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1. =

FRLDORBIIA XD L JETH D, A XDV o AREITEEEIERENFEET D DD, %<
DIEBIAFFE L, BRICEAIMIEZ R~ T 2 RO TWD, A XDV L JEOFRHNF
\F % AN L, NEERIRICB W TR E RETH D28, TOMFITH LS T
W, AREFFEIL, HAS AKI O SRR 5 L T D 2 L 2RI ST 2 3k
F T AR—=F—ZESEH T, A XDV L EICEBT D E DR L AN E~DR DY
BTl Lz,

1.1. AXDY &

U mEEIRY KRB ER L LSS TH D . A XITB N THRS K< AL HME
BD—D2ThHH, A XDY U ARBEITH—OERBLEHRINTNDLN, TOXEIIZHETH Y |
TEREFMC b R kit %~ 7 [ZandvlietM], 4 XD VU > 3fFE X, & b @ non-Hodgikin’s
lymphoma (NHL) & %< OMEUMZRTZEnS, LIZLIEZTOEYMET L E LTHLMM
S5 [Tomiyasu Hetal. ],

A X DY EOFRHEE i/ NEIEFEIX 10 THHHTZV 13~114 TH Y [Dorn CR et al.; Teske
E; Dobson M et al.], BEETFEITH= > THEIML TW5 [Zandvliet M,
VURETTRTORBETRHRDOONDD, R =T — LT LRI NR— vy hTAF
—7p &, PRIRNS KRR TL L BB S [Edwards DS et al.; Teske E, de Vos JP et al.;
Villamil JA et al.], U > /SEIZEDERTHIIET D23, EITHENL @O A X TR
D HIL, 1RO A XTI 10 HHlH7Z0 1.5 672025 L, 10 UL EoA X Tl 84
BIZHEINT 2% [Dorn CR et al. ],

%< OV NEITEVECRIET D 2 H0AICH DS, BISMEICRAE T 2 BRI L AT
ATfERRIL 72 & A B, £ OFFRIERITIESEREAERIC & > THEMETH 5, Mikiia i
AT, IREZRIERE RO T 2R T 2 BB, U v EOBWHZ B W TIE, $HEMR
WX AR L OERE, KRERTETHD E I TWD [Teske, E and van
Heerde P; Sozmen M etal.], L72>L. M2 CIHMEEMED Y A EOBR-CIETER DY
PNEREFFES T DIEIR T 0GERH Y | ZOHAET ARERED Y L EOZEi L O
U U RIEDOMIS A ATRE &3 DA PR ERIR A O E a3 D H i D,

2010 “EICIBRESNY, SR L 2RI RS W U VoSO S FEIZ W T, U oD
A X 608 iR % W2 e M Totz, ZOMIRICE D &, U v B CRICER L EEIC
RO HILHINED Y /8 JEIT 82.4%, Y o/ EiILISAOERAL THEE LA @ IS 3R e & D Hisk
PEY L 8EE 17.6%., BICEISMEY N ED 5 6| 12.34%I3R & DER & D L B APET
HHGEIIRELA~ORBELRDONLEER ThH o7, £, 4 X T B MIEEL 63.8%.,
T AARTE 35.4%, SRR B - T Ml ORB 4R S22 WK CH 25 null Al
R 0.8%THY ., BHRMNSEREICE N1, A XDV L /EOHF Tl b ZHbITH -7
DITAERD 38.49% % 5D 2 1BVERAMA B Ml it O LZEERME U > /Xl C & - 72 [Ponce
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F.etal.],

LLL A XDY U EOMBREFENNE
A XDV ET, BRI RANTHTWHO L FHICHE > T g [Valli VEL
FIWHOHRIZE > 7o 3Tl il b 7 a9 Ic TR A Bl R D /35023 72 S
. MO E NS —2 OV A X, BEORE (FavwTF g —r /MO AL
&), AR EEE. ERBAL . W ONDOIZREFII R ZEL DUV TREEAT T &
. ZORECIESW TR SN D, U o N EORESIIBMdAK (£70%) THY . T
M (£30%) CIEB /FETHIAL Y > /3 E (nullf, <5%) OFIEITD RV ERESNLTND
[Appelbaum FR et al.; Teske E, Wisman P. et al. ; Caniatti M et.al.; Fournel-Fleury C et al.;
Ruslander DA etal. ], AFRIZISIT D HEMEY o/ IED A X 5761 2 FIVTHWHO S BUZHE W2
Wr L 7o ¥l Tl BRI AY38%1, T/NKHIIIEA 178 TH Y . £ OWNERIZ, BAIME T,
1.2.8 Large B-cell lymphoma73214i (& V >/ JEFH D36.8%). 1.2.2 B-cell lymphocytic
lymphoma intermediate type (lymphocytic) 7fi (12.3%). 1.2.5 Extranodal marginal zone B-cell
lymphoma of mucosa-associated lymphoid tissue type (MALT) 441 (7.0%). 1.1.1B-cell
lymphoblastic leukemia/lymphoma (lymphoblastic) 31 (5.3%). 1.2.4 Follicular lymphoma 2/
(3.5%) . 1.2.9 Burkitt-type lymphoma 15 (1.8%). T/NK#ifa 4t Ci, 2.2.1Large Granular
lymphoproliferative disorders  (LGL) 7231061 (17.5%). 2.2.2Cutaneous T-cell neoplasms 475
(7,0%) . 2.2.3Extranodal/Peripheral T-cell lymphoma (PTCL) 1#1 (1.8%). 2.2.4Adult T-cell
likelymphoma/leukemia 141 (1 .8%). 2.2.8 Anaplastic large cell lymphoma 145 (1.8%) T&H -
7= [SakaiY. etal.]

1.12. A XDV U EDOIRE

AZDY NETIEY VNENEEICES LT AEEY LoER S FRIRFEED Y L%
B2 i<, B0V oREIARRICEREL L, BRI HLH0LIY o JERZ < #H
HEEINTWS, BENMEEOGFNICEO NS i, V- MTHICESEa B84 5 7=
O, ABEIRIC L DRIBITEH L, A XDV U NETIEE RBINOIEEELE LTI A
Bz W TALSEREN ST 5D [Zandvliet M, LUFISA XD U o SJRIC 80 TREHERY
VA S B iR A R T,

1.1.2.1. EarFa4f ¥

PEEanNT aA RiF) o /RERE U UFEEROT R N—V AE2FERTHEEZLNTEY,
A XDV N JEOIRRIC HEICE N S 53AITH 2 [Smith LK et al.] . FEFE = /LT =
A RITFEFIIEH E L CARINTEY, EH 60~90 H M OMkE 8512 X 0 BAF722 500 &
ToI35E 27 &9 [Squire RA etal; BellRetal.] . — ., W< D0 OFE CIlIALF2RIE
ZBMAT ARNCHE a LT a4 REMEHT 52 & T, BN T L, EMMER A8 <
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D ENHAE I N TUWD [Price GS et al.; Teske E, van Heerde P et al.; Gavazza A et al.;

Marconato L etal.] .

1.1.2.2. First line therapy
A XDV T, EEROFEA AT 2LH0FERE (7 rERA77 IR, F¥Y
eV B U AF . U R=y e U EAG b 72 CHOPHEE £ 72 IXCHOPH EIC
L-7 AT X —E & L7ZL-CHOPEL 2 &) DMEYHER)IZIT41 5, First line therapy
X, SERTMRE ARICETIICIRREIT O BAM L 20 ROFEM LT Z L2 AL
L7 MERFI CRER S LT D, DIATNIERIIMOMEFFIN 238 E T2 2 E AL STz
23, WL OO THEFFH 2 BRI L CHIBRIRDLGE LW Z LRz Z
LB, BUETIX6 HEDEAS L OEWHERT I CIRIEZ1T 9 T & PEEL SR TWD
[Pick CJ et al.; Chun R et al.; Garrett LE etal.] , ZAIGFAFEITIEERAIMIZITES WEYER S
RTHEOD, %< OEFINFR L, FR LGS, SRICEAMEZ 7RI 2 BN HT
B, AXDY U EOIEREL T 2R RKOEREZZ LN TNWD,

1123, v XFz2—7wltan

LAF¥a—7u b anid, Firstline therapy IC X 21 CEEL v, T2 I3HFZICHH
INDIREERET, LAF 2 —7 v b+ aro@ERIE, Firstline therapy I X 2 GESRCH
FEHAM, 2 O RIER s 88k~ o RILEBR L, IREIND, LAF 2 — 71 b a v iT@EHE,
BEEEIMEL, E L7z LTb ZoliRd Y 2~32H), £/, AT 2EANICD X
% %3 First line therapy X 0 & #1E2550 { RN BN H 5 [Zandvliet M,

