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Tumor Targeting and Suppression Effect in Nude Mice Induced by RGD and R8 Peptides Modifieds Lipo-
somes Loading Ergosterol and Cisplatin

WANG Juan, MI Wan-wan, YING Yuan-yuan, WANG Hang-li, ZHANG Meng-di, HUANG Sheng-wu " ( College of
Pharmaceutical Science, Zhejiang Chinese Medical University, Hangzhou 310053, China)

ABSTRACT ;:OBJECTIVE To preliminarily evaluate the targeting and anti-lung cancer effect in vivo in nude mice induced by Cyclo
[ Arg-Gly-Asp-D-Phe-Lys( Ac-CH,-SH) ] (RGD) and R8 peptides modified ergosterol combined cisplatin liposomes. METHODS
The first step, injected RGD cyclo peptide and R8 peptide-modified, single modified or no modified ergosterol combined cisplatin lipo-
some in the caudal vein of nude mouse bearing the tumor, the body distribution and targeting of each group under the different time
points through small animals living imager were observed. The second step, continuously, dose every other day for 14 d, observating
the weight of mice and the tumor growth situation. The animals were drawed blood and then were put to death, removing the tumor, the
spleen and the lung tissue of all the mice. As the index of the tumor weight, the tumor suppression effect, the level of TGF-g1, TIMPs
and TNF-o in serum, the spleen index and changes of the tumor and lung tissue, investigate the tumor suppression effect in mice of the
liposomes preliminary. RESULTS The targeting result of tumor-bearing nude mice displays that the fluorescence intensity of RGD
and R8 peptides-modified liposome is the highest and the targeting is most obvious under high concentration and other group of liposome
are weaker. Preliminary pharmacodynamics results show that each dosage group of mice have no obvious change in body weight and the
high and middle dose group of RGD and R8 peptides-modified liposomes has tumor suppression effect obviously. The high dose group of
RGD and R8 peptides-modified liposome is the most significant. It has high expression of cytokines (TNF-a) in serum. The spleen in-
dex of middle and low dose group of RGD and R8 peptides-modified liposomes significantly increased compared with positive medicine
group. CONCLUSION RGD cyclo peptide and R8 peptide-modified ergosterol combined cisplatin targeting liposome drug delivery
system further improves the tumor targeting and anti-lung cancer effect in vivo.

KEY WORDS:: ergosterol; cisplatin; liposome; RGD cyclopeptide; R8 peptide; in vivo fluorescence imaging; tumor suppression
effect
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Fig.1 The MTT test results of DiR iodide. n=3,% s
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Fig. 2 In vivo imaging of different concentrations of DiR iodide
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B3 # DiR b7 [ AR BUR AR T B B B T 09 R

A - BRI AR B — W AR B h 5 C - RGD M A b 74 s D — RGD + R8 ARl A i i s E — RGD + R8 Ml ik b A4 5 F ~ RGD + R8 &4 i
EF 1% -0 h;2% -2 h;3% -5 hy4* =7 hi5% - 24 h;6% -30 hy SR R Ty AS49 iR BeRh iz
Fig.3 The distribution of different liposomes with DiR loaded in the body at different time points

A —model reference group; B —normal liposome middle-dose group; C — RGD modified liposome middle-dose group; D — RGD + R8 modified liposome high-dose group; E —
RGD + R8 modified liposome middle-dose group; F — RGD + R8 modified liposome low-dose group; 1# =0 h; 2% =2 h; 3% =5 h; 4% -7 h; 5% =24 h; 6 —30 h; the black

circle area is the place where A549 tumor inoculated
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ke, RGD + R8 HEFWZIS%%'J%%E‘JWW{/E%E@O
RGD + R8 fIg B v ) 45k 2 64 400904 A= A3t e
R (P <0.01) % RGD ﬂa’ﬁﬁﬁﬁi%ﬁ&uﬂgéﬁfﬁi
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W3,

