PE R AEYIRTT 24 hip: //www. biother. org
Chin J Cancer Biother, Apr. 2015, Vol. 22, No. 2 . 265 -

doi: 10.3872/j. issn. 1007-385X. 2015. 02. 023 - 42 R’ -

20 K R 25 W) 50 1k B e S S i B R BY 12 B A0SR T
Nanoparticles as drug delivery system in diagnosis and therapy of solid brain tumor

BRURAES Gt A (1 XEEAKY AMBARE ARSTANWEHAE, DT x#k
116044;2. TFHEKRF A4F 5% AHUMEHE,ITT K& 116029 )

(8 E ] BT, XS I8 U6 5 A IR A P 0 0 e (9 96 7 R AN o It i 5 e B okl T Ak Ty 245 % LA A A vk 1 31
IRIE AN, H P A R A A MR R AR U R R A I R B R S 3 A A BIA YT, LA 2 DI RE AR KR R FE A 1Y) 25 W 1%
Z4i( drug delivery system, DDS )i & J& SR I M8 rUi2 Wi RLaTr 340 T3 ng B8 . DUAIRER BT 2 ARGk b 7
AT AR A 3 PR B f5( magnetic resonance imaging, MR )IRAET JG2EIRET LA I 25 45 22 B0 AR 7 2% (3R Sk SIEAA i i 988 142 W
PEAETE AU 2 RS I AR G BT 0 %R . A, 22t B VR A TSR ALY 25 W 0 B N s Lt ISR i g T AR R 32 R
GLRNZ R A AEBERR G K RLE A0 e Ji8 B e B 22 Fh D) RE (1) T B G KR 55187897 R G I A RN (A BN R T Ak
2EPET, KR T RENS R JR I Z5 A A 25 A 1) T A B 2 T BET 15, 0 LI B 1] T8 M 1) 8 KR T, 7 S A i
R RYT BRI R TR 5. AR SCE R FH 9L 24 T2 W RA 7 i S8 1 e 9 90 0 JR A — 23k | I J B HLFE o
JEIRIT SN K RS

[ SEIR ] DURKT; 250k R G0 ko s A% VR 97

[ FESEES ] 043; Q6; R739.41 [ XHEFrERB] A [ XEFHE] 1007-385X( 2015 )02-0265-07

BLFE 2 T8 PRI 5 4 g 988 ( glioblastoma , GBM ) eI B EIVEH -
TE P G e e 2 e 245 AP 9 P i 8, W 30 1) Sy AR T R TARUOR B RE ), BAT il i
HR i (s IR AR ME B 58 2 VIBR . BT GBM XU AN B8 ( enhanced permeability and retention, EPR )
LA PO T A 2 U BB 2R i 2 e AN, ERP KON R AR B S5 R B AT G, b
B A SUR ARG BUS A EAR . teAh, 25 B0as A A PR A A P e 4 1 AN S S AT BAY
i 5 238 3 1L % BE [ blood-brain barrier, BBB ), Ifij —E WA B, S BRI RE A SR R . I
FEE % A= 90 301, BBB T RE 5 4 Rr L BEBE T A8, i FEIMLTE AR 5 R I A SR AR T ( S5 DU
AR 25 0 O i) S AR AT BRI EEAESR L B 2R R S )l LiE i EPR AR 7E R 4
BN ARTE LY P &, Ligkoks SURREE. BRT EPR 800 ™ AR 55 3l b g 4 1w BE
TR A OB R 8 N SRR R S A A TR AN AOKRORE T B PN T S 1 6 D e ) LA
HETHREEE D AR SO E A AR TR R R R R TR R e i
RSB B W RA ST PR R T R LA ik 28 BRI i e RSOk AT LR e 54

SRR R RS A B AR L 3 B4 KR T LR
e s PR 8 -5 0 0 0 M T 1 5 o 4 1 20
1 BRRTRHEERS ST 25K 0 U B A0 BBB 3 o 1 A 9

AK A nanoparticle, NP ) X FR2EMOK: Lk fe OB AE L 58 i 1L 106 I 980 B B C blood-brain-tumor
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0-1 30 100mm WOFTSRIRRL ™ 0 AFDSIOM o g gy s o v s,
*"I‘zﬂﬁi o E _Y Fﬁ Tﬂlﬁ EEP@YH ﬁ E/‘J /Vg**i% EE%“H 81371676 ). Project supported by the National Natural Science Foundation
PLAr o =25 AL BHG LR WA BTAR EY) of Chinal No. 81071248 81371676 )
] A 2 BE WM LR AR 7 R RS BT oKk 4 [AEERA ] 45401990 - ), 4 A TR Bk, BN 2

KerkAE ) TEHLAT R R T Tk EA B 4k i FAZRGAIHFFT, E-mail : lixiang901129 @ 163. com; B FHE( 1974 - ),

NI ; Aol D S s . o, WTEON AL, mlEEE, FENFEAYR S AT, E-mail :
TR RAVKEL T O MR MRARRT s gy e *
ﬂﬁ*ﬁ%jtj*iﬁé‘ri% ’ %ll‘id\ ’ ﬂ uﬁ%ﬁﬁ%gu,ﬁz [ #E1E& ] B Feng Bin, corresponding author ), E-mail: binfeng

