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MANE, BEFNS 6 4LV HARANDEROFE 1AL THY, 2 0 1 6 FEOBALTEHOHE:
FHMEIE, 374 TANESND [95] « WA A= 7HAGOM BIL, 1BFEFEED
] B £ 2 PReER T TR, REIRERBIZL DDA THICE R0, BNAotk
WIZT T2 B2 FIED 1 D Th D, DAL A=V THITOWR T, A A= 7k
1T, MHEEES/NIT, BT L — AL — F TRESERETE D Z LD, NEEEY X
T AN, BMAESLTFMIEASINL TS, KOFETIE, KA A=V 7HEORTY, R
DT EERETDEMMEAD (HHT r—T) WA A= U FIEICER L,
HHT v =T E N THFIEROBE RIS 2 2 & T, BEFO AEGBIE Tl R
W7, TEREELODIRVIREZ R TX 2 LHIff S5, S BT, NSRS
TEAUE, FHYRZEOR IR E DR L2573 b EHfFSLd [6, 69, 100] .
OB, T e —T ORI AR RMNE R CEERE T L2 AR EA VWD Z & T,
ARHARR D B FE OB E R T 5 & L HIZ, ~E7/ B U0KOBRINIC K DR
AT, KOEBHBEOFOESTZRETED LT D [41, 105] . T4FE, ZOX
IIRBERND, Bia oS A A= THOERINE T v — T RER S TEY, B
15, EHEOwN T v —7 0N RHERARRICEAL TS [69, 100] .

MWAA A= 2 7 OERRIGRICINT T, 87 v —7 OF AEZTHE L, Ao/ iR
WIS Z R ET DL, BT 0 —T O A=V J R ABERT 5 2 ENEETHD &
BEZbND, TIT, AR TIE, 87 v —T7 OERKREHICHT T, 2FEOIRI;
LT 0 =TI oW, BT T VE A AW TIERG A A —2 0 7 OV & R 2 et
L7z, 12BO®NTa—T7L LT, I77v> B 2B E T2 X5 TG Sz wf
JEl 70— ProSense |2 H Liz, 772 Bk, DAMBCEHEEIL WD L

WHESNTEY [58, 91, BAA A=V 7HENET m—7 L L THMRATRENEN



b5, FEBRZ, ProSense 1%, HEDOERMIEEET MIZBWC, 54 Atk 52 L
MEE I TNDH [19, 22, 28, 62, 88] , TOAEKNTOENESA A — 0 FHER
TSN TR, 20BN r—7 L LT, FSERE R SICHV LR
LIENZWE A R 7 =227 U — (indocyanine green; ICG) (2% H L7, ICG I%iT
TIENEIT Db, 7T —T L L TCHLARATHS [87] . U4, MBNAA A
— VT AOICHADBBREI SN TS SO0 [8, 10, 26, 32, 36, 42, 49, 50, 52, 54,
57, 72, 75, 99, 110] , ZDHEEANTOEESCA A —2 0 ZFEEIZHSICH ST
W2, SETRAMVEE T 1 — T DRI, NEM R AL T E DI L R T
L [15, 46, 109] 2K LTW5D, T4, JRETOERSFEOEZ SR - & fifhe TEl
BT L —VP—EEMPEE L 2T A [3] BB EINT, 72, AT7A FERERK
EEOEIETAX ¥y TEDLNN—F ¥ LA T A FEEMBEEEIN [51] OFELEA T
%D, AW TIE, 26 OBEMEHBETIEAZHWT, 2 00%NT m—T7 OFEHA A —
UU TR & RER AT LT,

91 ETIE, IRV 2 — 7 ProSense DIESA A — L ZMERE L REL A MR L
2o B NKAGAS A H SIS & B L 72 A3 U~ w7 A1, ProSense % ik G- L, 4
RN OBEREZBIZE Lz, E 7z, MRk & 8 2 IV C, IS #EA% 12350 T ProSense
WA AU DB OWTENT L7, & 51, ProSense DfFtA# LT, #kt7n—7
([ZOWT, Mllfid~HEk~ B £ T O—E A BEIRERBLLE - T T 2 FIE A LT, 52
ETIE, WA ICG ODRAA A= 0 T ~DISHOFREEZ R Lz, RETI,
B 1 B OB L/ BEIREEIC X DT TIEE VT, ICG 2 #RlikI 5 L8 A~ T A %
AT L, A A — 0 7 OMREZ MG Lz, S 5IZ, MR &Rz H\ T,
ICG I X DIERA A=V VORI ZMRYT LTz, 53 B TIX, ICGOEMRICED T v |k
KGFEDBAET NVOREGA A —2 2 TR R A B Uiz, RETIE, 52 8 TH
BT LT ICG DA A—V v V%, KIBRBAET VEIGH L, WS
(T & D KRIGEZE M HH oD PTREME £ THEE L7,

2



HB1E

AT T ERERHT AT v —T OB EICL D

HRA~ T RADEEA A —V R ORE OB



B
(]

IR, DAGER LT 287 v —T7 2 Wiz aieA A —2 0 7EIE, BSAEDT
FERCHHURIFIE OB D= O ORI — L & LTHWO AT T, 2l -1k
R & U TR S SNEEH TV D [6, 69, 79, 100] » Z DX 5 7Rd0E A
A A=V TIEE, DA RS 2R LT 5 2 LT, BAFOMBoms Tl
AR, TRREZE(L DD RVRZE %2, i\ VRS & R TR T & AR 2 > T
W5 [41, 105] . F£7-, BR 70 —7 2 HWIEFEICHRT, KEOEEZ /-
BT, BEHEE L L, KaX b Thd, £, BRD2ENBEROT o —T 25
Z T, RIRFC R DN Z YD 0T TRk 52 b T& 5, &I, 20X
5 IR ENE T — TNk LT BB RE &, BT A T SIS T X AUE, FE
EOBRIPIRREFINIC O S L WIfFEND [6, 69, 100] . LMLARNE, APk
OYEREIL, #E7 v —T7 BE OREHZTThe <, BT 525 AN T ORI D17
fEf, 7 U /NU —fREK & 7 2 MOV RS 72 & OIS HUINRBE [56, 81] DA%
FoLEZOND, DD, w7 v —T ORI ZED TH BT, #E7 e
— WK DA A=V T OEM RS R, BB ZHERT L LAEETH L EEX
oY ST

IaT T —BIZLOMEY ET Y 70X, R ARBRCEIE D AEBRE TS T T <
AMEEIORIE, S DIIERAR EOXFERBICHEEREFZ R LTS, 7rT7 7T
—BOHRT, VATA T e T T —BOAT T UE, e FTIEL 1O 7 I U — (I
77 B,C,H,FK,L,O,S,L2/V,W,X/Z) XV END, ZhbDhT 7,
VY=L TFurT7—PL LT, VY —=APICEEND X T EOSRICES LT
WHTZIT TR, TNENDAT 7V UINFTRREICOEE T2 LMo TnD

[82] . ' CH, BT 7T BIE, MEM/INREIZBIT D2 T Eofixy NT—2



IZBWT, RbEEICEET LS 7T 7T —ED 15Th Y, RHIEEMIRZE D b 5L
BRICED £ T, ZERREGHME THRBLOTTERREISNTND [58, 91] . £/, &
BRIN CREAE S NI 7 72 v BIE, MIRRAND Y Y Y —2h, HilaRmE BT H
DUVTHIRSMC I ST, Mt~ R Y v 7 R EET S 2 LT, RS 02
WCBEGT 52 LEbMEINTWD [24, 64] ., ZDOXEDIE, BT TV BIE, BAD
FAENGHERE TOBRBRIZB W THLIREEIZ R Z Lo, (WFPRIER LT T
DIFFIEN T T T, DAA A=Y TOENE L THEAEATOL EEZ LA BNS,

INETIS, BT 7 BOEEEAKET 52 & T, AEOEGHEL Tk T 5
W T o —T PNEEBEREINTEY [106, 107] , —EIXEBRICHEA TWD [107] ,
DHIT, Weissleder H25BH%E L7zd0t 7w —7 [106] 1, A7 72 BT 27 2
J BB OB N ERZWICRETER SN TRY, 177V BOEEEZIT
TERFELPEEN THEERMRIND Z LT, BT 7 BOEREZ AL TE 5%
FreoTng, BT, ZoFue—7F, RI=F L) a—nLaEE LR~
—IBRD T IR E L > TEY, RNERFFHZE LT, BE~OERMEZ &
DD EITEFF SN T D MEHICHTIR S LTV D RO H 7 v — 7 ProSense 13,
NT T BIRWENROICAEAT 20, 177 STy Lo rn
T 7 —BIEE S A LT D & STV D, SEATAFIEIC ISV T, ProSense (%, BiE [28]
KW [22] , WM& [19] , FLER [62] , JPE: [88] DIEEE T /VEMWY T, NEEE ATdibd
D ENRHE STV D, ProSense (2 & D IESSHARR O P IL, & ORFHFEHEIDS, H
k#5- S 4172 ProSense 73, R IFfE] D MG B % % CIEGHAAR I RIS T U N Y —&
SRR N CAT 7V U BOIENZZIT A Z LICLoTAELD EEZLND,
LU, ZOEHERIBREDT-9DIZ, ProSense DIFEIEA A — 2 2 7 TR ERIXFHMIZ ITMRFE S
LT,

ARETIX, ProSense DIEGA A —Y VR ZB LN TLHZ &2 HME LT, *
T, b MESMIKEZ X — R~ 7 2 RIS L7223 v~ w7 A2V T, ProSense
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AR K OV AE RN OB B 2, BEMSERBIZRIC X - TRET Lz, RIS, MRk A & B
iz VT, TEEHARRIZ IS 1T D ProSense #K, 77 7L U4y T OFRBLKL OV D EEA
% MRt L, ProSense #Yt % FEAET DML A [FIE Uiz, Icf2IZ, XV ERRGAHICT R
HETLENME LT, 7Y% AH 2 (azoxymethane; AOM) ¥ T v b KGN AE

T V% T, ProSense DESEA A — 0 7 kst LT,



e KOG

w7 —7

BT T AEMN A AT A7 — 7 & L, ProSense 680/750/750 EX (ProSense;
Perkin Elmer, Waltham, MA) % 7=, ProSense ® 2> hr— )L 7o —7 L LT,
ProSense & Al U7R U~ — @& 2 RiD03, o FARRVRR SN 22 <, #OE2 W38T 2800
7'r—7" AngioSense 680/680 EX (AngioSense; PerkinElmer) % V7= [7] . MEHES %
AT 272D, P bbb F UL, wmEAFERTI LA LEAL Vb D WITE Ak
DyLight 594 Zt55% L 72 a2 ik (tomato lectin conjugated with fluorescein/DyLight 594;
Vector Laboratories, Burlingame, CA) % 7=, b~ b L7 F 0%, A& N5 EL
TAHN-TEFAI NIV RORYN-TEFALT Y "I 4 I~v—ITfiEMHEE
R ZEMD [60] , #IRE G &V DRI IE 2 LT S 2 LM LTV D

[44] .

HAETEE S X T b

W) O IR ERBIZL L i AR O 2R 0BT, RBEFEMEET 2T A 0OV100 (4
Uy RZ, W) &Mz [109] o i H#E & & ORWTE O @58 - &ofeslsic
%, L —EERBEMEE S AT L 1IVI00 (U 28 R) W= [3] . OV100, V100
RO TERE LIZ3oemigs, 2nthoy 7 bo =7 & VTR Lz, Sk A &
MO HCEIRITIL, S —F v VAT A NEfgEis A7 A VSI20-FL (4 U >
INA) B D VTHEICBMET S AT A BXS3 (Y 8 R) &M L7z, VSI20-FL %

WTHEUS U730t EE O I, TVI00 VY 7 o =7 2 H Uiz,

RS



b b KIEAS A BRI AIAOME HT-29, HCT 116 KON~ 7 A~ 27 1 7 7 — 2 ik
RAW 264.71%, DS 77—~ A A AT 4710 (KR) X VEEA L, HT-29 Milad 5
UME HCT 116 #i@iZ1%, McCoy’s SA E5Hl (Thermo Fisher Scientific, Carlsbad, CA, USA)
2, 10%D w7 IRV, 100 Uml 2=V > & 0.1 mgml A b L7 h~A 2 Z2EHRM
L7-R5i A vz, RAW 264.7 flICIE, Z Xy atgZ A — 7 L5 (Dulbecco's
modified Eagle medium; DMEM; Thermo Fisher Scientific) (2, 10%® 7 51, 100
Uml <=V & 01mg/ml A L7 h~A 2RI LTCEZ VWi, 2o

Mg, 7 2 7y MREETHMRZAT U, fEAEUT 10 [BIPINO b D 2 ] LT,

[E5E 7 V&

R~ T AZERT 572012, 12 [EOF R 4 D BALB/c X— R~ U 2% AR
SLC (fr) KOEEA L7z, ~ U A%, RE 23£3°C, I 55+15%, RBIYA 71 12
/12 e fHRE SR F CARE L7z, MBS AZELE T, CA-1 (AAZ L7, Hn) BX
OCEK & B RICER S B, 5~6 Mo~ 7 A MKRERELE FoE41Z, HCT 116
HifE & HT-29 M ORI (45 5x 10° cells/100 pL) % ZHZ e L=,

KIGFE N /T T NV EAERT 572012, 11 JED A R 4B F344 7 >~ h & HA SLC &
DEEA LTz, 7 v M, REE 23+3°C, A 55+ 15%, MBI 1 27 /1 12 Kf#IE/12 RFH]
S CRE LT, FEBMAZ® U T, CE2 (HAZ L7) BIUEEKEZ B HICHER
ST, BB == a L, FATIEOIEIZIE > TITW, 6 liiD T v Mz
T2 AOM (Sigma-Aldrich, St Louis, MO; 15 mg/kg body weight) % 1 # (2 1 [a], 3 [A]o

&Gz To72 [40]

invivo A A= 7 & exvivo A A—T 0T
HRA~ T AD invivo A A —2 2 71%, EEMIREZ B L T 1~3 A%k, 1V 7
VT U FICTIT o7 in vivo A A—0 7D 2~3 HENC, #LBlEE o~ v 2R

8



BB D B F By DFBEARRT 572012, FITHRO TR, TA7 7 v
T rHREDCA-1 (HAZ LT) #EEEET [34] o invivo A A—T 27O 1 HENZ,
#7 1 —7" & LC, 2 nmol @ ProSense 750 & 2 nmol ® AngioSense 680 DA TR 165
ul &, HBRA~ T ACENRE G- Uiz, #0677 —7 ORNEREOBIZR TI, @t e —
7T O R OG- 10 43 & 24~30 FF#IZ, OV100 & 1IV100 % AV T in vivo A A —
VT BT ol TAF LA UERE N~ B L7 F 2 (200 pg/100 pl) EERRE G- LT
S51RIT, A Y TV T R IS TR L TERIE S, exvivo A A—V 2 T E4TH
2o fH U7z AR AR 3B U, 2 ORI 2 IV100 12 & W 812 L, RSN To®
KT v —T ORFTEE T T, BT 2 BIEE U7 IEEHARIE, 10% MR E A L~ U R

(pH7.4) (2T, —BEEE Lz, FE Lz 5 —F OEEE#T, REEO X kA
LRI THRE T L7z,

T v NRIBEBATT LD ex vivo 4 A—V 2 71, AOM ZEAICHEE L To D 28
~37 WIRITAT o T2, exvivo A A— 2 7D 23~27 FEERNIC, @7 n—7L LT, 10
nmol @ ProSense 750/750EX & 5 nmol @ AngioSense 680/680EX DIRAIRIK 450 pl %,
FrlR$E5- L7, DyLight 594 5% b~ F L 7 F Uik (250 pg/250 pl) Z#lRix 5 L <
20 SFEWTEILIT, A Y TIVT R T CRUMIZ X 0 RIS E T2, i U7 R
WOBIZL, HARAL~ D R LECHETITo 72,

