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BAEG R ENEE e (EREGIEHEEN R E0)

(ed) WHEmEE

ZaAanA RIEFET /7 siRNAIC X 2 RIENE O S e R B IS B 38

MEREE & o MILKFRFRERRFRSVER Zdz

MEEE

BEEIEIMIEREO P TH R OBEHENE N, L L, BRRICBW TEZZRIGEEIIIZIE 2 < TBERME LA
JEFE O T HFFITEN, 2RO CREEOBRREPF N LOIRTH D, EF T, EFE, 7/ EREEV AT
2 (F/DDS) IERABBRICBNCEMMEEZ R L2255, L, BEFEII LTI 8ERREIOAR T
X7/ DDSD+43 70 FEANFARITEE LV RIIZ B D, ARIFFETIZ Z 46 OBRIRITIE A T, BHFE OB EE
&, B A A K% (glomeruloid vessel, GV) 12 B L, BIHFEOFRIGEERMMES 2 B LT,

WA

FRRBRIE « FLNIRFERFBE THROTT0R - 2R
FMRFHRR « RBRORFERF B TFROTIER - B2k
PAJSURSE - ALRER PR TP EFIFOR - S

A. WHEEB

BEMRBIFELIe NREBEORZRNTHE b2 EHE
HEENEWIEE TH D, O EAYREFRIFT A &
LT, BFonE#EEchddr/aires g
(GV) BT, LarL, ZOERIIIN
F CEMBIFEICR T 2 BRI RE F RO R
ELTOEMIZETE > TEBY ., ZOMENEZRITH
T2,

fihF, BaxlixZnET, 7/ EHOIE L WO H
ENLIEELE LU, &0 DITERORE R &
WBWTHE, EEmEHEN NETELLNL T
7= & 0 L EERBR (pericyte, POIZEDNIE DN, £

FRIFICRT AREENMEN E R LML
T&E7,

IRNERE LT, A INE TOELL, G
VIZmENROREBEECTCHHEZNETEDLN
T&E A, BRI —BOMENEMIEE EFO
BEfAfE (pericyte, PC) EENEE THLH I L&
H L7z, ZAUC KV PCOBRIEFEA ME ) 7 HE
PEEIIRILL QOB RIS R SN, £ 2T
ARFZE CIXBHIEARRE N BIT APCEIGHIT 5 =
& CGVER 2 [EBE L 5 B AREE 25 2 7=,

ZOBRIZE o T Db Y ERRIIBIEL
72V, ZivEk e MREFERRTRICIE S L2 bk
L. EIZGVEIAEERN L LT, PCOIME ML MR
(endothelial cells, EC) ~D#EFHFCHREZIHI LT
DOIFHMEZEL T 5D DO RS F 2 RH L
T, FOHFICHRT HsiRNABSI A FFE L, £ Dsi
RNAZ##H L/=7 /DDS%, & MIBT 5 A A
HEERBFICANDOOBERET HZ L EABEORN
&L,




B. #ts s

FPHAEE T, GVIEAARIEAEEN 21T 2 AR50

D EMIII RO BIFEET T VIEKOREEZTTS
Teo FAZZINETOWELL, GVILE TIINE
N E B OBEMRERE N EE THDL LT R
HLTEY ., 2z v EEHIE OB FIBETE O M
N TEEEAREICHRIE L TV D HEESRB I
Tro FIT, AR THV 2BIFEET VHREE
DBREICH - > Tix, T OMAIAHE RO HWHR
DEEMIfR L 2 RET D L E2RIEL Lz, ¥
SHECHEMEZ FE L TV IZTSRAKIAE TIT PRI
R LTCEW TOBBEAEZEN 4T, T
DAMPRERDOREZIT O MLENE LT, L L,
BRI, b MBEEREG, L0 DITGVEREE
BT 2872727 VAARaRk & L CTS-GFPARAR
(Sampetrean et al, Neoplasia 2011) % RH L7, GV
BEIZOWTIZZ OOV N2 28MET L TH
+HIZERTETELT, ZOET MTEBAT
Holm, T OTS-GFPHlEZE A= BEEE €T
NOERIRL, GVIERLE F15 ¥ 7 V0 F OFFE
TE & GVHITEINI & b R IR T DO RIE
EED T, BEENSFRELE LTI, GVIERITS
LIEEMICE < BEERRE-FIZER L. REZR
Il ARWEFE TIX EIC AL B E Sy W A F RS
(Senescence-associated secretory proteins, SASPs) (2
E B LI-BT OfE B, TS-GFPHIIE TIXSASPs/yF
HRBECREALTWVWA I LR INT,

U CTS-GFPHIAE 2 AV CGVIERIZEA T A FF
%17 > 72, $ADIT, TS-GFPMfEIZ L B~ U 2%
T T NVIZBIT D GVAREE DR 247 - 72,
TS-GFPHIIAIX., ZHE TCOMEITBVTIIEEN
BHEETVICL VBN EDONTERE, Hx b
WZ[RE T L D RIFT B REAR AL DU CHB RO fE T
IT o1, TORRE, GVEEOHEEITZ e FEEI
SMAEHEHRA M T T M e LE < % B %
BoTWHIERXRWELE, ThWORTBET
FTUEHSIce NBEFEFEZRBL TSSO
O, BEABIC3-4AEMORMELET 5, AFET
iE. SIRNARIF| D ZE2D & FR BRI 2L & thik A Lo
O, THICRIETAMNERH D, I TL D EE
IRIRIT 24T 5 oI, TS-GFPHRRIC & A F TRHE
TN OMBAELIZOWTHEITEITIZ e & L
7=

HIRE &Ry T & L Cid, HAFEEICHNL 7o B R
BRI T 28877 — & X— R &2 AW zin silico

AT FIEIC L DV EH U=, GVINHIOF 71 7e s
FOFNG, IHDIZCXCLI2IZ DWW THRIEA DT,
BARANZIZCXCLI2 D Z B TH 5 CXCRADIE
IFRLEA] (AMD3100) % TS-GFPHRARFZ THAE T
FTZEE L, PCHEBERB L)/ Ki+ (PICsome,
RIEE100 nm) /A2 B8 L CHBRR A0S MEMT L7,
S b IZ, CXCL12 % #1 l 9 % siRNA B2 %1
(siCXCL12) % EL7= LT, cRGDFHIIPEG-A
R FFTAEHRY VAL B I BIZHE
L. (siCXCLI12X E/V) ., [RERICPCH EIE T
PICsome/o i & 24l L 7=,