JEH E"J%%}JF %‘ﬁ‘ﬁ%/\ﬂ*?@?ﬂ%ﬂ\ ) ﬁ&ﬁﬂﬁ F%{E&%éﬁi @ dlmedu. edu. cn




- 266 -

o [ foed A M a2 2015 4E 4 H L,22(2)

barrier, BBTB )it A JKiZH 2, DT 44 AR 5 1% 5
Gl R R S AL T A i R 0 AR AR
AL Tk RGEAUAT AR B B 1 R 12
Wb 52 A KA , i 23 U 2 WD AEAR N B9 80 ) 24T
LA RKL AR LR P A= I, Bl
LAE it 2 ThT B 1 2R & R A SRR R 7y 1 itk — AP S
KL HeAh AR AT FUR BT R 2 D fE
R R AORRL T8 R G T3 A — DA, gl
KA ] A S Ji g R SR R R A R i o
{UERRT =ML NS

2 GORHT T 7E i B 12 BT o B R R

1o 0 FE AR B SR BB TR A B HER g 222t g
(3 AT AR, () I B T 90U 7 i A e, X TR
TEAVER GBM HYJR A KU R G H 2 LA KR T
LR (49 AR T 12 2 T G e e AU AU 5 B A
53 LA J& AN KL S0 EEERET B UG R © 20 H]
TR B AR 2 AN T
2.1 ##E 3 Pk A% ( magnetic resonance imaging,
MRI )R 4t

AR A A TE G i 96 12 W b e R0 B R T
MRI, MR 22 H Al R R T8 4 )32 B4 i i e
88T . ELEEG P I GA-DTPA )72 MRI (£ it
XF FCERET , AT LA B i i) BBB 14 5 g 5z 19 4%
WESEHRAT 5 o SRTEL S 52 700~ S B AR O 0, v og
IR F AT Z I [ B, 78 AR 2Rk fd 2L
TSR e o XA T R 368 5 57 20 2o A48 )
BBB, 5[ 1E H A 2R A5 5 1 ok, DT Al P
T

B ARKL T — BRI XS FEAR ST I T I
TR AR 2B ANAI T G AR L R ARG
PETTER BN K38 52 8 W 7E I PR TP I i ek g e
B AR TERR B A IR 2 W5 5 i,
PR 30 G AR T I A . BT R B 4 L
BRI AR T X LU IR BT AT HLAR 5, i i
W) 8] BRI W FH A 2 PR AE IS TR] o SN K 7 e
Je S BT F %) B A7 I TR P LG 3R T B AR ] 4 B 1Y)
R TEEMER ",

AT AR SR AR AN KORL 1 g ik e e AR B9 % AR
BRI R SCTE . Li AR I, A R I T
AL B 4l K L F ( thermally cross-linked superpara-
magnetic iron oxide nanoparticles, TCL-SPION ) & £
1, i 5y T, HAT A i 4 isi g nid% TR
AT AN, AR BR G R 7 BAT AR HC I B
F AT R MR LLANAL A 15 S 1 i, e MR P A

BRI TRIRC , T ] — Ut g il /2 T AR b g
5 L, [T B SRS B A s IR s BT Rk
BRIE ST B, RARBR T R AE M S U e g
FEHIC A H RS (H 4801 Bk 20 KO 380 5 Dk S AN 2%
N BRI . A, G KORL 3 I R A
s BBB A, A2 5 i ] e (i B s

A AR AN OKORL T340 BB 08 A6 00 ki 98 1 VR 9 T 4
B Ferumoxytol f&—F#E /)N SPION, H:E A JihJgd 2H
SULALNE: (5 Rl BRSSO 5 0 % M g
SO i AR A AR ARG I A R it A R A 2 PR D
BERTIE, I Ferumoxytol 1R A 7T BEAE —FPiFAf
i ek Je 3 7 e 4 R Il A 58 B PR ) — R 7
T TR ERTERYHD 1) RE 7 2 ATk A AR AR
TR S — DB ZPRH . b, o n] DLEE T % i e
(RS U RURE 25 ) 8 5 B S UKL b, i
R I R G B AR G AR 3R T W 2 A0 B8 1) 44
KL, 5 i 96 200 i 4 T e 58 9 B R A2 AR
S50 TSR A0, AN AL RE K 245 ) 1% i ) i e 40
JELPAY T R 2 1) MRT $EH (9 7R F > Sun 4521
Wit T —FEE Z( chlorotoxin, CTX BRI R 2. —
Ak SPION , Lo 6 2 i 2 1l 7 MIMP-2 A7 g 2
BEREVERSS G RETT
2.2 RFRA

G2 AR T AR i e A7 AR A 5 Bl 244
AT HECHET AT LASE fi B O AR AT AT A
KNITF Cy5. 5 52 H AT H T AKRL T AR 5 0F
M FEE RS . Na 2 A T — R Cys. 5 1Y
O e MG KR F( glycol chitosan nanoparticle,
CNP ), AT DAV M 75 i e 40 b AR 2R, O BB
A B EPR 205 . Jiang 45 %' J CyS. 5 ARic3to
GEBFLERE A lactoferrin, LE ) FURETE S K Hi 1, 1
I e S P RS A PN RSAR v S v A R
St SRR T T AR DM R,
H BT EE i LB ARAE L AE e iy AT
ARG EL T R HE4 T

YER Cy5. 5 Kb+ &3k 7 8, & F 4%
( quantum dot, Qdot )7E e {57 F% HEL ik e 114 % J56 o i
EH . Qdot AL4& T LA T/ T ANVIDE T = ( 4
CdSe Al CdTe )i I AN IV IR ( 41 TP A1 InAs )20
B , BB BB 1M I 7 £E 400 ~2 000 nm K Y
WERIE . HHAMAKR T2, Qdot FYRE—
AHLZRYI 0L, IFRERE TR 7> T, HAT Rk
HIZG B 12 AR I R > T Qdot RO EE 42
Rtk A AT RE A TE R S . I6Ah, 5 Cy5.5 —
FE, Qdot W5 E— WS L EF A 1Y 90 R GRS
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PG L, AH AT LLE B Qdot 2 TT F i Qdot
TERT WO K0t 45E 50 EGFR HICBEHTIRRY Qdot
TEARSI 256 v BE A A 280 B ] A S BTJR8 SKMG-3 4
H@[ 26]O

