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The oligopeptide transporter PEPT]1 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 PEPT1 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 PEPT1 in
the liver was successfully achieved by simple intvavenous. administration of the vector, resulting in increased liver distri-
bution of [3H] carnosine. In 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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Fig. 1. Time Course of Transcellular Transport of L-DOPA
and L-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 (square) and L-DOPA-L-
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 uMm 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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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 [4C] inulin (18.5 MBg/mouse, open column) were administered intravenously to Balb/c nu/nu mice bearing
HeLa or PEPTI-transfected HeLa tumors. At 30 min after administration of each compound, plasma and tissue samples were taken, and the concentrations of
compounds were determined by HPLC or by its radioactivity. Each 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 u//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.
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Fig. 3. Correlation between PEPT1 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) . Total RNA was
extracted and quantitative RT-PCR using a specific primer set was performed. Each value represents mean+SEM of three rats. The time course of cefadroxil (1
mM) 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, respectively.

Each value represents mean+SEM of 4—9 determinations.
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Unit) ® AJhPEPTI-EYFP Z# 5. L /=<7 2 H
7 % PEPTI-EYFP @ %3l % RT-PCR U7 T &
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RS HHEANOBITICEHEES 2NN
7. £ T, RURIZ PH] HV /> > ziEiRkN
#5L, 30 70O E&MBENOBITHEZFML /-
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Mice were transduced without (open column) or with AdhPEPT1-EYFP (closed column) and AAGFP (gray column) . Kp values were obtained 30 min after
intravenous administration of these compounds in mice. Each value represents mean =SEM of three mice.
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HLTWS, Lnl, RTF REEDOMBITIER
MBI X DHIR XN TV S, ZHUT M ikhikEE
FIIME OBAT 2GR U9 2 ST B I
MERBEICRDADY A FI v I 25 —T x—
AELTHNTWSD, XTF RELEWIIHT S
FEREIID TELSHEL TWD20ThHD, T2
TEESIL, MIRMEBEM Z 12 Rk 9™ 2 B i N R
feliZ PEPT1 ZAARELRTELTHRESES I LI
Lo T, RIFRUEYOMBITIEZSNET S &
Bl iz 2 £ MBI D in vitro €5 )LV & L
T, FEHEOSHBINLL 2T v MKEM M N L
fil (RBEC1) % fi\ T AdhPEPTI-EYFP Dk %
MR LZ., TO#5%, RT-PCRIZX % mRNA #H
MR TEEZHDOD, ¥ NNITEL NIV TORBMN
D TIRWZ EM S, invivo TO T3 75 HREFRE
WIEHERLFEHL X)L Om ENBEEEZ SNk,
Z T, BEEBE & LT A I F A M E T
PrOFFARN) R EERFM LR, Poly-L-
lysine 27 5 / 71 )L AR FH D 1000—3000 73 F
DOEETHEMUZBIZHR B E W PEPTI O A A
57z, & T T in vivo EBx % Takasato 5 D fik»?

W, Ty hOSEEIRATZ2L —2 3 2I2&D
AdhPEPTI-EYFP U1 )V A D ERZEIT> /=, D
fER, 32X100PFU OUAINAZEHRGLET v b
M4BT, RT-PCR f ONHkE U F o #E 6 BH A 5E
B2z L 0 PEPTI-EYFP OFEH MR INZ. E
BRICEY OWBITHEN S ET 20 2R T 2HB
T, M MEBET ToORBMAIFTEALERL
PEPT1 O Bif s E Leb 7y ROoF )V EE
FIVEE® E U TEIRNEE S 30 47 @ Kp % HIE
L7z (Fig. 5). ZO#EE, MEAREZRT [1“C]
A XU 2D Kp fEITIFELD RS Nz > 7= DITH
L, 77 ROFIILOMKIZTHB T % Kp IS Ad-
hPEPT1-EYFP Z & L 7= T v N TIRIERRE RO
AdGFP ZEH LTy h &L TR 2 fFic B 7
L7z, 2oZ&ns, Mk~ PEPTI1 Eix
F DB AN, PEPT1 OHE L7122 HYDIMEEIC
JEH TE S A[REEA R I Nz, 2