1.1.2.4. KEHEEDY v EICHN T 5 HE

AXOY JEICIE, BT EL IV, T iKY > 3 (T-zone lymphoma,
TZL) CMfgidfxa: VU > 73 (Marginal zone lymphoma, MZL) 72 £ @ FLEGHIHEST 23 R 12
72V > x3JE (Indolent lymphoma) MFIET 5, WL DDREFIHETIX, ZhbDl oo
JEZEMTFHNRETH L Z Lint, CHOPRIEZEMT 2 E{EN RN EBRRINATH
% [Valli VE et al.; Stefanello D et al.; Flood-Knapik KE et al.; O'Brien D et al.; Seelig DM et

al.] o LD oT, ZbD Y B LCE, =4 Y 7 2% LI 7215 % %
T, FE7 87 AT VAT L K=y a i EORRET 7 s 2L CTIERT 5 2
EREIDBIND,

1.1.3. ZEFIwHE

A XDV fEIE, ZANLFRREOIBIRIC L D EMRITImONbL OO, 1ZE A EDIEFINFE
LU, EANMEZ R, A4 XOU L SEORRICHEATE 2HEMBR O TND Z & o
5. FEANMEDFEBULZ O FHICERR2FBE RIET, FAMECITZ < OFREBEZ D
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BN [Lage H . ATPIKAFHIIZ 3N % HEH 3~ % ATP-binding cassette (ABC) k 7 > AR —#
— 772V —IIHEENDPHES R E (P-glycoprotein : P-gp) 33 X (fbreast cancer
resistance protein (BCRP)72 E MM EE 2L E 2 R7- LT\ H EF 2 Hi TV % [Bergman PJ et
al.; Lee JJ et al. ; Page RL et al.; Tashbaeva RE et al.; Mealey KL et al.; Honscha KU et al.; Hifumi
Tetal.] ., ABCBLiE{s {1222 — R &L TU 5P-gpld. Vinca alkaloid%<°Anthracycline%
Taxanf 72 EEBOTR Az FHE & LTS~ 9% b T o AR —5 — T,
[Tomiyasu Hetal.] . & K [O’Connor, R] 33X U X [BergmanPJetal.] (2B W THRHIE
FECHFZE STV B BRANMHME S T D15 TH 5, P-gpDidREIFEELIL, VU o EEE OIER
RN SND B 7 ) AF R0 RE ey i EOIEAIO ML EE 2K T
SHDLZENMBNTEY [KathawalaRJetal.] | & DU 3 ECIE, 236141865112 P-gp
DRI TN W HENDH D [Moscow JAetal.] , F£7=. P-gpPLEANIEAIMME 2~
TV UANEBEFICEN THD Z EBHRESINTVWD [Miller TP et al.; Wilson WH et al;
Yahanda AM etal.] , P-gpZ&8l & EAME & OBE#HIT, 4 XDV P NETHRIFLT
%5, A4 XOABCBLEIZTOREEAIL, A XOMIZKIZIS VT < DO L EFRIEAN 3t
T HMMEEFHEETHZ ENAMEIINTNSD [MatsuuraSetal.] , A XDV P EIZIBWT
& P-gpFE Bl &AM R B & ORIEN A STV 5, B E 7o IT3ERANTE 2~ 91 X
U » R EER] ClEP-gp A BT 5 EIG 203 < [Lee JJ et al.; Moore AS etal.] | {bL“PJEIER]
WZP-gpZ FELLTcA X DU U 8EEFNL, ZREMES . AR > 72 [Bergman
Pletal] . F72, ZAIMIEZRIE LA XDV v/ fED105E ] H4%EH] TABCB L 10
FWFEH L~V RENTEY [TomiyasuHetal.] | P-gpD@E3EBLNA XDV 3 EIZE
N CERANE & B L TV D Z EAVRIBE N TV D,
ABCG2i& /5 112 2 — K &L TV A BCRP % Anthracycline & 72 & DEE OHIN A & FE &
THIENHEEZNTWD [TomiyasuHetal.] , & FONHLEA TlX, ABCGLEIs %
72IIBCRPOEBDOMMN FH AR EEHE L TWD Z ENRIN TV [Galimberti Set;
mmmamjoﬁziﬁiJmmm%ﬁkﬁﬁwayy\v7m$z77iF\5;
W AT T F AR Dl & ORES . A X OFLREG AR THE S Tnd
[Pawlowski KM et al.; Honscha KU etal.] . 4 XD U L 3EIZBI L Tidk, LLATOWFSE T, 3
RIS 5 U L /SJED A X L 22u0A X TABCGEAR T RBL L ~WICH B EIT R Sz
S 72h [TomiyasuHetal.] , ABCG2EE DT v 7L F o b— 3 VB A XTHIlEY )
JEDIEANMHER TR & BE LT D Z LA HE ST % [Zandvliet Metal.]
FFREOEY | P-gp 3L BCRP ORIUFEHTIZ/RENTWEHEHLDOD, A XDV L /YEIZB
T, & ORESHAMEN Tlisy T ORBRTE A T Lo IR R ST, RTEE# A
RS 2 2 EIXEEAIPE N T 2 AR — &2 — OFEAFNFERFIZONT L VIR Z525
LIZORIND EBEZ BID, £ 2T, SN COZEMPEM: & T o AR — % — DI B[R
T 2 LT LD KSR IS 1 D BEAIEE N T v AR —FZ — D5 D%
TeIRMADBELND LB R T,



1.2. IO B

AR TIL, FEAPRM b7 2 AR —4 —Th D P-gp BELUBCRP DHBLUHEH L, A XD
U SEIZBT DM b7 o AR—2 —OFBE LOERME~ORBRE 2B+ 2 2 L4 A
M & Uiz, SRAIMMPERAE S 31T 2 FAIMME R 7 o AR—2 —DE2H LM 5 i12iE, K
WHE: 5 o 2R — 2 —ROMEEMEO & 2T, @D & 5 e s B2 LTV 5D
LT HMERD D, S DI, QIAIMMEAEEDBIGETF A O 1T 57D, FIBATR
W& HEFIHRME - T o AR — 2 —RBLORRIRIT 2175 2 L & L,



2. Y U REIZBIT AIEFIHEE T AR —F — OFEBFEM

2.1. Fram

FRUCR U7z Y . FEAIPER R T o AR — 2 — Y Lo EOIEEIGTEICB 5 LTS AT
BEMERHDZ 2D, A XD Y U oN[EEAWT, EEIPEE b T o AR — % — O3B % 7§
Bl U, £, EAIPEE b T 0 AR—Z —ORBOF ik E LT, Stk b7
RRER A FME LT, WIS, SRR L PRI SR CHERR S 4172 P-gp 36 KUY BCRP 8RR T
BRLINBDRNTUVAR—=Z—Th 5D LaMRT 5720, PCR fEHTIZ L VA Z 2
N—=F =Dl ZAT o7z, S BT, S HB AR IC W TERMIME ICHBL L7 P-gp
F L O BCRP OJSTEZ T 5 76D, MEE#ARK A & B M 4 HLEE L, Western Blotting 1T
ofc, Flo, EGRE L PAS OBHEEEITH Z LT, & 87 U AR—F —DRBIE L 27
fili U 7ze RICHIA ATRIERTE T 7 ) 7 LT SRR Z FV . ol b 5200 s A HE
M RT o AR—H—%FHH LT,

2.2. bR L OHE

221, FEREIC X DR T AR — X —DRBERT

U U REEBW S ToA X A3IEBID AR S L < IXBESEIC X 0 HIRRIC TEAM L 7o ikic o
PERLRRALFROM R &2 S5 hE L, P-gp 33 KL OVBCRP DI A Gl L7z, F7=. T/B DD,
CD20 ¥ L O CD3 Oy kAfkA b PR ER & 32k L 7=, & OHERLAEIL, CD20 1% B Al
. CD3 k% T e, CD20 3 LUV CD3 ka4 Null B & U7z, fF AL CORBLEEAM
Wi, EFERA X0 REiEER LT, 72, P-gp BLO'BCRP OftE=ay hr—L k&
L CHEs 7oA XORIMEER L7z,

A XDV L E A3 IR, SIBAKIEGREAGT 5 Y oI 8 iR, I ARIREES Y
VoS IENE 23 IR, PSS AEIER GIES AR 72 U L oS JELE 12 #RIRTd o 72 (Table 1),

P-gp. BCRPD &tk b7 A0 58 D — PR ITmonoclonal Rabbit P-gp antibody (Anti-P
Glycoprotein antibody, abcam,1:100), monoclonal mouse BCRP antibody (Anti-BCRP/ABCG2
antibody, abcam, 1:100), —IX$i{&iLpolyclonal goat anti-immunoglobulins (Histofine Simple
Stain MAX-PO (MULTI): Nichirei Biosciences)Z i f L 7=, HUADAIRIT T T1%bovine
serum albumin-added phosphate buffered saline (PBS, pH7.4) T{T-7,