(fHEmEm~DELE)

BEOFREREICE LT AFETHOI OGNS
JRERRR AR T N TR B AR AT IF R A R I L 0
B RZIZB O CARNOERENZRALTH
0. BEEANCARFS BRI RS L1,
NMEBERE DBLE D BIRAI & U CHF B AARTE Tl
UHEBENORBOFAIKRIRAEEZZTELD
L. ABEZSITD I ENHERNEESITITER
FCIZ BT A mERIEET (ERk 2 OFRAFEE S
TREA415%8) ITESOWT, YEMBOREER
ETHELN TV AR RBOABAFICEIX,
MBREHEOFATLZELIFAOG EHREZEITL
7o T, MERRZOBIIZEANOEENTD
NNV EHIBRKBOEEE &> T 5,

B EBRICEI LT ARFILRRRE TIT O S ERR
COWTIE, EFTBEREOEY ERIER OB
MRERICET 2 EELZERICHFE L. KBEET
Totee ETOEBMIIRFENTA KT 4 TESN
TEEOICHR, ERICE L CTERITR/NRIZA
LHEIED, BAGOBITEREESEDL L oL
77e

C. WMERR

H244EFE 1L, ¥ 9 TSRAKEIE (Sasai et al, Molecul
ar Cancer, 2007) % BIfET T LARFE E LCRIF L.
GVIERKIZBAE T 2BZFERR DS 7 V0 FHO
REZED, £, AT HRT DR T2
mAEEERIE (pericyte, PC) OLEEIZ 5 2 D E 8
[Z2WTin vitrolZB W TRET 21T o 72, EARBIZIX
FIMfE O R EEIC LY <0 AMERSMIZ10T/
2R EEEEE L, EEMPCRIZ L W AFEPC~—H —
DT OFBEEB MR LT, TORR, NG2, CD1



372 EOPC~— U —RBEOBEMBmEI 08, Lo
—MRHIRPC~— A — & 415 SMA,PDGFRBDFEH
EEWXS TR T, £ in vivoDREREHS A
TLUTCHBERATZEZ A, ZOTSRAMBEZ &M
~IUANEAE L -5 A OEE R - EEE R EN RS
EEHH TR o TARFRZITICE DI e
R Z R T HOLENE U, BEtORER, TS-
GFP#H}E (Sampetrean et al, Neoplasia 2011) % B
WA Z &b L, 5 S EERERRIC L D RET
JEFEORBEMBRIICVEREE T 27 505, RS
BWTCPCw—H —HE E TIIMHT ST 2o
Too T, ET0n viro R EZIT o T HER, FHA
D FIEIZ LV 10T121281F ANG2, CD13. SM
A .PDGFRBT T DA LF PR bz, —F,
in vivo, T 721> HTS-GFPHIE O R FTBEIEA 24
MR LR . GVEE O 1T e FRIBRICS
MABSPHEAE AMtE 5 /A bl UJE < i % 8 B % 28
STWNWD I ENRRINT, ZHICTS-GFPHAZIZE
1A B FESASPSDFIRIZ OV T S EERPCRIZE Y
P A AT o T2, & OFEF, TS-GFPHIIE TrICXCLs,
VEGFA, PAIl, IL-6, EGF72 X ®OSASPsiEf=THEN
EBCHEBELTWD Z EREINT, SLICBEFT—
B _— 2% R\ Tein silicoffATIZ L0 . BIFET%
& FFESASPs/y F 3B OB DWW TN 217
STAER, SASPsT#H HCXCLs, MMPs, EGFZ D
HUEDBFETR EFERICHET 2 2 &3R8
Eht-, LibEX Y. TS-GFPHBETF LW EN DS
ASPsSEERIfR M LI E 2 b LY D2 8, T
72 BSASPSHGVINHI OEMFEM & L TS TH
DT R TR EN, GVIHINC & 2B EFET
BhEERL L ETT VML L CTS-GFPAliENH
AThdZ L bMERIN, T2, BET —F—
2 & AW Tin silicoffiTZ & GIZED -5 R, B2E
JET#% A EICARBE 9 2 BEMRAR B 7y T 2 4R R
HL7z, ZHODEMSTFOFRNL, BIZEOZR
R CdH D CXCRAZ KT D ERIRER V] S L7 iK1k
AYRER S FETHZ B, CXCLI2IZDWT
BEEEED D Z b & LT,

CXCLI2OERSF & L TOZREMEZ W THREE
1T 5 72Dz, TS-GFPHlfalz X 2 2 THMEET L
DIAFEIEFN DNV TR 24T > 72, TS-GFPHlifE %
B3 2 BRI 2 MInBETR O EESEIZ O
WTCHIREZ1T 5 72D, TS-GFPHIA3x10°E %, TS
-GFPHMIfR DEEZEEEH (TSEEHY) F /- IITSEEH & <
N SNEERE~ N v I R0 —RT7 707 F—

VFa—2A MNa—=>2%, v U ZLGFR)E %
ETORUZEERCTEE L, ~ 7 AEMICBHE L=,
R ORI B2 & ZATHITESE L.

A 10 B B ISR 2 FE L TV 72500mm’ 12 2
U7, FERRER 7RI 21T o 7GR, T IEEAER
WNOME S F7-, MEFTBETT L E FREIZSMA
PEPERRIGIC K DB R IZ R o, BB ENE

<, BREARETCH-7, ZOMEMIE, FFIZTSEH
&= b U ZAGFR%ZR U7 R CHIIR B 2 3R

BRI BWTHEETH- T,

ORIV, ETBHEETLVERWSZ &T
$ VU REEIZGVAPCENHNIC & 2 M E4T 2 =
LA TH D EEZ, MBI BVW TR TS
WEFNERBETLZ L L, £72, UEBEOE
BRTCIITSER & < RV ¥ L GFR &S &R U 72K
TR OBERZ AR L, 23, EEME
DZRTHEFE ZAT O ROV TORBEIL HIT -

