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#-RGD "#°5 2 k4 PR fp PRt i g & 5 0 7 @ kP Y
E EETE L S R ST -4s R N JFRY R R L
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Abstract

The PEG modified liposomes have a higher stereo stability and
longer circulation time. Coupled with glutathione and RGD, the PEG
modified liposome were shown to bind with great specificity to tumor
tissue and the ability to transport across the blood-brain barrier.

In this study, the ligand glutathione and RGD were conjugated with
PEG modified liposome. The resulting ligand coupling efficiency was
10.96% and 16.94% respectively by BCA assay. When glutathione and
RGD were concurrently conjugated with PEG modified liposome, the
ligand coupling efficiency was 11.23% for RGD and 17.93% for
glutathione.

The radio-labelled liposome was administrated into the orthotopic
F344/F98 brain glioma/animal model via tail vein. Biodistribution study,
mircoSPECT/CT imaging, autoradiography and H&E staining were
carried out at varying postinjection time points, 1, 24, and 48 h. The
biodistribution study indicated a maximal brain tumor uptake at
1.75+£0.12 %ID/g at 24 h postinjection. Both of autoradiography and
H&E staining showed a clear and correspondent tumor region. The
microSPECT/CT imaging also revealed a most clear tumor image at 24 h

postinjection. From ROI analysis, the tumor-to-normal brain uptake



could reach at 29 fold at 24 h postinjection. This work demonstrated that
Ridio-labeled liposome could display a high tumor-to-normal brain ratio
uptake, indicating its potential as a diagnostic and therapeutic agent for
brain glioma.

Keywords: Liposome; Glioblastoma multiforme ; RGD ;Glutathione
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KBS 0 TR £ HLE B MO A[17] . BLK S
1,2-Distearoyl-sn-glycero-3-phosphocholine (DSPC) - "% ¥ f%
(Cholesterol) » 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-
N-poly(ethyleneglycol) 2000(DSPE-PEG,y) ° 1,2-distearoyl-sn-
glycero-3-phosphoethanolamine-N-poly(ethyleneglycol)3400-Maleim
ide(DPSE-PEGs400-MAL) 4 3 B vt 3:2:0.24:0.06 3> &% & ¢ > 13
AR BRRAR EF > #H AR REIN B g R S
4v >~ SmM DPTA KB i »» 65C-kip ? 4572 18 5 K e i
(MLVs) » #- 5 J piciq 8838 {7 f g2 6 = - I * LIPEX-10 #E % -
" F & FRAE 200 nm > 100 nm Fr 50 nm 2. FER Bk fin (PC) & 55
& 7 H & ety %8 (Liposome-MAL) - 12 Sephadex G-50 ¢ 14 “f A
¢ 3@ 2. DTPA > d ZetaSizer3000 ip| & #c %z %8k js - 4] *
phosphorus assay B & gfi 13k & [18] -
=~ AdRE AU
(- )Liposome-MAL-GSH(Traut)
ARTT R JEiE Fdod 10 F &G M- GSH(3 % H )2 Traut’s
reagent ;3 >* pH 7.2 2. HEPES % #3 /% > £ 2 GSH % Traut’s reagent

BRER LD HFF o EETEFREF B2 P F R



= {5 4v » Liposome-MAL ¥ § § > 3R T EAFTF B 12 | FF o
v+ Sephadex G-50 ¢ fLi& {7 % it » 12 BCA protein assay 4 17
GSH(Traut)¥? Liposome- MAL 4’ 5 o
(= )Liposome-MAL-RGD
#- RGD 7#75;3 > pH 7.2 2. HEPES % % /% > v » Liposome
-MAL #3 § # » > 2R T 2FF & 12/ p¥ o 12 Sephadex G-50 #
8 {7 % v > 2 BCA protein assay 4 17 RGD £ Liposome- MAL 4

= 3

"-‘H—

(= )Liposome-MAL-RGD-GSH(Traut)