B EBEHEIY, ENRKFEAN KRR T RFOBY ERMIEE B S IR L TKR
2, BT, BHICH o T, ENLKFEEAN EEUE T RSO EREBER s

ENZPES T,

REHRRFRORENT, ARk R hE A
JEISEHHAR N @ ProSense Bt % [FlE 3 5 72812, ProSense #%-5-{f {4 0D 7 [l i& ik
RO &2 TV100 (2 CTBIER L7k, 4% /XTI RV AT VT B RIRIRICTEEL, ~~< k

XUy e AV YA EITWEE LT,



SRR g L, AL~ U CEEANT T o el BRI R %, Table 1-1 [ZR LT
— PR % DTS S8/ 72, Yetal2iX, VECTASTAIN Elite ABC Kit (Vector Laboratories)
EHONTREETTO 7 1 b a—/WIhE - T L, % RIEE DAB/H,0, Z IV THRE S
Hictk, ~~ bF U AT KO Lz,

O GANT, A 2 7 —VEE~ U ARG R S D WiddRr~ Y CEENT 7
ATy MEREEI A, Table 1-1 (TR L7 —RFUEZ AW TRIR S BT, £ D,
—IRPUR DB U7 Alexa Fluor Byt tAs8 % _IKPTIA (1:200; Thermo Fisher
Scientific) 2Tt &8, 4°,6-diamidino-2-phenylindole, dilactate (DAPI; Thermo Fisher
Scientific) |2 &V xtbbiuta Ui, w9t “EYL A ZAT o Io IR E O/, JefT3

BERICHE, Al 24T o 72 [114]

RRMRA A —D T

Hifiel L ~L T D ProSense D SUGMEZIEFTT 572012, HT-29 & RAW 264.7 OR53EHH
foz Wiz, FREnofiln (4 x 10% cells) Z2F v > /"= T4 R (81 mm*/F v
— AUR, HE) IZFEMEL T2 HLIZ, Bz 5nM @ ProSense 680/~ 7 A Noffift
7k (Hank's balanced salt solution; HBSS) (Z{&#i L, 37°C |12 C 3 R S 872, &%
Hoechst 33342 (Thermo Fisher Scientific) (2 TxfHtYeta L Th 5, VSI20-FL % AW T4
HA A= T HATo121%, AZ 7 —IVEEL, BT 7 B ORGSR @ A21T
o7z, HT-29 & RAW 264.7 O 153 F258CiE, HT-29 Al (4x 10% cells) % T > /3—
AT A RIZHEREL T 1 B2, RAW 264.7 flli & 572 5 Hi % (0, 4, 10, 20 x 10* cells) (&
TIEREL, 10%7 VIE/DMEM i CE 512 1 HEGFE L7z, T Otk, BB & [Fkk
{2 LC ProSense DSMEZBIE L, BEERIZ, BT 7 B & CD45 O HA YA
Z1T 572, ProSense D7 7" UNERM A WRETT H 20T, MlREEMED BT 7
HK| E64d (Sigma-Aldrich) & 5T 72> B BRI EA] CA074Me (EMD Millipore,
Billerica, MA) % F\ 7=, RAW 264.7 i (4 x 10* cells) % T+ > /3—R T A NIZHEHE

10



L T2 B#IZ, BHiA E64d (0,5,25,50nM) & 5 % CA074Me (0, 5,25,50 nM) %5
Fp HBSSIZEHA L, 37°C 12T 1 BEfES 2 L7-, RIZ, & FHEAIZ WD L 7= 5 nM @ ProSense
VAR ERL L, S 5IT37°C 12T 3 HFfEEZ# L7=%, ProSense # & #ZL7-, &£TD

M ERIL 2 F¥ o X—F D T 7,

insitu ¥A €777 4 —

MR 31 5 7 F FF—B1EME & ProSense DYIWHEM: (in situ V' A €77 7 4 —
TEME) DRTEAZRETT 272012, REEHRMEKED A 2 MWT, insiu VA €777 4
— 54T o T, insitu AT T 7 4 —I%, FATHRO L [21] & ZE L TiTo 72,
in situ A €777 4 —DKIHE E LT, 50 mg/ml DQ gelatin (Thermo Fisher Scientific)
& 5\ F 13 nmol/ml ProSense 680 & 1% (wt/vol) K@l 7 v — R 7L K Ok} e Yeta A
@ propidium iodide (BD Biosciences, San Jose, CA) & %\ % DAPI 5T U o FafkE A=

AWK (pH7.4) 2Rz, H#0EE#IE, TVI00 & 5\ X BXS3 (12X 0 B L7z,

WERHRAT

HCT 116 & %\ NiE HT-29 SR D in vivo A A — 7 2 78 SEHI{RIZFN T, ProSense
P 5 Hii#% O EBERLA 6T B PSR OB IR L O LI IE, SHGDH D ¢t REE VT,
TRTOFMFERIFNTIZT 7 BAFEF 2010 V¥ 7 b o =7 GEETE#RY— 2RS4,

W) AT T 7,

11



IS

HB A~ XIZE1TF 5 ProSense 8D JFH7E

A~ T ANTBWTIBRL S 4172 HT-29 JEFGARAR & HCT 116 MRS O 9 B fEt4:
TlE, MEORKEMBOEEGNE2> TV b oD (Fig. 1-1), EH5IZRBWTHEE
KRR LA ProSense HOESFR HavTz (Fig. 1-2a), B EE @ ProSense He i
i, BHRTO B FEOMMEIC AT, AR L Tz (Fig. 1-2b), HT-29 &5
KRR ORI 212 BT, I ARERICHRL Y ProSense HEANGRYD L —J7 T, JEE
HLLERCIX, ProSense #EITIE & A LR bz - 7= (Fig. 1-2¢) . HT-29 JEEGHAKRIC

31T % ProSense wIE, MEEEOMVEAMKICIR/ L CTWe (Fig. 1-2d), 7235, MEEELISL

DAL « BRIV TR, Bl O g Tofvy ProSense HOG &3R8, ATl Tk v /3

— M, B C IR AN BRI ProSense H5EANEE L T2 (Fig. 1-3; 1-4),

BB A~ RZE1T 5 ProSense DIENEIHE

AngioSense I L, Filk#% 5-1 H %12, FEEHARIZ W\ CTHe iR 35890 H v 7z (Fig. 1-5a),
72,1 BRI, IEE#RAK 2 31 T AngioSense D IMLE ZMFH 788 & 17z (Fig. 1-5b)
ProSense % AngioSense & [RIFRIZ, #ARE S 1 HZIZ, MEEHHKRIZ W TH LR AR
W57z (Fig. 1-5a, b, ¢) o HT-29 JEGHHHAE O A5 R B2 ORE R, AngioSense HGILHE
FHARIZ A LT\ — 5T, ProSense O EIXMIEMIINIZRIENGRD bl (Fig
1-5¢), — 5T, EFZEOMEETIE, B5 1 B&ZIZB W TEH AngioSense O I /M H
IZHOF )T, ProSense DHEN BRI LAV 72 (Fig. 1-5b), HT-29 EEFHAKIC I T,
M OBEEE, FESOE R D b ERESICI UV TE < AngioSense D IME SN b
JESHIREIT T% > 72 (Fig. 1-5d) . ProSense #3613, MAABEN R <, mE/NRHAIT

HE LTV D HEIBRICRE L Tz (Fig. 1-5d),

12



HT-29 JEBEARRIC T 20T 7 o RBL L = OEAMR

HT-29 fEEALRICIBWTC, BT 7> B, L, S O HNED bz (Fig. 1-6a, b, ¢) ,
AT T B, HEMEOME ISRV EBATRS b — T, EEHIE O/
BHTORBUIIZE A ERD LN o 72 (Fig. 1-6a), ZNHHh7T 7 BBEOME
Ml % < 1%, MEERBEICOM L TRY, BEEEREMCE 2o t, BT 7L
1%, MECIEE R OO TRV E I O M B (259 W B BLANIR O B LT — 05 T, IS T FE

IFERD b o 7= (Fig. 1-6b), BT 7 S, JEEEGE K ONEEIZE M o Ve
AR DA IS TR WIS BLSGR D B AL, TGS\ TS FRE DRI RD b

(Fig. 1-6¢) . LA LEX 0, BT 7L v OB Y 230 T, ProSense D 64547
B HITWEBA 2R LTz 11X, 7 7 B Th - 7= (Fig. 1-5d, e; Fig. 1-6a, b, ¢) .
—FRRBI T IZ BT, ProSense DHEONIE, BT 70 B OFBLOSAG & —F LT

7= (Fig. 1-6d),

HT-29 JEEHARIC BT, BT 7> B O¥ELIL, CD68 it~ 7 17 7 — V0 [RfE
& —F L7 (Fig. 1-7a), 7=, BT 7L > B OBIL, ol Ek~—% — (CD45, CDI11b,
Gr-1, F4/80) & HHfEZE R L7c (Fig. 1-8), [A—#kEI 123 T, ProSense # 1%
T 7 B RONCD68 OFBL & REE R Lz (Fig. 1-7d), — T, o-smooth muscle
actin (SMA) BPEDHRMEEMINL & 5 VM T CD31 BtE oo & NI D 545 & 1T 7o v
B ORI/ OILFIEMET 1 7 7 A )W, “two-tailed” split Z 1% L, FLBTEITRD Hh
727 o 7= (Fig. 1-7b, ¢),

HT-29 #iifid & RAW 264.7 Ml OEF MM TIX, BT 7> B FHBIRE DRV RAW
264.7 MifE T ProSense #7235 <, ProSense # AR & 17 7' B OFEBUFHEE TR
o7 (Fig 1-9a,b), RAW 264.7 Flild & HT-29 Mifld O ILEE Tk T, CD45 &
W7 7 BB RAW 264.7 fifa 3, 580> ProSense # 4 7~ L7z (Fig. 1-9¢, d).
RAW 264.7 #ifi@lZ 3317 % ProSense 1%, 77 7' v LV BLEHR Bodd KO 77+ B i

13



RABLEARIOTFAET T, IR Lo (Fig. 1-9e, ),

HT-29 JEEHERRIC 51T 2 MEFREE L/ ) &7 ) v 7

HT-29 SRR CI1, G O L 0 B IS ARSI 3oV TR HI L 0D &\ AR TE 1
LTz (Fig. 1-10a), IV Rl2 T —4 0 O3 EBLE, RGO CIXMEHBICE S b i
-5 T, BT OIEE & ME OSSR TR B D biv/e o7z (Fig. 1-10b)
SR, 7R A v C ORBKE 2T 7S —BIGMEE, B L MO ol
itz (Fig. 1-10b), & 512, ProSense O in situ WA €7 7 7 ¢ —{EMEIL, TEEE B

DA T —7 RO Bt (Fig. 1-10¢)

7 v NRIBREDBATET VIZEIT D ProSense B LD {TE

AOM %7 v N RKIFEM AT T /L OIESHEMEIZI5V T, ProSense O TR AME %2
Sz (Fig 1-11a), MEEMHEPIZIS 1T D ProSense DEOGIE, MEEENE L, MEH
WM TUHE LT B B8 — RV O B3 R EIC /04 LT 7= (Fig. 1-11b),, ProSense ‘# ¢
ERICHEEEC, W77 vy BB EO~7 v 7y —VOEFEIED L (Fig. 1-11c),
—Ji T, o-SMA FEPEDORHMESF MR CD31 Bl & NGl Tlx, U7 72 B D%
BUIRO bieho T, EEAMICEEET 2 EF 22K LM TIIn T 7 B O
FHUTITE A ERD N2> Te—F T, —HORGIEGEHGE OB ISNT AT

7' B ORBUTHENGRD bz,
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B

HR A~ U ADPEEFAFICIBV T, AngioSense XRG4, FEEUKIEAICIEE
KRR DI 2> DI L, MESEARIC SR U 7o, MEEHAR CIx, MRS M o 8 f i
MMEFH 7R T DIT, Ea AL <, M OIRGHHME TIXY v/ SRARIEER T
DI, v 7z @ o AEE R EI S UL <, @A TEEER LT WIEE % £
DI ENHMBINTEY, enhanced permeability and retention (EPR) Zh&H & LTSI T
W5 [53] , THBHDZ DD, AngioSense 13 EPR ZhHRIC X - THESMARICER L T
% &#F Z BTz, ProSense 1%, #ik#% 5%, AngioSense & [FAIFEIC L CHREMUKAF I IEE
AR ICEEAE L7z, F£7o, MBI O ProSense dtt1d, AngioSense & [F] UyAfiz s L
72 ZHUHDZ LD, ProSense t, AngioSense & [k EPR ZhHIC L - C, MEH
K OB M O TUHE U 72 AR CE RS T 2 L B 2 bivlz, AR TIE, B AR
T BB SN D T v N REBFEN AT T MW T, ProSense k%5 1 A
%Iz, MM CHOLIR AR, ZORIEIE~ v AEGME L F U<, MEBRLD
FEMEDTLHERN. Th -T2, D LD, ProSense 1 IFEMNAET /MIZHEWNTH EPR
RN Lo THEBHHARICER L T D EE 2 b, BLEDZ &, ProSense I1E,
R OB\ TH, EPR ZRIC L - T, BEMKICHRNICT I N —Snb L
s Sz,

HT-29 JEF#HAIZ T, ProSense DHOGREIL, BT 7 Bt~ rn 77—
VORMEE =B LTz, BIEFREET NEYE AT RATIE T, MR — 714
MLz~ 10 77— 2BV, ProSense DHE DB I TWD [27] » £2, T v
I f R B P B ER SR B AR 2 R L 7= 13 A~ 7 A28V T b, ProSense BitE~ 7 &
77 —VOERMPMEIN TS [9] , AFETIX, vV A7 v 77— HNKHRE

BE RAW 264.7 OEZEMIOIZIBUW T, ProSense & 7 72 B ORENFHET S

15



Z & mR LT, BENEDS AE T VBN 2 -T2 SEA TR CIE, ProSense Ot A3 EIZ Al A
TRIZEIN TS [19] . — 5T, ARBFETIEL, HT-29 BSOS T 5
77 B OFRHILEE<, ProSense DHEIE BT TH o7z, £72, AOM#FEH T v b KR
IBFE IR AT T TR N TIE, —HOEGEMI T T 7> B ORBTERE D bl
IZH 22 57, ProSense DHOLIEIRITFAD b e nolz, T HDZ L h, A5
WS A~ 7 2 DB IC BT, ProSense H2 D £ 3 72 FEAEAINGI, S THR
FTIZBWTHRESNZXHIC 9, 271, W77V BBt~ rnrr»—UThHorE#:
b,

R A~ T ADEBFREICIB T, ProSense HwIHENT TV BBk~ 77—
DX, SRR ORI JRHIE LT, ZOMEETIE, A TR OIS i
TLHE L TWe 720 T <, ISR O BEREEYE m o T, Eio, TSR ORE
LHIBEOERE T, 7114 CORBLL T T7FF—BEENRO LI, —F7T,
ZOBERECBNTIVRA T =7 ORBTRO behole, TRA T ClE,
fash~ btV w7 ZTAEETDHEZ B D 15T, #ik V7V o Z1Ic@< 2 L a
HILTVWD [68] o FTo, ABFETIE, EEEZETIZIVT, ProSense D in situ A £
757 4 —{HEERBO SN, YD Z &, FEEEGIRE T, RSO I
I U TR U E7 U ZTEEDNTTHE L TV D & 2 billz, & bIZ, SETFZEIcB VT,
JEEMAEEFRICER L~ n 77— 7 U o 712@< 2 ERHE ST
WAHZ EnG 11, 108] , MEEHAARICIIT D ProSense O HyEHIsRIL, EPR 2RI %
T, AT B Bitk~vr vy — VRO 7 o/ TEEOTTEIC LY A4
U % AREMEDE 2 BTz,