. ZOOFER. ZEL LI RETEEREEMER
T 5 LB AIRE R IE OMESLIZAE) LT,

WIZ CXCL12DZ AR T o 5 CXCRADIK S -BE
=H| (AMD3100) % . TS-GFPHEREMSHE T T A%t
LBAHE%T-9H0 B 120.25 mg/kg T ORERERNHE L,
10 A BICHEBMHMZEX L, PCHAEIZES L
NN 21T o T, FOFER. PC (SMAR A
Ba) 12 & B M OBBIKIS0%E T LTCNAZ L%
BT Lz, VT, AMD31001E X A ALERIZCyS
1 #nano-PICsome (CyS5-PICsome) % B EFIkL Y
5 L7 fEARICB L CTPCH & & Cy5-PICsome 3 AR
WZDOWTRHEE L, KEE23100 nmTH B F /KD
[EYE PN A AR W AMD3 10023 & % 5 B2 T DV THEMT
L7z, ZO#ER, AMD3100/Z X Y Cy5-PICsome
FEBENDAEESEBIZIERT 5 2 & B LM
o,

Z ZTEBIZ, CXCL12% |3 5 siRNARS (s
iCXCL12) %5t L7z (siCXCL12-CDS1% 721ZCDS
2) o MRMIZin vittolZ BT D INHIZIR B BT L 725
B, W B 70-80%F2 E CXCLI12 DO % 1l 7l 68
THHZ L EHER LT, 2T, ZiILHDsiRNA%
cRGDIPEG-1 X/ F4 T VEMAR Y U v iz
LB IeicHERE L R E1d K UsSICXCLI2
) | RERICPCHERNE TNZCy5-PICsome /A &
LM L 77,

1HDIZ, TS-GFPHIEE THAEE T ViZx LM
#3. 5. 7. 9A B 1T, siCXCL12-CDS1Z 721XCDS
2F IR FRSIRNAZ K 2 NE LT-mo I/ as
IRNAJREES.2 pM & 72 % X 5 RS S 72 KSR %20



0 w/toO®E5ECREREVIREG L, BEXRIOR R
WIEEARRE A EUY L 72, PCHEZEIZEI L CHERR Y
V\ZFRMT 24T - TS 8. siCXCL12-CDS1% 7213CDS2
ONWTNENGLEIEMZE->Th, PCEEBD
BELRIENIBE SN2 o 72, & BIZEEMIZmE
RPN L2 2 A, CXCLIR2OMENZ LV mE
DTGRP REE L 1T R R D 2 RWE L, CX
CLI2IZMEHAETEICLFETH LV IREDLR
ENTNWBZ b, BEERAIMOIE N HCX
CLI2EZ T A4 RIOIEE 7 0 k22 LTk, PCH
RS BB M AE T )T 2 EIT OV TS
BN EHIT LT, F 2 TWRIC, TS-GFPHIRAR T
BAEET MBI H10 B OEEEAEAMD 5 6.
FEMEPN ML A3 43 1CPCIT & 0 4 78 S L B B O 4
ExR Tz, TS-GFPAERafE E%3-8H B OEAMIZE
L CIEBNME OPCHEER % F1M Lo/ . B
1%mﬁuh’ﬁmm%%ﬁiﬁML‘mw5%m
QO%IEFEDMECEEICAOLND Z & 2R LT,
ULIDJBGWﬂ@&T%ﬁ%TW;kwTK
H 24T 5 I EARBIOR SI1T, BAE%6R B LI
NEYCTH D LE X,
% T, D TSICXCLI2 2 BV OPCHBIZ %4
B I 57212, TS-GFPHRIAR T Al
%TWCﬁLVﬁ%6SEWd£ﬂ1D v ILFE
oIt R R L2 5%, 108 B IZIEEAEE % BT
L CHZANCIT 24T o 7=, TORER. PCHE

(SMA NG2B) & DB B2 DR TE 7,
S Bz, FAERICSICXCLI2R BAE 73 BB I = r
PG, &5HIZ9H BIZCy5-PlCsome & %5 L, 1
0H B IR AR, 2 BN L CHEAIC T 21T -
iR siCXCLI12 I B A5 EIZ 38V TPICsome
SFPEIA VAR T A Z LR LTz, £, Zhvé
RO 7 o b 2L T, MNREFTBHEET T B80T
Y. BATICEIT APICsomesFi SR DO YL R O &
BT,

PLEDFER XV, TS-GFP #lfaiz kL 2 BFEE T
TN T CXCL12 ZFFEICHIHIT 5 siRNA
A EERETHE, ZORICEST T ERHO
EEEE~DORENELUET I ENTED
EWRENT,

D. #

b

AKIFZETIE, WL IZBERE2T o —FIck s
BIEEO B L FREOELE B L T 7,
TRETICEEEMLE LTERBSh -2t ohn

rsarniaA RimE (glomeruloid vessel, GV) 12
BAEYT, T /R4 AVTZSRNADEEIZ LY

IRTHIRHEHMEEGIET 2 Z & T EEEHE
EA~DEHEEDNRLZRET DL EBRE LT,
Bx LN E COWRIZBVCOVIZE B LT
2TV GVIZ—BOWEMaE LUEn 28D H
DEBOPCHrLERSND Z L 2R L, Mk
ICGVRZVWEFNITFRARTHDH Z L ZH LT
LTWD, E7BIFEUSNOER TIIPCHHEIZ &
VT BEANC K DIBEDERPRESLEFESIND Z

EEPHRIENTEIEL TE L, LIS ->T, GVE

BERETHILET, BEREOEROE ML THDHMN
ADHFTHFFITIREN RSB IFEICBVN T, b
FEREOYER L OBREQOLD KIBRkEE b7
LI ENTEDLEREESIND, FTEAMEDT
Za—F 72 HSASPs & BEE T A R BN A
O HE A2 @ U inEERBORAIIMIZE L A
2B DO TH DM, SASPsBIRITIEREDO 272 5%
R REMEEE~OBEENER N TEY . K
e %@ UE oA AT thEHRREAICH L TH
PRI AEZ R L2 DD Th D, LLEDA
xS, GVIESEEMAOOIZED 53 b L
WAL T H D TS-GFPAIIE DR/EIZE S Z LN T
XIDIIKRERAIETHoT2E VWAL D, b MR
L FERRIZGVE TR T D BFEEM T T AT & A
ETEE L7, TS-GFPHARIE, fthoo FBZFIEMAR
BRIZHAT LY b RGVIZITW LB 2 R~ IE
WCHRRET VIR THY . FREEEREICH
TeoTRIERIZERATHD, —FH., HFEOIMEL
MA7-HIce NBEREICETHIEEGET — & X—2
R zin silicofENT FIEEfESL LTz, SAIFHHEIC
Vin silicofBATITE EN2 o720, BFLIHER,
GVHIFNZ 572 0 B HEHS FOREICE > T
Do ZOEIIT, v MNBEFEREERKWRT LTS
N E v NREREEZ TS LT —F RN—R(Z
X Bin silicofBAT DB L D HHIBEREDBISN
ZEBIIBN T — L&, FEEEBICE
WCENRFEERDEEZ OGN,

