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The structure of tumor vasculature is crucial for the nanocarrier-mediated chemotherapy. Recently, transforming
growth factor-8 (TGF-B) inhibitor was reported to increase the tumor accumulation of nanocarriers by changing the
structure of tumor vasculature. To indentify the parameters of tumor vasculature function following TGF- inhibitor
(A—-83-01) treatment, dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) was performed using Gd-
DTPA and its liposomal formulation (Gd-L) as contrast agents. Observation of tumor MR image before, during, and
after injection of contrast agent could calculate the parameters of vascular function, such as volume transfer constant
between blood plasma and extracellular space (K'2») and fractional plasma volume (v,). A-83-01 treatment sig-
nificantly increased these parameters within 24 h that was positively related to pericyte coverage and tumor cell prolifera-
tion. Furthermore, apparent diffusion coefficient (ADC) determined by diffusion-weighed imaging was decreased by A—
83-01 treatment, suggesting the decrease of tumor interstitial fluid pressure. Vascular function of the tumor improved by
A-83-01 treatment well assessed on post-Gd-L-enhanced MR images, which predicted delivery of liposomal drug to the
tumor. These findings suggest that DCE-MRI and, in particular, K'a" and v, quantitation, provide important additional
information about tumor vasculature by A—-83-01 treatment.
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OB TR FEYITHRTHA XN RKREND
T, BEOMEMECMIKROELEZZITS<,
EPREN T ICHEBEINRNVWEEHH S, &
T TR AR EEY S MEILRESE, Y ki 7 Cld, trans-
forming growth factor-f (TGF-8) 1 #ZRIKHE
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o, IFEEE - EEEOTIES, A RBHREICIT R
PRI, mAERTE, Ml EEEAZRIEEIL,
NAbZERETHZEHHENTVDS, Ko THE
@ TGF-B > 7 HIVIHEZ, PG % i Uik
BOMEIERND 2 Z ENHEINTNEHDD,
W TGF-g O b Bz il i S 5 A0 il AE 2 55 & 8 T
JEEEMENE Z 5 EDRIERBEZ 5N 5.

MV N R & 2 O JE B 2 78 S BEfiiE (ifn
B, RXUSAR) Mok, BEsHE
BT 22 LICKDBEMICRENRL, HEEZR
7. S EORMIME TIEAY B ~ OB R
RRUMDD O, MR OAEETL E S OFERE 1AM
W, L UIERS AT EALEDBENARE DS
PERESS T RY B S48 ORI E 1 2 R
U, kT2 AW b E#giEn &Y L7sw. Kano
513, ZOXD ki T DRV R I L T,
TGF-f FHE# (LY364947) DEIWER ZH/NIT
SOIEARTHAL, RFVIEL CHAGST
SN IV RY — LA OEBEEEE LS E, K
PR BRI /2.9 2T TGF-B FER )5
FAEMEDOXY YA NOHEE M\ I '
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LEMEINTNS,

TGF-B 1 B R RHESETH 5 A-83-01% |X, in
vitro C TGF-f 1 Bl %K+ F —t (ALK-5) iZxf
L T ICsy=12nM @ TGF-B 7 F IV EEEZ2H
L, BitH® LY364947 (IC5o=59 nM) IZEENTHI S
EEWHEEEEZET S, LnrL, invivo TOJE
BMEICRT AERE N ETHESIN TV NS
/2. 2T, A-83-01 OJfifE M&EE@EMEICHT 3
Ef % MRI & W THR 7z

3. ¥4+ 3w 71ER MRI (DCE-MRI)