#-4 &% 2. Liposome-MAL-RGD /% 7% . k& ﬂﬁxé TIPS
Traut’s reagent x5 2. GSH X § § » 2R T REIF B 12 ] pF o
r4 Sephadex G-50 ¢ fLi& {7 % it » 12 BCA protein assay 4 17

GSH(Traut)¥® Liposome - MAL-RGD 4% 5 -



Sample Molar ratio Reaction volume
GSH
1 10 pl (~325.7 nmole)
(stock 10 mg/ml)
Traut’s(2 mg/ml,14.5 mM) 1 23 ul (~325.7 nmole)
condition RT,2hr
RGD( stock 1 mg/ml) 0.25 47 pul (81.4 nmole)
Liposome-MAL(phospholi
0.25 375.8 ul (MAL~81.4 nmole)

pid conc.~21.65 umol/ml)

condition

RT,12hr

#.1 F g
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NI L E R T (ol ulbE

FO8 # 5 %} B % 'm ¥ 4] * Dulbecco’s modified eagle medium
(DMED)32 % ;% (% 10%FBS %2 1%PS) 2 % o # & e (I %
HBSS without Ca®" ,Mg” 82 %% ¢ ) ¥ 4°Crkis » 276k
* oo BgYR B~ ERIE {7 2w 0 k2 Isoflurane iE {7 3 H 4L RER

IR 3 b Zoleti ® Fr A wF R R BF (50-75 mg/kg body

o

weight) > ¥ B0 i {6 -8 FNS F Ik o £ BT 2R
ARG FI e F AN B

WY R ALY s TR 20 A ANE S b

\:n

FEIRA F M2 Smm 2 ¢ ARG # 3mm T B T 4RI E DY
lmm 2 )3 > B 10ul (5 2x10° % ) & 5 mm iE R Syt &t
(#FF 53 ul/min)> A6t 5 Fa Ashis o Bdastst (NER
FAE S Qa2 a8 ) R BT B o g

P HRBITFEL B~ 15 12 3 0 BB B EF L AR
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" Fischer/F98 | Ju A48 » 4 (G W B B + BUHCA| 4% ST ag (7
Radio-labeled Liposome 2. 2 4= & &% - 7 L » L BB Hcd] € &
(MmiefE ~ (8% 12X ) A w3 BHE 5 & XML
A R #FR (Lv.) LA R e 8 (~148MBq) - ¥ 0 T F

it 1224 2 A8 iRz 2§ PAK (COy) T PH e

i

A L T ﬁ;gy_%\( NIy SN ST SN N AR E
s B B s s LSRG R o R pE
dv B sHan il B (2480 WIZARD2TM Automatic Gamma Counters;
PerkinElmer, USA)iE (7 3 s 43+ #ic 2 2B A 450 b 2 (i B F 2 s
FR2ZPAGUELEFTEZ P AN THESFRE ZED

12



I ~PERSERRERAEZRS

p #52xbHEg B2 (autoradiography ) [19]% g4 i =4 ¢ (H&E
stain) * i# [20] 7 %4 p % o B A B0 G AHAD 0L R A~ A
&9 KR~ B 4] (Fischer/F98) 4 %5 3 F #F 9% 1 s b 4 45 25 i
088 (~44MBQq)o T A BT ES T 818 1524 3 48 ) PFEILIEE 2 =
F 1 (COy) gt X PoT 2igle i o Higln s grip 3 Bp 2 @
1 ¥ (optimal cutting temperature; OCT ) - F Eu'? §z7k (dryice) ¢

A RY O MRSl o LR SR B £ 20T

—i

Al ) FREEART A PSR (CM3050, Leica, Bensheim,
Germany ) ¥ # &7+ & o 12 %% (coronal section ) *7 & i (77 & .
Al E E R A 20 pm o 57 At B oPF L ¥ B Ok 5B
(autoradiography ) %2 g4 & = (H&E) 2. ¥t > HAipak2z & = ¥
# 5 (back-to-back) #-A % * 3238 (7T p KPR KA E LS
2R B o ARG F k2 2145 Sigma-Aldrich®2_ 3% (T 48 &
BT o p B ATE A EIIR 0 R B4R B B B2 1R (imaging plates;
IPs; BAS-SR2040, Fuji Photo Film, Tokyo, Japan) }t » i # % i
(cassette; 2040, Fuji Photo Film ) A+ > & 2. k543 X PR o g {8 >