Z Din silicof#HT LV | BEAYEM & L TCXCL12
BRI LR, ZORREZ T HIRNARE
DZFE T H 5 CXCRARAEAI % TS-GFPHAR £
FTMZERE L, PCHURE b NZCXCLI2ENHI#% D
TEBWNIZBT 5 F 2 BRI OSIRIZD W THAT 217
VY, ETEGVEAEEIZBIT D85 (pericyte, PC)
EMEIT A 2RI, BRDOIREARA TV a—)L
I L BEEOBRETORER. TS-GFPHARIZ L 2 EiE



AN TIME L HSICEEIS, PCHELEEID
725 T2 FEER D> H CXCL12 % /i3 2 X e 8A1 & %
U, 20RICERET 5T BERO S HNEE
M ESHOENDT EBNHLNIToT, TORERN
b, BHFEIZB O CHOMERBELFHIETL 2 Lk
D100 nmfRE D R & Ik & 507 /Rt
DIEBEEE~OEENRELRETDHZ LBAET
HDHZ eI NT, SRIAWEBIEEETT VT
< U AR TH D20, b MERRIEREOBR
FHET TV E O CRBEDKEEZ 1T 5 MEMN
HHILITRETHLHN, EELICK D b NREE
OB, b MBEEOGVIZBWTH, CXC
L12Z RN TdHh HCXCRABBMEMBNTFERET D Z &
DB SN o7, CXCRABEMED BE LT HNNE
W ENBEFETFT — 2 _—R LML A S 2
2720, —JF., ZNETOMIELY . FHEOEWEE
BRZBNTGVRZBEINDLI T &b RHLTW
Do Zb LV, v MNBFREIZBWTHCXCRIDG
VIERA~D SRR S, <7 AHREET /LAl
T& 5 TS-GFPHIAE CHERR &M 7-CXCLI12RAZEIZ &
DF KA ROMER N e MIBWTHHBE
FRETHAZENEFFTEDLEEZTNA,

A=A
E. %

[BZFREIIREIE O Tl b B m S, BLR
IZRWCTARRIBEREIITIE R < | 1B IR
E L TEMEEO R TORICEL | IR FE
EORBENGFZND, FFE. 7/ EHEES AT A

(77 DDS) IEMBAREIZB N TEIMEEZ R L-DD
BHAHM, BRI L CHERFRRFTOATIE /D
DSDO+43 7 BEhFAEITEE LV, L7 > T, AHF
P CIEBEEOFERREEE, Fo /e A ra g
Rifn% (glomeruloid vessel, GV) 2% B L., BIFE
DR 2 BIg Lo, AFRICE D, T
FLOERNH -T2,

TGV ZIET 5 > 7T A3 FORE
DWW TiL, TSRAMAE (Sasai et al, Molecular Ca
ncer, 2007) ZBIFETT AMIZE LTHY, in vi
tro CGVER DB 7 T NV FROREE 2 ED
Too AMRRIZHRT DR F2S, B EEMIE (peri
cyte, PC) O LEILE 2 2B RMIEOEE L
TH & ZERRMR L SN D 10T12MAEE% AV Cin
vitro TN, NG2, CD137¢ & —#DPC~— 1 —3
BROWIMPNREINT, RICH~ZEH T, TS-GFP
#MAE (Sampetrean et al, Neoplasia 2011) % 7=

& ASEFIOTIRIC C—RRIIZPCY— 1 — L &
NBNG2, CD13, SMA., PDGFRb3 < T DMK 1
AR HNT, LI, KR TGVERDEE
RFE LTECED L T DEEELEESWE
F#f (Senescence-associated secretory proteins, SAS
Ps) OFBUZOWCEEMPCRIZ X 0 31 L 7= iE 3,
SASPsi&E{= T8 (BFIZEGF, CXCLs) 23TS-GFP#fifE
TRESHEELTWD Z EdREN, LEXDS
ASPsBGVIIHI DIERMER CTH D Z & Bk D TR
Iz, BT — 4 _X— R %R in silicofi# AT
ERAShEER, ZOPTHCXCLI2E £ 1=
BT & UCHBITZ2ED T, BRORMAiEYE
L CEEfE~— b —Th HSMABMEMAZIC X 5
MEWBEBREIRE L L, TS-GFPHABEE T V%
AW fRIT 24T > T2 fE R, CXCLIR2OZ /K TH S
CXCRADIK Gy FIERZRETHZ LICED XY
B ENEEICER TT A 2 RH L,
EHZ, b MNBRIFECXCLI2ZZ BARTH HCXCR
40t MREIZI T S FEBANT OFER. GVARED I
125 B35 GradelVOARIRIZ BN TOH, GVIEEID
BV TCXCRAGGHEARRR D N HERR C X 72, GradelV D&
R TIIGVIEEERAFIZ BV T H . CXCRABIEHI A
GVIZ|IT CTEBETIHHREENEOLNTEY, CXC