A R O VEALREIZ I\ T, #RlREE G- S 4172 ProSense D GITHISINIC /7E L T
VN2 —J5C, ProSense @ in situ A €7 7 7 4 —IGVEITMIASN D 2 T — 7 U BRAEIZRE O
bivic, 2D &5, ProSense [FMIAMIIWNT I T 7L B DIEEAZ T 7212, ~
7 a7y —YOMBENIZEIR Y IAEN TS ARENMEN S 2 Hi7z, —C, ProSense &
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X, gD 7 > R—HaC RAW 264.7 HEEMICEB N THRO LN L b,
ProSense DAV U A FEH & LT, ProSense 7' 11— 7 SIAIC IR A E 714, VU
VI —=KNITCAT Ty BOEREZ T CELEZELLHREEL B X 6T,
AHFFETIL, ProSense |2 L DIEHA A — 0 7 OKRFHT, AOM #H% 7 »~ b RIGHEM
AET VS Wz, RETAEMIL, RIEISERRERD, 2 OFRN AR & % LA
SN2, KYBRFHCTVWEE FTTRMETE 5 LB b5, AWFETIE
Z v N RIGIEREARICIB VO TH, ProSense DHDEHITRNGED bz, T v b KIGIEEH
fIZIN T, ProSense HOEAVBIEE & U7 BB S AEIL CI, B ALK QML & i PE A
JLEL, BT BBt v T s —UnERL TV, ThETIS, REINERE
ZFORIFBM O ST T LVEIZBW T, EEERE T ProSense D JHEFR A
WMEINTNWD [62, 63] . £72, B FOKRA MK TIE, EEORMEHAIZIBNT
T T BBBEL, MV ETV CTIEALTWS Z ERRESNTWD (16,
311 o ZAUHDZ ED25, ProSense X, fHMEY £ U o ZIEMENTLHE L T 2 EEEHAE
DOIRTHEAL ORI A AR FTREMEDN B 2 Tz, KRS, B PRGBS AR T, £0R
HERERIC~ 707 7 —=URNERBLTWAZ ERRESNTED [18, 20, 48],
ProSense IZ L DA A=V IRAEHTHL EBZ A2 b5,
ProSense (2K 5~ 7 v 77y —YOME, BEEMEOMEEIZE bbhD Z &<,
SRR SRR 2 fR 3 D ATREME A R0 — 7 T, RIEMIRZA £ T LT L % 5 AlREME:
HEZOND, TIETIZ, ProSense 1%, FEERAVIZHEFE L7-BAfiZ% [101] , BhREE(L
T—7 [39] , MiORIE [30] 72 EDOBFEORIEMIRE 2T 5 2 & EiE ST
%, —HT, ¥UADKEENAET VR ORERET NV ERNTZEATIE Tl
ProSense DI, AR TH S 4L, RIESML TIIME SuTH7Ruv [113] . 24
5D Z &G, ProSense #OGIT Ko TGN & RIEMEIRZE Z XHITE 578 9 i
RIS AR AR (TR T 2 RIEMMI O ME ORI L 2 AREENBEZ O D, 4,
ProSense (2 & T AL S 5 kR % 7RG IR 2 O RIE MR A DEHT 2 & 512D,
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ProSense (2 & 2 A% L 72 ISR ZZ B D LTS 2 EREIRFE N5,

ABFFETIL, ProSense DIRFTEPEIZIG U T, 3 DOBMBIHEMNZHT, D
AR LUV R TRBBHICEHE L7z, 2R E TORET v — T OMGHEL, Bk
DIEABBER ATV [15, 46] , Z OfERORGEE MR O E N2 W TiT-> T
W2 [46] o ARBFETI, /NEMWA AT 7 ERBUI R A A=Y T ORI, #HYIL
TWRWAERMZ SR CTRE TE 2 L— W —EAMBMEE T 27 A 3] #EAL
2o AFEEZRNDZ EC, FRHHHERIZB T, #6712 —7 OIEHEEEN TOJH
TEA IR L~ CRIETE o, RFEOFAIL, MR A A —2 v 71T, /M
YT A2 L, AEICEN T e —T OREEZBETEIH I EICH D, EREIL, K
WFZE T, ProSense 23K O O EMILIZRHIEL TV D Z & 20 HIEe< il
L, ZOHOIRE - Ml 2180 5 TR0 Licotz, F7o, AFEL, MHEROWHH
iR 72 & OIERA N B 22N 2012, BT 0 —T DD SRRIENET H Z & 72<,
BEHEBRETEHILBRALEEZIOND, ZNHDZ LD, RFIEEL, NEWA A
— VTR A A=V T ORBIEL L AT — A ERUSTE D0, T e
— T ORFHIAHTH DL EEX DI, £, AT, AT A NERSEOEIE %
BUST 53 —F ¥ LA T4 NEMSEEAN [51] 2, MU Lo flRIcAn T,
WHT 0 — T OFEZRF LTz, RFEEZHWD Z LT, BEERIZHESTRFEDS
DHINERZ BT 7 7 A ML L COERANRFETE 22T TR, #RL > LIS
(IBERE RGO REGE AL TE T, ZNHD I LD, N—=F /LA
T4 REAMSEZ O TR, TR 7 0 — 7 ORI 172y — e b L& %
b,

ftiam & LC, ProSense 1%, HAA~Y T AKNT v MRIGHE AT T VO EE % AT
fBLT2Z &0 n, EEEA A=Y U ZIZHEHTH S & X BT, ProSense DEIGHHAKIC
B DEOEHRIE, MK & MAEFEIEOTTEIC LD EPR ZIRICINZ T, BT 7
¥ B Bk~ a Ty —UnEb LY T T U o ZIEMEIC X D RTREMES R STz,
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NSO ENnD, BT 7T oEEe e 2407 v =70, Mk €7V U
PEZ {5 BRSO~ OIS AW S iz, £, ARBFJETHEE L7, BMEERIEE -
fRATEANIS, #Ot7 m—T O A, Ml S/ N £ TRl T E S 720,

W T —TOFHMBCEHRATHDL EEZX LN,
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/N

%1 ETIE, BT EEE WA T DI RS 7 e — 7 ProSense (2T,
JEGA A — 0 7 OMERER VLA, BAMEEBIEFIEZ AW TRET L7z, £7, B FK
573 A B R HEBEARIERE HT-29 & HCT 116 2 X — R~ U AE FIZBMH LIZHR A~ D R
IZF\ T, ProSense i JEDEEE & ProSense DAR) & 72D 1T 7L hp1- L DFEEM
faZ T, AP BEMEE S AT LB T in vivo 4 A— 7 OfER, ProSense i
SEIFE ARSI Bl ST, L — P E B REEMET o R T AT K 24 H A
DWria g OBLEL )6, ProSense 1T, MRS 5 O WAL OAIALE 2 JRTE L T,
JEEAR R D S MR AL 2 e L DGR, ProSense HEERALIZIBWT, BT 7L B DFREHL
DRBD B, EOEAMBIT~/ a7 7 —Y Tholo, N—FT ¥ /L AT A FEKEIS A
7 b T AR ORE R, Ml TEIZE S ProSense HOKIX, BT 72 B
BHAEAI OB EERAFAICINGS L7, $£7-, ProSense BN ANEIZE & 7= NEIE A fa BT,
MR E <, MEFZBENTLE L TV, 0 X5 22 IEEE B O B T,
TXxA v COFRBL, T T FF—EBIEMK O ProSense DUIWHENEGRD b, £7z,
7 v MRIBREBAETT MIZEBWTE, ProSense DHEHIEMMES MR CRO LN, <
DHESCFTIEFEREIREL T\ e, ThoDZ &b, ProSense 1%, 772 B
ptk~ 7 a7 7 =BT 5 2 & T, BGEMRE TR L TnD Z ERIBRE T,
X 51T, ProSense I, MEEHIGRICIRIE L= T 7> v Bt~ 07 7 —UNBb 54l
WY e7 ) ZIEEA AL L T D ATREMERE 2 BT 2 &b, EEHRIEE R O
HICHEHATHD LIS D, AECHE LT, BAMSBIEL - Mg, 2t a—
7 OEEZ, MK /NEM) E TERANICTHME T E 5720, T v — 7 OFHmIC A

ThoHEEZDNI,
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H2E

WWEHN A R T =7V = OBRKBREICE D

HRA~ T RADEEA A —V R ORE OB
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B
(]

A v Ry =7 =271 — (indocyanine green; ICG) 1%, HAZGOHI-IRAEICE
WTEk NHOEANBZEE L L TEH SN TS, §lRE S S 72 1ICG 1E, gz ELY
AFALTEI ISR S LD FFEN D, ITHREMRASEE L CREMEH SN TR, X2tk
DTAT 7 ANBHREIINTND [4] o ICGITTRIVENEFET D &V D R D, it
F, B MR e —T7 L LTHEASRTWS, ICG USMTL, Sttt a2 R oE S &
LT, 7Nt LS, AF LT N—, 573/ L7 U B (5-aminilevulic acid; 5-ALA)
WBHDHN, ICG DALFRIFEED D, R A A= 0 7 ~OEMEX ICG D AMEIL T
HEIND [87] o BUE, IARSMEINHAIE L COKRE STV D ICG DS E, FrlkE
HAZ X 2 i o A LM~ DO B FTHERNC L 5 U o o F L3 & 0, 1CG 2SIRE
MEZ T 5 2 LI k- TIREE 2 Ak L T 5,

T, 1CG DIEFEMRH~DOICHAPKRE S TR Y, EBRESET L8 (32, 42,
52, 54, 57] 72T <, JiThE [26, 36] , FLAR [72] , EESHED [110] , Al [75] 7 & D
BRRIES I BV ThIE SN TWD, £72, JIENA [99] , KIBAA [8, 10, 49, 50]
DEBIIZBWNTHMERH D, L LR b, ICG 12 X 2 SR OJFEIZ 2T,
FEAEMBA TR, ER 72N CTlE, b7 AKR—%—47To 5 organic anion
transporting polypeptide 1B3 (OATP1B3) % U} sodium-taurocholate co-transporting polypeptide
(NTCP) 23FELL TV, FEMIBICIHWT, ICG DMLY AR5 3 52 &
ARENTWD [12] o FFEEIZBW T, ICG DEIE, ZHbHD hT v AR—2—
DOFBLEMBEIICH D Z L BRESN TS [37, 89] . — 5T, IFIELSOIEE T
1%, ICG IXMyE & 78 L AR S L CRa kT2 2 & C, Rk
ICEMTHEBEZONTND [32, 42, 52, 54] . F7o, B3 LB [2] %8R

FIREEEE T /L [57] 128V T, ICG NI IAE NS Z &L HEI N TV D,
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ZDFHIIAHTH %,

KRETIE, ICG DWPAA A=V T ~DISHO TR EZRET 57201, 18T
REEE U T2 BRIRERIC L DT Fik & T, #lRIR G- L7 ICG DIES A A — v 7 Otk
RER OVFHELZ MR L7z, £, b MRIGA A H RIS MRk 2 il L -l A~ o 2 %
T, 1CG OIRNENRE & IEBERLARINENRE 2 b L 7=, RIS, B N RIEAS A H KR
fatk D EEE ML 2 AV T, ICG OMANEIRE ARt L, ICG IZ K DA A —Y 71T

B DR 2R LT,
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e KOG

w7 —7

ICG (54 - o7 7 7V —2) 0%, H—=2 () LVEALL, mEMEL
ARE T D 7201z, HtR DyLight 488 Z 1%k L7z b~ K L 7 F > (tomato lectin
conjugated with DyLight 488; TL488; Vector Laboratories, Burlingame, CA, USA) % HV 7=,

ICG DIENBNREAZ T D721, KR T n—7 & LT, 14 XDR 587 1
— 7 x Wi, @By rilowtTa—7 L LT, #kt3E Alexa Fluor 680 Z 15k L 72
7 MiE 7 V7 X (bovine serum albumin conjugated with Alexa Fluor 680; BSA680;
Thermo Fisher Scientific, Carlsbad, CA, USA) » 2 WX, RV ~—Rody) ki
AngioSense 680EX (AS680; Perkin Elmer, Waltham, MA, USA) % fv 7z, 1K 7Rt
Y7 m—7 L LT, dEiER 7 L 32— & (2-deoxy-2-[(7-nitro-2,1,3-benzoxadiazol-4-yl)
amino]-D-glucose; 2-NBDG; <77 R#F4EHT, KF) Z=Hv 7o,

ICG L PFT 2807 1 —7121E, AS680 & 5 T 5-ALA (FOEHiZE, BUR) & Hv
720 AS680 I, 55 1 FIZ T, HT-29 R ORI E 2 15i§ 0 Z L VRSN TV 5, 5-ALA
1%, HT-29 Ml B v A F T, Ml THOEMED 7 m ARV 7 U & IX (protoporphyrin

IX; PpIX) (2R3 S5 2 & ¢, HT-29 il % vl 32 2 E s S Tun s [66] .

MBS 2T A

B D IR IEBIZE L R O G OBIEITIT, IEHEFBHEI S 27 L 0V100 (F
U oS A, ) &2 Ve [109] o iRk & € ORI O mfk R - w0 iR e B IS
%, L —EEMBEMEE S AT A 1IVI00 (5 U 8 R) AW [3] , MBI A & 5E

B OHOCEIZITIL, B/ N—F v LA T A REEMEES AT L VSI120-FL (4 U >3
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A) & MWz, B0 tE g e g o, WAV — Y —E B E

AT I FV-1200 (AU 73 R) ZHWzZ, 2 CORENEBRIL, UL 7 —TFR L,

HRaEE &

b MRS RIS Ak & LT, LRAROMIIZREN #4725 HT-29, HCT 116,
LoVo, COLO 320DM, DLD-1 %O T84 % v 7z (Table 2-1), Z DT, DLD-1 fificl &
T84 A, MMz Ffo 7z LRl EZ RLTEBY, 4 Moy 7 va v %F
BT D2 EBHBLITWD [38, 67, 86] o FTAEATHISEIC LY, T84 fifnlx, DLD-1
FREZ AT, KVERRIA N oy T v a U EEEZERT L 2 ERRESNTND

[86] -

[E5EE 7 V&

R A~ T AERT H7-012, 4RO BALB/c X— R~ U A &E HAF ¥ —/L A -
UoR— (7)) LVEEA LT, ~ 7 A%, RE 23+23°C, B/E 55+15%, P+ -
L 12 WEE /12 RERIRS S CHRE L7, SEWIMAZ®@ U T, CA-1 (AAZ LT, HH0)
B LOEEK A B RIcER 7, 1 EEEIE S 87-%, HT-29 MlnoREK (1~5x 10°

cells/mouse) % X— K~ ZADOEMHIEZ FIZBM L 7=,

invivo A A= 7 & exvivo A A—V T

BIELFERRIL, EGHI 2 A LT D 1~4 B RI% (A 6~14 mm, [EIEATE 75~384
mm’) 12, A Y T NT R I T T2 72, 10G O 5-81E, SATIFEL VBEL, 150
ug/mouse (*7.5mgkg) & L7z [52] . a7 v —7 DO HEIZ OV TIE, BSA680
X 100 pg/mouse, AS680 IX 2 nmol/mouse, 2-NBDG (% 171 pg/mouse, 5-ALA (L5
mg/mouse & L7-, KENTn—T7%, AR~ RTERK G L, —ERFMZICEIZE
AT o7z, ICG EIBEED Tt & LT, #tA A= VD iRLATS 2 &2k
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% 1ICG # I DIBRA~DRENT 72N & ZHERE LTz (Fig. 2-1), Z238%ED 10 43ATIZ, 100
pg/mouse D TL488 % Filk#x 5 L CILE Z a0 ARk L T o, A Y 7T R T
THUMLIZ K 0 ZHIE ST, ZD%, MfkEHLE L T ex vivo f A= 7 & ToT,
FRIEERIT, Ve &b 3o E FWTHERM L7,