#-TPs 4 41 * FLAS5100 3 P~ (Fuji Photo Film) & 7 B2 iff B~ > H

W

Bk T AeT LR R =25ums BB =32 H AR BE o ¥ oh
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1% ROI & #7 (region of interest; ROI) i& {7 ¥ 2 & ¥ Ho B SR T
2 X BT HEEIGA G THERE -~ 2%0 ¥ 28 %8
204 B E %K 4% Image Gauge(version 3.0, Science Lab 2004,
Fuji Photo Film, Tokyo, Japan) #i#8+ M B E e fF T2 kL &£ %

& (intensity of photo-stimulated luminescence; PSL-BG/mm2 ) °
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S~ HcH kS F T %A 28 (microSPECT/CT )
HeH k3 TRtk Bt o cH kS T RET R R &
( X-SPECT, Gamma, Medica, Northridge, CA, USA)i2 §218 2_ o Ja =7
1~ 4 59 F R+ B HCA] (Fischer/F98) 4 &% & E # 7% 1 bt 4k
-188-BMEDA-Liposome (~300 MBq) © 4% % » % & 4 w|3t/i 8+ 1 ~ 24
% 48 /] Pris 27 microSPECT/CT #53R i Bsid 82 o i3 B2 10 T "%t

R #Fwte g8 7 SPECTR R - g B =21

-

2 COBRA # 4 i&

i

7 % "6 %74 (CT) R it 2 - Luma GEM 448 * 2 SPECT & if & 22 »

IDL 6.0 $c#gf]* r2ie 7 SPECT/CT ¥ it & A

15



1 RFRERR
R Sk VSR R W Rk

713 11 DSPC » Cholesterol » DSPE-PEG,p00 2 DSPE-PEGs40
-MAL @ # 2. PEG 2 4 fic*5 %8 (pegylated liposome)# /% & 82.4nm (4
Bl.1) o McPq R 2 Bk g Bk R ¥ d B 7 £ & 17 (phosphorous assay) f&
Bood B A TR R(AeB2) BT T ER > Sk E S #
B F A s Eagpe s Wl e B TEAR G
21.65umol/ml »

PEG £ 487 & icfic M= Mg R 272 % Flgfin 24 b

AR E o KPEG A2 i MR 4 BT 60 X o AR R T

S0 FMAITd 82.4nm H 3 96.2nm(4eF].3) R A L 0

M2 PEG i 4 fc"s R 2o = s R 5 9 1T

%(%)

0 — 7
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Phosphorus calibration curve
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y=0.185x- 0.003
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03 1 L5 2 23 3 35
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Bl.2:Bkz £ 4 47HR Y &
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S~ Aad e A
(- )Liposome-MAL-GSH(Traut)/RGD #:1x & ip| &

#- GSH( 1 Traut’s reagent < & {¢ )/RGD £ Liposome-MAL i §
Fe o FRTRETF BI2 512 BCA assay B3 E #HF >
TR E Mg T R o
BiFE o o B0 F (%) =Cy/C; < 100%

C,=GSH(Traut)/RGD 2. ifs *c ik &
C,=Liposome-MAL-GSH(Traut)/Liposome-MAL-RGD *# {z & 5 #