#HA% 13 10%neutral-buffered formalin CEE (7THELE) L, EIEICEWNT 7 ¢ el
L. #0 L OumOUI 2 ER L7z, I Ly AR LIz / — L THi N7
7 4> L. PBSTSminfiif L7, AILERIZA &/ —/N— (Nisshin EM)% >, 98°C
45minfilii L7z, ATALEER ., PBSTSminltif L. 5% H0 04 % / —/L Tl 20minA >
XaX—rvar352ET ARELVAF X —BEZIL L., 7 ay 7 =— X TIHFR
BSOS & AR, — KA Z4°CT—oA > F 2~— | L7z, PBST5min% 3EIGEA£IZ
KPR % EiIR60min1 > F = ~X— | L7z, PBS T5min% 3[E]#E§1% |Z3-3-diaminobenzidine



tetrahydrochloride (DAB) TR, ~~ hF U TEREEIT- 12, KZIZZH /) —1LT
ik L, v Lo THf. HAKl (NEW MX, Matsunami Glass Ind.,Ltd.) THE A L7,

T/B 53D Sl 7 MR ClL, — kPR & LT polyclonal Rabbit CD20 antibody (CD20
Polyclonal Antibody, Thermo Fisher Scientific, 1:400)35 & T} monoclonal Mouse CD3 antibody
(Monoclonal Mouse Anti-Human CD3, DAKO, 1:50)% H 7z, CD3 Ok b #ikE TD
S, BRIEALALEE & U CHUAR A2 BUG S HRNCU A% 20min A— 7 L—74BR L=, Zh
LUIFME P-gp 36 KUY BCRP D ik b PRI SR D FL & [ U5 CTEMm L7,

222, PCRIZ X BEAIPEM b T 0 AR —F —DRBENT

SRR L IR 2% CTP-gp. BCRPOFEELA HERE L 7o No 10D HFEMELES L Ot 2 > k m
—E LT R E—2v (M i) ORIMECE 2 Al L 7= Total RNAZ VY TRT-
PCR%4T~>7z, ¥7-. PCR= > kr—/L & L TGlyceraldehyde 3-phospate dehydrogenase
(GAPDH)#% f\ 7z, P-gp. BCRP, GAPDH®OPCR CfEi ] L 7=~ 7 A ~—FKd4 % Table 2127~
L 72, Total RNAIZTRIzol®(Invitrogen)Z VN CEIEICHE - THiH L7z, RNADREEE b fliE
13260 nmF £ U280nm D B2 BT AW EDORIEMZ & L IZHH L7z, cDNA(XSuper
script IlI(Invitrogen) & V> Ctotal RNAZ Wi# 5 L CIER L 72, cDNA sample 1uliZxf L C24
ul PCR reaction (Taq polymerase(5SU/ul)(TaKaRa), 2.5 mM dNTP Mixture(TaKaRa), 0.2 uM D
specific primer(Life technology)) # &I E 2/ - TR L CRT-PCRIFIE A 1T > 72, P-gp.
BCRP, GAPDH®RT-PCRZ:{4Iddenaturation:94°C30sec, annealing:55°C 30sec, extension:72°C
Imin% 40 cyclefT> 7=, PCREMD 5%, GAPDHII4 pl% ethidium bromide TG L7-
2%agarose gels C, P-gp, BCRPIZ8 pl% ethidium bromide T#% % f4 L 7212.5% acrylamide gels
ZZHWTESKE L, UV TH#E L7z,

223, EPPR b T U RAR—F — 0BRSS RBMNT

2.2.3.1. Western Blotting |Z X 2 fE#T

A 78 oD B

Western Blotting®D#4 ¥k & LT, Sk ik b 758 TP-gp, BCRPOIEEL A ffERE L 7-No.10 Y

>\ K OMER 72 A X O RAN BB OBGREAER B B AR A2 HEE L. B e S AR

(Brain Capillary rich sample: BCAP, Lymphoma Capillary rich sample: LCAP) & 1Ek L 72,

BRER EHESolution B (101mM Nacl, 4.6mM KCl, 2.5mM CaCl2-2H20, 1.2mM KH2PO4, 1.2mM

MgS04-7H20, 15mM HEPES, MQ) TCH# L 7=, #EFD 5% 5 D Solution A(25mM NaHCO3,

10mM Glucose, ImM Pyruvate, 0.5%BSA, Soln. B)Z %z, Ny & —RlIKEVF A H—
(Potter-Elehjem Tissue Grinder, Wheaton) =€V A A L7=, RETVFA A LIME L S &

D26%dextran-solution A% /1 Z. 5800g for 10min 4°C iz L4yl L C _EiGA B Y Bz, 2

Ly MMdmedium 199IZ8&E L, <L v MN&EIK & L7z, Percoll gradient (45%Percoll, 10%

medium199, 30mM HEPES, MQ, pH7.4) % 1000g 4°C C104>(SW40Ti rotor, 2900rpm)3iat L5 Bft L
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THYERL L7=, Percoll gradient® EEFIC~< L NM&EHK A DOF | 1000g 4°C1043 (SW40Ti rotor,
2900rpm) Cim LB L, g% & V72 L7z, Percoll gradientZ B 0 Br< 7=, #MEHT
Solution B CHE#4#% ., Tris-HCL buffer (pH8.0) TYEH L, D728, Toluidine bluee itk
S N CBIZE L7z (Figure 3) .

BCRP®» Western Blotting :

JESEZ 31T Z2BCRPOFEL AT D 720, MM LA 5% CTP-gp, BCRPDFE Bl % ffe il

L 7-No.10D VU > /##f BH Lymphoma-whole) 33 K OMA] U > /Sl HAERE L 72LCAP, Btk =
vhm— b U 22 A X O RIMECE R $BH(Brain-whole) s S ONEIMED B 1ERE L 7-BCAP
% FAV T Western BlottingZ 17> 72, —IRHUARI TR L AR 2R IZF]H L 72mouse anti-
human BCRP antibody(x5000), —¥k#i{&I%Peroxidase-conjugated anti-mouse immunoglobulin
G(CST Japan, x2000) & ] L7z, —KPURIZA L =N —AWR(A L) o —
®LD, FI)THAN, ZKPUKRITA & = B —BiR(A L/ =2 % —®LD, FI3E)T
FIRLT, AAT 473y b= L3 —RHFEORDVITA L 2N — AR %
R L7,

BMEHZ, MEFEFREED 0.1%SDS Z M % T=R 30min 1 > F =~X— k L, 15000g 4°C
I5min I OOEELTZ, BEOZ 7 BEJEL, FICH /"7 8ERD LD 0.1%SDS T
PR L 72D B 2X gel-loading sample buffer 2% &JES L. 100°C5min 24 L 7%, 10%SDS-
polyacrylamide gel ¢ SDS-PAGE &EXpk#E) L7z, polyvinylidene difluoridemembrane (ZH55-£%
blocking buffer (5%skim milk, 0.1%Tween 20, PBS) CZ{i 30min - > F =— K L7, 0.1%
Tween 20/PBS(T-PBS) T 15min, 5min, Smin {Eif#%. —IRHUA T 4°C over night SO SH 72, T-
PBS T 5min % 3 [A], 15min % 3 [P, “IKHUAT 4°C lhour St &7, T-PBS T 5min
% 3 8], 15min % 3 [RIYE%, A > 7 L 2 % Pierce Western Blotting Substrate(Millipore) N C
FEIC T Smin THREEAE, EHEE F TR EBIE LT

2.2.3.2. PAS L DELEAIC X BT

5 72 A X DKM J O P-gp DFELAFEED 5417 No. 45 33 L OV BCRP OFEHLFE S H iz
No. 47 DA% VT (EGIOFEMIT 2.2.4 THZ ZM) | P-gp 35 X OV BCRP O5u ik b+
HIRRsE & PAS OEYEAEIT -7, P-gp 38X O BCRP Ok b FrMmaR1T 2.2.1 THEFH
CHEERG, ~v b3 v TG E1T 9 BEIZ PAS IS TR EEITo T2,

224.  TEBABERIZICBIT 2EEEE b T o AR — & —FBLOFHE

PO AABIERI#% CHEEEIRR A6 LT U S EOSER] 5 % V., 221 HICR#E L
15T P-gp. BCRP DIEHL & 214 L7~ (Table 4),

2.3. MR
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231,  SERREIC L DAY R T L AR—F —DRBUENT
P-gp35 K U'BCRPDO A MARA L AR IR DFER, W H 7oA X DY LR Ei Tl b7 AR —
X —DFEBLFEO LD > 72h (Figure 1a, 1b) | Btk he— & U CTHWEE 72
A X ORI SE TIEEAMLE N BRI IZ P-gpds L UBCRPDFEELH G H 4172 (Figure Ic,
1d) o A XDV EAZFEFH, P-gp T18JER], BCRP TI7ZIEFIZ A X D KIMEE & [FIEE
A5 PN R IR R ELNFR D BTz (Figure le, 1f) . ZDOFRBEIAIL, P-gpT41.9%,
BCRPC39.5% Cdh > 7‘:0 — I ENORERRD NI DR H SN, N T AR —
H—b U THRET D7D ITMaE~ B L TV A MERH DL Z b, MIBENDOYE
IZkEME L L CED o7,
PLOS AAINBES LT JEB]0075.0% (8%H6f1) TP-gpds X OBCRPOFEHLFED Hiv, FES-
B TIE34.8% Q3GIF8H) ThHY ., FIRAAHETKE LIoBERIEFGEE & ik L CH EIZP-
gpFE 72IEBCRPEFEEBL L Tz (I A IFME, P=0.048969) .
A RXDY N JEAVRIR T, SR PR RIC CTHIRAL XL 7R R, BRI B R 1280 1A
NullB X 128K TH - 7=, THIKRRE TlX35.2%2P-gp3s L UOBCRPOFEHLNGE D S, B
A T1566.7%ZP-gpDFEBLAY . 58.3%ICBCRPOFEHL NGRS 7= (Table 3) , THIMHA LB
FIRTR 2 Heie U C, P-gpD IR £ /21 IBCRPOEHRICHBEAITRB O bR otz (IA
T FERE. P-gp: p=0.095882, BCRP: p=0.21918) .