EHFESIT, MEBBEOMEHEELTY M52

v 77158 MRI (dynamic contrast-enhanced magnet-
ic resonance imaging, DCE-MRI) 2% HL 7~.
DCE-MRI [ Ji 5% AT BIFE S T S I 587 2
HEOEKRAB TOFMCHNENT NS, IMEH
AT E RIS A MEITERT 2 2 &Ik DDA
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DEDITEZ YA XD/ EEZL RRA > b &
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Fig. 1. Compartmental Modeling of the Tumor Microvas-
culature
Contrast agents (represented as black dots) distribute in the blood plas-
ma volume (v,) and the volume of the extravascular extracellular space (v).
The rate of transfer is described by the volume transfer constant (Ktans)
from blood plasma to the v..
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4. WK FEZH ZH U7 DCE-MRI [C & %
TGF-p BAEFE D il

TGF- [HE# A-83-01 O il M5 %@k 5t 3
HIEMZFMT 272012, ¥ 25555 A colon26
Ml R~ ™ 2 TDCE-MRI 217> 7-. 28
DI 0FEET, EERRFZOHYERZERITHS
NERZEZTZHDOTHSD., MRIEEIT 94T &
E# MRI (Varian NMR System; Varian, Inc.) % ff
AL~

DCE-MRI IZ WAl & LTI, Wito
Gd 1+ >%F 1L — hEL /= Gd-DTPA % Gd-DO-
TA 12 EDKG FEZFDEK THEHAIN TV S,
Gd 1A IFAEMOTO s ITHERA LK FO T,
RAEREM 2 T 5 2 &5, T, SR 5 T
R R T DG MEEE R TH S, DCE-MRIIZH

WTIRERDIE D PR 2 WS &, RO EN
RELMEBZRMNEZIEMICEED D ENHEEL W,
Z T, MEBGEEEICL TMKEOZEZEHET
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ELEBEANEHIND L DI TS, 111D
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™Y —IL (Gd-L) ZE#EAELTHWS LT,
I8 %5 38 M D FEAR 2 N A T ok 7 845 o s s 171k
BB LT

Gd-L X, W7+ A7y F2I)INay >, dL A
0 —)l, PEGy-DSPE N 5725 URY — AT
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7o, Ty FABBROESHREZSOLIEITHD T,
FEAIGEIE, 4.5mM s I THD, 7Y —0O Gd-DT-
PA (44mMm~'s™!) CFRBETHD I ExMAL
7z. DCE-MRI IZ B % i, T, @50 A RA L
RZSPTORIO—FEICED I BRI 1 KT D6
SRt 7. R RAEZ B 5 2 & Tl Al 5
RRIC BT 2 IR O 1 R 4 N D IE R 7 5 — 27 DY
"JEAREEL, N—T 71 v T 27 RMITEED
fRNTHEZ @D 5 EMNRETH S, G &L=
BEOATAABREL, N—=A T 2EK208
FIEL 205, @E#A (0.1 mmol Gd/kg) %%
517,

A-83-01 ¥ 5 & DCE-MRI Dl Fig. 2(A) 12
RY AT P a—)V T, SRFETOREEN Gd j#
EHERS % Fig. 2 (B, C) 1T/RY. (K4 F D Gd-DT-
PA Z 5 &, A-83-01 Z NS 3 %1
BOTHBEN G BENGE Ko, #5 24k
MBI G S REEICR > /=2 [Fig.2(B)]. ¢
"HH A-83-01 DRI —HNTH B LEZEZA BN
%, Fl, ¥5 3G TIRERETBITEIE S
DENED SN, A-83-01 2 21 B HITEM
BELEZHRODELEES (A-83-01X2) Tk, T
TORTAZBNWT GAdRENEARLZ. £IT,
W0 R LS ROMR 7 OB T2 Gd-L Z2HW\WT
Ff L7z [Fig. 2(C)]. RALEDMEE T, Gd-L
13 Gd-DTPA ZH Wiz & EITHART, KWEEN
GdEEZRLZ. 2T GAd-LIZMkF+Th S/~
DIZ, KD TICHNEEANOBITENMEFLZES
Z6hb. L, A-83-01 20D RL&FZET S
& Gd-DTPA ZH Wz & & ERBRICE WEEN Gd
BEZRLE., ZOESNIZEEN Gd 2 E-FFiE
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Fig. 2. Evaluation of Tumor Vascular Permeability Using DCE-MRI