LI12-CXCR4V 7 F A2k FHEEIZBWTHGVE

FBACEAET A REEMESTRB SN, LEDG, B
WCCXCLI2ZMEHId 5 I vV RIF OB 2 £l
L7,

SIRNANELE ST 2 AL OBERIZHOWTIE, si
RNAsomel IBIFYHEEELEE (DLS) 12 T110nmDRIER
THo7273, siRNAmicelleDFEFEHIFITL, 2B 5
IEDLSHIE X 0 EAEKI50nmA> D550 DN 5
BUHEE0.1LLT) T /R F IR R S T, T2,
10%FBSH T D siRNAmicelle D 22 E M &8 Y FERE 45
HIEIZEVEMEI L= & 2 A, BT A~ —EAL~DBE
KEBEREZEOEANIZLY | ZOREMEI KIBIZUE
ENDZEDRELNT 5T, IRWNTR TRBAER
AAAS49YE T LI L UVE AR RksiRN Amicelle & AV
TsiRNADEBEEBMEZFHMI L7 & Z A, BIKRGD
R7F FOEN L DEBEEEOFE 2 LR
BOLNTZ, £ T, BAMBOT R h— 2 %5
-4~ % polo-like kinase 1 (PLK1)-siRNA % micellelZ
HAL. DATBEEREITo- & 2 A, BEEMMET
DOPLK1 mRNADFL B L UMESEHRZED 2
LTI LT, Z DX 5 1ZsiRNAsome, siRNAmicel
lel bic, V=Lt LTOEYERFRENTZLE
Z HAv, FEIZsiRNAmicellelZEMIZ I 1T B BT



HIZhE bR Sz,

fth 5 T, AL FICEERICBONTHED)
MO H DHFERICENET D _NE B AL, MEEEY
%?wmﬁwficiqu%%Mﬁ&@&%?%
HSIRNAKER T/ 534 A Th D, cRGDFIIMPE
GAI ) FFTMEMARY ) LB I
CXCLI2IZx§ BsiRNAZ #E# LAV A REHIET
L7z, ZODOsiRNAWEE DT I B, EREMLEN
BABEIBRIRET 24 07 7Y VERIKPHR
BN R T 2 BIRRGD 7T NeRBICHEE L
HDTHY | EHHTRILIEIT HFE 2 DsiRNA
IOV TCin vivoll BT AEIDEBZIN TN B,

Z D ENMIZCXCLI2IZRT HsiRNAZ FRFH L T
HHE L (siCXCL122 &)V) | TS-GFPHRIERMEET
VICE LTz, Z0OER, siCXCLI2E5#IZB W
TW%Wﬁ%<mﬁéh\mxau=twL%%

B S AT BAOBERENSHRR LTS 2
ERH LTI TE, v

E BT, siCXCLIR2OEE A7 Y 2 —VIZBE LIk
SLIEER, b hr—ROEETEH ) EEISH
WEOMRNALNDZEEERLE, 26D
FERENDG, siCXCLI2%Z T/ FKIZNE L C R
BERERMICMEIL., SbiIcT / EBHERSTH
. BEFECBWNTL o RIBEDREZERL D
B EBRRENT,

AWM THEEUEORROEENZREST D
W, BEAZE L b EFEEEZBSE LT,

F. Rk

FFRL o & Z L idmn,

G. WrZEFE
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ABSTRACT

Though much pro“res< has bccn made in rhc dcvclopmont of antl tumor chcmotherapeutlc agents, refracton—
ness is still a major clinical difficulty because little is known about the non-autonomous mechanisms involved,
Abnormal capillary structures in tumors, for example, are well documented, but a thorough characterization
of microcirculation, including functional consequences with particular regard to drug delivery and intratumor
accumulation, is still required for many kinds of tumor. In this review, we highlight how use of synthesized
nanoparticles, themselves a product of emerging nanotechnology, are beginning to open up new perspectives
in understanding the functional and therapeutic consequences of capillary structure within tumors. Furthermore,
nanoparticles promise exciting new clinical applications. T also stress the urgent necessity of developing clinically
relevant tumor models, both in vivo and in vitro.
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1. Introduction

A major difficulty for patients with inoperable tumors and those
treating them is disease resistance to chemotherapy. The reasons for
this refractoriness have been studied in various ways including tumor
cell-autonomous mechanisms, chemosensitivity and/or chemoresistance
[1], higher metastatic tendency [2,3], and intratumor heterogeneity in-
cluding stemness [4,5]. Another promising approach has been to analyze
what surrounds tumor cells, or the tumor microenvironment [6,7]. This
microenvironment has several major components including fibrotic

This review is part of the Advanced Drug Delivery Reviews theme issue on
“Nano-pathophysiology: a novel integrated approach to disease through application
of nanotechnology”.
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tissue, various immune cells and, most important of all to this paper,
tumor capillaries. This review will focus on the delivery of nano-sized
drugs (which we will refer to as “nanoparticles”) and the structure of
tumor capillaries, or microcirculation within a tumor.

Microcirculation is the key peripheral system involved in delivering
and distributing oxygen, nutrition, and drugs to the whole body. As with
normal organs, diseased loci have microcirculation. Jjudah Folkman [8]
was the first person to recognize this in 1971, and thereafter capillaries
in tumors have been studied extensively [6,7,9]. Tumors induce the
formation of capillaries, in a process now known as angiogenesis, via se-
cretion of growth factors such as vascular endothelial growth factor
(VEGF) [10], in connection with tumor hypoxia [11,12]. Capillaries
formed in tumor angiogenesis are both leaky and disorganized (Fig. 1)
[13]. VEGF signaling is thought to be one of the principal causes of leak-
iness and capillary disorganization [14]. And VEGF was first identified as
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Fig. 1. Tumor capillary. (A) Distribution of injected dextran illustrates the leakiness of tumor capillaries compared to normal capillaries. (Courtesy of Dr. Ruth Muschel.) (B} Intravital im~
aging of capillaries in normal tissue and tumors, Capillaties in tumors are disorganized compared to those in normal tissue,

From [38], Figs. 13.15 and 13.34.
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a “vascular permeability factor (VPF)” [15]. Therefore inhibition of
VEGF signaling has become a target for inhibition of tumor growth.
Bevacizumab, for example, is licensed to treat various cancers via inhibi-
tion of VEGF-A [16]. Although Bevacizumab was designed to act on its
own, clinical studies have shown its adjuvant capacity to enhance the
effects of other chemotherapeutic agents [17] This works as part of
the vascular normalization theory [18] in which antiangiogenic agents
temporarily “normalize” both structure and function of tumor vascula-
ture and make more efficient the delivery of oxygen and therapeutic
drugs. We know little, however, about this temporary normalization
process and nanoparticle delivery.