B FEERETENY, ENRFEN BOLR LRFOEY FERMmIE LB SR L TAR
0T, BT, EEICHo T, ENLRFEAN BRI RSO EBREER

EICPES T,

AR A—D T

BB, v =2 T4 K Sl mm’/F v /3—) ZHNWT, FRIiEn
IRVBR Y, TEEHEAL (2~4 x 10% cells) Z#EFE L C 2 A&ICAT o7z, TEEMIND ICG ~
DINEETARDT=DI, Bz~ 7 2R (Hank's balanced salt solution;
HBSS) (27T 2 [\FEV, ICG A (25 nM ICG/HBSS) (ZiE#a L, 37°C (2 CHTE DFREH]
B SE 72 4%, HBSS (2T 2 IV, BUERFEER 21T > 72, ICG O JRIEDRRF Tl
Table 2-2 |ZFLH O A M NEE OE Ot~ — I —% T, ICG & O ZEHREEIZLVIT-
720 ICG OFFANELY AR E LT, = R A b= ZARBOE G 2R 5720
\Z, ICGIRIRZ I LT B3Min%, 4°C BB Fic s &E, £/, = K
A P =T RO RBAER 2 W2 EBR T, 7 7 AV ARFES Y R4 b— 2]
=& Pitstop 2 (20 uM; Abcam, Cambridge, UK) [103] % 15 /UG & H7-%, BLEA%
WAL 72 1CG Wi Clla A RIS ST, BT U AR—F —REOH G2 HEtT 5729
(2, OATP } N NTCP O#EHiBHLER|TH D ALK 7 1 7 X LA - (sulfobromophthalein;
BSP; 250 uM; Sigma-Aldrich, St. Louis, MO, USA) [2] & 2%, OATPIB3 DR H.
=5 cholecystokinin octapeptide (CCK-8; 20 uM; Sigma-Aldrich) [94] % 5 43 Bt S 72
%, BPHFEAZRIN LT ICG BHE THilin 2 fOG S ¥ 72, ICG O D AR
D, BANTx T v a VIBBUIREED RN LTI, AN T b F RV
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Ny A A — 7 VIR (Dulbecco's modified Eagle medium; DMEM; Thermo Fisher
Scientific) (Z°C, % 60 /offE:# L7, ICG 2L Gz s sz, & 7T

DIEFMAN ISR, 2 F v o =T DfTo 7=,

G s

A S 2 WITHERR G T 1, 2% ) — VB D 0E 4% RTHRVLAT AT B RE
I CTREE L, Table2-3 (TR Lic —IRFUK L R T, MISSHET, £0%, —&kHUk
DEIEEY)ZIE U7 Alexa Fluor HOEERR: —UBLK (1:200; Thermo Fisher Scientific) (2T
i &4, 4°,6-diamidino-2-phenylindole, dilactate (DAPI; Thermo Fisher Scientific) (Z X ¥

xtbedefa Uz, BRI, ~~ R¥o ) v s oA UV E A ITOEIE LTz,

HERH AT

HOEEI#1E, Tmage] ¥ 7 b7 =7 (National Institutes of Health, Bethesda, MD, USA)
Z W TREAT LT, OO SEEEEAE 2 I E 3 5 72 12, Fig. 2-2 1§71 B sk A4 5%
EL, ME L, B, PFHOESEERZC TERR Lz, 3 BEMOHEIZ W
BHED S % Bartlett O HIETHREL, FH0WMTHL I L 4R L, Tukey DRRE AT
STz, 2HEMIDOHEIZHB W T, BHEOSBE FREICELVEEL, FoBoLnalx
Student D ¢ FiE, NESZHDOYE 1L Aspin-Welch O ¢ 1 7E & vz, B B D15 =
BRIELRIC DWW T, BIRER R & a8 O iR, Wilcoxon OFF SAHIEN R E 2 V=,
TRTOFMFERIFNTIZT 7 |AFEF 2010 V7 b o =7 GEETE#RY— 2R E4E,

W) ZHWTTo7z,
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S

HT-29 FEE#RRD 1CG BV AL
A~ 7 AT ICG Rk G- LT 8 FEf##% 12, HT-29 IEEH#EIZ IV T ICG Dt
Yem@igt s (Fig. 2-3a), FEGOREEIEE S, 1CG O 6%, NS MBRNIC 4
WA LTz (Fig. 2-3b) . F 72, BEBFERO S5 E82 5, 1CG 96T E NIz
O BT, S SEEMEOMIENICER Y IAENTWSD Z LR s (Fig 2-3b,
c). MEEALARICIIT D ICG BitEMINIE, carcinoembryonic antigen (CEA) [51t: oD B 5
facH -7 (Fig. 2-3d), —J, EHERKE ERMIZEBWT, ICG®#ITIFE A ERD

%ﬂiﬁi))/) f:o

ICG DENENRE L figas - MRk 7R

HT-29 AR 3510 5 ICG Htl, 1CG #RlRkE 5% 12tk 2 (2 LT —5C, 15
R IE 5 i« ARk D 1CG B YR EE 1Y, FE & & ICHm L7z (Fig. 2-4a, b, ¢, d), 1E
B2 HOME L ESEEFORBO XL 5128V TH, ICG #51% 5 20 LANIZ ICG D ifi
BINR 3 FR 0 B, 24 FEE# 121, ICG D EIT B G-ATOIRREIZ R - T 7z (Fig. 2-4e) o
ICG & B D2 AR IR A 72 B SN L, Ry it 7 v — 7 CH iR
DOHNTE—FHT, @& rRoOENT 0 —7 TiERdo b7 (Fig. 2-5), TEEAEN
[ D EERBIEICB VT, ICG %5 30 23#121% ICG Bt o EEAI 780 57 (Fig.
2-4f), F7z, 1CG H 5 30 5t&I12iE, IFAllL & R ERGARIC IV T, TR L Y
HHR ICG H#E2 D B, RV TIE, PSR L %0 ICG RO 5
M7= (Fig. 2-4; Fig. 2-6), L/ L, ICG #5- 24 FEfiIt4 T, TEESMAEIZER Y A 7z ICG
FOIIRFF SN0 L, ATIE, &, kIR T2 ICG #otldzE L<Ed L

(Fig. 2-4; Fig. 2-6), 7213, ICG $¢5-30 701% CliX, 1CG "6i%, MRS O M4 N
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AR RE IS B B O M EMIEIZ B W T HRRD LR, R EIICG #5- 6~10, 25~28
B T S Zpdr~ 7= (Fig. 2-4; Fig. 2-6), HT-29 JEEHAMKICH N T, @4
WL e — 70k, EEIEMEMS TR, MEEENE L, MEGAENTTHEL TV D

HEIES S oD FEVEL R AR L ZEARE L 7= (Fig. 2-5),

JEFHARIC 31T D 1ICG DELY iARL & REF DOIHE

HT-29 DM BT, ICG IRINE ORFEIFHM & & B ISR O ICG & L3 8
L, BVIAENTZICG 1F 1 HiLE CTHRFEFS N2 (Fig. 2-7a,b) . HT-29 Ml 35T 5 ICG
I, ICG BN 1 izl kel cBlet s (Fig. 2-7a), ICG RN 30 04l S0P fk
ENIAIR, 24 FERJIZY Y Y — A~OERPEO e (Fig. 2-7¢), 74 LEA U dH
DWVEIATF L 7 —TMENIZER D A2 b DD, ICG & 13E 72 2 N /e L R~
L, FRENERERRER & ICG 12l THEN > 72 (Fig. 2-8), HT-29 HifRIZ 31T 5 ICG D HL
DIAFE, 37°C & FICHA_T4°C ST THEIWCHA L. (Fig. 2-9a, b), ICG #
1T, 4°C ST IR JR7E L7228, 37°C Sfh TR & MfamIci v A Ehi-

(Fig. 2-9¢), & 512, HT-29 Mz & 5 ICG DELY A, Pitstop 2 12 & » THHLE S
iz (Fig. 2-9d), —J5C, HT-29 Ml L5 ICG DELY IAZIE, BSP 2L > THIHE
SN2, CCK-8 2k » T ES -7 (Fig. 29, f, g, HT-29 HifdicFi) %
OATPIB3 K TN NTCP DFEHIL, MEIGHAME L OGOVl VT, Mg
HEEIZRELTEY, MiafiziZbd 7 CTh-o7z (Fig. 2-9h; Fig. 2-10a), HT-29 %
Rk CD68 Bt~ m 7 7 — %, b7 AR —H —431 OATPIB2(E ~ OATPIB3
DTy A=Y ) &3l L, NTCP OFBLL, EEMIIC -~ TEn - 72 (Fig. 2-10b),
ICG DHRMICEDL L ZENHMbNT WD b T AR —4 —5rF multidrug resistance
p-glycoproteins (MDRs) D¥8L%, AL CD68 Gt~ 7 17 7 — U I2kb_ T, HT-29

AlfE T2 > 72 (Fig. 2-10¢)
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JEFFRARIZ 33T ICG DMESERYICER Y IAE h 5 R

HT-29 O3 A~ 7 Ak D zonula occludens-1 (ZO-1) O detann, T 72K
LA TIEZA Y 7 v a COTMRRD bV —5 T, S TIE, 20
I RseeTh o7 (Fig. 2-9), FEEEMIEOFEEN LD, 6 DO MRS AHE
HIREER DR ML T, W bIREKAFR 72 ICG DELY iAA % 7 LT (Fig. 2-12,2-13),
L2x L7 6, ICG OFMIAANEL Y AR &L, ¥ A N ¥ 7 v a VIBRORFE4 72 HT-29
MR EENT, # A PP Y 7 v a r&2BRT % DLD-1 fild T47: <, DLD-1 £V %
SERIRHA MU T v aryEIBART D T84 Milu T W 7o 7= (Fig. 2-11b, c; Fig.
2-12), ICG DA ~DOIR Y IAZREIL, MO Z A FT % 7 v a VIRERICZA DM
R4 Rk L7z (Fig. 2-11b, c, d; Fig. 2-12; Fig. 2-14a, b), H /L3 7 ARGEEMOBEZR ST
IZC, T84 fillfd 5 WNME DLD-1 Ml Z A Sy v v a UHEEE S5 &, ICG
DO IABNAENHIM L7 (Fig. 2-11e, f; Fig. 2-14¢c,d), £72, T DOV AKX, IEE

KEHTH T,

ICG TR SN D EFEY A X & _WRBIE~DIGH

HT-29 SR IC BN T, ICG DENA A—V 712 L > T, JEEE 1 mm LLFOfE
BALR £ Rtk &z (Fig. 2-15a), 7=, T2y b7 A M, WEE OBIESME
TLo bAEEICEN>T- (Fig. 2-15b) , HT-29 FEEAARICBW T, ICG & AS680 % f
L7z “HREEA A=V 72X > T, ICG ITMEEHIAE, AS680 IXMEE ML % Yesd iy iF
TR AT L L7z (Fig. 2-15¢,d), £72, ICG & 5-ALA Z#HFH L7z R EHOEA A —
DU 7T, S-ALA I K - TR SN2 PpIX 1%, ICG & & bic, MM A L 7=

D5, AR O S X 72 > Tz (Fig. 2-15¢) .
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B

ICG AT L DIEEA A — 2 T, kxR CHE STV 5 [8, 10, 26,
32, 36, 42, 49, 50, 52, 54, 57, 72, 75, 99, 110] , AMFIE TH 7= HT-29 473 A
< ACBWTYH, BIRRG STz ICG oSO EEMA TR S iz, ICG DOEE
FAE~DOERFIR DG & LT, ICG BIMIET VT X 7 EDIE # v 37 B & iy
WZHEA L TR FHEOENEZ & 5 Z & C, enhanced permeability and retention (EPR) %))
AT L - THBHBICERT 2 L E 25TV AN, 1CG DIRNETEITH3 I fifhr Sh
TUNMRV [32, 42, 52, 54] . AWFFETIE, ®RREEG SN2 ICG I, Ry AH0E 7 =
—7 2-NBDG & [AIfRIZ, MRIERERIITHSONTMESNRIL Lz, —J T, EPR &R
T L SNDHMIET NT I 2w AR U 7o E oy TR IEA UL, R & g TR
PoAA R R 4R R L7z, HT-29 BEEHEARIC BT, 1CG I, #7530 0% ICiTMiEm
WD AR, D72 &b 24 RRITHIBNIZEREF S V72— T, IEFHR CIEen
WZHEE S e, — 5T, @O TRoOENT e — 70, F 1 EOMR LRI, mEEE
DE <, Mg EEMEO U U7 A& OBMEMRKICER L7, ZnboZ ek, b
72< &b HT29 i A~ 7 AR 5 ICG OIESEFRFELIL, EPR ZhRIC X % EEE
RO TIX22 <, MBIEFRFRMZICG DT U NY — L, ZO%ROEEMIIZXL S
ICG DY IAB KL ORFFIZC Lo THEL TS EEX b,

HT-29 EEMAAIC K 5 ICG OELY JAFAIE, JEEHMS T T <, BEMmicis T
LI LTz, SEATHIEL Y, ICG OMIFINELY IAZIZIEL, FT U AR—=F =010
OATPIB3 & NTCP 2B 5- LTk [12] , HEHEICHIT 5 ICG #LiE, b D%
EHFABMEENCH D Z ENHIE SN TS [37,89] » LILZN S, RAFFEICE VT,
ICG DHIFINER Y JAZAE, OATPs/NTCP k7 o AR — % —BAEH| BSP I & - THHY

WCIHEE 7= DD, OATP1IB3 BIRAYZRBHEA] CCK-8 (2 L » CIEHE S N> 7,
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72, HT29 HifRi2331F 5 OATPIB3 & NTCP O3 EBLIX, FEEMET, ~ 7 ABMSEt:
TOWTHIIZEBWTHMIREIZRTEL TV, Ml b T NI@BOLNTEIT Th o
7o JEATHEFEDND, OATPIB3 I, GRS NY T RMHEL, 1EEDFITHA
THREHEEEN S H Z E b HEINTND [94] ., THHDOZ D, 1CG OMIENIY
RIAZBNT, b T U AR—=F =5 FOERITHIHTH Y, OB ALK DOIFE
INZZ BTz, FATHEL D, ICGITmEEEIEZ R L [14] , MO Z R 2 E2K
SOV UIEEICHERT D ZENMESNTWD [43, 111] ., 208N, =0 94
h— T AR [83, 90] 12X % ICG DMLY AL D W EREMENNE 2 bz, AWFFET
(T, HT-29 A Z 3\ T ICG (THIIAMRIZ RS & L 722, IR PICER VA £
7z. F72, 1CG OMIANELY A, 77 AV AKGFEHET Y RY A h— 3 ABHFEA
Pitstop 2 IZ L » CTRHESNZ, UL bEDZ LD, ICG OMAINELY IAZIZIE, T2 A
R—F—RBBIIINAT, 77 AV ARGEHEDO =Y R A F—V AR OFETDH I N
TRE S LTz,

ICG DHIFENI Y ATR T, XA NV v 7 v a UREEOMEE L 7B TRd 5
N, ICG L3R b9t 7 a0 — 7 # W ATRICEBWT, A4 F oy 7 vay
DRHENT Y R A F—V AZ TS ED 2 ERMEINTND [84] . DO LMD,
ICG OIS EINIEIL, # A bV ¥ v 7 v a UEEOHFEIC L D= RYA h— &
DILHEIZ L > THELU TV D AREMENE 2 bivTe, AIFEIZIE W T, ICG DML ER Y A
L, FA N x T v a VBRI RT, XA Mo s a s EkTR
%9 % DLD-1 #ifa=> T84 flifid T 72 7v > 72, —75C, DLD-1 =< T-84 a4, J/v
VULREGEM T TEREL YA Moy 7 va U EESE D &, 1ICG O
BOIAZDBHEIM LTz, F72, TORYIARL, REKGFHNTHOSTZZ 06, ¥4 Y
¥ U7 v a CEEOMHEICE D ICG DIV IAZD¥ENNE, = R A b — AR %
LTV DZENRBRENTZ, TNHDZ EMND, ICGIT L DIEEAIRROEAFELE L
T, ICG b B3 FF MBS G & ISR RO X A N v 7 v a VIR AE D
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TV RY A b=V 2DOTTHED 2 D0 HAEG D S - T, EEMINZ ZBIIENT 5 &5
b,