Liposome-MAL = 4z & F i # 4= >t Liposome-MAL + 2z
GSH(Traut)/RGD sz & » & » GSH(Traut)/RGD kR & & 2389 f
1 ¥ 45 2. GSH(Traut)/RGD jk & -

d BCA Bl3#¥ (84> i Sephadex G-50 ¢ ik 474~ dts »
Liposome-MAL % #: 4« {6 2 Liposome-MAL-GSH(Traut)/Liposome
"MAL-RGD # % fc & 1Bt 7~12 4 > @ GSH(Traut)s fc & 1 33
17~27 ¥ » RGD s fc & M3+ 19~29 ¢ » ¢ Liposome-MAL # '
GSH(Traut)/RGD s % fc & # 4r » 2 & GSH(Traut)/RGD *= & fis 1 %
Yo B T ' (4o Bl.4,8.5) 0 ¥ # P GSH(Traut)/RGD 4> s 48 % o
i 17 GSH(Traut)/RGD jk & "% ™ > @ Liposome-MAL 2_ s Jc R #% % °

d B o8 7 F 4 GSH(Traut)2. #4 F 5 16.94% » RGD
2B F 5 10.96% o @ Bl Liposome-MAL Fix o 18 2_ o g i+
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# s> GSH(Traut)#& <7 #2225 89.1nm » 4< {6 5 94.3nm > RGD
Fw R 5 914nm 0 F k2 5 944nm( 4 £ 2) 0 4t T
GSH(Traut)/RGD #%4x<** Liposome-MAL # & > i¢ ¥ Liposome-MAL

(AVEE R

GS5Hi{Traut) BCA assay
GSH_( Traut)

u F
€ 006 Liposome-NAL
E /Liposome-MAL-GSH( Traut) —#—Lgoseen- AL
§ 004 el 55 H Tringt
! Lo S LAL I Tras
a0
o -
e 1l 15 17 1% 21 7 M
LE T &

8.4 : BCA assay of Liposome-MAL-GSH(Traut)

RGD BCA assay
0.1
0.08 4
= [ Liposome-MAL ] RGD
§ 006 /Liposome-MAL-RGD
;E 004 I::—szm‘:u_
ﬁ o0z e | e ppme-MAL-FAGD
o -
1 3 5 7 9 11 13 15 17 19 21 23 2% 27 29
L g G

.5 ¢ BCA assay of Liposome-MAL-RGD

Sample FE (nm)
Liposome-MAL 89.1
Liposome-MAL-GSH(Traut) 94.3
Liposome-MAL 91.4
Liposome-MAL-RGD 94 .4

#..2 * Liposome-MAL #:4x GSH(Traut)/RGD # {8 2_ s f5 b f&
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(= )Liposome-MAL-RGD-GSH(Traut)# 4 & |4

#- GSH(' Traut’s reagent < B {¢)+4r » Liposome-MAL-RGD #

MEFFBONFERTERI2 PR 2 BCA assay BIEFEH B4 5

H ¢ Liposome-MAL-RGD ¢ & BCA assay ] T H &4 F 5 11.23%

(4-®].6) - GSH(Traut)#? Liposome-MAL-RGD ¥ & t$ » 12 BCA assay

iRl

THEAF L 17.93%((4rB.7) - ¢ BCA assay % % ¥ %P RGD

% GSH(Traut)3=of > iciq i 4 5 0 2 B F 2 5 fhik 30 icis #

Lo L RPER oo

S40nmE g 4%

S40nm =% ¥ B

RGD BCA assay
- Liposome-MAL ]
[ /Liposome-MAL-RGD LisD
—#— Lposom e.] MAL
——-RGD
—— Lgposom e-MAL-RGD
1 3 5 T o 11 13 |53 17 19 21 23 25 27 s

WwEFR

.6 : BCA assay of Liposome-MAL-RGD

GSH(Traut) BCA assay

0.1

[ GSH(Traut) |
1

008 F
) Liposome-MAL-RGD
006 Liposome-MAL-GSH( Traut)
== Lipascane-MAL-RGD
0.04
== G5 H| Trauc)
a0
=dr=1 iposome-MAL-RGD-
GSH(Traut)
g4
1 o1 13 15 1 ] 1 r]
Bt A 8

f].7 : BCA assay of Liposome-MAL-RGD-GSH(Traut)
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S 2 R E R D F AT TR R 2 B B BRI
79:-&'1—}4*7‘?1\_;1‘ Vs ”qﬁ*"%iﬁﬁ”’i‘%" ““}7 ok o~ X k;\{ﬂ;']]\ i