23.2.  PCRIZ X B2FAIPRM b T o AR —F — DR BUENT

RT-PCR TIENo.10 D U /X JfFs X OMEEH 722 A X DKM 2 45 L 7=, P-gp Tl %I 100kbp
\Z. BCRP TIE#J 150kbp (2l 7L & d 80 R3GED 541, GAPDH @ RT-PCR TH
100kbp (2732 R3F 8 B L7z (Figure 2),

233, EPPh b T U RAR—F — 0BRSS RBMT

2.3.3.1. Western Blotting {Z X 5 fE#T

FAHb I A oD HLEE

U R K ORIMOBEE T > T n AR LI > 70T, BRI E S b b RE
B b ofiluzf L, ZE 0 LS4 AT 5K SK5-10umD BHIME 23 B E I8 5
A7z (Figure 3a,b), o 7 /VHCIEXBMIMAE K 0 KW HIEIRER O M8 00K 52 E O RERHMAL &
EZONDOMI S E LTV, HBERTOM R &t U CHIRE I Mg O #2538 D
DN LD, ENENLZLCAPKLKUBCAPE LT,

BCRP®» Western Blotting :

Lymphoma-whole, LCAP, Brain-whole3 J. " BCAPIZ 35T 5 BCRP D Western Blotting Ti&, #J
90kDalZ /N> R23iw bav, U 73 E, KK E &I Wholeft ¥l & Erifig L TCap rich sample T
EONU RBRRBD LN L6, BMMEICHENRBEL TS Z LRI

12



(Figure 4),

2.3.3.2. PAS L OELMAIT X BT

P-gp 35 . OV BCRP Dkl b 22 & PAS Yetb O BHYL A 24T 9 Z LI K » T, PAS 4

6 CRMIMAE OISR Z BHRIC L, P-gp 35X OV BCRP OFRIUENL 2 514 L3 < Lz, £
DFER, B2 XORMTIE, BMIME ONEMIROEERIZ P-gp 3 L N BCRP Dt
NRW BTz (Figure 5a, 5b), No. 45 3 X O No. 47 ORIRTIE, Btk= v b a—Ld KK

FBIF BRI 72V s B IEANC P-gp 38 X TOYBCRP OFEHFE D H47- (Figure 5S¢, 5d),

234,  FHBABERIRICKIT 25D & T o AR —F —DORBFH

U SBED 5 FEFINZOWT, FIAS AR TIAIPEM N 7 o AR — &2 — O 5B 4 37l L
72o No. 44, 45 X, L HITHRAOKRAETY VN EEBBI S, TOBRIABAAIZEL L
Complete Response (2722 b, F¥E L, A% % L7z, No. 44 TIXHAAIGERTO 1 [5]
HORBA, FINATRRE O 2 [0 A Ot & 12 P-gp 3 X UVBCRP 25&M:72 - 72 (Table 4),
No. 45 TIIHIAATRIRETO 1[5l B O T P-gp 3 L ONBCRP 1ZF&M: 725 7228, HLs ATEIE
#% 0 2 [8] H OFRAT P-gp O EAMMAE N EHE O Yeta 23588 5 417 (Table 4, Figure 6a, 6b),
No. 46 (XA DORAETY v/ YE L W S i, £ DORIGENFIL R 57253, Stable Disease
ZAEFFL TRV, MEMRA AL Eh Sz, AEGIT 2 BlOE & 1T P-gp 35 L TUVBCRP 73
PatkCTdh 7= (Tabled), No.44, 45, 461X T/B pFEOFER., BfaRl U L RETH - 7=,
No. 47 1% 1 FIH OMRAETY >/ E L2 S N CUBLFRIBIC L DR Th =28, U
VORHIDRERDFRD BT, D% 2 BREZ B Z o7, AEGNL, PLos ATRERTO
1[5 B 3B X OHRARFEZ O 2 [0l 3 O T P-gp BNEMETH 7208, FISAREE O 3 (1
H OB CHIRIEIZZR® H 7z, BCRP IZOW T, FIAIRIEE O 2 [0l H O O LAl
ME DN KR D Geta 358D H L7 (Table 4, Figure 6¢, 6d),

No. 48 OJEFIL, THY V- HiOERZFRDZ720, A7 A RELOAWEORMZ 2
MARIT 12, A £, TO% L-TANRTXF—¥, AT/ K, /JuJ L7 vk
¥ 5., Stable Disease ZHEFF LTV, UV SHOBERBED bI-T-bE 7 U 2F
feh, U RBIORE SIZBLIT 2o T2m, BOT= 0K T Vo Fiz kR Lz, A
JEBI T, PURNARERIO 1A HEB X OB AIRIFEZ O 2 B H ORKA T P-gp EMETH-
72o BCRP (% 1 [0 B O TRt THh - 7223, 2 [0l H O TR O N AT
P B LT (Table 4, Figure 6e, 6f), No. 47 LI 48 1L T/B /EOAER, T HIf@AE Y > X
EThHoT-,

24. B
24.1.  REREIZ K DEFPE T AR —F —DRBET
P-gp 3 LU BCRP (T 724 XDV LV RHiCTIXERO b AL ino 7203, U 2/ EER] Tl
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TN 41.9%, 39.5% CRIANRD i, £ ORIEITRMTORBFEERE, JEENO B/
BENEMIETHL Z ERHLMNNI o T,

F72. P AAFGH OZRFIHEH - T o AR—F —OFHRIL 75.0%TH 0 . HEFRGHDF
R (34.8%) LI L THEIZE < (p=0.048969) . FIRAAIOHEGIZLY T v AR—4
—ORBEANFEIN, 2O T RAR—Z —=PIAIMPECEE S L T\WD 2 LRI,
SEANPEME b T o AR — 2 — & 3B L7224 < OIERIT, P-gp X° BCRP DEE THDHE 27 Y
AFURRE I NLET M EDNTEY, ZNHOEEN FNTF AR —F —ORBICEG
LCWDAREMENRE 2 b, —FH T, IS AFIFER GHNZB N THIF h T v AR —4 —
BRI L TOHDIEFRRD iz, U BT, SIRARIRESRNIZAT 2 A RIZ Xk D15%
PITONDZERHY ., MINARIKGRIOAT oA ROFEHNY U ANEOTFHEEL &
5 EVNIHEDNDH D [Price GS et al.; Teske E, van Heerde P et al.; Marconato L etal.] . 4[a] %
FTuA FOMRABIZAONE 2> TOWRWAS, AT A RiEil b7V AR—=F—DHET
HY . ZOMHN P-gp LU BCRP ORBUCE L L7 AIREMEL E 2 b,

T/B 3BT, TR & b, B Mo AP k7 2 AR — 2 —DRBNR L <
FHITZH, LD P-gp F 721X BCRP ORILRICH B AILRBD LN oTz,

24.2. PCRIZ X 2FAPRM b T o AR—F —DRBLENT

G SRR SRR 2212 T P-gp 38 X OV BCRP DI FRD BTV DREH 72 A X DRI E
B LV No. 10 DIEFNZIBWT RT-PCR ZEfi L7z & Z A, i b7 v AR —F —DRELNGR
oI, ZOZ LN, REMEBEFIIRRICRS W TRE® b7z P-gp 3 L UVBCRP D%
128 RT-PCR IZEBWT B HEN T ST,

243, PR T o AR—F —0mEITBIT 5 RBRT

2.43.1. Western Blotting (T X B fEAT

BCRP ? Western Blotting (233 T, whole #7Bt & ¥ & Caprichsample T D /3 FAVK <
oM, ZHUTEENEAMIME I BCRP ORBENBEL TNDZ EEFEMTTND, A
X @ BCRP 73 F 823 72.718kDa (Zxf L T, AMHFFED Western Blotting TIE#J 90kDa (2,32~
R2NERD B AL, @IS X 7 IR . 2L DR TREHIE AR S T bl lai~#%
1957, ZOFHEM Sz BCRP DMt Sz Z ENFRK EE 2 Hvd,

