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[ Abstract]

Until now food effect on intestinal function has generally been ascribed to small molecules in food except for
fibers which affect intestinal content. However, recently, edible-plant-derived nanoparticles (NPs), containing
large molecules, have been suggested to affect intestinal function. Therefore, this thesis mainly aimed to clarify
the mechanism of food effect on intestinal organic anion transporting polypeptide (OATP) 2B1, which
contributes to drug absorption. Site-directed mutagenesis studies indicated that amino acid residues of the
protein, H579 and H618 are involved in the low- and high-affinity sites for estrone-3-sulfate (E;3S) transport,
respectively. Moreover, uptake characteristics of various substrates of OATP2B1 by mutated OATP2B1,suggest
that multiple binding sites (MBS) are present on OATP2B1. Apple-derived NPs (APNPs) were isolated by
ultracentrifugation and characterized by measurement of particle size distribution and electron microscopy.
MRNA expression levels of several transporters, including OATP2B1, were changed in APNP-treated Caco-2
cells. Moreover, protein expression and activity of OATP2B1 were also decreased by APNP exposure. To
clarify involvement of microRNA (miRNA) on APNP effect, candidate miRNA was predicted by RNAhybrid
and they were detected in APNP fraction obtained. The inhibitors for candidate miRNA suppressed decreased
luciferase activity by APNP. In addition, the mimic for candidate miRNA reduced expression of OATP2B1
MRNA in Caco-2 cells. Accordingly, food-derived NP should mediate delivery of large molecules in food such
as mMiRNA which decreases expression of intestinal transporters.
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B DEERS~OIERITEF IR SN, R THRMKD D ERE SRR SN D HEE IR, %@1’%
MRENEEZOND, Frl/MMpd LRJE MRS 2 EEGHIITREBY PR O KON, S 612
NIRPELE DRI « HWEHE S, Z D7, BEHIIZE > T H%Lﬂiffﬁm@m%%ﬁaﬁiﬁ%u%ﬁﬂéh
LAREMEIFI 2B A BN D20, BMNIC K 2/0ME RGO RERETi O EBIXTERTH L, Lo
Mo T, /NSRBI AT & S E A O fR > E Ry O RIE L. AR KIE T B EH O BLfE
(272D | EFHEECR BT~ R TE 5,

/NI HEBLT DR RIT B S P OREMICIR O THNRERMALEWOEY 2 B & L TRk 3 Dk
EHHFET2ENL, WEEICKHT2BMOEMIL. NERMEOABISHEME DR A FAH AR
I OENBEZ EAB) S5 E 1270 5, SBIF5EEIE, /NMBICHEELT 5 OATP2B1 2N NEME(LE MR
—HOFEME G L L THRET L2 00, /MMRIIBIT2IEaRIEH > TS Z 2R L TE
72[1], £72, OATP2B1 IL7 v 72— (ADZIZ LD LT HFHT L » TEEME T T 5 Z &
5. NGEEENEY) - RAEAEEREZSIEE T RERD 2 E LR LZ[2], X 5IT, fk
IR 2B SEROAG & LT, ATIZX D OATP2BI [HEIC L - THIA AFI SN-38 D L& Fs
ENBEMSE LR Z R L TRBY, Wk LOMBEEROFAEZ TR L TERLB], ZNET, Y
e Tk, R OERD OATP2B1 FEERI TR 5 Z LD, OATP2B1 RIZITH#EE D L R
ALFAET % Multiple Binding Site (MBS){RFL %A 32T, 17 o v 7 Mt O RO E A DR 4 D
HEWD D Z OGELE R LT & 72[4], — 5 CT.OATP2B1 2T 5 7 2/ BRI FE D283 OATP2BI
FEE TH D estrone-3-sulfate (E3S) DEEIEMEZ AT 2 MENHDH Z L vn . OATP2B1 FE T