Protocol of the experiment (A), mean Gd uptake curves in mice bearing colon 26 tumors before and after intraperitoneal A—83-01 injection using Gd-DTPA
(B) and Gd-L (C) as a contrast agent, and the initial area under the Gd concentration-time curve over 60 s (IAUGC¢,) with Gd-DTPA (D) and Gd-L (E). (A)
Single-treated mice were intraperitoneally injected with A—83-01 at 0 h, and repeat-treated mice were injected at 0 h and 21 h. Values in (C) and (D) represent the

mean+S.D. (n=3-6).

HifR2 5 60 #E D AUC (IAUGCq) ZHH L7z
[Fig. 2(D) and (E)]. A-83-01 O DKL 512
&5 T, IAUGCq 1Z Gd-DTPA Ti3£J 1.8 f%, Gd-L
TIX3.8FIC LR L. A-83-01 DIEDIRLEHIX
JE g5 14 DB M 2 =, B Gd-L O X S 7 fifhi
TOBITHEZED D ZENHS NI -
INsOEFNEEANRERHSZ 2-02 8-k
A REFIVCENL, v, & Kians Z2HH L 72
(Fig. 3). A-83-01 H[E[#: 5 3 FFRICB W TIE,
6VLH 2 FETE W v, & Kmans 2 r L7273, o 4 T
TR EENASNTRKERILISDEZERLEZ. A-

83-01 B[4 5 D 24 R TIX, v, © Kirans (3 5
AERUCEZRL, Loz, A-83-01 ##
VIR LG D 24 KER#% TIX, Gd-DTPA % /=
TRTOIT ATy, & K L TH 0, Gd-L
WBWTHHERITHEML 2. v, 1ZEEH O & IRN
BGERIT, JEEME ITIRIVA AL IEZ A ORI
H9 5. 20D v, DEIIZ, MO % EE i
BHRENEMLUZEEZS5ND. T, Kuens (3
EIMEN S BERE~NOBITHEZRL, A-83-01
IR D MEZEENTTHELZEEZEZ 515,
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Values of Fractional Plasma Volume (v,) (A) and Volume Transfer Constant (K2%) between the Blood Plasma and the v,

Mice bearing colon 26 tumors were examined before and at 3 h and 24 h after single or repeated A-83-01 injection using Gd-DTPA and Gd-L as a contrast a-

gent. Each value represents the mean+S.D. (n=3-6). * p<0.05.

5. A-83-01 H5HDEBOMBEBSFHFME KD
=R NOEDL N EE %
JEE 35 N D /N B B 28 2 AR A I B 3 B 72 0

2, A-83-01# DR LKEGROMEE U 2 ER
L, SRR zroZ. b MEEA A BxPC3 #

RERE 512 B W T TGF-B fHESE (LY364947) %5
T2&, BHEMEDRY YA MIWDT 2 EMES
NTWS. ¥ colon26 MR ICHB VT, o
smooth muscle actin (SMA) 1239 % $h s e 812
KO THEINAZRI YA FOsMmIILER<, A-
83-01 DR LI > TARY B M

UZz. 9 B K o T OMEM N RR 572912,
TGF-B HERIC LD IMENDEANERD Z &M
I ns.