2.4.3.2. PAS L OELMAIT X BMENT

U > /] JESERF] No. 45 35 LTV No. 47 I8\ T, o etads O PAS O E YLt CTERMIM S DKL
JEE 2 BB IC L, P-gp B X OVBCRP D RITEZFHEi L7 & Z A, KAKD P-gp 35 LUV BCRP @
FEHL L FRRICBMIMAE OWNPEANCHE R T VAR —F —% B L TVl ERHLNE 725
o ZOZEMDL, U U REOIMAENEAIIZHEEL L7 P-gp 35 X UV BCRP 13 RMK O FEA i
BT O E RARICRE & AR PRI 2 % H 2RO RERE 2 b b,
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24.4.  FUHBATRERIRICIIT 2FFPEME & T 0 AR —F —FBFHE

FLAS ATRIRRTR BT DA b 5 o 2 R— 2 — O3 EEHE TIE. Hia ATBERTICRER
LT o 723 KPR R Z 0 AR —F —DPDBATERZICRE LT, £/, 5L TW5
FEHIMH S0 E 725 TUW D No. 48 Ti, P-gp BELUBCRP DIEE THDH AT A KR35
INTED, 21N BCRP OFRBUIEE L TWAAREMENRE 2 b7,

PUAS ATRIERT . CRBLEHM 217 > 7OEFIEUIR S TV 223, Wil (BULASATRHERD) 121X
HEI R TV AR—Z—DREADBEOLNTE LT, ZO®BOKMAE T B MR OERIT P-gp
Z . T MBI ORER]IT BCRP & BHIMA IZHBLL Tuvie, —F . 2.2.1 TR
RFBEAT -T2 43 EBITIE, < OIEBINRT b7 AR—F —ZFKI L T\ iz, ZhbDAE
BNIZ L BHBBITHDH L Z2BETH L. BHRRADO D Lo E XA P-gp 2. T i
WD) 8BRS BCRP 3B, U U NERMELIT L, SETC L7SERI T 7 > &
R— B — 2 FEH LT AT REME DS R S vz,

2.5. NG

U 2 EIEBOK) 40%I 23D N T AR — 2 =03 BH L TEY | ZORIETEENE
AMENEMITH D Z EBRA LR oTe, ZNET, A XDV L ED P-gp BIW
BCRP DHHL &5l T 2 W13 d - 7223 Mk FHICEHE L 72 13422 < . £/, Pgp B
J Y BCRP (FEGHIML DAL B L, MRS~ IE A it 4~ 5 2 & CEEAM 2 B 5
T 5 EEZHILTWE [Vajdovich Petal. ], A EfEARFHIIC P-gp 36 LU BCRP D3 B4 7
fliL7zE Z A, 1FE A ERELENEMIICRE L TEY 14 CHlJaE~D R B3 /5
Nize Fiz, U 2 EREF] TR Bz B E N A O YL I, fEEEZR A X DO KIETO
EAME OYeta & XL Tz,

PR N T 2 AR — 2 — D ME 23T D RBURMT TIE. Western Blotting #7712 & - THE
WP b 7 2 AR — 2 =R BHIMAEIZRHEL TS Z EDVREN, S 5ITPAS & OB
WX > TIMENENICFEEL TWD Z ERHLNE o7,

U U SBEREBNC 35T 2 P03 VA G513 L OFEE G5 O b T, Fud AFIR GBIz 0
T, FEBEH Ll L CTHEIZ P-gp BEXO'BCRP OFEHNEBD LN TEY . i b7 AR
— Z —DORBUIHS AFEE GBS 5 A REE S RB S vz, S 612, [A—ERTHA A
TR DRI & % CTIHAPEI N 7 0 AR —2 —ORBIFHEZ{To 72 & 2 A, PLBAIRFANCIE
FEDFRD LT o T3 BRI R T AR — —3, PLRATEEZICHEILL TR

D, ZOZ LML BT AIRENPEDPER R 7 AR =2 —DORBUEHGE L TWD B2
HiLlz, Flo, BEEDH LN E 2o TWAREFOIERI O, FIBAREOHR T, i
D b T AR —Z —OIE RGP IEAIPEM B L T D ATREMED RIS S vz,
PAEX Y | HUS BT K o TIESHEMPN ISR N T 0 AR —2 =288l L, ZDORE
Z PSRN HE T2 KIMNCRO B D X 2 BB EZ LT 5 ATREMERE 2 bl
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77

WL U B OB AE N ML, RIKEMME & By | BESAIIRBETH D,
S BT, MEE TR RITR L COREB LMEZ UG T 254 7 & L TEMME D&
DT L, @RS A NG R EoBEfR (BE. E) PIEFWITHASTEHTHY . M
ﬁ@ﬁiﬁﬂ’%ﬂiﬂ’ﬂ VRAFTET 2 D3 M8 N R & DBEE DSBT & 2 72 8 MLE OB PEAS B HT L T
LEnbiLT% [HidaKetal.], —J7, MIEMMBIM C & 2 KM EA i8N B2 AR e | 3 B
ETHY, MIREICEER GO bivDd, BAME N u%\éfﬂ L 7= (CAPtype) P-gp.
BCRP 23#AN P b7 > AR =2 —L L TOMBELZ AT 57023, H2ETRSNELD
I O RN BT 57200 T2 <, a3 uﬁﬂlﬁl%n’tﬂiml”é; LR OEEMEE L =T
VR H D, KIMOFBMIMAE . > F 0 MG T 13 ML E N BRI K - TR S du,
UHA RETA MY A MIHERTEY . MRMEICEET 2EEBEITILEANY T 52%
i L. #E D $A 2 & e KA L A O ~DIR BT 2 ik L < HIBR L T\ 5, £72. FREED
FEHIDNEHIFENIZ A > TE 256D, P-gp X° BCRP 1L U & 23kt ~ 7 o AR
—H =2 Lo T, BPERANZIEANZHEN 52 & T, M~DiREZHIRL T 5 [Deeken JF
etal.], MIEMABIFTIZ I\ TREERE A MR 2 B R EEI 2 R 72T D)% ZO-1 & Claudin 5
T b, ZO-1 1%, MRVEMNZALE T DEAEY 2 R ETHhY . ERGHiafFs KO
eI & DA RS CT/RTET % [StevensonBRetal. ], ZO-1 1%, RE@Z > /X7 ETH
% occludin 35 £ OF claudin (265G L, MIfEA&ET 7 F ASERE S S 2 EHERZ VX EHTH
% [PoritzLSetal.], F7-, Claudin 5 1ZMEMKEBEIFIZ I51T D8 AERE & O L HEEEZ 15 43
THRABOPTLEZR L TR, MlRMEEE AL ERE L Clilal s %E S5 &[RRI, M
BN TOBROEAEREEA N7 FEFKT % [Iwamoto N etal.],

% 3 T TIL P-gp. BCRP O CAPtype 2B 580 b= M IZR T D EEME DT (ZO-1 8
LW Claudin 5) ZFHli+ 5 Z & CEAMELAFMMT 52 L & Lz,

16



3. JEFE & (350 2 MR IEB B P Rz > T

3.1. Frim

A XD Y NEOIIGENEMIME Z1T 2EEME LM 2720, BEMGOEMEL
HH X7 E T % Clauding 38 L O Claudind 2 ¥ TH T 54 "7 HTHDH Z0O-1 (12O
T, SRR LR R & e L 7,

3.2. e LU0V

32.1.  [EENEMIMLE OFBAIRER

3.2.1.1. JEFENEMIILE DA & 7 OFFHM

ARG Y N7 B Z0-186 XL UClaudin5 DR HL 2 i~ 5720 F2ETHWZ U > D48
s, 40 ffF (No. 4535 Z UNo. 4713201 H O A OMifE) TZO-1D 5% Yuta 217 -

7z. F72. No, 10, 14, 38, 45, 47 (No. 453 L UM732[E] H DA D) 12O\ T,
ClaudinSDFPEGL D 21T > 12,

—¥R P& & L T polyclonal rabbit anti-human ZO-1 antibody (invitrogen, 61-7300, 1:100)35 & O
Claudin5 monoclonal antibody (ThermoFisher, 4C3C2, 1:200), —IX$HTL{&T polyclonal goat anti-
rabbit immunogloblin G (Nichirei biosacience, MAX-PO(R)) %[ L7z, HUARDOAIILT T
1%bovine serum albumin-added phosphate buffered saline (PBS, pH7.4) C{T~> 7=,