SELTET R ERERENEG LTV D RREMERH D LB 2 T2, £ 2T, OATP2B1 O EMEICxT 5
TR RO BTN 5 2 LT, SRS EvS MBS OfFfEE FEIETE D AREMENR B D,
OATP2B1 (2351} 5 MBS DIFFEZ 19 Z & 1%, OAPT2B1 Otk & LT, B IER DORAMF D
fRBINC D7D LI TE 5, —J7, OATP2BI1 (2[R & /NS IC 3 2 A B IL, BT o
B FALAYMOER THIASNTE -, BRTICRES FOARLTESFLEENTNDLR, 1
(LA NI 3T B 2 Pl B D RIRE S S . Z DO LERERE~D BT EB SN T I
o7, L UEGRE, BRI FITnZ, B0 F v X7 BEO RS T H E 0 E nm 2 & D~
> WAkT / Bif-(nanoparticle; NP)DAEAE NS S AV TWA[S], B O 2RIz vy —Ant
[FRRIAER I~ DO NEY) Ok 2 5 LS ST\ b7, BibHRT 72032 2 & T,
BERODIR Sy 1 S I3 R R DB RE S TOERZ2RTZENTEDLDOTIE W EE X -, £ T,
AAFGEIE, NBHEREIC KT R EREEOMIAZ BIE L T, 28/ NEEIE TH HbE I %
O WSRO EBIZHEH T2 2 LT, BRMEAORBEE AT Dkt oA L O, & EH
DA =X - fERARDOBEFEZ B E Uiz, B ERICRIZTRSEREOMIE LT, Zh
FETOFIRT 4 v 7 NP ERIRZ TN Z . OATP2B1 DA E Bz 2 FEIEMEENL O T
B OMBS OEFEDT=D, 7 X BERKEH N THRFZ1T>72, —FH T, Z4LFE TOATP2BI IZ
KT HEREZFHMIL TE72 0 AZHEHAZHWT, U AZTHIZE £45H NP 28 OATP2B1 BEREIC & IE T
TERZFHMI L7-, =512, OATP2B1 (Zx9 % U A Z Hi 3%k NP(Apple-derived nanoparticle: APNP) D {EH
IZOWNWT, B E S T2 L AERAOAHEMEIZ DWW TIE~A 7 2 RNA (miRNA) OEI G125\ T
L7,

[5ik]

OATP2B1 7 X / ik FEE #AIK X Site-directed mutagenesis (2 K> TIERL L7=%. 77 U Y A H
= VIR REFBE (Xenopus laevis oocyte, LA T oocyte)lZ & L7z cRNA ZiEA L., BpAER K OV FRIK
OATP2B1 %% SH72, 4 OATP2B1 AL D OATP2BI fakiGhid, &IHE % Ttk D oocyte ND
HEERIAY v FL—ra v Z—b5WELC-MS/MS (2L » THIET S Z & T, BV iAA
FEELTRHMIiL7Z, YAZICEEND NP OEINUL, FfER20 A T2 T 0EBAL, HFoNRit%x
2,000Xg . 20 43Dl E 13,000 X g, 70 43 Dl L > TRAZBEW ., 120,000 X g, 130 55 D
DNZ L > TH LN ORI Z NP 3 E £ 55 & Lz, B D APNP DAF EA R T 728,
gNano |2 X 2R F20I7E & BT PSS L 2 TEREOBIZ 41T -7, OATP2BI IZ%f9" % APNP OfEM
IZDW T, Caco-2 Mz VT, BASFHBIEH) 4 qRT-PCR K Y Western blotting (Z ] - TaHi L
Too F o, EEIEMEIL Bi3S OHY IAA &I L o TRl L7z, Caco-2 Hifd~0 APNP OFEATIZ DN T
1%, PKH26 312 £ » THOGAZER, L7 #i%) & Caco-2 MICALE L, HOLBAMSEIC X 2 BI5IC k- C
fEt L7z, S 512, OATP2B1 mRNA FELZXf9 5 APNP OIEREMI 2 HE5E 3 572912, OATP2BI
mRNA % KK 7B 5 &2 AA AT 72 A K DNA %3 A L7z HEK293 #fifid% fiv 7= deletion
assay |28 T, mRNA FEELOZE{L% qRT-PCR & (X RT-PCR IZ LV #{IiE L7=, F£7-. OATP2B1 &Ex
F(SLCO2B1) D 3’ FEFIFR 535 (untranslated region: UTR)~® APNP OIEH #3E i+ 5720, %
OATP2B1-3’UTR ZHAIA TS 77 A X R DNA %3 A L 7= HEK293 #lifid 2 45 A hlfE & U, luciferase
assay (2 & > TR L7z, OAPT2B1 (Z/EF3 % miRNA (%, RNAhybrid (Z X > CTFHl L. APNP &4y
H DT miIRNA OAFE K Y Caco-2 Mifd~DFAT% RT-PCR IZ X - TFHMi L7z, F7-. apple miRNA
DOYEAIL, AT miRNA & AR 72 BLS 2 3 % —ARE8{ RNA & RS 72 BREAl & LT HEK293 Hifia
(2 A L7214, luciferase assay |2 &2 > C APNP (2 X % OATP2B1 ZHEUK T O R 25 M L7z, &