Use of synthesized nanoparticles in biomedicine can offer exciting
new perspectives, just as past technological innovations have done
[19]. First, the discovery of microcirculation, invisible to the naked eye,
by Marcello Malpighi in 1661 [20] was made possible by utilizing the
new microscope invented by Galileo Galilei and others around 1600.
Furthermore, the cellular wall surrounding microcirculation was also
discovered using new technology. Application of chemical dyes invented
during the 19th century made it possible for Theodor Schwann to dis-
cover the cells surrounding the capillary lumen in 1839 [21]. However,
the first modern anatomical studies of the human body, its organs and
systems began in the Renaissance with Andreas Vesalius and publication
of De Humnani Corporis Fabrica (1543) [22]. And it was William Harvey
(1578-1657) who experimentally proved in 1628 the circulation
of blood in men and animals: Exercitatio de motu cordis et sanguinis
in animalibus [23].

In this review and in others in this series, we will explore how new
technologies, especially nanotechnology, can open up new viewpoints
in biomedicine.

2. Nanoparticles and tumor microcirculation

2.1. Structure of tumor microcirculation and distribution of nanoparticles in
tumor tissite

Nanoparticles already in clinical use are known to be effective for a
number of tumor types — at least in animal studies. However, most
nanoparticles are clinically approved for only a few types of tumors.
For example, Doxil, or PEGylated liposome incorporating Doxorubicin,
shows potential in animal models of colon cancer [24] but has been
approved by the FDA only for Kaposi's sarcoma, recurrent ovarian
cancer and for multiple myeloma (MM), although only in combination
with Bortezomib for MM [25]. It is not yet licensed for colon cancer.
Since there may be a discrepancy between preclinical and clinical re-
sults it is important to have reliable preclinical models to predict the
effects of use in humans. A common model of colon cancer uses CT26
murine colon cancer cells. And preclinical tests of Doxil have been
done using the same cell line [24].

As a model nanoparticle, large molecular weight dextran is common-
ly used because of estimated hydrodynamic diameter of 2,000,000
(2M) Da dextran is 50 nm [26]. However, dextran of 70,000 (70k) Da,
with an estimated hydrodynamic diameter of 15 nm, is more com-
monly used in experiments perhaps because it has the same molecular
weight as the albumin molecule [26]. Dextran of various molecular
weights is already used clinically as a plasma volume expander. We pre-
viously examined the extravasation of 2M Da dextran in the CT26 mu-
rine colon model and found that a certain amount of the molecule
extravasated [27]. This observation confirmed the results of preclinical
tests with nanoparticles such as Doxil [24]. The observation was also
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consistent with the known “enhanced permeability and retention
(EPR)” effect [28,29], which hypothesizes that nanoparticles can ex-
travasate from tumor capillaries only because of their hyper perme-
ability. The EPR effect also refers to an immature - that is to a less
functional - lymphatic system in tumors as the cause of greater
nanoparticle accumulation. However we have not studied the lym-
phatic system in tumors in detail. Hirakawa et al. discuss this matter
in their review, but here we focus on capillaries.

Moreover, VEGF inhibition, in this case with a multiple kinase inhib-
itor Sorafenib, resulted in enhanced distribution of 2M Da dextran in
the CT26 model [27] (Fig. 2). This observation was consistent with the
“vascular normalization theory”, although we still need to test other
VEGF inhibitors such as Bevacizumab to confirm the result.

2.1.1. Pericyte coverage as a factor to explain permeability of nanoparticles

Despite the largely promising results of the CT26 murine model,
there still are human tumors untreatable with these drugs. We believe
this is due to poor vascular leakiness leading to insufficient drug

w

delivery. We thus explored coverage of tumor microcirculation by
pericytes as a potential factor to explain the discrepancy between
commonly used animal models and human tumors. Pericytes were
first identified in 1923 [30] and so named because of their surround-
ing proximity to endothelial cells. The role of pericytes on vascular
integrity and leakiness was clarified using knockout mice for platelet
derived growth factor (PDGF)-B (or PDGF-BB as the product ligand
protein, a homodimer of two PDGF-B molecules) or PDGF Receptor
> (PDGFRP) [31-33]. Although no molecular marker has yet been
identified that is specific to only pericytes, alpha smooth muscle
actin (aSMA), PDGFRP, or NG2 proteoglycan is commonly used [34].
We confirmed the function of pericytes on vascular leakiness in our pre-
vious study [35], using mice subcutaneously injected with Matrigel plug
mixed with ligands such as VEGF-A or FGF-2 but no cells mixed. Our
finding was that double stimulation by VEGF-A and FGF-2 resulted
in more upregulation of PDGF-BB-PDGFR(3 signaling than with single
VEGF-A or FGF-2, and with mare pericyte coverage of the neovasculature
in Matrigel plug. Inhibition of PDGF-BB/PDGFRf3 signaling in the

A Y364947

20}

Fig. 2. Effects of Sorafenib and TGF-{3 inhibitor (LY364947} in the CT26 or BXxPC3 model. (A) Vascular phenotypes revealed by immunohistochemistry. Green, CD31 or platelet endothelial
cell adhesion molecule (PECAM)-1; red, NG2. (B) Extravasation of 2M Da dextran from vasculature, Dextran in green and CD31/PECAM-1 in red. Scale bars = 100 um. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article,)

Modified from [27].
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B VEGF-A+FGF-2
(VIF)

Fig. 3. (A-C) Effects of addition of PDGF-BB (A) or anti-PDGFRP neutralizing antibody (APBS) (C} with VEGF-A and FGF-2 (expressed as V/F in the figure) (B) as control in the in vivo
Matrigel plug assay. First row: SMA staining (red) with CD31/PECAM1 staining (green). White arrowheads: detached SMA + cells {designated as pericytes). Arrows: CD31/PECAM1 +
cells not covered by SMA + cells. Second row: permeability assay using dextran of 2M Da administrated intravenously (green), merged with SMA (red), and CD31/PECAM1 (blue) images.
Arrows: leakage of dextran. Scale bars: 20 um. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Modified from [35].

double-stimulation state, by either adding neutralizing antibody and more distribution of fluorescent labeled dextran of 2,000,000

anti-PDGFR{> (APB5) or excess PDGF-BB ligand to “submerge” con- (2M) Da extravasating from capillaries (Fig. 3).
centration gradient of the signal to inhibit migration of pericytes to Consequently, we analyzed whether coverage of tumor capillaries
the neovasculature, resulted in fewer pericytes around capillaries, by pericytes differs with regard to human tumor type [36], by defining