#H#% 13 10%neutral-buffered formalin CEE (THUWN) L. »¥7 7 4 victdlL 7z, YR
3um THYI L7z, YR IEF v L v EBEERRL X — A ThioYZ 7 4 v L, PBST
Sminfeid L 72, BT IXZO-1Tlt. 0.4% pepsin, 37°C, 30min4{ ¥ ¥ = X— } L, Claudin5C
137 TV AR C20min i L 720 ATALEEER. PBSTSmindEif L. 5%H202M 4 £ 7 — v
TE20min, VA F X —¥HIE%E L7z, 7 vy 72— X CIFEFRICE HIER, —
RYUA%Z 4°Cover night f ¥ ¥ =2 X— b+ L7z, PBSTSmin% 3[0], ¥k ic —RPifk %z =i
60minA ¥ ¥ 2 X — b L7, PBS C5min% 3[a|¥E4+#%(23-3’-diaminobenzidine
tetrahydrochloride (DAB) TR/ #ifl, ~~ hF U o TR Z T2, HKIZTH ) —1L T
ik L., Lo THER. HAKl (NEW MX, Matsunami Glass Ind.,.Ltd.) TH A L7,

3.3. =

3.3.1. JEBENEMMLE OREBARE

3.3.1.1. JEENEBHMLE D tight junction & > /7 B D JHTEFEAM

7oA XD Y LTI, BHIME NI A DWW T OMEIZ S Z0-1 OYERFED
DAL D 572Dy (Figure 7a) . BT 704 X ORI CIEBAMIMAE N EAIIICH BN RO iz
(Figure 7c), Y > 73 40 SEFI T ZO-1 OGS L FR B 21T 72 L 2 A, P-gp 5T
BCRP @ CAP type OFBLGRD HALTZ 20 AT 17 KT ZO-1 DFEBLHFRD b iv(Figure
7e). ZO-1 RFEBLD CAPtype 1% 3 A TH > 7= (Table5), P-gp % 721% BCRP & CAP type O
FHLNTRD DI - 72U 2/ E 20 BRIAH . 10 AT ZO-1 ORBLNFED iz, & O
10 FiRIX ZO-1 REBLTh o7, ZO-1 ORBUIMEG AR BRI Hiv, £ ORBUBHEIX
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Wi EIZRBLL T D O DERICEIL L THD L O F THA Tho7ohd, #ifiE 72X
REFGER N D BARIRICHEI L TOD b ONE o7, FIBNAFIERGEEE JOER G5 %2 T
L7 A, PIBSAHIRGEETIE 80.0%IC ZO-1 2B L TH V., FERGRETIT 63.2%I2
ZO-1 NFEBLL L AFIR GRECTHEIC ZO-1 ZRBLL Tz (I A FHE, P=0.006575) .,
T AfR%, B e ZO-1 OFBRZ LI LIz L 2 A, WiAT Z0-1 ORBRICHEZET
RO BN T (B A ZFlpE, p=0.176183) (Table 6), P-gp & 5\ ix BCRP OREHL &
Z0-1 ORBOBIENEAE FMT 2720, By MRHIC L DMEEITo 72, TORE. P-gp B
LN Z0-1 OFRFLOEHHNEIZONWTIE £ =035 TH Y, W0 FORIUITH HEEO—FKH
LI (p=0.0181), F7=. BCRP & ZO-1 OBHENEIZ SV TIL k=0.372 TH Y, BCRP
& Z0-1 DFBUZONWTH & HREDO—HDFEH biviz (p=0.00899),

Claudin 5 I[ZB W TIE, EF72A X DY U B CRBNBD b/eh 7223 (Figure 7b) . fi
W72 A X ORI CTIEXBAMLE NI R BLDSFE 8 H A7z (Figure 7d), ClaudinS D5 %k
m%%@ﬁ%ﬁothm\m\%‘%‘MTM\M>%%%wT¢AT®rWT%mm
BN A O YNGR Bz (Figure 7f, Table 7), % OFEBLIMEEHRAN K IZRD
. 2L OFBMIME CTHRIL T REFRINE 2795 b O LW R IZZ OB
DOENDLDOETHA THo72, Wb P-gp £721% BCRP O3B L [F] U @M 125
B bz,

34. BE

34.1. JEENEBMMLE OFEBARE

3.4.1.1. EENEMILE OBE X 7 OFHE

A XDV NEIZEBV T, P-gp, BCRP M EPEDIER] T ZO-1 DFHITRD L7728, P-gp

F 721X BCRP OFRBLINGED HIVIZIER TiX, L0 ZORIENE -7 (P-gp £721% BCRP
Btk 20 il 17 651 [85.0%]. F&ME : 20 1 10 1] [50.0%]1), P-gp F721< BCRP DFEHL &
Z0-1 OFBLOBEZ 7 v 7 UFEIZ KV REEIT o728 2 A, Wi T ORI BB
RENT (FNEHN p<0.05), F£7-. Claudin 5 DS EAIMBR 21T o772 SIEFD S H
4 JEHIC Claudin 5 DR BLINFE O L7z, Claudin 5 DRI ZED L7270 - 7= No. 38 iX. P-
gp BELONBCRP M EMETH Y . — 1T~ 72 4 BT P-gp F 7213 BCRP B G1E7=2~7-Z &
75 (Table 7). Claudin 5 % ZO-1 [Alkk, P-gp £ 7213 BCRP OFEHL & BN & 5 Z & 3R
e i,

F70. U UABIEFNCEBT S Z0-1 B L Claudin 5 OFEHIL T TES N B 1272

5. JERERIC LA BAPT (L L T, ZO-1 B X U8 Claudin 5 O FEBMEFE L, P-gp £72
IZ BCRP OFILELF CELITEMHEEICEO LN TEY, Ak, UV o EoOEMME TR
D OENRWEEFREAY R BNRD BN Z & P-gp 8L BCRP ORI RREEIZFEA
L7l (B AR ORI E ) Tk, BEARBDO LTV ST b T VAR —Z =2
MATRIFRICRBLLT-Z L 2B BT DL, A XDV Lo EOEMIME CIIIEDPEE - F v

(]
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ATR—H —@ CAP type Bl & [FIIRF £ 7213241 L Y AIIZ ZO-1 B LU Claudin 5 23 FBL L,
BRSO OMERET D AREMEDVRIR S T2, F7o, PR h T o AR —%—0 CAP type
LR L OEER ST RN EMIME ORETHY . A4 XDV 2/ EIZEB T 2 1SN E/MIm
BITAEMRIZE T 2 KB & 580 L2 B 2 E2ERICH D 2 EnBxbhd,

3.5. INFE

AXDY BTN T, AKY UREOBMME TIERO ONRWEEJE X XY
(ZO-1 3 LV Claudin 5) 23%BLFE S H AL, FFIZ ZO-1 Tl P-gp 38 LTV BCRP OFEHL & DB
ARSI N, 2O L0, EENEMNEIZHSW CEREBPEE b7 o AR — & — 358817
% &[RRI AR A O AMEE SN DA RO Hiv, BEZENZTIEH 21 /3 E
D RESFHEAR P IR MBI 2 FE Ak L T 2 ATREMES R STz,

19



4. s
U U ST AR OB TR M A BT L CRIBEE 702 Z &0, JEMEIRT
Z il & IR 2 I S 20T D Z E N EETH D, AMFIETIIA X THEICH
W B DTN AUKIVCR, DXR, CPADESZ MR FIZRE 59 5 AIREMEN RV h 7V AR —4 —
[ZDWT, A XD Y U ERER] 2 W TR 21T > 72, ZORR, A XDV L NJET
I%P-gp, BCRPDCAP type B3GR D HivTz, T O DORBUIMEF 72 ) o \ETIEEEO b
TWRNZ &G, EEFRRORBITH D Z EBNRENT, o, A XDV RETHE
1T & A EDCAP typeDFRIELTH Y | FEEMIL A & 9 72 BB O H CP-gp, BCRPD F B
EHMAE I REDNEF LTV D RIREMEN RIS e, ZALE T, P-gpds L UBCRPIIEEHH
Fa OFIBAEIZ R EL L, s~ & PR32 = & CHEAImHE L %ﬁbfwékﬁz%h
TV, ABFEIZENTA XDV /3l TCap type DFEBLAFERD H AL, W O T
DFBLE B7p H3EENE, S F D M ITHBLL THEER~OWAZLIET 2 2 & THAImM:
WZRE D5 TV B RTREMEA RIB STz,
»@;o_@rm@twra<@rm%mm£ SRBHIZEL AL D e LT, ik
WG SN D H0 ATRIRIC HEDIINZ, DABUNREOFE~DRENREZ L
%o @%ﬁﬁfﬁéﬁﬁﬁﬁﬁk®k@ e, RBREICZR>TEY, EHIIBA
R ARV AL S M S D YA DA VZFERBEINTWD, ZO XD R AN
BREE N TR, BAMMREZET Tl < IS E N EAIIIC b BRI N H 726 LTWD Al
et E Y [HidaKetal] . FEFEZ N ETOWE T, EEMENEMETIE, B5 75
LUV TCIER A N EMIE & 572 0 o ERAIRIEAAIR 1 (EGFR) oI PN FEHEFE R 1
(VEGF) 72 FOFREBANEL B DO HNTEY [AminDNetal; KurosuTetal.] . & FDU v
PRJECIEDS AR & [FIRR O Ye o (s B S BRI I N RGRIARLC B 38D B30TV %  [Streubel B
etal.] . S5, EBEME NI TIX, EF S NEMIEIZ R TP-gp®mRNADFE B
N EFHA 2 Z LIz X o TpaclitaxellZ s L CHAERRESD Bz 2 ERHE ST D
[AkiyamaK etal.] , ZHUHDZ &b, BAMUNEEE T Tidk, BNAMRRZZT T2, JE
ISEREE AR T 2 A8 3 L O (2B 5 R 112k U OIS I 2 2 b S8, AFIChH
F72 R AT D AT 25 L EZ DI, CAPtype Tk, BHED k7 2 AR — X —Off
X ThHLIMIAN D REEEZPERT 2O TiEe, MEICRBETHZETRIVAR—F—D
FHE DR~ OTAZBLIET 5 X 9 TERENZ L L= FTREMED B,
FEHMIMAE 1235 1T 5 P-gpds L OBCRPD JHTE A FEAM Tl Bl /& O Z DOFBLINFRD
B, Wi T U AR—Z —BRBMIE D O NS BEIT T P00 A KIS O E &
PEIZHEME LT D RIREMED R S AT,
X D IZCAP type s Bl 2 7R U 7o B N Bl 8 N IR L I X A RSB 2 v /37 B OR BT
B 5L, Z0-1TlEP-gpd L UBCRPOHHL & OB EMEN /R S 7z, 72, Claudin 5I280
T, P-gpE/-IFBCRPZFH L TWAIERICIB VT, BENBRD LN TS, T LD
BN, P-gpk L UBCRP % EBAMMAZ (TR LIZERICRB N T, BHEOY U RHi Tl s o
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DNRWESEEEZED L TWAREEERE 2 b,