512, B4 miRNA OFESZFF> " AR RNA 4 U X7 L AT K% Caco-2 MIfEIZE A L7-1%%. qRT-
PCR |Z L » Tl L7~

[RER - B2

PP AL OATP2B1 Z %8B S ¥ 72 Ei3S ORI Y AL DR ERFIERBR AT o728 2 A,
FORFIEFE (Kn. Vi) DBUHIS I, ERHEBY OXRT 1 > 7 fITIC K - T E3S ks i
2 R A (high affinity site ) & (B RSB (low affinity site) DFEEL D ILEAESEAL (MBS) D1
ENRESNTZ, MBS OIFEE AT 572912, OATP2B1 # > /37 & ED E,3S Hiikl :%2@3“57 3
JEDORE LR T-, OATP2Bl FOT R TOEAF IV UELETEFNENINZ I BB LT
OATP2B1 ZRARK Y, BHE RIS TR HE STV 5 R607 OT 7 = E it OATP2B1 A ¥L{k%
TERE L. Ei3S OfmsiHth 2 B AR & bl L7=, H579Q-OATP2B1 2 O H618Q-OATP2B1 @ E,;3S Ht ¥
IABIEVEIX, ZE 1 Ei3S MRS L OMRIRE SR W TR T Lz, L72h > T, H579
T Ei3S low affinity site ~~DEJ5-73, H618 % E;3S high affinity site ~OB G232 X7, AIH,
OATP2BI1 {2 £ % E3S fiiik i B\ CTRAR D GINLOF(EDN R S L7z, & BT, filld OATP2B1 £k
B OREEEN & OBMRERK T 5720, B3S AN ~D R 523 7RIE X 4172 H579Q-35 L U H618Q-
OATP2B1 (2 X A H@dsdE e, 72 & ONZ Ei3S high affinity site (2% L CPLEVEM %4 779 naringin & it e
fE 2 7~ progesterone |2 X ATEH &bk L7-, OATP2B1 #£E & L T, fexofenadine, pravastatin,
rosuvastatin, sulfasalazine & O PGE, Zalflixt G & L7z, & DfESH. pravastatin, rosuvastatin fZ O}
sulfasalazine /%, H579Q-35 L Y H618Q-OATP2BI1 (28T, %%ﬁ@@&?%% L72Z &6 Ei3S
affinity site & {EMERALZ LA LTV D Z E DR I L7z, £72. H618Q-OATP2BI (Z3517) 5 BHE Ak
ZMEIZ DU T, progesterone |2 & o THEIEMEIZ LT, naringin 12 K 2 Jiéﬁ—l\_#au?fb bz Z
& 75| pravastatin, rosuvastatin [z U sulfasalazine (% Ei3S low affinity site & 13872 5 GEAL 2T L
fﬁaméhé EEZBD, —5 T, fexofenadine & PGE, (22 Tid, H579-&% U H618Q-OATP2BI

BT DEEIEEDK F 23388 5317, progesterone <° naringin |2 & 2 B fE L O EE) 38D ST,
Ei3S & 135722 DML U7 IE ML OAFAE DS RE S 72, — 7. R60TA-OATP2B1 IZ3\ T, 2alhi
L& OEEIEHEZBFIEK FSE 2 &b, 2EEOEMIINLET ST I /IR E S %
%W‘_o PL BB IS A~ DB N EEHIC R 58007 I BEREEROEENL LN &)