PLHIVEEE L CHENED SN TWETY T 7 +
E )l (9- (2-phosphonomethoxyethyl) adenine) 138
AL PRI b BRI D MR BB 5 A7 =4
ChIUAR—FY —OATI DHE EBRD T EMH
BEMNMES R OBRENEREINZ. —HTT T
7+ BV in vitro T B BT R 1 )L 21T L Tk
DEENIIEEZEREDZ &G, 77Oy 2N
EZRRICHIE 2R T 2MEEF v U7 —&LT
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Fig. 5. Kp Values of Cefadroxil in Rat Brain

Rats were 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. Each value represents mean+SEM of 3—5 rats.

L7y —NELY RYA b= X &2FHL I
=TT 4 DTN ALNT NS, 2 L Ll
FicHHT 2 b o AR—F—&FHTIUX, ik
FIZBTHMETROEEEDOF LU T =05 DK
I BT RY — A S HAEN ORI 7R E D
FENRIRTE D, TZTEESIIBRICER L TH
B9 2 OATI ZFRICHFEI L LITkDT
T 7+ ENENRISIFRICEETE 20 EMETL
7z. OATI 2R BT 275 /A X)X & — Ad-
OATI1 #{Epk L, HepG2 Mz AT ET in vitro
T [PH] 757+ ENVOEREEEEHRELZ. K
12X A2 AAOATI1 ZiflkN#5-L, OATI1 Dfif
BANDFEBZ CRKIFXTF RE2oHFIT@EL T
B-H OATL JilkZ W/ T 2% > 70y g
O RERaIic K VR L. PH] 757+ E
WV ZEEIRNES L, 1KEZO Kp B2 XD R~
DoifizRatLizE 25, E% & AJGFP &3~
U A LN, [BH] 757 4 EJ)L® Kp EIZHET
K13 5L 72 (BefaiEfEd) .

IS DOFERMN S, FHE kKB M 7s & E ) D
EHNEES 1 PEPT1 % OATI 75 & Ok & 7238 Wy %
DT AR—F - RBLETEL THRESE
HZEITED, HEAEESITN U CREBIAY a3k 14 3
MARETH DI &%, BMERL NV THEIET ST
EMTER (Fig. 6). SBRILDEZE2EOEHNAN
05— HNTHEBROIENMFSND D), FEB

LRIV FH Y 2 WNIZHE L T i EDHE
125NN ETH 5.

8. &HVYIC

1990 FRIT A > TE D5 TR FERE ORI VAR
IED SN N T AR—F—1F, 5K 500 5T
NSRBI BLET77IV—E L TEEINDICE
o7, INGEKB NI AR —BITERDE
AR - AR L NIV TIRERITITON TS ELD AA K
OHFHERE D T AN AL E L TOMAREZ D —
7T, ARTIIMEOI|ME LB TERD - i
FEOLRIIF—RH#, S5 IS NERIGED )
FAA Y FANEYEEZFET T bz 1&ELT
DEEZHH-S TND T EMREITHSMNIZEIND
DhDH. TNFETcDNA 7 O— 2D in vitro FEH
REH WM NIERITITbNS 2 &itk-
T, TORERBFEOFMNHSNTRD, EY
DR FHRENCHEBELRMAZGEZATER. 4%,
N5 KT RAR—F — % EYRNEHRE O HIH K T &
LTCORIBRST, FlzREYERIEDD Do TN
ELUTHRAAENSMERZREEL TOSBENDH
%.

HEE AMRZEERTIZICHRED, EEEBRE
U AFIREM IR B O, BT EOEKRO
WehE - #WEhhEBO L. ZIESHILEL
BT ERT. F/, WBFEEO—EIISCHRHAE R ED
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Fig. 6. Active Delivery of Drugs by Heterologous Expression of Membrane Transporters in Various Organs
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