KD EHAIMAE 1L N 2 e D - 0 5 RE & 5F 5 MBI & LTkl b naing,
. VCRR°DXRD KL 9 72 IR B I TR Z BN B e E T D0, A XD Y o fE
TlX, CAPtype BBl T2 Z L2k » THE &L 72 DU AK OIEW BN REZ 2L S8, KIKE
MME D X 9IS, M ERNDEE &2 BPB AR D IMENORE, SO RE L
LT b AR E x oiv, U OIS RRN C ik R 2 2k LT \f
REPEAVRIZ STz,

PO AR TR 14 TP-gpds L UNBCRPDFEL - FHAilh L 72 E G Tlk, FLOSATERERICH kN Z > A
A= —OFBUIRD LN TE LT, IRRAZICHEIE L T\ e, o, BInARIEES Lz
FEB & IEPe G- DREG & Hfe U 7o fEaHIENT Tk, &5 L7EflIclB VW TIns D F 7 v AR
—H=BRERBICHEI L TNDZEDRENT, ZOZENL, A XDOY L/ EIZB VT
DATERE, FFIZP-gp L OBCRPOIEE DN, ZNHD T v AR—4 —DIRBUZB S
LT D ATREMED RIS ST,

AWFFETIL, B 72 A XD Y L EiTRELL TR WEERES X /7 3, [EEN B E
R LTWDZ ERHLNE o720y, TSNS 23 M MBI & RR I et o
FEHIME TH DD E I DITONTIEBH SN TE TV, 2070, B FHMsEIC kv E
BN A A OHEEREE 2 BIERBIICHEGET DN ER S D B2 5, £z, AEL BEY
AIIZ P-gp, 38 L OVBCRP 234 XDV L8 E IRV C, IMEAMEIRT & RIRR OB FE 12 X 0 S-AM
PEIZRE D > TV D FATREMES IR SN2, A X O U U NEIZEIT 2 BB ZFE 5 12
X, Atk TEBNEANNE 2 HEE L, P-gp 3 XN BCRP (2 X 2 B O 3+ 5
75 EOBSREER AT O LENDH DL L EZ D,

AR LD —EIL, BLTICAR LIz,

Hyokai, S., Tanaka, H., Aihara, N., Kamiie, J.: Expression of P-glycoprotein and breast cancer
resistance protein in three cases of canine lymphoma showing drug resistance. The Journal of

Veterinary Medical Science, 83(3): 473-477: 2021
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5. X%
Table 1. V >3 43 FEB] DEFIEFIIFERI L O P-gp 3 X U BCRP DAk L RIS

R
No. P-gp BCRP T/B breed sex anticancer treatment  section
1 Cap Cap B Mix Q  VCR,L-ASP Lym
2 Cap Cap B Border Collie Q VCR, DXR, L-ASP, Lym
Ara-C, MIT, HYD
3 Capx Capx B Pembroke Welsh 3 L-ASP Lym
Corgi
4 Cap Cap B Shiba Q — Lym
5 Cap Cap B Pug Q — Lym
6 Cap Cap B Shih Tzu Q ND Lym
7 Cap Cap B Golden Retriever Q ND Lym
8 Cap — B Boxer 3 ND Skin
9 Cap Cap T Beagle 3 VCR Lym
10 Cap Cap T Labrador Retriever @ VCR, CPA,Ara-C, Lym
L-ASP
11 Cap Cap T Shiba Q — Lym
12 Cap Cap T Golden Retriever Q — Skin
13 Cap+ Capt T Shih Tzu Q — Skin
14 Cap Cap T Golden Retriever d — Spleen
15 Cap Cap N German Shepherd Q L-ASP Lym
16 Cap Cap N Golden Retriever Q — Spleen
17 Cap Cap= N Mix 3 = Lym
18 Cap Cap N ND ND ND Skin
19 — — T Shih Tzu Q — Skin
20 — — T Bernese Mountain ND ND Lym
21 — — N ND ND — Lym
22 — — N Pembroke Welsh 3 — Lym
Corgi
23 — — B Shih Tzu ND — Lym
24 — — B American Cocker ND — Lym
Spaniel
25 — = B Pembroke Welsh 3 = Lym
Corgi
26 — — B Golden Retriever Q — Lym
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Mix

Mix

Beagle

Beagle

Labrador Retriever
Maltese

Mix

ND

ND

ND

Golden Retriever
Shetland Sheepdog
Golden Retriever
Golden Retriever
ND

ToyPoodle

Golden Retriever

VCR, DXR, L-ASP,
MIT

ND
ND
ND

VCR,DXR,Ara-C,CPA

ND
ND
ND
ND

Lym

Lym
Skin
Skin
Skin
Skin
Skin
Lym
Lym
Lym
Lym
Skin
Lym
Lym
Lym
Lym
Lym

MG N BN E N EHIIRIC R L7 D% Cap, BPEIX—CT/R L7z, T/B @ B i3 B Hlfu,
TIiX T MR, N i Nul BT 5, Anticancer treatment (Z351F 5 — IZHL A D IEFEREZ:

L. ND (No data)i3EH,
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Table 2. RT-PCR (Z V72 P-gp, BCRP @ primer pairs DHLF

Sense primer Reverse primer Amplicon  GenBank
size(bp) accession
number
P-gp 5’-ACTCGGGAGCAGAAGTTTGA-3’ 5’AATGAGACCCCGAAGATGTG-3> 95 NMO001003215
(2734-2753) (2809-2828)
BCRP 5’-AACTTCTGCCCAGGAGTCAA-3’ 5’-ATCATGCATCCCAAGGCTAC-3> 143 DQ222459
(1768-1787) (1891-1910)

Table 3. U /X[ 43 SEHIZIIT B P-gp 15 X O BCRP REAZHT

Transporter ~ Total case N=43 HiBAFKIEE  HRAAIERE THEE B ikt
n (%) N=8 N=23 N=17 N=12
n (%) n (%) n (%) n (%)
P-gp 18 (41.9%) 6 (75.0%) 8 (34.8%) 6 (35.2%) 8 (66.7%)
positive p=0.048969 p=0.095882
BCRP 17 (39.5%) 6 (75.0%) 8 (34.8%) 6 (35.2%) 7 (58.3%)
positive p=0.048969 p=0.21918

P AR G- vs FEHE 536 OV T Al vs B MIBME DR E 1A A /IR E 2 FV 7z,
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Table 4. 5003 AVBIERIE TY 7Y o 7 LTEBI DEFIIEHIS L P-gp 3 XUV BCRP D4
AR R R DFER

Case Sample P-gp BCRP T/B breed sex treatment section
44 44 (1% test) — — B French 3 Continued Lym
44 (2™ test) _ _ bulldog anticancer drugs Lym
after diagnosis
45 45 (1% test) — — B Miniatur & Anticancer drug Lym
45 (2™ test) Cap _ e started after Lym
pinscher diagnosis. Achieved

CR but soon

relapsed
46 46 (1 test) — — B French Q Unknown Lym
46 (2 test)  — — bulldog Lym
47 47 (1% test) — — T Welsh Q Chemotherapy after Lym
47 (2™ test) _ Cap corgi diagnosed Lym
47 (3" test) Mem — Lym
48 48 (1%t test) — — T Beagle a Not achieved CR Lym
after L-
48 (2™ test) — Cap asparaginase, Lym
steroids,

chlorambucil then

vincristine

JEECI5 PN 2 M . A PN R AL 38 B L 72 b D % Cap, JEEEHIIR O AR 3630 L 7= & D % Mem,
FatElZ— TR L7, T/B® BILB MM, T THEMTHS,
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Table 5. ZO-1 D %ISRV FHIB R OFE R

BCRP T/B

P-gp
Cap

70-1

No.