3

Colon Cancer

Pancreatic Cancer

Fig. 4. Serial sections from histopathologic samples obtained from surgically resected human colon and pancreatic cancers: HE-stained or immunostained against CD34 and SMA.
Red arrows indicate vasculature, Bars, 50 um. Inset: a representative image of the vasculature at higher magnification. Bars, 10 um. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)

From [36].
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Fig. 5. A comparison of the histopathology of human surgical tumor specimens (left, prostate tumor; right, colon tumor) and animal tumor xenograft models. Note the difference in tissue

architecture and the volume of interstitium. (Courtesy of Dr. Elizabeth A. Repasky.)
From [38], Fig. 13-8.

pericytes as aSMA-positive cells attached to vascular endothelial cells.
We established that more coverage matches a worse prognosis for
pancreatic and diffuse-type gastric cancer, when compared to cancers
with a better prognosis such as colon and ovarian (Fig. 4). Furthermore,
arecent study has shown that in patients with clear cell renal cell carci-
nomas, tumors with more pericyte coverage correlate with a worse
clinical outcome, thus suggesting that more is worse even within the
same tumor type [37]. These results combined suggest that tumors
with more pericytes attached to their capillaries are clinically more
intractable. The results also suggest that tumors with more pericytes
are also more fibrotic, or are characterized by more interstitium.
Accordingly, we need a more realistic experimental model with more
pericytes and more fibrotic tissue than the CT26 model. CT26 has far
fewer pericytes and much less fibrotic tissue than human pancreatic
cancer, for example. The discrepancy in the volume of interstitium
including fibrotic tissue, between human tumor tissue and xenograft
animal models using tumor cell lines, also makes the effects of new
cancer drugs difficult to predict in patients (Fig. 5 and [38]).

We thus prefer to use an animal model xenografted subcuta-
neously with BxPC3 cells, derived from human pancreatic cancer
(adenocarcinoma), because it has more fibrotic tissue and pericytes
compared to the CT26 and other commonly used models (Fig. 6).

By using the BxPC3 model, we have shown that only a combination
of TGF-> inhibitor and nanoparticles can inhibit tumor growth [39],
whereas the incorporated agent (in this case doxorubicin) by itself
or even nanoparticles alone cannot treat the tumor effectively (Fig. 7).
TGF-{> promotes proliferation of mesenchymal cells including pericytes,
but inhibits proliferation of epithelial and endothelial cells [40]. Because
of this the effect of TGF-3 inhibition is unknown. This investigation
was the first to show that weak inhibition of TGF-{3 signaling inhibits
pericytes and maintains endothelial cells resulting in increased leaki-
ness of tumor capillaries to nanoparticles. In more detail: we used the
BxPC3 model and two more animal models of pancreatic cancer, plus
a model of diffuse type gastric cancer, to test whether combined use
of TGF-f3 inhibitor enhances the therapeutic effect of polymeric micelle
incorporating Adriamycin [41]. We demonstrated that the combination
inhibited tumor growth in vivo more than other approaches including:
Adriamycin alone, Adriamycin with TGF-{ inhibitor, or micelle only,
TGF-3 inhibitor only, or control. We also confirmed the distribution
of naked Adriamycin using autofluorescence. Doxil, the PEGylated lipo-
some incorporating Adriamycin, was also shown to be more effective in
growth inhibition of the BxPC3 model when administered in combina-
tion with TGF-{ inhibitor. The finding was applied to nanoparticles
incorporating various agents such as contrast media [42,43] and nucleic
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(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Modified from [27].

acids [44]. Furthermore, Sorafenib, the VEGF-inhibiting agent that en-
hances distribution in the CT26 model of 2M Da dextran, had no signif-
icant effect in the BxPC3 model (Fig. 2).

The picture was more complicated with Sorafenib, pericyte coverage
and leakiness. In the CT26 model, Sorafenib increased pericyte coverage
of tumor capillaries in combination with increased extravasation of
2M Da dextran. In the BxPC3 model, Sorafenib decreased vasculature
volume and intratumoral accumulation of 2M Da dextran. Pericyte in-
crease in modeled tumors following VEGF inhibition was also observed
by D. M. McDonald's group. [45]. First, we believe that the differing re-
sponses of vasculature with VEGF inhibition may reflect original levels
of VEGF secretion in tumors, but this needs further study. Second, the
discrepancy between pericyte-coverage and Dextran exfravasation
also needs further study. A range of balances between leakiness due to
pericyte coverage and physicochemical properties of used nanoparticles,
is summarized in Fig. 9A. However, it is also possible that pericyte
coverage is just one of many factors influencing extravasation of

nanoparticles. In addition, we do not really know how pericytes in-
fluence extravasation: it may be due to paracellular gaps between
endothelial cells, or some other factor.

2.2. Nanoparticle size and distribution in tumor tissue

The work using BxPC3 cells and TGF-{ inhibitor [39] was also the
first to use histopathologic methods to demonstrate distribution of
nanoparticle in tumor tissue. The nanoparticles used in this work
were a polymer micelle [41] and Doxil, both of which are effective
in inhibiting tumor growth when used in combination with a TGF-
{3 inhibitor. Interestingly, although both nanoparticles are effective,
their distribution patterns in tumor tissue are different, although it
is not clear why. Because Doxil and the micelle were of different
sizes, surface charge (zeta potentials), material, releasing mecha-
nism, and so on it was impossible to make a direct comparison.
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Fig. 7. The combined use of TGF-j» inhibitor with nanoparticles in the BxPC3 model. Nanoparticles were unable to extravasate from pericyte-covered capillaries in the model without
adjuvant use of TGF-5 inhibitor, which decreases pericyte coverage. Growth inhibitory study, shown in graph lower right, of the BXPC3 tumor in vivo revealed that the tumor inhibited
growth only when treated with the combination of TGF-{3 inhibitor (T}3 inhibitor} with the micelle incorporating Adriamycin (ADR). This is consistent with the histopathelogic analysis

of specimens of the BxPC3 tumor using autofluorescence of ADR, as shown on the right.
Madified from [39].

This gives rise to the next question: How does a difference in particle
size affect nanoparticle distribution?