2.2.2 /PR TGF-B1  TIMPs \TNF-o /K F %3
R, 495 TGF-B1  TIMPs ' TNF-o HRifii £,

és\%fJ%J Y =0.030 9 +0.103 2,7
7.5 ~ 120 pg - mL~

p +0.182 ;r

=0.993 4, 2P H

"5 Y =0.026 5 + 0.126 5,
=0.971 8, VETEF:3.75 ~60 ng - mL™"; Y =0.002

=0.970 1,Z&PEFEH 50 ~800 ng - 17",

Mi75% TGF-B1 TIMPs TNF-o [ & L35 4, 4%

TN AS49 il B HER AT S AR A AR/ . & Ay 2E 5 DL 4
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Tab.1 The change of body mass in mice. n=3,x £
m/g
Group
Day 1 Day 5 Day 9 Day 14
Normal control group 26.46 £3.18 26. 66 +3.79 26.50 +2.67 26.54 £3.55
Model control group 25.19 £3.63 26.01 £3.20 26.19 +£3.82 26. 86 +3. 68
Positive group 27.74 £2. 80 27.12 £3.16 26.76 £3.34 26.75 £3.31
Ordinary liposome middle dose group 24.47 £2.75 24.42 £3.41 25.06 £5.72 25.77 £6.39
RGD modified liposome middle dose group 27.35 +£1.60 28.90 +1.24 28.25 +0.82 29.36 +1. 14
RGD and R8 modified liposome high dose group 29.10£1.73 29.11 £2.28 28.28 +2.00 28.80 +£2.49
RGD and R8 modified liposome middle dose group 27.42 £1.30 28.11 +1.55 28.19+1.53 29.40 1. 50
RGD and R8 modified liposome low dose group 26.85 £1.58 25.97 +3.55 26.36 £2.01 26.54 £2.92
T2 BANRWEEBRHELM. n=3xxs
Tab.2 The change of tumor volume in mice of each group. n=3,x £
Tumor volume/mm?3
Group
Day 1 Day 5 Day 9 Day 14
Model control group 198.46 +33. 86 223.75 +35. 10 289.39 +11.70 339.02 +24. 06
Positive group 195. 67 +36.21 202.38 +14.99 254.08 +14.92 245.13 +18.26
Ordinary liposome middle dose group 195.19 £23.40 255.13 +35.27" 322.72 £26.46") 320. 66 +23. 711
RGD modified liposome middle dose group 183.95 £22.92 206. 64 +25. 86 256. 18 £23.30") 298.02 +19.77")
RGD and R8 modified liposome high dose group 253.74 +25.30 224.06 +30. 27 178.99 + 14. 521 170. 51 +19. 02"
RGD and R8 modified liposome middle dose group 274.12 +20.70 269.59 +27.77 291.78 +12. 83 264.44 +17. 89
RGD and R8 modified liposome low dose group 219.32 +£25.22 274.14 +17. 159 308. 88 +10.921) 281.51 =14.33D

5% 1 KA, VP <0.05

Note: VP <0.05, compared with the same group and the first day

R3 AUANRFHEERIEE. n=3 x+s

Tab.3 The average tumor weight and the inhibitory rate in mice of each group. n=3,x s

Group Average tumor mass on day 14/mg

Tumor inhibition rate/%

Model control group

Positive group

Ordinary liposome middle dose group

RGD modified liposome middle dose group

RGD and R8 modified liposome high dose group
RGD and R8 modified liposome middle dose group

RGD and R8 modified liposome low dose group

374.00 +28. 80
258. 37 £60.72%)
317.30 £43. 149
294. 00 +23. 813)
199. 10 +57. 202)
278. 43 +66. 06"
285.97 +24.581)3)

30. 92
15.16
21.39
46.76
25.55
23.54

T SRR B AR EL, D P <0.05, 2P <0.01; 5 RGD +R8 ikl LL, > P <0.05, Y P <0.01

Note:!) P <0.05, 2 P <0.01, compared with the model control group; )P <0.05, 4 P <0.01,
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compared with the RGD and R8 modified liposome high dose group
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x4 A4 /NR A TGF-B1 TIMPs TNF-o 8§ 4 8. n=3,x +s
Tab.4 The content of TGF-B1, TIMPs and TNF-« in serum alpha in mice of each group. n=3,x s

Group p(TGF-B1)/pg « mL~!
179. 54 +26. 51
207. 08 +16. 00
197. 04 +16. 11
202.36 +38. 16
200. 82 +38. 91

p(TIMPs)/ng + mL~! p(TNF-o) /ng « L1
987. 08 +30. 73
983.33 +£58.26

1188.75 +239.42
995. 00 +300. 523)

1 158.75 £70. 37

Normal control group

64.20 +4.07
Model control group 120. 60 +5. 451

108. 46 +16.22")
120. 00 +27. 091

104. 43 +21. 61

Positive group
Ordinary liposome middle dose group

RGD modified liposome middle dose group

RGD and R8 modified liposome high dose group 187.09 +31.32 84.62 +20.74 1 388.75 £204.3112)
RGD and R8 modified liposome middle dose group 188.04 +27.54 86.19 +33.59 1266. 67 £257. 41
RGD and R8 modified liposome low dose group 188. 86 +47. 66 90.94 +17.91 1271.25 £292.58

T STER X IRALAILL, P <0. 055 5B IRALII E > P <0.05; 55 RGD + RS BR ARG Al ALAIEL, > P <0. 05
Note: ") P <0. 05, compared with the normal control group;2) P <0. 05, compared with the model control group; 3P <0. 05, compared with the RGD and R8 modified lipo-

some high dose group
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Fig.4 The content of TGF-B1, TIMPs and TNF-a in serum in mice of each group. n=3,x s