AHFFETIE, HT-29 MAEMNICEV A E N ICG 1L, HESM T, ~ 7 ABMSH T
DNTIUZRBN TS, D72 &b 24 RflITfRFF Sz, BFEMIRICBSW T, ICG I,
AR RE & L7, MIRNICED A E, TV - NURICEREL, 2o%Y) VY
—DIBAT LT, TF LA ROATF LT b—1E, HT-29 N ~DEL Y AT )R
HHNTb DD, ICG LITERLMBANRIEZ R L, £ OkFHRHIT ICG IZH~THE
mole, ZTHHDZ &G, ICG I IAN VR L /MUKOERERIZEHT LI LT, &
RERFE SN D LB 2 b, £72, 1ICGIE, VVIFE AT Z LIk v ZElkd
LT EMHRESNTNDZ LD [43] , MIEAICBWTHRBRDICG D22 ELHE L,
HIRELN T ORI ORFHZ DN D AMREMEN B 2 bivTe, S 51T, HT-29 EEHHEkONE
TRl 2 361F 2 ICG HEillt - F o AR — % —/43 MDRs [33, 80] DO¥HLIEL, FHlifa-<ClE
Bk D~ 27 a7 7 — VIR TR - 72 2 22D, HT-29 Ml T ICG 23 Fifas iz Bk
MSAUTSVIREEIZZe > TV D A[EEME D B 2 b v,

RS- S 72 ICG 1, EEES 1 mm LUF OEG#MEAZ, HEOLFIC~Tan=
YRIZARTAHYE LT, 2O Z ED D, ICG TR TIIM LIZ < W/IMRZE O
ICHEHTHD LBEX BN, ICG LIFRR DHNE R AR BT e —7 2L T
WRHEBIRZIT O 2 LT, BB D R DR 2 Ttk L7z, ICG & AS680 Dfif
ML, ICG IFMEGMIE, AS680 ITIEGHIE 2 2L rfifk Lz Z &b, G
YIBREF OISR R O RBDICAHTH D L& 2 5=, ICG & 5-ALA/PpIX OHfH TIZ,
EH D BIEGMa A Y L7 b DD, EOYENY — NI 572 2 L, IR
DAY —REMIZ > TND EBX LN, ZDOZEMD, ICG & 5-ALA/PpIX OfH
I, RY)— 7oA A D 2T L <M L CUIRT2BRICERATh L EE XA b,

BEIRICIBWT, BRIy R A —L ZADTTHERZ A N V¥ 7 ¥ g URESEDRGE
I, MADEEME SILTWD [65] o FEBEIC, B FORFIEA A [47] SKER A [104] 12
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BT, A MY 7 v a i PORARENRESNLTND, ThbHDI &nb,
ICG JEGA A=Y U 70X, 44 by 7 v a UGS E L BRI oo g
7R ATREMEN B 2 DT, B M2 AR CIE, RS A K OVRT- R 2SAIZEB W T, ICG
WML 72D —7577T [75] , b FEDR AT, EFHERICIE~TICG #0t2ME T
HZEPHESNTND [25, 96] » F7o, ICG wLsiiE, FEBRAIIFHRE LI-Eo
FE ERIEIESS [52, 54, 571, RIEMIRZ [61, 102] , b MRS [32] CIPHR
R ABEDIEIEN [99] ORIEMIZIB DT HBEINTNWD, 5%, BEEMERE L &
H1Z, ICG 1T & o THMHUE & D RIEMEIRZE DT HATVY, ICG IZ K DIRE I LD &
572 2 R EfRADN IR S D,

fiame LT, HT29 3~ U AT 5 ICG EFA A —T 7Tk, #ilkkE S
ALT2 1ICG DSMRRFERF AT U N Y — 33, R ICESEAIC IR D IA E L TIREF &
D05, BRI SITECHICHE & D 2 & TSk O 2 > b T 2 hpvE <
720, EEHERES TS D EF X BT, ICG DIEGHIFERIRMEL, ICGLEamIZ
fif o B MR~ DFEAME &, FSAIIICRIT D2 4 RV v 7 v a VRS OREICHE D
TV RYA b=V 2ADOTTHED 2 DORMEP A A D E D 2 & T, B IESAD 4 1%
T2 28Ik TELTNDEEZ N, UEDZ 0D, ICG & HW S A A
=V, AA N g UREEPEREL, = R A b= ARTLEL TV D

ERPEEGOBIHICAIHTE D L fF s,
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/N

B2 BTIE, IR T e —T L LTICG IS E Lz, 1ICG 1%, B KA G Tt
RAET, IFHSERERSCLEEEA & LTEASh T\ e MENZEERTH 5, K
HETIX, ICG DIEIGA A =2 T ~DISH RN ZIRE T 572012, v FRIBDB AR
NG HIIL 2 Al L 7o 3 v~ 0 21T, 1ICG 2§k G- L C, A A —2 0 7 OMRE &
OURERIZDOWT, BEMEBEIC K DT FIEA F O TRE L7o, ICG OHEEIE, TEBHLRES
FRENTRO B, 1 mm LT OY A XOREEHRRE E Tk L7z, ICG DIRNEIRBMEHT
NG, RG-S ICG 1%, e/ CHIRRIEAE RIS AR L7218, TEEH
o, BN AMERC ICG ZRIIAANICEY AR, (RFFT 55T, IEEMET
X, eI HEIE S Lz, BRI A A — P 2 ZIC K DRI L L O BT D, ICG
%, MR AE S Lo, IRERFIICHIRNICED IAER D Z &R BlEE Sz, Ml
NTIE, ICG X /L DK &/ MR D g RIZHR Y A £ T, MR NICIRFE S FL Tz,
ZD ICG DMIEAN~DIY IARREIX, #A FP¥ 7 va rORKRE L ADOHERE LR
Lice ZTNHDZ LMD, ICGIZ R DIEEA A —2 7 Tl, 1CG 3 likIERr RAYIZT
UNY =i, EMIES ICG 2 BRI E Y AL, REFT 25— T,
EFHRR D B I3 S 2 & T, BEEEO 2 F T X RBOWT, JEEHE
AR LI D LB 2 BT, £, 1CG OIEEHIIE~OBRMEIL, MR BIFM:
AT EVD ICG DbEWE LToORMEE, BEMaIcBN T A Moy 7 va
DIFEIZ N RY A F = ZANRTLET D, L0 ) 2 OORMERHAGDL S - TC, il
IR Z BRSNS Z L TAELL EEX N, kD Z LD, ICGIE, #

A M x T v a CHEEORRE LT EEMEIEZ O W IR TE 2 LHIfF SN D,
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HIE

WMWK A v R T =TV —rDEBICE S

7 v PRBEPAETNVOREERA A —D v 7R OREOBRF
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B
(]

KBS A, HFIZBNT, LMD R O 2467, BIHEOEROE 1 L E 72> T
% [97] » BIED, KIBNBAMREOTZDD T — RRZ 24— ROFEE, KBNS
LA ) == THETHY, WHEE T TORBLAR Y —7ORHIFER L EIFRICE D,
KGN ADFREL ZNIZ L DT E T LTS ESD [70, 112] o LU D,
A% AW BE RO NSRS, HZICXVREEZRET 52 0D, BRERELD
D IROBUINRIR R R A DRI REECH D, EBRIC, BAELONEEE T T,
RRT25%DKIGRY =7 REEENTND EMESNTND [93] , T —T%
W ToFEAGIC DN T2 Wi R & B © & i, PR ORI UIBRO RS EE
FHETE D WIS,

A Ry =7 =>271U— (indocyanine green; ICG) 1%, H KEKAZ&ieil {4 ET,
I RERM A I SR O v MENZWEE L L TUKR SN TV LIRS Th
Do ITAE, I1CG DIESA A —2 0 7 ~DISAR R S, FEBRWIERET V8% [32,
42, 52, 54, 57] 127 <4<, b NERRIES [8, 10, 26, 36, 49, 50, 72, 75, 99, 110]
ICBWCHMER S D, EH 2T T, ~J v AF—4 —4>T organic anion
transporting polypeptide 1B3 (OATP1B3) & UF sodium-taurocholate co-transporting polypeptide
(NTCP) 73, ICG OAMIANEL D IARIZBE G5 Z LG I TWD [12] . FFES
2B 5 ICG DEIEIE, b b T v AR—F—03 OB EMRBMEIICH D Z &3
WEINTWD [37, 89] .

—H T, H2ETITSTMEN G, ICG OISR ~DRINVEL, MR HE AP
Y ICG DILEM & L TOREL, TRIGMIIZI W T Y A by 7 2 a v OfifE
RNy RY A b= AENTLET D LW FED, 2 oA D S - T, fEEH

TR ZERNARNSND ZETHELD ZEPHLNERSTL, FA PP T va U
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EOMkE L = RY A b= Z20JCHEE, AAcdmd 288 E STy [65, 85],
KIGBADFEEIZBNTH A A R Y 7 v a CORRBEEEN, & MEE [23, 85, 104]
HDHVTEBRET L [5] ITBWTHEINLTWS, b0 Enn, KGRk
T4 MY ¥ 7 a COMEFEE, ICG A A — v 7 OfifaRi~ — I —IZ72 )
BorEEZXLN,

AWFFETIE, F2ETHLMNI LI ICG EFA A —2 v ZFHBIZESWT, ICG %
RIGREN TG L2, 1ICG HIEIC X 5 KAGOHEFEMES A O HHPERE & BRI S
W, BEMETAT FIEA O TRE Lz, £7°, 7 v N RIB A HORIES MK DK%
MR 2 I T, JEEIO ICG BV JAZRE & B 2 it Lic, RIS, 7Y F A HZ
(azoxymethane; AOM) (2 XV EER L7277 v MRIBHEDAET MZ, 1CG ZEM LT,
RIGIEGAARE D ex vivo 4 A= 71T X0, KIGHEFEMERZ O PERE 2 1 ET L7z,
S BHIZ, ICG BV IAAZIZEAD % 53 F OFBURHTIZ LV, ICG 1T X D KRIGIRZ Ot B
wIRET LT, Befgis, EMRNIEEEE N2 KBS invivo 4 A—2 2 70280, ICG B

PRI 28 0D PN AR SRR HH oD mTREME 22 T L7z,
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e KOG

w7 —7

ICG (54 - o7 7 7V —2) 0%, H—=2 () LVEALL, mEMEL
AlfAL T 5 7212, DyLight 488 Z ik L7 b~ K -7 7 (tomato lectin conjugated with
DyLight 488; TL488; Vector Laboratories, Burlingame, CA, USA) % i\ 7z, KGR O$E
2 m A 272012, Alexa Fluor 555 @G tAFR 2455k L 7c = A F M EREE TR (wheat
germ agglutinin; WGA; Thermo Fisher Scientific, Carlsbad, CA, USA) % f\ 7z, 80eAqk
WGA IF, MR EENDHES V7 HICHE T OMHERSZ &2 h, KO

BRI S hTunb [45] .

WEBMEE L R T b L EENESES X T A

K OFG AR O S AEG OBETIE, TRREFEEME S 27 5 OVI00 (AU /3,
FH) ZHE [109] o RS 5\ 3 ORERIE O @i - E o EREBLER I,
L— P —ER/RPEAMBI S AT A IVI00 (U > /8R) ZHWz [3] . MY & 250
BRI OSBRI, ST v VAT A NEEIT AT & VSI20-FL (4D
NA) W, S ERIE, TR 7 —Ilc TRR LT,

KIGNEEBEITIE, BFFEH & L CRR%E Lok NEigEs 27 2% vz [42] L ICG
HOEDOFIEIE, ¥ 2 IEIRZ VT, 600+200nm DR RSAT 4 X —Z@ LT
1To72, ICG#IeIE, 842.5£17.5nm DAY KRR T 4 W H —%E LT, BEED AT
(MC285SPDLOBO; Texas Instruments, Dallas, TX, USA) (2 X D B L7z, #PESE 2 a2 —
ZZiE, EAR 2.8 mm T, ART vy 1L E 1 OHATRELET 7 A N—RAa—T

(BE-XP60; & U L /NARATF 4 BV AT LA, W) ZHWT-,
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A&

7 v bR A B RIS AL RCN-9 1%, JCRB iS22 (KBx) LA LT,
RCN-9 MifafklE, 1,2-2 A F /L e KZ ¥ (1,2-dimethylhydrazine; DMH) (2 & - T F344
7 v MCFEFE ST RIBIREAARE X 0 8IS S 7o filatk Téd 5 [35] . RCN-9 fllfEIZ I,
RPMI-1640 £5H1 (Thermo Fisher Scientific) 12, 10%® 7 > fg iM%, 100 U/ml <=1
YL 01 mgml A ML R A AR LT A 2, filgiE, 37°C, 5% CO»,

BRI FICCREEL, V7 ar7ixzy MREETHMUZITV, EBRICHW T,

AR A—D T
AERRREA A — 2 T, B 2 O IFIEIHE - T2, BER FEBRIT, RCN-9 #ifE (4 x 10* cells)
, Tr =R F 4 K 81 mm’/F ¥ > /3—) (L T2 A%ICIT o7z, MO ICG
~ORIEMEETARDT201Z, Bl 2 7 2P WHE K (Hank's balanced salt solution;
HBSS) (27T 2 [EFEY, ICG A (25 nM ICG/HBSS) ZiEH#L L, 37°C 12T 30 4rfEG
EH721%, HBSS (2T 2 [A1%E\ Y, Hoechst 33342 (Thermo Fisher Scientific) % ¥/l L T 37°C
(2T 10 DRSS 721k, BlEEZ1To7o, MIINO ICG RTEDRFHE, Table 3-1 (25T
HOKMINFE O~ — I —E AT, ICG & O “EYMIZ L V{772, ICG O
FAPEL D IAFMZIBNT, = R A b=V AREOEE 2B 272012, ICG Wik %
TN LT 8BMA%, 4°C R FIC TG ST, b TV AR = —REOM S 2/t
T 72T, OATP K'Y NTCP DfiHIHER THLANKRT B E T F L A
(sulfobromophthalein; BSP; 250 uM; Sigma-Aldrich, St. Louis, MO, USA) [2] #INSef: T
(2T 5 S S E72t%, BSP 5T ICG K CHINE Z SOl STz, B fifin o0
B DOWEITIE, VS120-FL ¥V 7 b D =7 Z W T, A% ¥ VAR K (REFY A X =2~4
mm?®) (ZFF 5 ICG O E58%  (mean fluorescence intensity; MFI) ZJlE L7z, 4

TORAERITERIL, 2 F v oS- TER LT,
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[EFFET VEVW)

12050 A A 438D F344 7~ b & HARSLC L VEEA L7z, 7 > M, iR 23+3°C,
1T 55515%, FREH A 7 0 12 RefIB/12 RS S CfE Lz, B MM 2@ C,
CE2 (AAZ L7) BILUEEKEZ B HICERS ¥, FATHROHIECHE-T, 61
D Z v REFIC AOM (15 mg/kg body weight; Sigma-Aldrich) % 1 3#[C 1 [, 3 A0
w17 o7 [40] o FEBRIE, AOM & I 5 L To B 32~52 T HI# 2 FEH L 72, ICG
BEHREL LCAE, RIYEXHIREEL LT 408, RIBEHIERA O et kL L
T4 E%x W,

invivo A A=V 7k exvivo A A—T T

ICG DIEMFEERIL, A Y TNT VBT DT v FERIET L — h O RIZEWTERM L
7o BIRDWEGE, 7 VX T NEA TOROY T 2N GRAL TTo 70, £7,
U v ERkEE A PR AT K (phosphate-buffered saline; PBS) % VEMG L T ENEM DR &
Betg %47 72%, 10mL @ ICG (30 pg/mL) % EM5 L7z, 1ICG EGR, 7~ ML %
T CHEA, 30 SrHEHE L7, 1CG OFEGIRIEL, 1CG Wik ORI K OE: 2l 2
A= TlEgst L W akE Lz (Fig. 3-1), HEBOEE, BRdt7 v —7% HnizefT
WFFRIZHESWTERE LT [17] - ICG M 20 43#12, TL488 (250 pug/250 pl/rat) % &k
B 5 U7z, ICG /% 30 1012, &FI72 ICG #H Y PR =9I, PBS ZEML, 7 v b
WFE & el Uiz, Tk, A Y 707 R FICT, UL K0 23S, Kk
MRk A L2, M A2 BB L, PBS I TR, exvivo A A=V T &1To1,
PEMERTIRICIE, ICG A 1EM L 722\ W MER A Vo, WHRERIZ K 2 invivo 4 A—T 0 713,
A Y TNT RIS TTY, WHREBEAZMAR, U P2 W TEFa LY 2R Ak
U THE AR Uiz, AEGBIZE L BOMBIZIE, ZREICEY B2 THEM L7z, 1CG IE
W & D RGO YEIZ I T, RO A MRFTT 2 729012, fi U7z RIS,
2mL ® WGA (10 ug/mL) Z¥IML, =R T 15 0MA)G S8, PBS T L T b
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W AT T,
W FEBREENL, ENRFIEAN R T RFOIFHMERMGHZE SR L TKR
T, BWERE, EEICHo TE, ENLKRFEAN AR T RSO FEBREER MR