JE 5 M DI BRI B P 7 LI #isERL 27k L T
B, A-83-01 D RLEEGHEIREKGHLIOM
RO EIIA NN Tz, MEDEER, KL
B CIIERIFREOEEIMENRD 5NN, A-
83-01 # DK L 5 0 24 BRE1% Tl % O FLEEA
P8 XA AE B O IE# I VWIREBIC AL L TH D,
512 BT 2 S mAIEA 3 S Em AR S
[Fig. 4(A)]. & 5ITHI Ki67 Hitkz Fl W /- s gefn
IR D EEINIC & S i R% & Geth L T Ki67 By A
fanEGZEHLEZEZ A, BEMEOTLETIE
B PR R 23 A7 < DRSS TR BB R R Y 2 0 >
fo. Fie, JEEMEEOEICHS W THEGEIC D 5
Mk 232 &, A-83-01 DR EITXD
AREITHEML T/ [Fig. 4B)]. EE#HAEME T
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Fig. 4. Tumor Vascularity (A) and Ki67 Index (B) of Colon

26 Tumors before and after Repeated A—83—-01 Injection
(A) Percentage of the vascular areas within the tumors. (B) Percentage
of Ki67 positive proliferating cells in the perivascular region. Each value
represents the mean+S.D. (n=5). *p<0.05.

MR D D > s EHEEMICEE N H D, To7sk
FOKREZRITID I ENRETH S, HWHEICH S
RS L OREFEIRIELBIEL TWbH EEZ 5N,
A-83-01 JLi&E 1T K D Mk A [mIE U E AR AV ek &
U7z EHERIE NS, B4 HE T IC Hoechst33342
ZREIRD S %5 L TR O d % E Z2 38 U 7z is
B A-83-01 OYLE T Hoechst33342 D LiRE
MAL TV (REERT—%) T&hod, A-
83-01 ALiE T K 5 IfiLif D [EIE A3 /RIE X N7z,
s o kiE, Jain'® MNEET S ME EHL
(normalization) IZFEP LR THZEEZZ 6N
%, MEIEEET, mEFERERZHWIEE
IZBWTHA L 25 AR HHREE D K S 7xifn
RIKGET 2R Z2EDDENG, MEFH EHE
HENRA TSR B/NLE 2B BRE, & O
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EOMAEZE —RICIER I DT /=2 &Ik D pEA
BEONREZEDDENIRHTHS. A-83-01
DEVIRLIFEICE > T, MEREIZBWTIZME
IGEDEXRY YA MEENEML 722 &%, DCE-
MRI DG IZ TMLEEARE (v,) DR EITXD
MFEDEIENRB I N ENS, —BNARIMmEIE
WAL R F OBAT M L I B 53 % AT REME A
NI NIz

X 517, MRIIZ X D IREEF & 2 T L, Jn
VT OYEEU% L (apparent diffusion coefficient, ADC)
ZR®, A-83-01 DALEIZ K BN D KD F D
BEOLb &ML~ (Fig. 5). ZZTO ADC {#
&, EHEANOMKEZERIL, MR & e N o
AREEEDEEE L THWZ., A-83-01 O Hi[A[#%
5 3 BER & 24 B4 TIE, ADC I3 #% 587 & b
NCELNIZIN S T2DITH L, #BOERLEETIEA
BIETLTW, Milask oK, Mdmg st
L THHENES WO T, IEERENAREL<L5.
5 LAk BIZL 5 A-83-01 2 # 5. L TH e
DRI 0= AdH 6NN EnG, Mg
W DIRFEZ LI D72 <, ADC D& R Mifast
WOWADZERL -EF 25N, [EENEOER
EICHES MFEDEEIC L > T, MEEOK R
D, EYOBITHENEEZ ZENHEINTY
%19 [al4E U 7= i35 % FEE 5 0D 3t T 72 A e 474 22 [T
L, TR THEBEMEEMNMETNL I &2,
Gd-L OBtk riEICHT 5 Lzt dbE 2z o N5,
A-83-01 12k % Gd-L OFEEETTHEDIERA =X
LIZDWTIE, S5 ICHEMSRFNBETH 5.