Using dextran of various molecular weights in a FaDu tumor model,
others have already demonstrated variable distribution relative to mo-
lecular weight [26]. In this study, as in our own, the authors used dex-
tran molecules of 3.3 kDa, 70 kDa (identical to albumin), and 2M Da.
30 min of intravital video microscopy of the tumor revealed that
while 3.3 kDa dextran entered all tumor tissues quickly and smoothly
it also soon dissipated. 70 kDa dextran had an EPR effect: it gradually
extravasated into, and remained in the tissue. 2M Da dextran remained
inside the vascular lumen throughout.

Cabral and Kataoka et al. succeeded in developing micelles from 30
to 100 nm in diameter, but otherwise possessing identical proper-
ties [46], and we compared distribution of these nanoparticles in CT26
and BxPC3 models, respectively. Interestingly, distribution was almost
uniform in the CT26 model regardless of particle size, whereas it was
far more limited with larger particles in the BxPC3 model (Fig. 8A).
We then examined the behavior of 30 and 70 nm micelles in more de-
tail using the BxPC3 model. Detection of the anti-cancer agent platinum,
incorporated into 30 nm micelles using X-ray fluorescent tags, revealed
smooth distribution. However, platinum incorporated into 70 nm
micelles did not reach tumor cells, unless it was administered with
a TGF-5 inhibitor (Fig. 8B). These results are very much consistent
with the growth inhibitory study in the BxPC3 model in vivo.

These observations emphasize the importance of tailoring the
diameter of nanoparticle products, even those with a diameter less
than 100 nm, in treating disease, despite the mistaken assumption

that 100 nm micelles have similar EPR effects. There are a further
two methods, aside from modification of nanoparticle diameter, to
treat a disease such as pancreatic cancer. The first is to regulate
capillary leakiness, for example, with a TGF-{3 inhibitor: as discussed
earlier. And the second is to design a slower drug release rate from
the nanoparticles [47]. In the latter case, drugs incorporated into
nanopatticles release gradually when particles remain active longer.
In a murine model of diffuse-type gastric cancer, which was not
treatable with a 65 nm micelle without a slow release mechanism,
growth was inhibited by a 120 nm micelle. Nanoparticles with this
kind of release system do not necessarily remain longer in the blood-
stream. They remain, for example, in connective tissues adjacent to
tumor cells to release incorporated anti-cancer agents over a prolonged
period. Nanoparticles conjugated with antibodies against connective
tissue will stick to fibrotic tissue within a tumor and gradually release
their incorporated drugs: as shown by Matsumura and his group
[48,49]. Previous targeting strategies with nanoparticles have aimed
to deliver them directly to target cells [50], but a “two-step approach”
like that described above may also be effective.

2.3. Optimizing the effects of nanoparticles: balanicing particle size with
capillary structure

Emerging nanoparticle technology creates a need for new hy-
potheses, because the drugs used hitherto in a clinical setting have
smaller molecular weight (SMW) of around 300-1000, We now
need to balance a number of factors including: 1) capillary structure,
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Fig. 8. Size-dependent differences in the distribution of nanoparticles. (A) Fluorescence with micelles of various sizes. In the CT26 model, micelles of 30 to 100 nm in diameter
distribute almost uniformly in tumor tissue. However in the BxPC3 model, only micelles 30 nm in diameter can distribute with difficulty in tissue, while others show little
distribution. (B) Distribution and therapeutic efficacy in the BXxPC3 model, with or without, TGF-3 inhibitor. Analyses using both fluorescence and X-ray fluorescence revealed
that the 30 nm micelle does distribute in the BxPC3 model without modification of capillaries by TGF-f3 inhibitor, while the 70 nm micelle does need inhibitor. These results were

consistent with a growth inhibitory study of the same model.
Modified from [46].

and 2) nanoparticle size with regard to optimizing its performance
(Fig. 9A). If particle size is too large, relative to capillary structure
with a certain level of leakiness, the particle will not extravasate.
On the other hand, if particle size is too small, it may not be retained
and distribute into tissue. Thus we need a particle size that facilitates
extravasation and retention. Furthermore lymphatic drainage in the
disease locus may also play a role in this: we don't know. But, we do
know we want the drug to target the diseased tissue more accurately
to avoid side effects.

Let us consider the matter further by examining what circulates in
the bloodstream. There are several molecules, from oxygen with a mo-
lecular weight (MW) of 32 - although largely bound to red blood cells
(RBCs) with a diameter of 7 um ~ to glucose with a MW of 180 bound
to blood cells such as RBCs (Fig. 9B). There are antibodies including
those used as drugs, virus particles or particles that mimic them
(some vaccines, for example), plus albumin and compounds bound to
albumin. Using such particles we want to develop our future hypothesis.
However, arriving at a general theory of the behavior of nanoscale par-
ticles in the blood may not be so straightforward because particles are
influenced not only by size, but also by other properties such as surface
electric charge [51], shape - Are they spheres or rods, for example?
[52-54] - flexibility [55], and other factors may also be important.

2.4. New technologies offer novel perspectives on tumor microcirculation

In addition to consideration of the many kinds of particles of differ-
ent sizes described above, we also need to consider the novel possibility
of being able to tailor nanoparticles of different sizes or softness that
have similar properties and an almost neutral electric charge from
biocompatible polymers (see review by Kishimura ef al. in this series).
This novel technology enables us to consider the size-dependent behav-
ior of nanoparticles independent of other factors.

However, novel observations using nanoparticles of tumor microcir-
culation in pancreatic cancer, for example, also raise new challenges.
One is a need to establish clinically realistic animal models of tumors
characterized by rich fibrosis and capillaries with dense pericyte cover-
age. The establishment of novel in vitro models is also needed to analyze
the detailed mechanism of pericyte-endothelial interaction in relation
to nanoparticle extravasation.

3. Conclusions
In this review, we discuss the exciting new perspectives opened up

by use of nanoparticles in understanding tumor microcirculation: this
is especially true of the relationship between the capillary structure of
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in the bloodstream vary in the range pm — A: a difference of the order of 10" in diameter, or 10% in sectional area,

a given tumor and its clinical tractability. An advantage of using
nanoparticles is that we can integrate morphological and physiolog-
ical information. Various structural factors are likely implicated in
determining the physiological characteristics of capillaries, including
vascular permeability to differing agents, but analyzing the distribu-
tion of nanoparticles of different sizes within tissue offers a unique
means of elucidating how they work. For this reason we call our
fleld of research: “nano-pathophysiology”, and anticipate exciting
discoveries from its further development.
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