'_./:F__’a:?/\zﬁ/) f:o

IR EERR AR R OO S R e

2TO7 vy MRIGHEBEEZRE L, 10% FPEEE SRV~ UK (pH7.4) 12T, —BK
EE LTz, /T 7 ¢ EBEMBEO R A ERL, ~~ bF Ty s AU UREEZITY,
RIS HETE IS 28 DSBS 4 F20 L 7=, JSELZ IO L & LT, E i s & H ol
WD 5B, R TRk~ ORMEZCE S b O & M, R Pk~ ORME 2R,
DIEZIEH L TWD bOaEE Lz, BMUEZRTIRENEE oL %, RERE
B (aberrant crypt foci; ACF) L 2Wi L7c, F£7o, BAEZRIWIRENEE TR EL %
WAL & W LT, e A0 v MRIBHMRIE, BHL T, A< UEES
774 CEEEEAR L LI, BEFOEEA S IS U, EOtRE Y, AR A
% A S ) —/VEE L, Table3-2 (TR L7e—RFUKIC TG SET2%, —IREUAD G @)
W) U7 Alexa Fluor 8% YAk Yk HLIA (1:200; Thermo Fisher Scientific) 12 C i & 4,
4’ 6-diamidino-2-phenylindole, dilactate (DAPI; Thermo Fisher Scientific) (Z & ¥ xfbbGefa L

776
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S

7 v MRIBEBMIIZEIT S ICG DERY A%

T bR A SRIEE MR RCN-9 ORFEHMILE, MRS O mREN D72 <,
SERR FRAIRORERREIIEED o7z, 1CG FEMRNMAED RCN-9 MfaIZ I
T, ICG & Bk TRt vl RE 72 A s I8 b v 7e - 7= (Fig. 3-2a) , 1CG USHNEE
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Abstract

Early detection and intervention of cancer lesions increases the chances for cancer
prevention as well as favorable prognoses. Fluorescence imaging using exogenous
tumor-targeting near-infrared fluorescent probes that provides molecular information with
sufficient sensitivity and specificity would allow detecting cancer lesions that are difficult or
impossible to detect by visual observation or palpation. In the current study, we investigated the
tumor imaging mechanism of two fluorescent probes in tumor experimental models using
microscopic imaging analysis.

In chapter 1, we investigated the tumor imaging capability and imaging mechanism of
a commercially available and systemically administered protease-activatable near-infrared
fluorescent probe, ProSense. To this end, we analyzed the delivery and uptake of ProSense as
well as the target protease and its cellular source in a mouse xenograft tumor model. /n vivo and
ex vivo multiwavelength microscopy revealed that ProSense signals accumulated within tumor
tissues, with preferential stromal cellular uptake of ProSense. ProSense signals and cathepsin B
immunoreactivity, which is targeted by ProSense, were co-localized in macrophages. ProSense
signals showing reduction by addition of cathepsin B inhibitor was confirmed in cultured
macrophage-derived RAW264.7 cells. The ProSense’, cathepsin B macrophages were
accumulated within tumor tissues, with preferential distribution in the vascular leakage area that
correlates with vasculature development at the tumor periphery. The co-distribution of tenascin
C immunoreactivity and gelatinase activity provided evidence of tissue-remodeling at the tumor
periphery. We further confirmed ProSense signals at the tumor margin showing cathepsin B
macrophage infiltration in a rat colon carcinogenesis model. These results suggest that cathepsin

B macrophages are the major source of ProSense signals in our experimental tumor models.
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Together, these data demonstrate that systemically administered protease-activatable probes can
effectively detect cancer invasive fronts, where tissue-remodeling activity involving infiltration
of macrophages is high to facilitate neoplastic cell invasion. /n vivo and ex vivo microscopy in
conjunction with fluorescence virtual microscopy can be applied to investigate tumor imaging
mechanism of fluorescent probes from cellular level to animal level.

In chapter 2, we focused on indocyanine green (ICG) as a near-infrared fluorescent
agent. ICG is widely used as a hepatic function test in humans and has an excellent safety
profile. We examined the mechanism of tumor imaging using intravenously administered ICG
by microscopic imaging analysis used in chapter 1. ICG fluorescence imaging detected
xenograft tumors, even those < 1 mm in size, based on their preferential cellular uptake and
retention of the dye following its rapid tissue-non-specific delivery, in contrast to its rapid
clearance by normal tissue. Live-cell imaging revealed that cellular ICG uptake is
temperature-dependent and occurs after ICG binding to the cellular membrane, a pattern
suggesting endocytic uptake as the mechanism. Intracellular ICG was entrapped in the
membrane traffic system, resulting in its slow turnover and prolonged retention by tumor cells.
Cellular ICG uptake correlated inversely with the formation of tight junctions. Our results
suggest that tumor-specific imaging by ICG involves non-specific delivery of the dye to tissues
followed by preferential tumor cellular uptake and retention. The tumor cell-preference of ICG
is driven by passive tumor cell-targeting, the inherent ability of ICG to bind to cell membranes,
and the high endocytic activity of tumor cells in association with the disruption of their tight
junctions. These findings recommend the use of ICG as a tumor-imaging agent for clinical
cancers with up-regulated endocytic activity in association with the disruption of their tight
junctions.

In chapter 3, we applied ICG tumor imaging to a rat colon carcinogenesis model based
on the imaging mechanism revealed in chapter 2. To do this, we explored ICG availability in
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fluorescence imaging of the colon to identify proliferative lesions during colonoscopy. The
cellular uptake of ICG in cultured rat colon tumor cells was examined using live-cell imaging.
Colon lesions in rats administered an ICG-containing enema were further assessed in rats with
azoxymethane-induced colon carcinogenesis, using in vivo endoscopy, ex vivo microscopy, and
immunofluorescence microscopy. The uptake of ICG by the cultured cells was
temperature-dependent. The intracellular retention of the dye in the membrane trafficking
system suggested endocytosis as the uptake mechanism. ICG administered via enema
accumulated in colon proliferative lesions ranging from tiny aberrant crypt foci to adenomas
and localized in proliferating cells. Fluorescence endoscopy detected these ICG-positive colonic
proliferative lesions in vivo. The immunoreactivity of the tight-junction molecule occludin was
altered in the proliferative lesions, suggesting the disruption of the integrity of tight junctions.
These results suggest that fluorescence contrast-enhanced imaging following the administration
of an ICG-containing enema can enhance the detection of mucosal proliferative lesions of the
colon during colonoscopy. The tissue preference of ICG in the rat model evaluated in this study
can be attributed to the disruption of tight junctions, which in turn promotes endocytosis by
proliferative cells and the cellular uptake of ICG.

In conclusion, ProSense and ICG visualized tumor tissues by targeting macrophages
and tumor cells in the tumor tissues, respectively. Their tumor imaging mechanism was based
on the hallmarks of cancer. Therefore, both fluorescent probes can be used for tumor detection
in the clinical settings. Because ICG has already been used in clinical setting, ICG tumor
imaging technique based on the mechanism revealed in the present study is expected to be
applied to the clinical cancer imaging. The present study also demonstrate that in vivo and ex
vivo microscopy in conjunction with fluorescence virtual microscopy are useful to investigate

tumor imaging mechanism of fluorescent probes from cellular level to animal level. It is
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expected to be applied to the evaluation of new fluorescent probes for clinical translation.
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Table 1-1

Primary antibodies and experimental conditions used in immunohistochemistry and

immunofluorescence

Antigen Host Clonality Application Dilution Antigen Manufacturer (City, State,

species retrieval * Country)
Cathepsin B Goat Polyclonal ~ IHC/IF(p)/I 1:1000/1:200 Autoclaving  Santa Cruz Biotechnology,
F() /1:50 Inc. (Dallas, TX, USA)

Cathepsin L Rat Polyclonal IHC 1:100 Autoclaving R&D Systems (Minneapolis,
MN, USA)

Cathepsin S Goat Polyclonal ~ ITHC 1:25 Autoclaving  Abcam (Cambridge, U.K.)

CD31 Rat Monoclonal  IF(f) 1:10 — BD Biosciences (San Jose,
CA, USA)

CD31 Rabbit Polyclonal  IF(p) 1:50 Autoclaving  Abcam

CD68 Rat Monoclonal  IF(f) 1:50 — AbD Serotec (Oxford, UK)

CD68 Mouse  Monoclonal IF(p) 1:100 Autoclaving BMA Biomedicals (August,
Switzerland)

CD45 Rat Monoclonal  IF(f) 1:10 — BD Biosciences (San Jose,
CA, USA)

CDl11b Rat Monoclonal  IF(f) 1:10 — BD Biosciences (San Jose,
CA, USA)

Gr-1 Rat Monoclonal  IF(f) 1:200 — AbD Serotec (Oxford, UK)

F4/80 Rat Monoclonal  IF(f) 1:500 — BMA Biomedicals (August,
Switzerland)

a-smooth muscle Rabbit Polyclonal ~ IF(p)/IF(f) 1:100/1:100 Autoclaving Abcam

actin

Proliferating cell ~ Rabbit Polyclonal ~ IHC 1:1000 Autoclaving  Abcam

nuclear antigen

Collagen IV Rabbit Polyclonal  IF(f) 1:100 — Abcam

Tenascin C Rat Monoclonal  IF(f) 1:100 — Abcam

Abbreviations: IHC, immunohistochemistry; IF(p), immunofluorescence (paraffin sections); IF(f),
immunofluorescence (frozen sections); TRS, target retrieval solution.
* Antigen retrieval was applied to paraffin-embedded tissue sections. Retrieval conditions were

autoclaving at 121°C for 10 min, and the solution used was TRS at pH 6.0 (Dako, Glostrup, Denmark).
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Fig. 1-1.

Histology for HT-29 and HCT 116 xenograft tumors. (A) Histology of HT-29 tumor. Left:
Whole-tumor view. Right: Highmagnification (x20) view. A well-demarcated tumor is formed
in the subcutis with a scanty fibrous capsule. Tumor cell proliferation with moderately produced
connective tissue accompanied with formation of some tubular/glandular structures. (B)
Histology of HCT 116 tumor. Left: Whole-tumor view. Right: High-magnification (x20) view.
A well-demarcated tumor is formed in the subcutis with a scanty fibrous capsule. Sheet-like
proliferation shows solid growth of tumor cells accompanied with scanty stromal connective
tissue. Scale bar for whole-tumor view, 1 mm; for high-magnification view, 20 um. (A and B)
Tumors from 12 animals examined showed similar morphology. All images are from the same

tumor.
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Fig. 1-2

In vivo imaging of ProSense in a mouse xenograft tumor model using HCT 116 and HT-29
human colon tumor cell lines. (A) Whole-body imaging of ProSense. Left: Bright field.
Middle: Autofluorescence before injection of ProSense. Right: ProSense at 1 day post-injection.
Asterisks indicate the kidneys. Scale bar, 10 mm. (B) Tumor-to-skin ratio of average ProSense
fluorescent intensity in each tumor. Error bars represent means + SD (n = 6). **P < .01
(matched-pair #-test). (C) Ex vivo cut surface image of the HT-29 tumor. Left: ProSense. Right:
H&E-stained view of the tumor corresponding to the fluorescent image. Scale bars, 1 mm. (D)
High-magnification (x20) view of ProSense image at the tumor periphery. Left: ProSense (red)
with tissue autofluorescence represents connective tissue (green). Right: H&E-stained view of
the tumor corresponding to the fluorescent image. Scale bars, 100 pm.

TP, tumor parenchyma; S, stroma. (A, C, and D) Six animals examined showed similar results.

All images are from the same animal.
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Fig. 1-3

Ex vivo imaging of ProSense and immunoreactivity for cathepsin B of organs/tissues in a
mouse xenograft tumor model using HCT 116 and HT-29 human colon tumor cell lines.
(A) Macroscopic ex vivo ProSense imaging of organs/tissues. Left: Bright field. Right: ProSense.
Scale bar, 10 mm. (B) Tumor-to-organ/tissue ratio of average ProSense fluorescent intensity.
Error bars represent means + SD (n = 3). (C—H) High-magnification (x20) view of ex vivo
imaging of ProSense signals and IHC of cathepsin B in the lung (C), liver (D), kidney (E),
spleen (F), colon (G), and muscle (H). Left: ProSense signals (red) with tomato lectin (green).
Imaging parameters were optimized according to their fluorescent intensities. The kidney image
was acquired from the cut surface. Scale bar, 100 pm. Right: Cathepsin B immunoreactivity.
Scale bar, 20 um. (A—H) Three animals examined showed similar results. All images are from

the same animal.
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Fig. 14

ProSense signals in the liver tissue.

(A) High-magnification (x40) view stained with H&E for comparison of view. Left: ProSense
signals (red) with tomato lectin (green) in the liver. Scale bar, 50 um. Right: H&E-stained view
of the identical section. Arrows indicate colocalization of ProSense signals with Kupffer cells.
Scale bar, 20 pm. (B) Another high-magnification (x40) view stained with cathepsin B for
comparison of view. Left: ProSense signals (red) with tomato lectin (green) in the liver. Right:
Cathepsin B immunoreactivity (red) with tomato lectin (green) of the identical section. Arrows

indicate colocalization of ProSense signals with cathepsin B" cells. Scale bar, 50 pm.
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Fig. 1-5

In vivo imaging of ProSense with vascular imaging probes, tomato lectin, and AngioSense
in a mouse xenograft tumor model using HCT 116 and HT-29 human colon tumor cell
lines.

(A) Whole-body time-lapse imaging of AngioSense (upper panels) and ProSense (lower panels).
Left: Autofluorescence before probe injection. Middle: AngioSense or ProSense within 10
minutes after injection. Right: AngioSense or ProSense at 1 day post-injection. Asterisks
indicate ProSense signals in the kidney. The arrows indicate large blood vessels around the
tumor. The arrowheads indicate autofluorescence derived from animals’ intestinal contents.
Scale bar, 10 mm. (B) Noninvasive time-lapse imaging of AngioSense (blue) and ProSense (red)
in the HT-29 tumor (upper panels) and ear (lower panels). Left: Merged images of AngioSense
and ProSense within 10 minutes after injection. Note the lack of ProSense signals and the
autofluorescent signals of the hair follicles (green). Right: Merged images of AngioSense,
ProSense, and tomato lectin 1 day after injection of AngioSense and ProSense and 5 minutes
after injection of tomato lectin (green). Arrowheads indicate identical portions of vasculature.
Scale bar, 500 um. (C) Ex vivo imaging of the HT-29 tumor surface with tomato lectin (green),
AngioSense (blue), and ProSense (red). Upper panel: Low-magnification (x4) view. Lower
panel: High-magnification (x20) view of boxed area as shown in the upper panel. Scale bar for
the low-magnification view, 500 um; for the high-magnification view, 100 um. (D) The
whole-tumor view of the cut surface imaging of the HT-29 tumor. Left: Tomato lectin image.
Middle left: AngioSense. Middle right: ProSense. Right: Merged image. Scale bar, 1 mm. (E)
High-magnification (x20) view of the cut surface imaging of the HT-29 tumor at the tumor
periphery (upper panels) and tumor center (lower panels) as shown in the boxed areas of D.
Scale bar, 100 um. (F) Histogram of the fluorescent intensity with tomato lectin (green),
AngioSense (blue), and ProSense (red). The fluorescent intensity profile was measured on the
merged image (arrow) and plotted. (A—F) Five animals examined showed similar results. All

images are from the same animal.
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Fig. 1-6

Immunoreactivity for cathepsins targeted by ProSense in the HT-29 tumor.