Nie %577 BETE T —FhBe gl v L 36 1) SR P9 97 1k
JH 4l KL F-( Nanocyan ), 75 AN 75 B2 H A 3% 45 19 45 B
T, BERSTE T WG Y AT b T i Jed 21 2 A T AR B
i . Nanocyan 4% Hi S TR s Tk e 40 R, 76 4% b B
e R T B . R Ah SR T, R K F3 A
) BKAL 9% ) Nanocyan RETRYE 9L #4125 A Jjd 40 0
2.3 A AP R R AT

HHTC T 456 2R U7 B AR T YRI5
G 2 TR ST R BN MRT L GE
HL & 9 1 B AL 2 F1 5 ( positron emission tomo-
graphy, PET ) 2% DA K 5O & 58 1S AL T 2 B
12 AR ( single-photon emission computed tomography,
SPECT )45 JHRA 2% H BYIL B AL, B AN [R] 1 il A% 07 ik
SEATE—ES , T LA R G I 81 g | 6 iR 1) S
T BRI RAE , LA K S G 38 B3R T ROCR
I, AT Z 0 A% T B ) 98 KoRE 78 A ik ogg 1 1%
T B E A

HAOUE A5 = FE AR I RE B 9 R KL T IR A
WA, Veiseh 45 Hi2il T —Fh45& MRI Rz
21415 near-infrared fluorescing, NIRF )X H# h 15
THRE RGN ARL T, B H I i B w0 ik 132 A A A £ 9
¥, AR AE IR A0 PR B T KR T RYER R
A TE B BRI R . Lee %14 RGD ( Arg-
Gly-Asp ) H57GHRIC A B AL AL 45 & A K
Ko, BAT MRI M PET ISR A9 DIfiE. MRI Sh4 (&
S b, R KR S AL A A A AR T R Ak
SR I WA, PET AR, K 98 KR
*CubRic I 45 7 ok AU (E R L, RGD FL4EZ5 5 14
SKOREL 18 JM R e A TR AT B A8 3 i, U ROR S G
Xie & %3 T —Fh* Cu-DOTA 1 Cy5. 5 bRiciusk
SRR A MRLLPET Fl NIRF = Fh iR
TRE, FFTE R TR A USTMG By /N AR AL rp 75 31 1
Cvafl

3 QORI 7E R B E T B R R

B 5 XoF i Ao R 43 F e SR LB A TR AT, K
H LT 25 e e AN o ARy g FH I PR A Bk
s 1l S L AL/ VN R A L
S A M AR Y A s BE B M 3d i BBB I BBTB,
T AN KA RE 8% 7 ARAL G i B2 ¥ 97 Hh T e PR 22
) B0, T A A 2 A S8t s A T 2 0 #0811 526 3]

iR 240
3.1 BREEMRAETHE A%

R/NE 80 ~ 100 nm FY g BUAR G ZEK s P L&
Yy RE Sl i HA 9 KR T, — E RO 2 BT
TIW Wk A . 53 LARR B4 A Sl A A A 24
Wiktis 292 N TR IR o

Z AR ML R 2 e B RIG YT IR 69
R BTARZ5H) , 1 T AE MR A 8 23 A1 RE 1 B TR 7 4
A N HE, 49558 X it i 1% ( convection enhanced
delivery, CED ) 1] fig £ B0 IR 5 1A% 24 ¥ 062 T ik fi 0
R

FEIA 7 R ( Topotecan VFITR ST 327 BE( Trinotecan
CPT-11 )#J21% 5 DNA 45141 194 b 3 Al T A9 40
il T BA R R R G, — ELREAE N il
FEH) EEIRIT A1) 3BT CED MG R
TRZ) UBTMG I 5 52 56 sh ) v, RE A8 B KA 176 1)
] o FETRE BN I A B A% 7 i 53 40 i v ies ok 2 2R
8 FIBREA T RGN Y A S R A )
BT R AR M 2 EAE EA T I PRI A — S BT Y
BRI RS 7 B, o e e 2 h
S EROR 32 79 8 AP A T It

K% B R 82 F( low density lipoproteins, LDL )
ZH LY AL T T BEVE N —FBn i 25 5 A 8k
B TR TR IR TR o rh T R A T
BRI 75 oK, % LDL 32 UK 78 b Jg 4 i b o %
ik RAMIFSE I, LDL 94 AR T HE % Dk
ik LDLL AR 1) 4L o J52 [ 988 240 A A A
3.2 ARBEIEHMMAAET HEIE R L

AEBENE 2510 9N KA 2 i 22 SR 2H )RR
5 BA YRR EoaT e, G0 dE SR G W IR
VT [ 22 T ANAE T R RCIR SR A7
S XSGR AT LU S B B2 .
R BAR—#F AR N BT 94 KL 1t mT LUK H A ) 5
Jel PP B E 3 TT, B Lk e A AR g , O AT LA A
Wi s MR A 2 SRSl o s B E R
BH JSEAE N Y RAREE 11 201 T 2 AT A= W e
fietk, C & THl& B A YRR T2 S A
RIS

