
BEL, I00BOEHBAOBTHEEMML
(Fig. 4). AdGFP R~ AR VIERREIT I AD

© [BH] AV > o MR xS S L Kp fE I,

TR 1 THHOIIH L THRBTIX 10 L
<, BRICHEMICABYT S PEPT2ICESHD
TChHdEZBISNL., &I A, AJWPEPTI-
EYFP BH:< 7 A DAFREIZ BT 5 Kp B 7 &F
LS<HEMALE ZOLEEHO Kp EICE{LIRRS
nihof. ~HWThoTY A THHAERRKR< —
F—D [MC] 1 X OMBBITHICIZEAL
AR <, TANABBEICLDY A—VIIERAT
ErLEZONE. ULOKEMNS PEPTI 2R#H
TE7F)IANARG Y —eBRNBEETE &
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Fig. 4. Kp Values of L-[3H) Carnosine and [*C] Inulin in Various Organs of Mice
Mice were transduced without (open column) or with AdhPEPTI-EYFP (closed column) and AdGFP (gray column) . Kp values were obtained 30 min after
intravenous administration of these compounds in mice. Each value represents mean+ SEM of three mice.

KEOFRICR T F Mt a PRI EETES
Z &M invivo Tiraff, 20

RTF RIS W TEL A 23R L,
BRABPFRERBIIN T DHFEL L TOMEEEZ
ALTWS, LHL, RTF REEHORBITEIT
MmABIPNC L D BIR XN TS, Z i Mk
MIIHEOBITEMBR LB T 3 & o pn B g%
MERBEICROADY A FI v oA —T1—
RAELTEHOTWD A, RTF REEEWIZHT D
BREIRIBO TESHBEL TWDDTH S, 22
TEHESIE, MK £HR T2 Bl SN R
f2iC PEPTI 2AARBEFELTREIRD &I
Lo T, RITF REEYORBITHEERET L&
BB 20 T IMEIMBEM O in vitro BFIL & L
T, EFOMBSTILZ T v MNEM SR R
f&8 (RBEC1) #fi\\T AdhPEPTI-EYFP )i %
WiBL7=. ZO# %, RT-PCR izL 3 mRNA 538
REATEEZLOD, YONIEBL NIV TORER
M TENZ ENS, invivo TO-|- 9 I HEER A
WRELSELAL N OMINAEEEL SN
ZTIT, BEEBAE L T hFA BT
SUOFFAMYCRBREERMN LR, Poly-L-
lysine 27 5 / 71 )L AKIF % 0 1000—3000 4> F
DOFETHEMUIZRICREBE W PEPTI ORBAE,
5N/, &I Tin vivo ¥ % Takasato 5 DFH kR

KREY, Sy FOSBRAI= 2L - 32i2&D
AdhPEPTI-EYFP 71 L ADBR AT /=, 2D
FER, 32XI0°PFU O X EHBELES v
BRI BT, RT-PCR M NS Y D8 YU s
BIRITL U PEPTI-EYFP ORBE VR I, £
BRICEMOMBITENUET 2 2RMT2EY
T, MPPMEZGLTORBMMBITLEAERL

"PEPTI ORMEBEE LB Ty ROFIas®

FIMEEHE L THIRNIZE 30 %0 Kp 2HIE
L7z (Fig. 5). ZD#HR, MEERMERT [4C)
A XY 2D Kp HITIEBENR SN - ol
L. 77 ROF I NDORICBT S Kp @l Ad-
hPEPTI-EYFP ZK¥: U725 v h Cid i o8
AdGFP ZRAR LT P EHBLTH 2SI LR
Lic. ZOTEMNS, Mk D PEPTI 4
TOHAL, PEPTI ORE &R 5EYDOMNEEIC
IR TE SN R E N