5RO XX T 4 v 7 IR fRHTICIN 2. OATP2B1 IZ MBS OTFTEAE 5 FibI g 2 E N TE 1=,
D& 57 MBS DIFEIFRMEROZERMZ AL 5 —RE D,

B VER 2R3 0 e OVEFIBRE OB 2 BHROIZ, M TICHFEENRRE SN TWD NP O
WML, 9. VoI 0ES7Z NP (APNP) [ 0)#%1%(%:%\710 B2 E & BT
ﬂﬁﬁ%ﬁ L DB D EA 100-400nm FEHE DO ERIZRI -3 BlER & Sy HIZ APNP D& A )5 e
T E Tz, IREREZ 20 AR L 7= APNP [H[4) % Caco-2 Alifia |2 /L& L?’:Hv*f\ Caco-2 Ml NI E: e 23 8
BINTZ L0, APNP @ Caco-2 I ~OBATHN RSN, &2 T, APNP ESLEIZ XS
OATP2B1 mRNA ORBIEEZHE L7 & 2 A, APNP O OMLERFREIZ KT L7~ OATP2B1
mRNA FEEDOIK TR A7, L L, APNP & BRI & 2 WX EEVLEE L 723554 121X mRNA
K TYEAMIH &4, APNP KL % 3 & 3% mRNA {EEW’EEHTEMQ ZEWIRENTL, BT,
VR A HL B TR A R L7 & 2 A, APNP ALEIZ X D OATP2B1 O % ‘//\"7%?%%%%%&0‘
Ei3S WMV IAZDOHERET 27RO b, mRNA %%fﬁfﬁw ERTSHEEZ LN, £ I TRIZ



APNP (T £ % OATP2B1 FEBUEK NI KIE T, FIKASy LB Of 2 Bag L LT, AshHK NP
B ENDEDFAGIE R LT 1EHAG O Z H¥5 L7z, OATP2B1 (Zx4 % APNP {EM2
mRNA FHHAL T THH Z &5, OATP2BI s (SLCO2B1) L APNP OEFHERNL Z# R5% T 5
728, SLCO2Bl Bl DRI ZE 2 THEK L7277 T A I R&HV /= deletion assay 1T 7=, & Dk
B OATP2B1 3°UTR MFEIET 55412, APNP |2 & % OATP2B1 mRNA HHUL Tl S n-2 &
26 AERRSTIE 3 UTR 24T L= BHIE Ch 5 & B % Hivlz, OATP2B1 3°UTR ~DfEA X, & F&
SLCO2B1 #EinFI8la A M7 7 FZ&{E L CRIE L7z luciferase assay (2 K - THENIT Bz,
PLEX Y, APNP FUCAHET D @Em +OHFRTYH, EERAERATF MR mRNA 3°UTR & OFEAIZ K
> THA U2 mRNA 75 d 2 WIXEIRRE & STV miRNA ZER KRS OMiN %272, %
Z TLAPNP [ 53 1D miRNA DAFAEZ R T 728D A AT F 7 A B AT k#2147 > 72/ R,
20-30 HILOKEE M 4, miRNA fFIEARIE Z 172, miRNA IS CHRET 2 2 LoD,
apple miRNA OFMINAT 2R3 720, BEFE 2 dOCEERR OGS S 72 APNP [E43 % Caco-2 Hifd~LE
T 52 LT, sOBIMENC Ko TR HSREOE 2 BIEE Lo, BMEEBIR O R, Caco-2 ML DM
B HZ APNP B2y OREEEH SR OS e BIZE SN 7= 2 £ 26, apple miRNA 73 Caco-2 FfE N THERE
L CWDRREMEA R & Tz, £ 2T, fET 5 miRNA O[FE D 7=, RNAhybrid % T OATP2BI
3’UTR L AEAMEDE apple miRNA & LT 7 # miRNA Z M & LC, BEOBFHIHW-, T
H U7 f5E4# miRNA 73 APNP 3 FIZAFET 5 2 & 1X, APNP 5y % V72 RT-PCR TRz, &
7-. microRNA & FHi)72lid 5 2 & > — A8 RNA % #5190 72 miRNA inhibitor & L CHW T, APNP
12X % OATP2B1 FEUK FIZxd 2% miRNA DB 5 % luciferase assay Calli L7z, 7 RO miRNA
W2kt % FERABEEAIOWN, miR-160a-e, miR-7121a-c % Y miR-7121d-h (22T, APNP 2k %
luciferase {EMEDOK T 2B/ EIZHHI L2, & 512, miRNA [HERIOIEHANBIER IT- 3 FEIZHOW T,
FERRIZ OATP2B1 ORIBUK F 2T 02T 5720, {LFAM SN AEHRNA 4V IX 7 LA
F K% T Caco-2 Mil@iZ 3517 5 OATP2B1 mRNA $BIA# 25l L7= & Z A, miR-7121a-c KT
miR-7121d-h OFdFIZFi> RNA 4V TX 7 LAF RIZ XK > T, OATP2BI mRNA MK N9 B[\ A
RIS RITE DL TIIW RN A LU EORE R IT APNP #5712 K %5 OATP2B1 D FHL
K Fi%. APNP IZAFFET 5 miR-7121a-c L miR-7121d-h DB 52 /RET 5 LD TH -7,