SRRBUAAR L, e 1 KAk AR /DN, T P
U, 2RO AR, DR LG R B e e 1 25 ) 2 s b
FETRAL, IRENEST H Y. IRETER R IR LR
FERYI[ poly( lactide-co-glycolic acid ), PLGA 44K
EFHEE RGN 2 RNG YT FIBUS TR
R ) SRR — i A5 Y098 40 I T
RER B K MEALI T 259, I PLGA 3258 A2 0%, GEWS
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2 HOK AR F 4R, Guo 25 TR HI —
PR~ Z AR ARG R AS1411 180 U 32 242 B (1 B
L BE-PLGA AN, A B4R 5 T X C6 Ji it
AR FETE . TERR 2RI PR /N U Y o, gl oK 24
VRGP SRR S A 20 i 24 ) B R
FHEM . 2252 T B X T A0 e B A AR e ) B
P, 23 22 3 LU AR A 2R L R R A 1 10 20 KK e
i A RN 22 22 L B T A T g At L v, 4 )
BAGH O ARSI B R -FL R B AU BB campto-
thecin-LDH )N KR 58 9L P22 5 8 448 114 1)
RORIR ) T W 25 W) B KF PR N S50 s H By
R AR ERIR I 1

3.3 #ABFTARET

I, 2 P 299 AR5 76 150 i e AR AR 7 Y
P HIZE W52 B TE o FF IR TR ZE & Bk -2 i,
A LG R 1] e 200 i, % LA 5 3 i A TR TE
AR AT G . R RUBE TR R RG-2 40 Y R B
FEABIRA AL v 3 ik iR PN T 2 SPION Bt A1 A
Gyt IR IR RE N A RO B R BT R
TENG RIS b, % T8 1k U R 1) R 252 1 9 oo N ik
RPN B, (H 2 B0 o] 53 OR A
PO BEEGACR T AT RO FE S LR IN R
A C1O)GKLTXF i I8 40 4 1w BE ) AR E 1 5
(2 )BEASRIE 5 3 )AAKRLF B I HRl BE L KR 1)
BEPESBR o I RAIFFE 2 % B, SPIO. 44 K R: - 1)
PE v AR AT LB S A 0 e 200 e AR R T, SR
N A A7 ]

H385 713597 ( photodynamic therapy, PDT ) J&
FASGEN 300 HEAT B 12 W FIA T 1 — FH R
[i1] fieg Fp S AJBOEH Photofrin® , 45418 4 K 18
S | R SR AR , S B A S A R S 16 P 4R
FR 7 A, DT 22 S 2 11 Jie g v i3 2l 240 i 0 T2 0
PR EEE . ST L, PDT BAT B SR Y
PERBARBIBEIE , B GO Z B 25 W) A 2 8
o Reddy 21 Fi| ] F3 # ) 4245 2% Photofrin® )
RGP N KL —F X6 A FE 9L i J50 988 40 1% K Rk AT
PDT, 3553 T KA MR . Reddy 5 D 1fi 4 40
1] JPRC 42 81 0, 2 A JRO'G 7 R4 R 0 0 KR T 3R
T, DK 5 far 98 /N BRUFS & B MIRT X BE J3E 3 i, F
1 PDT /N BTG R A P

BEPIIRY T I — P s e 0 S IR DR 2 A B i og
AP I RIEMIE R T o AR GER R BESE R A B
AR R (EW B —E R KU, rTRES ™
A RPEMRIE N o A5 — AR 82U, IR
SR FR AR S 03T A B ok 3R T i B B LA T

Haam  BERS A SO S A DNA B4 RNA, [A]if BA %
EYEMALUE R R e, BARFEFE
ARG BE W B , HSV-ok )R JE RIG YT A
PR SR B A S AT R P . W 3R,
i IR N RS DNA PHE TR iR 2 A Wit tT
JiggE 3 RIIR YT, FE—Fh A U B g A, e
A 2GR G R LA AL FHRITHE N TRAIL #2455
R FEARI BHE TR A, Sk G e 2 8, 26/
B e 9 200 i 2R 8 1) 48 KR BB AT A A e IR A
K IR i /N BUE A P Kievit 25040 f 78
Wi R 2 RERR 20 0 i 60 2 11 48 Ak 2k 4 K 1
5 GFP RE4S5EJ5  FEH CTX &4, F A IVIS mif%
AL RSO 0 B EE & I, CTX RE SR 51 1
T e 4 L e 4 K R IR

4 ZBINBEMAKRIF

DAGH KR SERE Y 2 D) RE 25 W 1% 1 R 4¢
( drug delivery system, DDS )5 BE % [a] & ¥ 47 46
HUNGREESESE/ ORI /N U P = 2P S
LR T RE A i i 8 2 W RVR T AR 2
Ly B 1) B8 7 0 9 KR T AN AL ] 25 0 5 A B
Jeq AR RS W 5 AT B TR T AR T
FTREME . AR AWK T AT LLALZE Photofrin® 1
BAZFIC A L ) £

3 3 4 A SRR S R R R T LA S —
Tl E 5] 256 BR 245 9 A 52 00 5 A B BT 5 A o
R SR A2 B A KR 1T LA 880 K 24 40 1) R T o)
], Eb S5 A2 B 0 25 1 A I8 008 200 i i ¥ A
PRI S RGP S8 A2 BE QKB 1) fap I8 /N U 3
RG], 270 I ST IR AL Y SRR e ] b
N AE T R AL B B P RV ROk T
XF GBM #4747 2 — R A AR 8 BT Ik R R S
ST ARG G, BV 2 3755 05 T i ke F 8 0 1 200
KL, S B0 i e e B P T, D 4
I I Rl X RR O VR JCRIE A SR E TS,
(R 2 Pk e