MR EREERD B EF IR OCHEER 0 RS R

T8 P 4T Srom
I. Za1Invivo 2 F & 5%
II. %= = exVvivo "&iR % & p # 3 & R T %

II. % = exvivo > ¥ p #3x 8P 3T %

|

IV. % = exvivo p # céf P (5 ROI Bl:iE £ T &3 ®

V. m = invivo it £+ T %tk @ TR

E AR R N A RS A FRL o E RN B R R
BEPAREF NI ERIRCHMEZR > RS RHLERL P
LR o ek 3T A s HERE BN AR RTFLZ
¥kt &5 24 R e - B8 (polyethylene glycol ) 2 3-k #4475 B -
Bt WRE E AL G 2% (opsonin) F-v FEE B K300
i s o ALk 5L (Reticuloendothelial system; RES ) 2 3 & o "6
FEHIBITPERI S 24 FERF L BB E 1.7520.12% - i B
PO UM B LR BB R 0 AU L 2.0241.06% (5F

N1 24 ) ) R 27.4444.61% (5 Lo~ 15 48 ) ) H v

<
g
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EOLBEERT O OMEFFEME D R A A2 RFR G JaipE
AR E 2 A RABEE G M o ¥ AR LY e 2 R
J2+* (tumor-to-normal brain ratio ) (4—®.8 #7771 ) 24 -] FF¥ iE 29
B 48 T EEFLZITR BTN ERIBRE- P KT

A TS D ET R R R B o

Uptake (%ID/g)
Organ

1 hr 24 hr 48 hr
Whole blood 5.96+0.95 2.21+0.69 1.23+0.21
Muscle 0.04+0.01 0.03+0.01 0.06+0.01
Testis 0.08+0.01 0.13£0.01 0.16+0.03
Pancreas 0.40+0.00 0.29+0.08 0.33+0.11
Stomach 0.29+0.05 0.39+0.26 0.59+0.04
S-intestine 0.43+0.04 1.46+0.12 1.84+0.33
L-intestine 0.17+0.03 0.26+0.04 0.48+0.11
Kidney 1.33+0.20 2.69+1.14 5.07+0.64
Spleen 3.50+0.46 21.83+2.14 27.44+4.61
Liver 1.78+0.42 2.02£1.06 1.98+0.04
Lung 1.39+0.20 0.69+0.29 0.56+0.05
Heart 0.74+0.07 0.41£0.08 0.34+0.04
Normal brain 0.08+0.03 0.06+0.02 0.05+0.01
Tumor 0.28+0.09 1.75+0.12 1.25+0.58
Tumor/Brain 3.50 29.17 37.20
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22



i% 38 exVvivo 2. p #53xb & if (autoradiography ) F 2% ° & 7T %
SRS F M R R R B RS - 22 R4 (high
tumor-to-normal ratio )» #43% autoradiogrphy # /a7 & et 228 7 f#
W IR T (4o B9 AT )0 @ AR R R TR R
¥R PR o ¥ b BERAE LS (H&Estain) %% > i i
FHREEEE LY ez A2 R o 1% autoradiography #2

%38 7 2 ROI (region of interest ) B]:E » 1 i& {7 Ef 30 igid iz 2 1§

A B BB 2 B AR G IEAI A 24 ) B @ K 24 ) pE
SR N o o R o BRI E K Hcfn BT ST E T B (S 48

T REEERR 2R E F e Tt 36 B o BB E kS T et

NS
-

R T P th R

=
3’

£ & (mSPECT/CT) £i7 * BUPgiR® 3 2 i R
W 32 2 (Ao B 1L #7om Do bt ARIE 2 S P WL 6 24 ) B LS
foF B d 2 R o A & d *% Radio-labeled Liposome i% i #3814
%1% 8% % . (Enhanced permeability and retention effect) % — 4