[

ARFZEIX, THLERRRIC KT T RMERICE T 5, /DR ZExtg s L ER ORBLZER
& LT, OATP2B1 RT3 o FEFERERAL O ZARME & | SR DO F BRI LT NP 241 L7z
miRNA DR 5% B L7-HF2ECTH 0 . /MBI RE TR SVER O S8 %2 AR I 0 — %
i 5 2 LN TE 72, OATP2B1 IZ L DB OLERES TN DOIFEE T 2 BRI OB B I
L. s RN BT EAOSEMEEZ A LS R ERD Z ENRENT, 2. AWFZRICLD
B & 20272 > 72, APNP X O apple miRNA (2 & 5 OATP2B1 ~DEAIE. BEA DRy 112 L D &
TR R D, FILWEERZRET 5D TH D, 4%, WS ROEBERED X bR DT & . N Pl
DE TR X DERHOFHMEIC L - T, XV EEMaMERHOBEMNIEEND, £, Hohi
BEEFAOMFICEE S W, BEREEED 2 WITRBIBEIOCH SN D Z X s 5,

(5171
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SYNBHHE & o B ik R R0 SRR BHE 25 |- -C o0 SRYRSTAR A4 o B PR i B S5 23 F 47 &
NXIGHHEA TV 5 23, FRRICERGZOBHE - (FRHICHE T 2 /8M L OHAFRHICO WD
ERIIA T TH L, HILERREMEIDVRESEEICHFET 2L 0 BMOEEITRZ Ve
Ezobnb, KR, MEEYEEERICER L, 8o FRABERO %Mo CREll 72
Bt {To72bDTH %, NGEYIIC 2253 5 OATP2B1 finkikicEH L., BEICER D
HB) I ERYEASE LTHY., o8> S 21T o 72, F—I1%. OATP2BI1 i
ERITHEH S 2 B0 OB, HWEEYIM TR 5 mIcBd %5 $ DT, OATP2Bl & v
N7 I3 EE O BEEEEAL (Multiple Binding Sites, MBS) Z3fF{ET % & W ) RFRD b & fiF
WafTo7-, Fik& LT OATP2Bl i3 7 2 VWA B L 722K 2 v o808k
TERC L CRERETROL O RFE 21T o 720 X DFER. 7 I VBB OFE N, KB s X CEHYE
KXo THRAZ 2R LA, HlH, A7 L 7-B8REENZ2Y OATP2BIl RICHFET 5 2 & %
L. MBS IRERZ AT 2R 2572, B3, BFOBMERIX. A3 NnsH 50
B X VAR T 2IEDTALEMCI b DTH Y GHEED T EREERLERERED 7-
DICEEEEIERALTwE IR TWw3, 2L, KL cigmhoF 2k icE
HL. B TIC&HA X 172 microRNA ODERIC X b OATP2Bl X v X 2 EREMBME T3 2 &
AR EEBRIC XV RB L 72, ARRIZ, F/ R TFERET L CBREEES TOER
HILEBRREICEE T 2 2 L 2R L0 COBITH O BEDOH 72 7 EABEDIRIBICE -
7oo VLB, REmCiE. /NEEAR~O B DO L EIEHEEZ R 2 & Ty - BRREHA
EHOBMRICEHIRT 2 & L DT, F /R TENLZBNES TR DOIER L W HT L W& X
Famrgl <k b, FL@EEERY)ICET 2 &S iz,