Au YOKKL GBS % 32 56 PDT 254, i HLAJ
PAG |2 g 20 ML ) SR . L2 Fe, O, 1 2 BRGIK AL
Tl LAFIFE MRI 41, [FRTE 5 PDT 254935 23877
FRE A E A R, I 22 Zh RE AN KR 7 e iz
24 NGS5 A ANRE T AR I8 B Ao 2 — e
BORYT B

5 MRALTFRIERE SN KRS
A e #L A R RE T BB — AR e 2 Wk
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PRI . 0T e 8 A 8 ) 25 ) S N, OB TE
J R AN b R — A R BRIC VR R TR AR
AU T#E m) S A B 2R AR IC AL 4 EGFR (#%
BRERZE HRZIE SR avp3 FEINE TR
BRI O — S ) B 43 T i i g 25 4 %
AL T HIBETE A, A4 IRC RGD JF3 . CTX ) 4fi i
T EGEF ) JUH( EGFR FfA ) kB /> AT I
. RGD 1 F3 2 ) Ik B 4% Jr 7 5 AR 075 32 1 ok
1, B8 avB3 B NLRIET . avB3 TERGE YN
S A0 AR bR A0 (40 USTMG ) Hh s 33k (B AE R 1k
(¥ P 2 4T AN R 2 B0 4 B A b kb
WL FZILER RGD # [ 9Kk 17T 47 25
YIS . I F3 BB 9K0R T BEHE MRI X LR
EFRDGREHR AT AN U 98 4 i L SRR T
UE TR 36 AN FERR 22 K CTX, AT LA FH A HE 1) o3 41
J =R b B9 SR GE , © 280 THE ) A9 MRI R
ﬁ'[ 55] .

Angiopep-2( TFFYGGSRGKRNNFKTEEY ) J& fill
FEROFEN TR LR B2 r kBt iy, il i v
PEGT e 15 2] /9 B A7 5 BBB BT AE S A K. L5
UERA, Angiopep-2 T 25l & BBB I IR % B s 8 A
ZARFI I FA( low-density lipoprotein receptor related
protein, LRP VAR T A LRP 2R

BHE 32 IR T M I B, 76 BBB I i B 3R 56 , B8
P 22 FhAC A4 an 2L 2k A% 138 8 H( lactoferrin ) %8R
F B R (. melanotransferrin ) 45 38 15 4% il 77
YEH 284 BBB "% Angiopep-2 1& i () PAMAM
PRCIR 43T 2 AP0 A PELA SOk BE 954 o 3 (K A
FOCHREHE L BBB s Al SEAL IR ) 3R 2 -
PCL Ak FIH Angiopep-2 1&1fi 5 , 3R15 T 84T
{400 ] o 24 A B RN 75 S A T A ROR 2P Y
SCHGUE B Angiopep-2 8 i LRP % My 75 7F A 41 ffg
[63]

EGFR Y FFCREHLIRRR T T LIE N I RIA Y7 25
WA, AT AR R 98 Kok T AR . EGFR 2 A
XF o3 JBURE 170 000 (4 5 5 i 22 2 e, 1 o 7 '
INBRFEJE B it 3k, EGFR 3 M i A1 45 44 35 i)
2 ~THMNE RSB 7 AR B AR AR EGFR VILAE
it 57% (A 28 I BT IRE Th S A A Gk . (HRTE
TEH i 40 A SRR ) EGFR (3R B RIATR
550 DR, X T 0 22 5 T B AR YT 25 0 AR U,
EGFR 2817 TR . TERh T 4R 1697( bo-
ron neutron capture therapy, BNCT )l 5 A 2% {4 i)
g BB AR IR 4 R ] EGFR HtiR &1 40 28 1
—&F 3+ W4k 89( sodium borocaptate , BSH ) f¥)

B R Dk o S Aok 22 988 40 i US7 AEGFR 1y
i I A SRS B J B, o A e rh 0 B i B
B TR R AL ) A G 8 Mg IR AR AR
B BREHEAR /N (H i B MEDUAR Fe Fr Bes g iy s
S5 TE R A B ] A A8 SN R RE A T TE Y
PEo A, LRI BB RETE N R N FEEY T
(AR SR Y S PR o 4Rt v L ) A e
Sl AR 5 F 8 ) JE A, 40 Fab’ | BRLBE UK
( scFv )FI5E4 NIRAL Y B se REp TR T REfdix — (7]
A

WA, /NG5 B8 ) L3, a0 2= S ( metho-
trexate ) ﬁuﬁﬁﬂéﬂ%}ﬁﬁéﬂﬂé*ﬁ,ﬁlﬂrﬁlﬂfﬁﬁ%%%%@ﬁ
P M P9 20 O AT 4 KR A SN R S 1
FH T AT LA P A0 i i e >0

6 B 2

NARKLT 5oz RGN PRI R G IR T
AL TR AT RENE, 45 AR A I 2 RS IR Y
ZUIREANAKT G0 HRTRTFE PG . AGRKL T
LAk DDS 1A EREREAR Bt A 0 T R ST
AN 250 S 5 A D7 3k, JF AT S A7 T8
i USG9 T Ui A 2 R ) B 2
IR FH T8 PR, (L Pl ik R < o 4 B ) B —
ARARHL T HE A PRI 2 B A IR Z N R 75 24
e, WA IAR AN AR 7 2 25 B Ty A
TBPEREVESE . R TR YY) L A )N,
HR A2 B 5CTE , 940K 2 B2 SUA I FE 90 KR T
RIFE B — SRl ARk RO ] BESK A 44
B B, G 5 A B0 10 B/ il AL B , BT B i A
(A HAE AN PRI LS B TR . M RA R
SENE o RABE AREE LA RIS LA IE e, 9KRL T
W) N RGO BERE RN N JEBR R2 W AR
I7o

[ & % s Wk ]

[1] Koo H, Huh MS, Sun IC, et al. In vivo targeted delivery of nano-
particles for theranosis [ J]. Acc Chem Res, 2011, 44( 10 ):
1018-1028.