(A—C) Cathepsins B, L, and S, respectively, in the tumor shown in Fig. 1-5. Left: Whole-tumor
view. Right: High-magnification (x20) view at the tumor periphery. Scale bar for the
whole-tumor view, 1 mm; for the high-magnification view, 20 pm. (D) Cathepsin B
immunoreactivity and ProSense signals at the tumor periphery in the tumor shown in Fig. 1-2.
Left: H&E. Middle: ProSense (red) at the area of the H&E-stained view with tissue
autofluorescence representing connective tissue (green). Right: Cathepsin B (green) with
nuclear DAPI staining (blue). The dotted lines indicate identical portions of the tumor stroma.

Scale bar, 100 um. (A—D) Tumors from at least five animals examined showed similar results.
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Fig. 1-7

Colocalization analysis of immunofluorescence images for cathepsin B and markers for
macrophages, myofibroblasts, and endothelial cells in the HT-29 tumor.

(A—C) Immunoreactivities for cathepsin B (green) with CD68, a-SMA, or CD31 (red) in the
tumor shown in Fig. 1-6. Left: Whole-tumor view with nuclear DAPI staining (blue). Middle
left: High-magnification (x20) view of the immunofluorescent signals. The dotted lines indicate
identical portions of the tumor stroma. Middle right: Scattergram data from the whole-tumor
images. Right: Histogram of the fluorescent intensity from the whole-tumor images (arrow).
Scale bar for the whole-tumor view, 1 mm; for the high-magnification view, 50 um. (D)
ProSense signals and immunoreactivities of cathepsin B and CD68 in an identical section. Left:
ProSense signals. Middle left: Cathepsin B immunoreactivity. Middle right: CD68
immunoreactivity. Right: Merged image. Scale bar, 50 um. T, tumor; M, muscle; BV, blood

vessel. (A—D) Tumors from at least three animals examined showed similar results.
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Fig. 1-8

ProSense signals and immunoreactivities of cathepsin B with leukocyte markers in the
serial sections at the tumor periphery of the HT-29 tumor.

(A) Frozen tissue section image of ProSense signals (red) with tissue autofluorescence (green).
Scale bar, 100 um. (B—F) Immunofluorescence of cathepsin B with leukocyte markers CD45
(B), CD11b (C), Gr-1 (D), CD68 (E), and F4/80 (F). High-magnification (x20) view of boxed
area in A. Left: Cathepsin B immunoreactivity (green) with nuclear DAPI staining (blue).
Middle: Leukocyte marker immunoreactivity (red) with nuclear DAPI staining (blue). Right:
Merged image. CD45 was used as a pan-leukocyte marker. CD11b and Gr-1 were used as a
marker of myeloid-derived cells including granulocytes and macrophages. CD68 and F4/80

were used as a marker of mature macrophages. Scale bar, 20 um.
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Fig. 1-9

ProSense signals in cultured HT-29 human colon tumor cells or RAW 264.7 murine
macrophage-derived cells.

(A) ProSense signals (red; upper panels) and cathepsin B immunoreactivity (green; lower
panels) with nuclear Hoechst staining (blue) in the single-cell culture. Left: RAW 264.7 cell
image. Middle: HT-29 cell image with the same imaging parameters as RAW 264.7 cell image.
Right: HT-29 cell image with enhanced fluorescent intensities. Scale bar, 10 um. (B)
Localization of ProSense signals and immunoreactivities of cathepsin B and CD45 in the
coculture of HT-29 and RAW 264.7 cells. Left: ProSense signals (red) with nuclear Hoechst
staining (blue). Right: Immunoreactivities of cathepsin B (green) and CD45 (red) with nuclear
Hoechst staining (blue). To avoid detecting cocultured RAW 264.7 cells as tumor cells, cells
were stained with anti-CD45 antibody by immunofluorescence. Scale bar, 10 pm. (C) ProSense
signals (red) in the coculture of HT-29 and RAW 264.7 cells with different cell number ratio for
cocultivation. Nucleus was counterstained with Hoechst (blue). Left: Single-cell culture of
HT29 cells. Middle left: Coculture with 1:1 of HT-29 cell-to—RAW 264.7 cell ratio. Middle
right: Coculture with 1:2.5 of HT-29 cell-to-RAW 264.7 cell ratio. Right: Coculture with 1:5 of
HT-29 cell-to-RAW 264.7 cell ratio. Scale bar, 200 um. (D) ProSense signals of RAW 264.7
cells in the presence of pan-cathepsin inhibitor E64d. Left: Vehicle. Middle left: 5 nM. Middle
right: 25 nM. Right: 50 nM. Scale bar, 10 um. (E) ProSense signals of RAW264.7 cells in the
presence of cathepsin B inhibitor CA074Me. Left: Vehicle. Middle left: 5 nM. Middle right: 25
nM. Right: 50 nM. Scale bar, 10 pm.
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Fig. 1-10

Proliferation and tissue-remodeling activity in the HT29 tumor.

(A—C) Immunoreactivity of PCNA and extracellular matrix proteins and in situ zymography in
the tumor shown in Fig. 1-6. (A) PCNA. Left: Whole-tumor view. Middle: High-magnification
(%20) view at the tumor periphery. Right: High-magnification (x20) view at the tumor center.
Scale bar for the whole-tumor view, 1mm; for the high-magnification view, 50 pm. (B)
Immunoreactivity for collagen IV and tenascin C and in situ zymography of DQ gelatin at the
tumor periphery with nuclear DAPI staining (blue). Left: Cathepsin B (green) and collagen IV
(red). Middle: Tenascin C (red). Middle right: DQ gelatin-cleaving activity (green). Scale bar,
50 um. (C) In situ zymography of ProSense. Left: ProSense-cleaving activity (red) with nuclear
propidium iodide staining (blue). Middle: High-magnification (x20) view of ProSense-cleaving
activity. Right: High magnification (x20) of the H&E-stained view of the tumor corresponding
to the fluorescent image. Scale bar, 50 pum. The dotted lines indicate identical portions of the
tumor stroma. The arrowheads indicate the tumor margin at the tumor periphery. T, tumor; M,

muscle. (A—D) Tumors from at least three animals examined showed similar results.
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Fig. 1-11

ProSense imaging in AOM-induced rat colon carcinogenesis model.

(A) Ex vivo imaging of ProSense in a colon tumor. Left: Bright field. Middle: AngioSense.
Right: ProSense. Scale bar, 2 mm. (B) Cut surface imaging of the colon tumor. Left: Tomato
lectin. Middle: AngioSense. Right: ProSense. Scale bar, I mm. (C) Immunoreactivities for
cathepsin B (green) with CD68, a-SMA, or CD31 (red) and nuclear DAPI staining (blue) at the
whole-tumor view (upper panels) or the high-magnification (x20) view (lower panels). Left:
H&Estained view of the tumor corresponding to the fluorescent image as shown in B. Middle
left: Cathepsin B and CD68. Middle right: Cathepsin B and a-SMA. Right: Cathepsin B and
CD31. Scale bar for the whole-tumor view, 500 um; for the high-magnification view, 50 um.
The asterisk indicates a necrotic area. (A—C) Tumors from at least seven animals examined

showed similar results. All images are from the same tumor.
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Table 2-1

List of cell lines used in this study

Cell line Origin Culture medium*

HT-29 DS Pharma Biomedical (Osaka, Japan) McCoy’s 5A medium (Life
Technologies)

HCT 116 DS Pharma Biomedical McCoy’s 5SA medium (Life
Technologies)

LoVo Japanese Collection of Research Dulbecco’s modified Eagle’s medium

Bioresources (JCRB; Osaka, Japan) (DMEM; Life Technologies)

COLO 320DM  JCRB DMEM (Life Technologies)

DLD-1 JCRB RPMI-1640 medium (Life
Technologies)

T84 DS Pharma Biomedical DMEM/F12 medium (Life
Technologies)

*All media were supplemented with 10% fetal bovine serum, 100 U penicillin/ml, and 0.1 mg

streptomycin/ml, at 37°C in a 5% CO, humidified atmosphere.
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Fig. 2-1

ICG fluorescence stability. (a) Time-course change of ICG fluorescence intensity in 10%
FBS/PBS. (b) Time-course change of ICG fluorescence intensity in cultured HT-29 cell pellets.

(c) Time-course change of ICG fluorescence intensity in cultured HT-29 cells.
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Table 2-2

List of fluorescent organelle markers used in this study

Organelle Probes for organelle™ Manufacturer

Golgi complex BODIPY® FL C5-ceramide complexed to BSA Life Technologies

Endoplasmic reticulum ER-Tracker™ Green (BODIPY® FL Glibenclamide) Life Technologies

Mitochondria MitoTracker”™ Orange CMTMRos Life Technologies
Lysosome LysoTracker” Red DND-99 Life Technologies
Nucleus Hoechst 33342 Life Technologies

*Live-staining procedures were carried out after ICG incubation and according to the manufacturer’s

instructions.
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Table 2-3

Primary antibodies and experimental conditions used in immunohistochemistry and

immunofluorescence
Antigen Abbreviated Manufacturer (City, Product # Host Analysis  Dilution
name State, Country) species applied
Cathepsin S CTSS Abcam ab18822 Goat IF 1:25
Carcinoembryonic CEA DAKO (Glostrup, A0115 Rabbit IF 1:1000
antigen Denmark)
E-cadherin — Abcam abl11512 Rat IF 1:100
E-cadherin — BD Pharmingen (San 610405 Mouse ICF 1:10
Diego, CA)
CD31 — BD Pharmingen 550274 Rat IF 1:10
CD68 — AbD Serotec (Oxford, MCA1957 Rat IF 1:50
UK)
Multidrug resistance MDRs Santa Cruz sc-8313 Rabbit IF 1:50
p-glycoproteins Biotechnology (Santa
Cruz, CA)
Sodium-taurocholate NTCP Santa Cruz sc-98484 Rabbit IF/ICF 1:50
co-transporting Biotechnology
polypeptide
Organic anion OATP1B2  Santa Cruz sc-134461 Rabbit IF 1:50
transporting polypeptide (OATP4) Biotechnology
1B2
Organic anion OATPIB3  Novus Biologicals NBP1-80980 Rabbit IF/ICF 1:100
transporting polypeptide (OATPS) (Littleton, CO)
1B3
Occludin — Life Technologies 40-4700 Rabbit ICF 1:100
Zonula occludens-1 Z0-1 Life Technologies 40-2200 Rabbit IF/ICF 1:100

Abbreviations: IF, immunofluorescence for the snap-frozen tissue sections; ICF,

immunocytefluorescencefor the cultured cells.
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Fig. 2-2

Region of interest for measurement of the ICG fluorescence intensity. (a) /n vivo ICG
fluorescence image of HT-29 tumor-bearing mice. (b) Ex vivo ICG fluorescence image of
organs/tissues of HT-29 tumor-bearing mice. (¢) Ex vivo ICG fluorescence image of tiny HT-29
tumors (< 1 mm in diameter). Margin of the each region of interest was traced with a solid line.
(d) Live-cell images at different time points after incubation of the cells with ICG. (e) Live-cell
images in ICG uptake inhibition study. (f) Live-cell images of different cell lines for assessment
of ICG uptake capability. Nuclear-stained image with Hoechst 33342 was used for
normalization of the ICG fluorescence intensity among different cells. (g) Live-cell images in

Ca2+ depletion study. Margin of the each region of interest was traced with a yellow solid line.
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Fig. 2-3

In vivo tumor detection based on tumor-cell uptake of intravenously administered ICG.
HT-29 tumor-bearing mice after the administration of ICG (heat map/green). (a) Whole-body
images before (autofluorescence) and 8 h after ICG administration. Arrow: tumor. Asterisk:
intestine. (b) Ex vivo tumor images; blood vessels were stained with TL488 (red). Left: cut
surface of the tumor. Right: high-magnification of the tumor surface. (¢) H&E-staining of the
tumor and the corresponding ICG image 30 min after administration. (d) Immunostaining with
the tumor-cell marker CEA (red) and the corresponding ICG image 30 min after administration

with nuclear staining (blue).
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Fig. 2-4

Rapid in vivo uptake and the prolonged retention of ICG by tumor cells, in contrast to
rapid clearance of the dye from normal tissues. HT-29 tumor-bearing mice were
intravenously administered ICG (heat map/green). (a) Whole-body time-lapse images. Arrow:
tumor. White arrowheads: blood vessels. Yellow arrowhead: liver. Asterisk: intestine. (b) Mean
fluorescence intensity (MFI) of the tumors and the tumor to skin fluorescence ratios over time
(n=3 mice for each time point). (¢) Ex vivo images of tumors and organs/tissues. 1, heart; 2,
lung; 3, spleen; 4, pancreas; 5, skeletal muscle; 6, tumor; 7, kidney; 8, small intestine; 9, large
intestine; 10, feces (dashed lines); 11, liver. (d) Tumor to organ/tissue ratio of the ICG
fluorescence intensity (n=3—4 for each time point). (¢) High-magnification time-lapse imaging
of the tissue surface of the ear and tumor. (f) Ex vivo high-magnification images of the surface
of the normal colon, liver tissues, and the cut surface of tumor tissues. Blood vessels were
stained with TL488 (red). Right panel shows high-power-view of the boxed area of images
obtained 30 min after administration. ICG fluorescence in the peripheral stroma of the tumor
(arrow) diminished within 28 h after its administration. Asterisk indicates the avascular area; the
architecture of the blood vessels is lacking. Note that strong ICG fluorescence is observed in
hepatocytes in the liver 30 min after its administration. Detection sensitivity for ICG
fluorescence in the liver 30 min after its administration was adjusted to prevent signal

saturation.
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Fig. 2-5

In vivo Kinetics of the intravenously administered imaging agents in HT-29 tumor-bearing
mice. Serial whole-body imaging and high-magnification time-lapse imaging of the tumor
surface at the indicated time points after the administration of 2-NBDG (a), BSA680 (b), and
AS680 (c). Fluorescence signals are shown in the heat map or in green. 2-NBDG was rapidly
extravasated into normal (ear) and tumor tissues. Tumor accumulation by the nano-sized agents
BSA680 and AS680 was slow but selective. () Short-term (< 30 min; upper graph) and
long-term (< 24 h; lower graph) relative fluorescence intensity of ICG, 2-NBDG, BSA680, and
AS680 in tumor tissues (n = 3 for each time point). The mean fluorescence intensity at each
time point was normalized to the peak long-term (< 24 h) fluorescence intensity. (¢) Tumor cut
surface imaging at the periphery of the HT-29 tumor tissues 34—36 h after administration of
BSA680 or AS680 (red) and 9—10 h after administration of ICG (green). T, tumor; S, stroma at
the periphery.
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Fig. 2-6

Ex vivo high-magnification images of ICG fluorescence in organs/tissues. HT-29
tumor-bearing mice were intravenously administered ICG (green) followed by TL488 (red). (a)
Ex vivo organ/tissue images. Note that the skeletal muscle, pancreas and spleen tissues show
weak ICG fluorescence signals 30 min after its administration, while the lung tissues and renal
tubular cells showed moderate and strong ICG fluorescence signal, respectively, at this time
point. Detection sensitivity for ICG fluorescence in the kidney 30 min after its administration
was adjusted to prevent signal saturation. (b) HT-29 tumor tissues 30 min after administration of
ICG. Note that ICG fluorescence signals localized at endothelial cells as indicated by TL488

fluorescence (arrowhead).
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Fig. 2-7

Rapid uptake and slow turnover of ICG in tumor cells following its entrapment in the
membrane traffic system. Cultured HT-29 cells incubated with ICG (green). (a) Live-cell
images at different time points after incubation of the cells with ICG for up to 30 min followed
by incubation without ICG. (b) Change in the mean fluorescence intensity per tumor cell cluster
after the short-term (<30 min) and long-term (<24 h) retention of ICG. (c¢) Images of live

cells stained for organelles (red) and nuclei (blue) immediately or 24 h after a 30-min incubation
with ICG. Golgi: Golgi apparatus; ER: endoplasmic reticulum; Mito; mitochondria; Lyso;

lysosome.
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Fig. 2-8

Cellular kinetics of clinically available fluorescent agents in cultured HT-29 cells. The cells