ﬁl‘ﬁg—f"ﬁﬁ

3
e

23



2.0 7® tumor

15 B pormal bram
010 -
o)
—
N 0.5 -

0.0 -

1 24 48
Time (hr)

.8 : Radio-labelde-Liposome * #g "85 2 & ¥ " 2 5k 2 w% Jz it

( tumor-to-normal ratio ) -

r

B.9 : 2B iRE 3 K Mg B S SRR AT IR 7 2 ex vivo p#
2% bt e . (autoradiography ) % grA i+ =4 ¢ (H&E stain) - & if 2

i 7‘;‘95_@_3%\3115@ o

24



e
]
]

18 tumor
normal brain

h
-
|

=) fuo

g éﬁU 1

S

_ 200 -

L 150

< 100 -

o .

- 30 A

m D 1 . T = T -

1 24 48
Time (hr)

.10 * Radio-labeled-Liposom autoradiography %~ 2. ROI( region
of interest) BliE - & {7 iR & ¥ fue sz A2 LR R T

50

=

100

60  sp

BLL s 4R28 7 o Hoig s 5 B R 5418 1524 2 48

| PEZPGIR R i A H k3 T P9 %TA (mSPECT/CT) #0184t
ML R % 7mCi -

25



(- )&l # 2. PEG 1% 4 fic?; B8 T ¥oe 4% % 82.4nm > Hc%s 43 4°C %15
60 = 18 > H i % 96.2nm > S WA & o
(= )d BCA assay 2%t RGD % GSH(Traut)= ¥ $&4<>% k" 48 + »RGD
FF 5 10.96% > ® i gk d 91.4nm 3 3 94.4nm - GSH
(Traut)dz4< 5 5 16.94% - ® fcPg ®k s d 89.1nm 3 & 94.3nm -
(= )#- Liposome-MAL-RGD ¥ GSH(Traut)* & 12 -] p= » ¥ 12 BCA
assay B|H 4 F > %P RGD £2 GSH(Traut) fe P 434 > e Py &8
L5 > BEESA UL 11.23%- 17.93%- 12 RGD 2 GSH(Traut)
Fic 2 g MV R T RN R o 2 A b R i AR o
(2 )3t 25 2 oF s 88 (Radio-labeled-Liposome ) it & I & "8
s R R N (e ( tumor-to-normal brain ratio ) > ¥ i3 i Ht
B %3 etk th (MSPECT/CT) i i §.5 "6 3% "hA B ffo o
L EFRl o @Ry By B4 - 0T e ST

( g110m3> Z_ ;//\ '{{‘K 'I‘/ }%‘ ;:t]"} 2}] FW )7?

26



B

l.

Mathieu D, Lecomete R, Tsanaclis AM, Larouche A, Fortin D.
Standardization and detailed characterization of the syngeneic
Fischer/F98 glioma model. Can. J. Neurol. Sci 2007; 34: 296-306.
Raizer JJ. HER1/EGFR tyrosine kinase inhibitors for the treatment
of glioblastoma multiforme. J. Neuro-Oncol 2005; 74: 77-86.

Gan HK, Kaye AH, Luwor RB. The EGFRVIII variant in
glioblastoma multiforme. J. Clin. Neurosci. 2009; 16: 748-754.
Ferrari M. Cancer nanotechnology: opportunities and challenges.
Nature Reviews Cancer 2005;5:161-171.

Souhami L, Seiferheld W, Brachman D, Podgorsak E, Werner-Wasik
M, Lustig R. et al. Randomized comparison of stereotactic
radiosurgery followed by conventional radiotherapy with carmustine
to conventional radiotherapy with carmustine for patients with
glioblastoma multiforme: report of radioation therapy oncology
group 93-05 protocol. J Radiation Oncology Biol Phys 2004;60:
853-860.