[2] Meyers JD, Doane T, Burda C, et al. Nanoparticles for imaging
and treating brain cancer[ J ]. Nanomedicine, 2013, 8(1): 123-
143.

[3] Wang AZ. Nanoparticle drug delivery: Focusing on the therapeutic
cargo [ J ]. Nanomedicine, 2012, 7( 10 ): 1463-1465.

[4] Farokhzad OC, Langer R. Impact of nanotechnology on drug deliv-
ery [ 1. ACS Nano, 2009, 3(1): 16-20.

[5] Nune SK, Gunda P, Thallapally PK, et al. Nanoparticles for bio-
medical imaging [ J ]. Expert Opin Drug Deliv, 2009, 6( 11 ):



- 270 -

o [ foed A M a2 2015 4E 4 H L,22(2)

1175-1194.

[6] LiY,HeH, JiaX, etal. A dual-targeting nanocarrier based on
poly ( amidoamine ) dendrimers conjugated with transferrin and
tamoxifen for treating brain gliomas [ J]. Biomaterials, 2012, 33
(15): 3899-3908.

[7] Xin H, Sha X, Jiang X, et al. Anti-glioblastoma efficacy and
safety of paclitaxel-loading angiopep-conjugated dual targeting
PEG-PCL nanoparticles [ J ]. Biomaterials, 2012, 33( 32 ): 8167-
8176.

[ 8] Sailor MJ, Park JH. Hybrid nanoparticles for detection and treat-
ment of cancer [ J ]. Adv Mater, 2012, 24( 28 ): 3779-3802.

[9] Nie G, Hah HJ, Kim G, et al. Hydrogel nanoparticles with cova-
lently linked coomassie blue for brain tumor delineation visible to
the surgeon [ J ]. Small, 2012, 8( 6 ): 884-891.

[10 ] He H, Li Y, Jia XR, et al. PEGylated poly( amidoamine ) den-
drimer-based dual-targeting carrier for treating brain tumors [ J ].
Biomaterials, 2011, 32(2 ). 478-487.

[11] Yan H, Wang J, Yi P, et al. Imaging brain tumor by dendrimer-
based optical/paramagnetic nanoprobe across the blood-brain barri-
er[ J]. Chem Commun, 2011, 47( 28 ): 8130-8132.

[ 12 ] Faucher L, Guay-Begin AA, Lagueux J, et al. Ultra-small gado-
linium oxide nanoparticles to image brain cancer cells in vivo with
MRI[ J ]. Contrast Media Mol Imaging, 2011, 6( 4 ): 209-218.

[13] Yan H, Wang L., Wang J, et al. Two-order targeted brain tumor
imaging by using an optical/paramagnetic nanoprobe across the
blood brain barrier [ J ]. ACS Nano, 2012, 6( 1 ): 410-420.

[ 14 ] Faucher L, Tremblay M, Lagueux J, et al. Rapid synthesis of
PEGylated ultrasmall gadolinium oxide nanoparticles for cell labe-
ling and tracking with MRI [ J ]. ACS Appl Mater Interfaces,
2012, 4(9): 4506-4515.

[ 15 ] Tomanek B, Igbal U, Blasiak B, et al. Evaluation of brain tumor
vessels specific contrast agents for glioblastoma imaging [ J ]. Neuro
Oncol, 2012, 14( 1): 53-63.

[ 16 ] Li ML, Kim HS, Tian L, et al. Comparison of two ultrasmall su-
perparamagnetic iron oxides on cytotoxicity and MR imaging of
tumors [ J ]. Theranostics, 2012, 2( 1 ): 76-85.

[ 17 ] Kim T, Momin E, Choi J, et al. Mesoporous silica-coated hollow
manganese oxide nanoparticles as positive T1 contrast agents for la-
beling and MRI tracking of adipose-derived mesenchymal stem cells
[ 7]. J Am Chem Soc, 2011, 133(9): 2955-2961.

[18] Cheng Y, Morshed RA, Auffinger B, et al. Multifunctional nanop-
articles for brain tumor imaging and therapy [ J ]. Advanced Drug
Delivery Reviews, 2014, 66: 52-54.

[ 19 ] Daniel A, Orringer MD, LeeK YE, et al. Small solutions for big
problems: The application of nanoparticles to brain tumor diagnosis
and therapy [ J . Clin Pharmacol Ther, 2009, 85( 5 ): 531-534.

[ 20 | Wankhede M, Bouras A, Kaluzova M, et al. Magnetic nanoparti-
cles: An emerging technology for malignant brain tumor imaging
and therapy [ ] ]. Expert Rev Clin Pharmacol, 2012, 5(2): 173-
186.

[21 ] Sun C, Fang C, Stephen Z, et al. Tumor-targeted drug delivery
and MRI contrast enhancement by chlorotoxin-conjugated iron oxide

nanoparticles [ J]. Nanomedicine, 2008, 3( 4 ): 495-505.

[ 22 ] Igbal U, Albaghdadi H, Luo Y, et al. Molecular imaging of glio-
blastoma multiforme using anti-insulin-like growth factor-binding
protein-7 single-domain antibodies [ J1. BrJ Cancer, 2010, 103
(10): 1606-1616.