A B
( )1.2- ( )1.2- bk
< 10 “ 1.0 —l—
) ‘0
E ool T g 08
£ £
@ =~ 0.64 o " 0.6
=) =)
::; 0.4 g 0.4
(=] (a]
< 0.2 < 0.2
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Fig. 5. Apparent Diffusion Coefficient (ADC) of the Colon
26 Tumors before and at 3 h or 24 h after Single (A) and
Repeated (B) A-83-01 Injection
Each value represents the mean+S.D. (n=4). **p<0.01

6. A-83-01FRAICLZ RFV/IELHAUR
) — LDOHER R

DCE-MRI O#EHR & D, A-83-01 OHf HIIMkL T
DEEBITEZSEOD I ENREINE. £IT, A
-83-01 pEAKED RFV IV E > AMFE MY
™Y —L (SL) CEERERFY RY — L (F-SL) @
JEG RN S PEES RO M E{T>/2. 22T
1, ERZARERBT 5w ZMiA A M109 i
ERTBMELZYT X2 BN M109 E5I2H 0
TH, A-83-01 &5 3KERIEZICB VT GI-L TOD
IAUGC OEEIMA SN, 24 BERIBICIE R 5K &
FREENRD, colon26 [EE & [FikiC—i# 72 /EH
MWD 5N, 19 A-83-01 OFEHIC LD, SL KOr
F-SL 05 24 BB O EBEREIT 1.5 216 1.7
fEE AL, 19 F-SLIZBWTIRVIEEDENEEIC
WAL~ (Fig. 6). A-83-01 OEH A —@BATH
D2 ENS, ZEMMEEEED SL L REBIREE X
FEOD F-SL I 58N 5l fEME <, F-SL
IIEE AR, ERRZARICKDMDIAHZITL D
MinmE-EHRINZ. DEXD, A-83-01
WEPUN AR AT OIEREREZ S0, filEE
SR ZWRT D ENHLNER D .

1. &HYIC

ZNETIZ, 1) Gd-L #f/z DCE-MRI {3,
JE T O M i Tk &, RS~ Dok T B E D FE
MiicEHATHS, 2) MRIIZL D ADC il @ B
X, EEAEERETICED ICEROM/NREE AL
B TE %, 3) DCE-MRI /71 R~ CHEEM/N

1000
— © — Saline
~ 800 —4&— Saline/ A-83-01
= — O — Free DXR
E 600 | -A-sL
2 —&— SL/ A-83-01
5 400 | -0-FsL
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0 1
0 4 8 12 16
A Time (day)

Fig. 6. Effects of A-83-01 on the Antitumor Activity of
Liposomal Doxorubicin (DXR) in Mice Bearing M109
Tumors

Free DXR, PEGylated liposomal DXR (SL), or folate-linked SL (F-

SL) at 8 mg/kg body weight was administered intravenously with or without

intraperitoneal A-83-01 injection. Each value represents the mean=+S.D. (n

=6-8).
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BEZRETDHZEICKD, PN A AMKLTO
JEGEEEETTEL, PUEEIREEATESZ L
S MU, ERENRHIEETH S MRI
W, BESHETT & & BITELT 2 MUNREE & RIRF I
FMMiT D EMTEDDT, WOk 75K O JE 5 475
Wi 783 G Rt DR EITHRAL D, F, MERMSE
NS TIIAHERMBOE R E %, & DOEREN
SHEMTE 5. AFTHIA L MRI OFED, 2N
MEFEEOREIL D —B) L7252 L2 HFT 5.

BE AMRORTICHZD, HmAHK B
A= ERZHD &9 2 2ER K FAIFIBEAILED
KERE A - FAEBRICE# 2R L BT ET. £
JARY — L% MRIEZAIORF - FHMICZBI S TE
EELMBNBESENY 52— - BRIl Bk
A, AAE A (B RREERER K,
DCE-MRIVEDHE A - BT T HTEEE L7z/NY
TreTo /AP —=X Ty Ny JITFy R E
M AL, MERENRHEIC I I TEE L L RS
WBATERI RS - KR EICHEEHFB L EIF %
T IHIC, AHRIEE @R E, SCRHERHT
T =T Y —F A —-TOT s NOWE
BRI R D BTSN TH D, LRD#EEE
LETd.
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