Maeda H, Wu J, Sawa T, Matsumura Y and Hori K. Tumor vascular
permeability and the EPR effect in macromolecular therapeutics: a
review. J Control Release 2000; 64:271-284.

Gabriele Blume,Gregor Cevc. Liposomes for the sustained drug
release in vivo.Biochimica et Biophysica Acta (BBA) -Bio
membranes Volume 1029, Issue 1, 2 November 1990, Pages 91-97.
G.Lawton, PM. Paciorek and J.F. Waterfall, The design and
biological profile of ACE inhibitors, Adv. Drug Res. 23 (1992), pp.
161-220.

Rejmanova, P., Kopacek, J., Pohl, J., Baudys, M., and Kostka, V.,

27



10.

11.

12.

13.

14.

15.

Polymerscontaining enzymatically degradable bonds, 8, Degradation
of oligopeptidesequences in N-(2-hydroxypropyl)methacrylamide
copolymers by bovinespleen cathepsin, B. Macromol. Chem., 184,

2009-2020, 1983.

Duncan R., Cable H.C., Lloyd J.B., Rejmanova P., Kopacek J.
Polymers containing enzymatically degradable bonds, 7. Design of
oligopeptide side chains in poly [N-(2-hydroxylpropyl)
methacrylamide] copolymers to promote efficient degradation by
lysosomal enzymes. Makromol Chem. 1984;184:1997-2008.
Nallamothu R, Wood GC, Pattillo CB, Scott RC, Kiani MF, Moore
BM, Thoma LA. A Tumor Vasculature Targeted Liposome Delivery
System for Combretastatin A4: Design, Characterization, and In
Vitro Evaluation. AAPS PharmSciTech. 2006; 7(2): Article 32.

R Kannan, J F Kuhlenkamp, E Jeandidier, H Trinh, M Ookhtens, N
Kaplowitz. Evidence for carrier-mediated transport of glutathione
across the blood-brain barrier in the rat. J Clin Invest. 1990 June;
85(6): 2009-2013.

Ting G Chang CH and Wang HE. Cancer Nanotargeted
Radiopharmaceuticals for Tumor Imaging and Therapy.
ANTICANCER RESEARCH 29: 4107-4118 (2009)

Phillips WT, Goins BA and Bao A. Radioactive liposomes. Rev.
Nanomed. Nanobiotechnol. 2009;1:69-83.

Bao A, Goins B, Klipper R, Negrete G, Phillips WT.
186Re-liposome labeling using 186Re-SNS/S complexes: in vitro
stability, imaging, and biodistribution in rats. J Nucl Med 2003;
44:1992-9.

28



16.

17.

18.

19.

20.

Chen LC, Chang CH, Yu CY, Chang YJ, Hsu WC, Ho CL, Yeh CH,
Luo TY, Lee TW, Ting G. Biodistribution, pharmacokinetics and
imaging of 188Re-BMEDA-labeled pegylated liposomes after
intraperitoneal injection in a C26 colon carcinoma ascites mouse
model. Nucl. Med. Biol. 2007; 34: 415-423.

Hope, M. J., Bally, M. B., Webb, G., and Cullis, P. R. / Production of
large unilamellar vesicles by a rapid extrusion procedure.
Characterization of size distribution, trapped volume and ability to
maintain a membrane potential. Biochim. Biophys. Acta, 812 (1985):
55-65.

Bartlett GC. Phosphorus assay in column chromatography. Scripps
Clinic and Research Foundation. 1958; 234: 466-468.

Chow TH, Lin YY, Huang JJ, Wang HE et al. Diagnostic and
therapeutic evaluation of 111In-vinorelbine-liposomes in a human
colorectal carcinoma HT-29/luc-bearing animal model. Nucl Med
Biol 2008; 35: 623-634.

Chang YJ, Chang CH, Yu CY, Chang TJ, Chen LC, Chen MH, Lee
TW, Ting G. Nucl. Med. Biol. 37: 95-104 (2010).

29