[23 ] Na JH, Koo H, Lee S, et al. Real-time and non-invasive optical
imaging of tumor-targeting glycol chitosan nanoparticles in various
tumor models [ J ]. Biomaterials, 2011, 32( 22 ): 5252-5261.

[ 24 ] Jiang L, Zhou Q, Mu K, et al. pH/temperature sensitive magnetic
nanogels conjugated with Cy5. 5-labled lactoferrin for MR and fluo-
rescence imaging of glioma in rats [ J]. Biomaterials, 2013, 34
(30 ): 7418-7428.

[25] Chen H, Qin Y, Zhang Q, et al. Lactoferrin modified doxorubicin-
loaded procationic liposomes for the treatment of gliomas [ J ]. Eur
J Pharm Sci, 2011, 44( 1-2): 164-173.

[ 26 ] Wang X, Ishida T, Kiwada H. Anti-PEG IgM elicited by injection
of liposomes is involved in the enhanced blood clearance of a subse-
quent dose of PEGylated liposomes [ J ]. J Control Release, 2007,
119(2): 236-244.

[ 27 ] Nie G, Hah HJ, Kim YE, et al. Hydrogel nanoparticles with cova-
lently linked coomassie blue for brain tumor delineation visible to
the surgeon [ J ]. Small, 2012, 8( 6 ): 884-891.

[ 28 ] Veiseh O, Sun C, Fang C, et al. Specific targeting of brain tumors
with an optical/magnetic resonance imaging nanoprobe across the
blood-brain barrier [ J ]. Cancer Res, 2009, 69 ( 15 ): 6200-
6207.

[ 29 1 Lee HY, Li Z, Chen K, et al. PET/MRI dual-modality tumor ima-
ging using arginine-glycine-aspartic ( RGD )-conjugated radiola-
beled iron oxide nanoparticles [ J]. J Nucl Med, 2008, 49( 8 ):
1371-1379.

[ 30 ] Xie J, Chen K, Huang J, et al. PET/NIRF/MRI triple functional
iron oxide nanoparticles [ J ]. Biomaterials, 2010, 31( 11 ): 3016-
3122.

[ 31 ] Allard E, Passirani C, Benoit JP. Convection-enhanced delivery of
nanocarriers for the treatment of brain tumors [ J ]. Biomaterials,
2009, 30( 12 ): 2302-2318.

[ 32 ] Noble CO, Krauze MT, Drummond DC, et al. Novel nanoliposom-
al CPT-11 infused by convection-enhanced delivery in intracranial
tumors: Pharmacology and efficacy [ J]. Cancer Res, 2006, 66
(5):2801-2806.

[ 33 | Krauze MT, Noble CO, Kawaguchi T, et al. Convection-enhanced
delivery of nanoliposomal CPT-11 ( irinotecan ) and PEGylated li-
posomal doxorubicin ( doxil ) in rodent intracranial brain tumor
xenografts [ J]. Neuro Oncol, 2007, 9( 4 ): 393403.

[ 34 ] Re F, Cambinanca I, Zona C, et al. Functionalization of liposomes
with ApoE-derived peptides at different density affects cellular up-
take and drug transport across a blood-brain barrier model [ J ].
Nanomedicine ,2011, 7( 5 ): 551-559.

[35] Zhan C, Li B, Hu L, et al. Micelle-based brain-targeted drug de-
livery enabled by a nicotine acetylcholine receptor ligand [ J ]. An-
gew Chem Int Ed Engl, 2011, 50( 24 ): 5482-5485.

[36] Guo J, Gao X, Su L, et al. Aptamer-functionalized PEG-PLGA
nanoparticles for enhanced anti-glioma drug delivery [ J ]. Biomate-

rials, 2011, 32( 31 ): 8010-8120.



AR GE. AORRLT 25 ik R G SR IR 2 W AT T

+ 271

[ 37 ] Lohcharoenkal W, Wang L, Chen YC, et al. Protein nanoparticles
as drug delivery carriers for cancer therapy [ J ]. Biomed Res Int,
2014 : 180549.

[ 38 ] Sah H, Thoma LA, Desu HR, et al. Concepts and practices used
to develop functional PLGA-based nanoparticulate systems [ J ]. Int
J Nanomedicine, 2013, 8: 747-765.

[ 39 ] Morshed RA, Cheng Y, Auffinger B, et al. The potential of poly-
meric micelles in the context of glioblastoma therapy [ J ]. Front
Pharmacol, 2013, 4. 157.

[40] Tyner KM, Schiffman SR, Giannelis EP. Nanobiohybrids as deliv-
ery vehicles for camptothecin [ J ]. J Control Release, 2004, 3
(5): 430-446.

[ 41 ] Jordan A, Scholz R, Maier-Hauff K, et al. The effect of thermo-
therapy using magnetic nanoparticles on rat malignant glioma [ J .
J Neurooncol, 2006, 78( 1): 7-14.

[ 42 ] Silva AC, Oliveira TR, Mamani JB, et al. Application of hyper-
thermia induced by superparamagnetic iron oxide nanoparticles in
glioma treatment [ J ]. Int J Nanomedicine, 2011, 6:591-603.

[ 43 ] Reddy GR, Bhojani MS, McConville P, et al. Vascular targeted
nanoparticles for imaging and treatment of brain tumors [ J ]. Clin
Cancer Res, 2006, 12( 22 ): 6677-6686.

[ 44 ] Xiong F, Mi Z, Gu N. Cationic liposomes as gene delivery system:
Transfection efficiency and new application [ J ]. Pharmazie,
2011, 66(3): 158-164.