Cap

Cap

Cap

B

Capx

Capx

+

Cap

Cap

Cap

Cap

Cap

Cap

Cap

Cap

Cap

Cap

Cap

Cap

Cap

10
11

Cap

Cap

Cap

Cap

12
13
14
15
16
17
18

Cap+ T

Capx

Cap

Cap

Cap

Cap

Cap

Cap

N

Capx

Cap

Cap

Cap

H = Z Z MMM MMEBRHBHBRERFRBH

a a A

z |l zz I + 1 ++ 1 + 1 | + | +
A S = N T W Y N ® NS = & o ¢
- A N N A NN G, ;mo:no oo

O
N



35 = — — T
36 + — — N
37 + — — N
38 — — — N
39 + — — N
40 + — — N
41 — — — N
42 ND — — ND
43 ND — — ND
44 ND — — B
45 (2nd test) — Cap — B
46 ND — — B
47 (2nd test) — Mem Cap T
48 ND — Cap T

ZO-1+ : BMME N EMIEIZ I T 5 HERO bitlz, Z0-1 — : BMMEFIZIH W THIUL
PO B> T2, ND(no data) : SRR L7 AR R AR TN Y /N,

P-gp ¥ 7213 BCRP : JEENEHIME N EMAICRE L=t O % Cap. JEEHIIE O ML IZ 5
BL7=bD% Mem, [BPEIZ—C/RLUEZ, T/B O BIEBARA, TixTHETH D,

Table 6 YV > /3[E 40 SEFITH 1T 5 2O-1 FEHFHT
Transporter  Total case BIBAFIEL  BIBAFIFERS T HIRRME B A

N=40 N=10 N=19 N=17 N=13

n (%) n (%) n (%) n (%) n (%)
Z0-1 27 (67.5%) 8 (80.0%) 12 (63.2%) 9 (52.9%) 10 (76.9%)
positive p=0.006575 p=0.176783

VIS AR vs IR G- 36 L OV T Ml vs B MIAYEDR EITITh A4 ek E &2 A=,
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Table 7. Claudin 5 D5 HBRILERRE DORER

No. Claudin 5  P-gp BCRP T/B
10 + Cap Cap T
14 + Cap Cap T
38 — — — N
45 (2nd test) + Cap — B
47 (2nd test) + Mem Cap T

Claudin 5+ : EMMLE N EHINEIZ 3517 2 R B0 b7z, Claudins — : BMIMAE TV T
RBUTRD BT,

P-gp ¥ 7213 BCRP : JEEANEHIME N AIIC B L2 D% Cap, MIIRBICEE LD
Z Mem, [&MEiZ—CTaRL7=, T/B® BIXBMIAR, TIiXTHHETH D,
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Figure 1. P-gp 3 & U BCRP DL,
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Figure 2. P-gp 35 & U BCRP @ RT-PCR
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Figure 3. Bift L7 EBMMLE (M A V7 N—4uf)
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Figure 4. BCRP D> Western Blotting
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Figure 6. P-gp 33 & ' BCRP DA Hufa,

-

TRV TAY

< "‘--t'” -3 43
) a
S RS

\ A ¢ﬂﬁ‘%,€
| et ‘3. ) Lhe
s&"&?r:ﬁ:i i34 28

iee. 58

U BT e T
e ' .0 oo e ¥ v
St LR S D,

b

@
0_\‘00 59
-

.o

A5
e Bty

e . ;.
ot
. '.‘.’ﬁ »on
St Il
6a |3 No. 45 DHLHAARIEERT, 6b ITHLD AR O P-gp S Yeta i, 6¢ 13 No. 47 DHLN
AABPEAT, 6d ITHIA A TG D BCRP SfE YL fE i, 6e 1 No. 48 DHLS AIRHERT, 6f IXHT
DS AR O BCRP ffE e fE . RENI TR CEMME 2R LT\ %, No. 45, No. 47,
No. 48 & HIZHIA ATRIEAINCIE P-gp F 7213 BCRP ORBLTRD B2 T2 83, FLd Adh
FEZ BN AE N BRI & OFEBLGR H AL TV 5, Bar:50um

33



Figure 7. ZO-1 33 X U* Claudin 5 D5
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72.  ¥EXEE

Chapter 1 Introduction

Lymphoma is the most common hematopoietic neoplasia in dogs. It is routinely treated with a
multi-agent chemotherapy protocol, such as the combination of cyclophosphamide, doxorubicin,
vincristine, and prednisolone (CHOP-protocol), which is currently the standard of care. Although
the initial response rate for the multi-agent chemotherapy is high, in most cases the tumor recurs.
Acquisition of drug resistance in canine lymphoma is a major issue in small animal clinical practice,
but the mechanism has not been clarified.

There are many possible causes for drug resistance in canine lymphoma, among which P-glycoprotein
(P-glycoprotein) and breast cancer resistance protein (BCRP) (ATP-binding cassette (ABC)
transporter family) are thought to play important roles. These transporters are cell membrane proteins
responsible for drug excretion, which substrates are many anticancer agents such as vinca alkaloids,
anthracyclins, and taxanes. In humans, research on the expression analysis of these transporters in
tumor cells and patients has been reported, but in dogs, research by gene analysis has been mainly
conducted, and analysis of expression localization in tumor tissues has not yet been reported. Therefore,
in this study, we investigated the expression localization of the drug excretion transporter in the dog
tumor tissues to reveal the involvement of the drug excretion transporters in the drug resistance
acquisition mechanism.

Chapter 2 Evaluation of drug excretion transporter expression in canine lymphoma
Immunohistochemical examination of P-gp and BCRP in 43 cases of canine lymphoma revealed that
P-gp or BCRP were expressed in about 40% of canine lymphomas, and its localization was found in
the capillary endothelial cells, which is similar with cerebrum in the healthy dogs. In addition, it was
shown that these transporters were significantly expressed in the cases in which the anticancer drug
was administered as compared with the cases in which the anticancer drug was not administered, and
the administration of the anticancer drug was involved in the expression of these transporters. To
evaluate the expression of the drug excretion transporter in the capillary endothelial cells, capillaries
were isolated from cases in which expression of P-gp and BCRP was confirmed, and Western Blotting
analysis of BCRP was performed. As a result, a thicker band was observed in the capillary rich sample
than in the whole sample, and it was clarified that the drug excretion transporter was localized in the

capillary endothelial cells.

Evaluation of the localization of P-gp and BCRP in CAP type cases revealed that they were present
on the apical of capillaries.

In the cases in which the expression of the drug excretion transporters before and after the anticancer
treatment was evaluated, the drug excretion transporters were not observed before the anticancer

treatment but expressed after the anticancer treatment. In addition, from the information on cases for
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which the medical history has been clarified, it was suggested that substrate administration may be
involved in expression of drug excretion transporters. Based on the results, it is considered that the
expression of the drug excretion transporters is induced in the tumor capillary endothelial cells by
the substrate administration and the blood tumor barrier is formed.

Chapter 3 Blood tumor barrier formation in tumor capillary endothelial cells

In Chapter 2, it was suggested that canine lymphoma may induce capillary endothelial cells to form
a blood-tumor barrier which is similar with blood brain barrier in cerebrum capillary endothelial
cells. However, the blood-brain barrier in the cerebral capillary endothelial cells has tight junctions
in gap between the cells. Furthermore, not only the transporter expressed on the cell membrane but
also the physical transfer of substances to the brain parenchyma outside the blood vessel are
suppressed by surrounding the outside of the blood vessel with astrocytes. In contrast, in the
capillary endothelial cells of the lymph nodes the tight junctions are not developed well. If the tight
junctions are not developed well, even if a drug excretion transporter is found in the lymphoma, it
may pass through the intercellular spaces and not function as a transporter.

Therefore, in Chapter 3, it was decided to evaluate whether or not a tight structure is observed in the
capillaries of lymphoma. Adhesive proteins of intratumoral capillaries were evaluated for
morphological search of intratumoral capillaries. As a result, expression of tight junction proteins
(ZO-1 and Claudin 5), which are not originally found in lymph node capillaries, was observed. The
expression of ZO-1 is associated with P-gp and BCRP. Therefore, it was suggested that the drug
excretion transporter was expressed in the apical membrane of the intratumoral capillaries and at the
same time, the formation of tight junctions was promoted. These results suggest that
morphologically, a blood tumor barrier may be formed in the tumor tissue of lymphoma, and it is
considered that this barrier tissue may influence the development of multidrug resistance of
lymphoma. In this study, although the functionality has not been clarified, it is revealed P-gp and
BCRP may be involved in pharmacokinetics by a unique mechanism in canine lymphoma

morphologically.
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