PiHIVEL L THRESED SN TWAETF 7 +
EJL (9-(2-phosphonomethoxyethyl) adenine) 3%
AL RE LSO MBI RT3 a7 =4
ShSURAR—HT —OATI ORBEERBZEMDS
WHRENEES RO MK aI A —HTTF
7 # B in vitro TBRINTR Y1 IV 212 LT &
DBABERERFDOZENS, P 7Oy >INy
BRERIIBRME 26T 29EE2F v U7 —ELT
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- Fig. 5. Kp Values of Cefadroxil in Rat Brain

No Virus AdhPEPT1-EYFP AdGFP

Rats werc transduced without (open column) or with AdhPEPT1-EYFP (closed column) and AAGFP (gray column) . Kp values were obtained 30 min after in-
travenous administration of cefadroxil in rats. Bach value represents mean+SEM of 3—S5 rats.

LSy —NEL YA b= X EFA LN
H—Fa 2 TBRRASNTND. P LUk LR
ERRBEHTE IS AR —2HATHE, &k
BB AHETROEEROF Y 7 - 5DH
HESIZEY RY—L0 S MRENORHL EDRH
SRR TES, ZTITEESIREBERICBEL TR
Bl45 OATI 2 RICHREAIED I LITKDT
FIAENEPRIKFRICERETEZINERML
7=. OATI ZRETBT7F /I1 AR 5T — Ad-
OATI! %2R L, HepG2#ild & A NTET in vitro
T [PH] 7574V OBRFEEE2ERLE X
127 RIT AJOATI ZEBiRkiINIE 5 L, OATI OfF
BADRBRE CRABRTF REYFFITRELT
BEF OATI HikE2HWAED IRy 7Oy MK
VR HBREIc L DREELK PH] 75 71Y
W& BIRNIEES L, 1EB#%0 Kp #I2X D R
OHfERFLEET S, EERY AIGFP @~
A &L, [PH] 7574 O Kp EIZHIET
13 5l iz (R
INSORRNS, RSk LMD
ERIRLSIZ PEPTI ® OATI 72 & Dk & I3 #di%
MO RS UAR—Y—2ARBETELTRASE
BT lizky, EHRERICH L THESAIREYXE
MEHETH D&%, SMERL NNV THEIETSHZ
EMTE (Fig. 6). SHRIVL2EOBHBNHAN
7 —ERANTHRKROHENRBEOSNDOH, RE

LARIVREBEHMZ ONIZHEL TR EDE
RERMNLETH S.

8. &HYIC

1990 4E412 A o TE D5 FINERE DR 0t 2E
DN T AR I3, 508500 5F
SR BEFI7IV—E L TERINDIE
Sf. INSBEIE NS AR —BIEEDOE
HE - L NI TERICTODOTWAIRDAHK
VHEHBRE O F AN XL E L TOEREERD—
5T, ABMTIIERORE LB TERD O INHE
BRPOTLRNF—RH, 5 KITMEAREREEDS
FAA v FNEYPHAEZTET S - Tx1&LT
OWEE B> TWB I EMNREBIZHShIZEIND
DHBD. ZHETcDNA JO— D invitro BB
FERAVEBERABERICTODNS &L
T, TOEBABRHHEOFMITASHITRD, ¥P
DHFREFICEBLRHAREEATERL. §%E. &
N5 RS UAR—F—2EYERNEROFMBET &
LTORREST, HrREPFEOEDDST TR
ELTHALEAENSTIRERBEL THWBEND
3.

B  APEERETTIRHLD, R
CoAIFIREmRE R R OEEYE, BTEDEHRD
HENE - WEhERDELE. ZZICELSHALEL
EFET. £, HERO—HIICRAFEERED
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Fig. 6. Active Delivery of Drugs by Heterologous Expression of Membrane Transporters in Various Organs

R & & ERESENREMARERHE &
B FIREN 2R RS, LRAEEAL
BREFHEEOWHFMHEIILEHDTHD, T2
HBEERLET.
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