ICG

Flu

were incubated with each fluorescent agent for up to 30 min followed by incubation without the
agent. Top: ICG (green) and nuclear staining (blue). Middle: Fluorescein (Flu; green) and
nuclear staining (blue). A small amount of fluorescein was taken up by HT-29 tumor cells at 30
min, but fluorescence was diminished within 5 h after the incubation. Bottom: Methylene blue
(MB; green) and nuclear staining (blue). MB was taken up by HT-29 cells and localized in

vesicles within 30 min, but the fluorescence signal diminished within 5 h after the incubation.
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Fig. 2-9

The cellular uptake of ICG is mediated by endocytosis, after binding of the dye to the cell

membrane. Live-cell imaging of cultured HT-29 cells incubated with ICG (green). (a)
Incubation of the cells with ICG at 37°C or 4°C for 15 min. (b) Fluorescence intensity of
intracellular ICG at 37°C or 4°C. Values are the means=SD. **p<0.01 (Aspin-Welch’s ¢-test).
(c) Incubation with ICG at 48C for 15 min and then without ICG at 4°C or 37°C for 30 min. (d)
Incubation of the cells with ICG in the presence of Pitstop 2. (¢) Incubation of the cells with
ICG in the presence of BSP. (f) Fluorescence intensity of cells incubated with ICG without/with
BSP. #*p<0.01 (Aspin-Welch’s z-test). (g) Incubation of the cells with ICG in the presence of
CCK-8. (h) Immunocytofluorescence images of OATP1B3 or NTCP (red) with nuclear staining
(blue).
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Fig. 2-10

Immunoreactivity of membrane transporters in HT-29 tumor tissues. (@)
Double-immunostaining for OATP1B3 or NTCP (red) and the tumor-cell marker cathepsin S
(CTSS; green), together with nuclear staining (blue). () Double-immunostaining for OATP1B2
or NTCP (red) and the macrophage marker CD68 (green), together with nuclear staining (blue),
in the tumor periphery. (¢) Immunoreactivity of MDRs. Left: Triple-immunostaining for MDRs
(red), CTSS (green), and CD68 (magenta), together with nuclear staining (blue), of HT-29
tumors. Right: Double-immunostaining of liver tissues for MDRs (red) and the endothelial cell
marker CD31 (green), together with nuclear staining (blue). The anti-MDRs antibody used in

this study recognizes Mdr-1 and Mdr-3 of mouse and human origin, and Mdr-2 of mouse origin.
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Fig. 2-11

Inverse correlation of tumor-cell uptake of ICG and tight junction (TJ) formation. (a)
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Normal colonic epithelium or HT-29 tumor tissues double-immunostained with E-cadherin
(adherence junction marker; green) and ZO-1 (TJ marker; red) with nuclear staining (blue). (b)
Live-cell images of human colon cancer cells incubated with ICG (green). HT-29, DLD-1 and
T84 cells were seeded with 2 x 10°, 2 x 10* and 4 x 10° cells, respectively. Asterisk indicates the
interior of the T84 cell cluster. (c) Fluorescence intensity of ICG normalized to cells counted per
field of view in HT-29, DLD-1 and T84 cells. **p<0.01 (Tukey’s test). (d)
Double-immunocytofluorescence images of ZO-1 (red) and E-cadherin (magenta) with nuclear
staining (blue) of cultured cells incubated with ICG (green). Note that in T84 cells, those in the
interior of the cell cluster form intact TJs and take up less ICG than peripheral cells (arrow) with
incomplete TJs. (e) Images of live cells incubated with ICG (green) with/without calcium ions
at 37°C or 4°C. (f) Mean ICG fluorescence intensity of T84 cells per field of view (*10,000
um?2). *¥p<0.01 (Aspin-Welch’s t-test).
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Fig. 2-12

ICG uptake and cellular kinetics in human colon cancer cell lines. Six human colon cancer
cell lines (HT-29, HCT 116, LoVo, COLO 320DM, DLD-1, and T84) were incubated with ICG
(green) for up to 30 min followed by incubation without ICG. The cells were incubated with
Hoechst 33342 (blue) for 15 min without ICG for autofluorescence imaging. In all cell lines,
ICG localized at the cellular membrane (1 min), in the perinuclear area (30 min), and then in
vesicles (24 h). Note that the intracellular accumulation of ICG was relatively weak in the

interior of the DLD-1 and T84 cell clusters.
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Fig. 2-13

Temperature-dependent tumor-cell uptake of ICG after binding to the cell membrane in

T84 DLD-1
(peripheral area) (peripheral area) COLO 320DM

T84 DLD-1
(peripheral area) (peripheral area) COLO 320DM

human colon cancer cell lines. Six human colon cancer cell lines (HT-29, HCT 116, Lo Vo,
COLO 320DM, DLD-1 and T84) were incubated with ICG (green). () ICG incubation for 15
min at 4°C. In all cell lines, the cellular uptake of ICG was inhibited at 4°C such that
fluorescence concentrated at the cell membrane. (b) ICG incubation at 4°C for 15 min followed
by incubation without ICG at 4°C or 37°C for 30 min. Cellular incorporation of
membrane-bound ICG at 4°C was observed in all cell lines subsequent to their incubation

without the dye at 37°C.
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Fig. 2-14

Association of ICG uptake with tight junction (TJ) formation in human colon cancer cell
lines. (@) Immunocytofluorescence of the marker for TJs (ZO-1 and occludin) or adherence
junctions (E-cadherin) in six human colon cancer cell lines (HT-29, HCT 116, LoVo, COLO
320DM, DLD-1, and T84). Top: ZO-1 (red) with nuclear staining (blue). Middle: occludin (red)
with nuclear staining (blue). Bottom: E-cadherin (magenta) with nuclear staining (blue). Note
that TJs form only in DLD-1 cells and T84 cells. () Double-immunocytofluorescence of
DLD-1 cells stained with ZO-1 (red) and E-cadherin (magenta), together with nuclear staining
(blue), after incubation with ICG (green). Immunocytofluorescence images were captured at the
same area as the live-cell ICG fluorescence images. Note that DLD-1 cells in the interior of the
cell cluster had intact TJs and took up less ICG than cells at the periphery (arrow), in which the
TJs were incomplete. (¢) Live-cell imaging of DLD-1 cells incubated with ICG (green)
with/without calcium ions at 37°C or 4°C. (d) Mean ICG fluorescence intensity of DLD-1 cells
per field of view (10,000 mm?). Values are the means = SD. **P < 0.01 (Student’s #-test).
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Fig. 2-15

ICG fluorescence imaging in the detection of submillimeter-sized tumors and

dual-wavelength tumor imaging using different targeted agents. (a)
Macroscopic/microscopic ex vivo images of histologically confirmed HT-29 tumors.
Macroscopic fluorescence image is displayed in heat map pseudo-colors. (b) Ex vivo tumor to
skin signal ratios 6—10 h after ICG administration as seen in grayscale-converted bright-field
and fluorescence macroscopic views. Tumors<l mm in size were measured (n=8 tumors, 3
mice). *p<0.05 (Wilcoxon matched-pairs test). (¢) Dual-wavelength ex vivo HT-29 tumor
images 10 h and 36 h after the administration of ICG and AS680, respectively.
High-magnification image (right) showing TL488-stained blood vessels (blue). (d) Line profile
of the fluorescence intensities of ICG and AS680. Fluorescence intensity was normalized to the
minimum fluorescence intensity in the skin. (¢) Dual-wavelength ex vivo HT-29 tumor images 7
h and 27 h after the administration of 5-ALA and ICG, respectively, with TL488-stained blood

vessels.
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Table 3-1

List of fluorescent organelle markers used in this study

Organelle Probes for organelle™ Manufacturer

Golgi complex BODIPY® FL C5-ceramide complexed to BSA Life Technologies

Endoplasmic reticulum ER-Tracker™ Green (BODIPY® FL Glibenclamide) Life Technologies

Mitochondria MitoTracker”™ Orange CMTMRos Life Technologies
Lysosome LysoTracker” Red DND-99 Life Technologies
Nucleus Hoechst 33342 Life Technologies

*Live-staining procedures were carried out after ICG incubation and according to the manufacturer’s

instructions.
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Table 3-2

Primary antibodies and experimental conditions used in immunohistochemistry and

immunofluorescence

Antigen Abbreviated Manufacturer Product no. Host species Dilution
name

E-cadherin — BD Biosciences (San Jose, 610405 Mouse 1:10

CA, USA)

Sodium-taurocholate NTCP Santa Cruz Biotechnology  sc-98484  Rabbit 1:50

co-transporting (Dallas, TX, USA)

polypeptide

Organic anion OATP1B2  Santa Cruz Biotechnology  sc-134461 Rabbit 1:50

transporting polypeptide (OATP4)

1B2

Occludin — Thermo Fisher Scientific 40-4700  Rabbit 1:100

Zonula occludens-1 Z0-1 Thermo Fisher Scientific 40-2200  Rabbit 1:100
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Fig. 3-1

Fluorescence intensity of an indocyanine green (ICG) dilution series. (A) Fluorescence
imaging of ICG droplets at concentrations of 3, 30, 300, or 3000 pg/mL on a slide glass. ICG
was dissolved in distilled water. Note that fluorescence quenching was observed at ICG
concentrations of 300 and 3000 pg/mL. Scale bar, 2 mm. (B) Mean fluorescence intensity (MFI)
of the ICG droplets. (C) Whole-scan view of live RCN-9 cells incubated with ICG (green) at
concentrations of 0, 0.3, 3, or 30 ug/mL at 37°C for 30 min, followed by incubation with
Hoechst 33342 (blue). Scale bar, 200 um. (D) MFI of the ICG-labeled RCN-9 cells per

whole-scan view.
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Fig. 3-2

Live-cell imaging of RCN-9 cells incubated with indocyanine green (ICG). (A) High-power
view of RCN-9 cells incubated in the presence or absence of ICG (green) at 37°C for 30 min,
followed by Hoechst 33342 (blue) for nuclear staining. AF: autofluorescence. Scale bar, 10 um.
(B) Whole-scan view of RCN-9 cells incubated with 0, 1, 5, or 25 uM ICG (green) at 37°C for
30 min, followed by Hoechst 33342 (blue). Scale bar, 200 um. (C) Mean fluorescence intensity
(MFI) of ICG-labeled RCN-9 cells per whole-scan view. Error bars represent means + SD.
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Fig. 3-3

Mechanism of ICG uptake by RCN-9 cells. (A) Live-cell imaging of RCN-9 cells incubated
for 30 min with ICG (green) in the presence of the membrane transporter inhibitor
sulfobromophthalein (BSP) or at 4°C, followed by incubation with Hoechst 33342 (blue). Upper
panels: whole-scan view. Scale bar, 100 um. Lower panels: high-power view. Live cell images
as shown in the boxed areas indicate the field-of-view of the magnified and enhanced images.
The arrowhead indicates the ICG fluorescence signal at the plasma membrane. Scale bar, 10 pm.
(B) Mean fluorescence intensity (MFI) of ICG-labeled RCN-9 cells per whole-scan view. Error
bars represent means + SD. (C) Live-cell imaging of RCN-9 cells stained for organelles (red)
and nuclei (blue) after a 30-min incubation with ICG (green). Golgi: Golgi apparatus; ER:

endoplasmic reticulum; Mito; mitochondria; Lyso; lysosome.
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Fig. 3-4

Ex vivo ICG-fluorescence imaging of colon tumors in azoxymethane (AOM)-induced colon
carcinogenesis in rats after a 30-min ICG enema. (A) Wide-field images of colon adenoma
tissues incubated in the presence or absence of ICG. Left panels: bright-field images. Middle
panels: fluorescence images with pseudo-colored green. Right panels: fluorescence images with
pseudo-colored heat map. Representative ICG" colon adenomas are shown in case 1 and case 2.
Colon adenoma in case 2 was developed at the position next to the cecum. Arrow: colon
adenoma. Scale bar, 2 mm. (B) High-power view of the ICG" (green) colon adenoma shown in
the case 1 of the panel (A). Fluorescence images of the tumor surface as shown in the boxed
areas and by the dashed line indicate the field-of-view of the magnified image and the tumor cut
plane, respectively. Blood vessels were stained with Lycopersicon esculentum (tomato) lectin
conjugated with DyLight 488 (TL488; red). Image of a hematoxylin & eosin (HE)-stained
section of the colon tumor corresponding to the ex vivo image. Scale bar for the whole-tumor
view, 200 um; for the magnified view, 100 um. (C) Fluorescent wheat germ agglutinin (WGA;
blue) stained images of ICG" (green) colon adenoma tissues shown in the case 1 of the panel
(A). Blood vessels were stained with TL488 (red). Asterisk indicates the area where mucus was
removed during staining procedure. Scale bar for the whole-tumor view, 2 mm; for the

magnified view, 100 pm.
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Fig. 3-5

Immunoreactivities of membrane transporters and tight junction (TJ) molecules in
AOM-induced colon carcinogenesis in rats. (A) Whole-tissue view of colon adenoma tissues
with adjacent normal colonic epithelia immunostained for the TJ molecule zona occludens-1
(ZO-1) or occludin (green) and E-cadherin (adherence junction marker as a reference; magenta).
Arrows: strong signals of occludin. Scale bar, 1 mm. (B) High-power view of normal colonic
epithelium or colon adenoma tissues double-immunostained with E-cadherin (magenta) and
Z0-1 or occludin (green), with nuclear staining (blue). Yellow arrowheads: signals at the apical
cell border. Red arrowheads: strong signals distributed in the lateral cell walls and apical cell
border. Scale bar, 10 um. (C) High-power view of normal colonic epithelium or colon adenoma
tissues double-immunostained with E-cadherin (magenta) and for the membrane transporters
organic anion transporting polypeptide 1B2 (OATP1B2) or sodium-taurocholate co-transporting
polypeptide (NTCP) (green), with nuclear staining (blue). Scale bar, 10 um. All two adenomas

and two adenocarcinomas showed similar results.
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Fig. 3-6

In vivo endoscopic imaging of colon tumors in AOM-induced colon carcinogenesis in rats
after a 30-min ICG enema. (A) In vivo endoscopy image of ICG" colon adenoma tissues. Left
panel: white-light (WL) image. Left middle panel: autofluorescence (AF) image before the [CG
enema. The fluorescence signal is enhanced to show tissue morphology. Right middle panel:
autofluorescence image before the ICG enema. The fluorescence signal is shown using the same
conditions as the fluorescence image after the ICG enema. Right panel: fluorescence image after
the ICG enema. Arrow: colon tumor. (B) Ex vivo ICG-fluorescence image and HE-stained
section image of the colon adenoma. The images correspond to the endoscopic images as shown
in (A). Scale bar, 2 mm.
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Fig. 3-7

ICG fluorescence imaging of macroscopically small proliferative lesions in AOM-induced
colon carcinogenesis in rats after a 30-min ICG enema. (A) Ex vivo images. Left panels:
bright-field images. Middle panels: ICG fluorescence (green) images. Small proliferative lesions
are indicated by arrows in both case 1 and case 2. Scale bar, 2 mm. Right panels: representative
highpower views of small proliferative lesions with blood vessel staining (TL488; red). In case
1, both #1 and #2 were histologically diagnosed as aberrant crypt foci (ACF); in case 2, #1 was
diagnosed as adenoma and #2 as focal mucosal hyperplasia. Scale bar, 100 um. (B) Fluorescent
WGA (blue) stained images of ICG" (green) proliferative lesions in the case 2 of the panel (A).
Blood vessels were stained with TL488 (red). Asterisk indicates the area where mucus was
removed during staining procedure. Scale bar for the whole-tumor view, 2 mm; for the
magnified view, 100 um. (C) ACF double-immunostained with occludin (green) and E-cadherin
(magenta), with nuclear staining (blue). Red arrowheads: strong signals distributed in the lateral
cell walls and apical cell border. Scale bar, 20 um. (D) /n vivo imaging of ACF by fluorescence
endoscopy. Ex vivo bright-field and ICG-fluorescence image and HE-stained section image

corresponding to the endoscopic images. Arrow: ACF. Scale bar, 2 mm.
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