[45 ] Zhan C, Wei J, Qian L, et al. Co-delivery of TRAIL gene en-
hances the anti-glioblastoma effect of paclitaxel in vitro and in vivo
[J]. Control Release, 2012, 160( 3 ): 630-636.

[ 46 ] Kievit FM, Veiseh O, Fang C, et al. Chlorotoxin labeled magnetic
nanovectors for targeted gene delivery to glioma [ J ]. ACS Nano,
2010, 4( 8 ): 4587-4594.

[ 47 ] Caruso G, Raudino G, Caffo M, et al. Nanotechnology platforms
in diagnosis and treatment of primary brain tumors [ J ]. Recent Pat
Nanotechnol, 2010, 4( 2 ): 119-124.

[ 48 ] Bhojani MS, Van Dort M, Rehemtulla A, et al. Targeted imaging
and therapy of brain cancer using theranostic nanoparticles [ J ].
Mol Pharm, 2010, 7( 6 ): 1921-1929.

[ 49 ] Zhao M, Liang C, Li A, et al. Magnetic paclitaxel nanoparticles
inhibit glioma growth and improve the survival of rats bearing glio-
ma xenografts [ ] ]. Anticancer Res, 2010, 30( 6 ): 2217-2223.

[ 50 ] Foy SP, Manthe RL, Foy ST, et al. Optical imaging and magnetic
field targeting of magnetic nanoparticles in tumors [ J ]. ACS
Nano, 2010, 4(9): 5217-5224.

[ 51 ] Cheng Y, Meyers JD, Agnes RS, et al. Addressing brain tumors
with targeted gold nanoparticles: A new gold standard for hydropho-
bic drug delivery [ J ]. Small, 2011, 7( 16 ): 2301-2306.

[ 52 ] Xiao G, Gan LS. Receptor-mediated endocytosis and brain delivery
of therapeutic biologics [J]. Int J Cell Biol, 2013, 2013:
703545.

[ 53 ] Bello L, Francolini M, Marthyn P, et al. Alpha( v ) beta3 and al-

pha( v ) beta5 integrin expression glioma periphery [ J ]. Neurosur-
gery, 2001, 49 (2): 380-389.

[54 ] Hu Q, Gu G, Liu Z, et al. F3 peptide-functionalized PEG-PLA
nanoparticles co-administrated with tLyp-1 peptide for anti-glioma
drug delivery [ J ]. Biomaterials, 2013, 34( 4 ): 1135-1145.

[ 55 ] Huang R, Ke W, Han L, et al. Targeted delivery of chlorotoxin-
modified DNA-loaded nanopartieles to glioma via intravenous ad-

Biomaterials, 2011, 32( 9 ): 2399-2406.

[ 56 ] Demeule M, Régina A, Ché C, et al. Identification and design of

ministration [ J ].

peptides as a new drug delivery system for the brain [ J ]. J Phar-
macol Exp Ther,2008, 324(3): 1064-1072.

[ 57 ] Demeule M, Currie JC, Bertrand Y, et al. Involvement of the low-
density lipoprotein receptor-related protein in the transcytosis of the
brain delivery vector angiopep-2 [ J ]. Neurochem, 2008, 106
(4):1534-1544.

[ 58 ] Lalani J, Raichandani Y, Mathur R, et al. Comparative receptor
based brain delivery of tramadol-loaded poly ( lactic-co-glycolic
acid ) nanoparticles [ J ]. J Biomed Nanotechnol, 2012, 8( 6 ):
918-927.

[ 59 ] Qiao R, Jia Q, Hiiwel S, et al. Receptor-mediated delivery of
magnetic nanoparticles across the blood-brain barrier [ J ]. ACS
Nano, 2012, 6( 4 ): 3304-3310.

[ 60 ] Karkan D, Pfeifer C, Vitalis TZ, et al. A unique carrier for deliv-
ery of therapeutic compounds beyond the blood-brain barrier [ J .
PLoS ONE, 2008, 3( 6 ): e2469.

[ 61 ] Ke WL, Shao K, Huang RQ, et al. Gene delivery targeted to brain
using an Angiopep-conjugated polyethyleneglycol-modified poly-
amidoamine dendrimer [ J ]. Biomaterials, 2009, 30( 36 ): 6976-
6985.

[ 62 ] Shen J, Zhan CY, Xie C, et al. Poly( ethylene glycol )-block-poly
(d, l-lactide acid ) micelles anchored with angiopep-2 for brain-
targeting delivery [ J . J Drug target, 19( 3 ): 197-203.

[ 63 ] Xin H, Jiang X, Gu J, et al. Angiopep-conjugated poly( ethylene
glycol )-co-poly ( g-caprolactone ) nanoparticles as dual-targeting
drug delivery system for brain glioma[ J |. Biomaterials, 2011, 32
(18 ): 4293-4305.

[ 64 ] Lo HW. EGFR-targeted therapy in malignant glioma: Novel aspects
and mechanisms of drug resistance [ J ]. Curr Mol Pharmacol,
2010, 3(1): 37-52.

[ 65 ] Feng B, Tomizawa K, Michiue H, et al. Delivery of sodium boro-
captate to glioma cells using immunoliposome conjugated with anti-
EGFR antibodies by ZZ-His [ J ]. Biomaterials, 2009, 30( 9 ):
1746-1755.

[ 66 | Kohler N, Sun C, Fichtenholtz A, et al. Methotrexate-immobilized
poly( ethylene glycol ) magnetic nanoparticles for MR imaging and
drug delivery [ J ]. Small, 2006, 2( 6 ): 785-792.

[WFEEHE] 2014 -08 —12
[ AXmE] #HEHA

[f6EIEHHE ] 2015 -03 -29