DP <0.05, compared with the normal control group; 2)P <0. 05, compared with the model control group; *)P <0.05, compared with the RGD and R8 modified liposome

high dose group

Xt TGF-BL &4, o ot o M0, B2 U 20 Je 4% 45
UL SR R T IR N R, B e, 4
HZHZERANK XT TIMPs &5, S HBEY T
TEFXTIRLH, AR RS IR | P24 3 3 i S A2 5
ESIEWAMEEEHE (P <0.05) , TNF-a &
Wi 7R RGD + R8 IR iR m Al 2 i B % T
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TR BRI E i AL (P <0.05) o
2.2.3 SAUNEIRAERERC SIEE XTI B, B
VEZSALIE N 18 BB AR, 22 5 B 5 1k (P <0.05),
5 FYELS LI LE , RGD + R8I o445 551 21 B e 435
BT, Ho b ARGRHE A2 T D B IESS %
(P<0.05), #530LFES,
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RS BANRWBEREIEL. n=3,5s

Tab.5 The spleen index in mice of each group. n=3,x x5

Group Spleen index/mg « g ~!
Normal control group 4.78 £1. 11
Model control group 4.44 £0.77
Positive group 3.26 0. 48"
Ordinary liposome middle dose group 3.37+1.88
RGD modified liposome middle dose group 3.42 +0. 68
RGD and R8 modified liposome high dose group 3.47 £0.32
RGD and R8 modified liposome middle dose group 4.41 £0.932)
RGD and R8 modified liposome low dose group 5.23 +1.002

T GIERA BRAIAA G, D P <0. 055 5 IHEZI4I4A 1L, ) P <0. 05
Note:!) P <0.05, compared with the normal control group;2) P <0. 05, compared

with the positive group

2.2.4  AZH/NRR i BRSO B A 45
/N BRI HE Je 25 R LI 5 RRURS IR 24 i
TR AV AR BCTR B A, %K B 2R 3, A RA
B, S IUVER L Ao BEE 2 222 DL 18] 5 A5 4 A
18 WA RIS RE 24, g L b ] WLARIRIR AL, 45
R AU HA ML S LG 2] —E R UGS,
HAIRSLTRY R, S 73 Bt s TR A o B R R
(AR AE 5 2 A [ 40, 0 2R /D TB) S Dl 2, e
88 [ Jo e 3 A R i 8 200 MR 0, R 2L R vl
JLETHENE 2

/N EUIHE HE Qe @45 R ULIE 6, TR X B 4]
i AE T i Y 2 R T O, Ay s R Lk, B BE B
RS AR DL FE ML AR AR e B e i g6 s R
JLARAE TR , i b B R WLAG 5 o A6 TR X 1 241 M
e PN ) B AL A A B VRS N, ZLA R ANE . i
U BUR LA MR i (o] B 5 o W@ i i
Ji PR T DAL WSS TR R, 98 o M 26 1 4 ) 1 2 T
AL ITF , 3 BUAS [F) 72 B 9 18] i K b 5 552 JBK
i o AERTIA S /AN LA ) [ S A ] L g DL
WHeRS AL . 25 25 AU SUR WA IE, il 45+
A FTEGE , RN R TR LA BT o

A2/ BUIE HE Ze 2 2R LA 7, 1E 50 IR 2
/INEBHEA HER/NE — HESIA P T 25 R 5 A7
Xk IR ZH 55 B 1 2L/ BB IEE 40 B 0 R A R B
T A A HEFI L, AT LA T2
JICET A SR 7 A2 1 2R AT PR B, S Il ™
L, AT RN . 4545 24 2L DA 40 i vy 15
YA P o A LB U T (AL Aot 240 e 1) S 16
Z , B AN BN, HEB ZRL K45 iR AT 1R AE 1k
IR E
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5 /NECA549 fi i 4 R FE 4 R (< 100)

A — BRG] B — PR C - 3@ i T4 h R R4 D - RGD & i flig 14
FFAI AL E - RGD + R8 il M4 &5 77 41 5 F — RGD + R8 &M i i A o
FEAL; G - RGD + R8 Ml A0 1 41

Fig.5 The pathology characteristic of A549 tumor tissue in
mice( x 100)

A —model control group; B — positive group; C — ordinary liposome middle dose
group; D — RGD peptide modified liposome middle dose group; E — RGD + RS
peptides modified liposome high dose group; F ~ RGD + R8 peptides modified lipo-
some middle dose group; G — RGD + R8 peptides modified liposome low dose group

3 3 g
AR SERGHG RGD R 55 1 0L 1 {4 3% 422 ) g o {4
(R TET , R A% 338 5 B IR A o) Jeb e 200 %) ik 28 1k, 18
TN ZE AR RS, 45 5 07, HA8 0 1 1) JIig o 4k ]
DS o) 58] g 2H 4, kG 24 i 0T LE 2 M A 445 o
P53k [ 10 ] 38 , I 20406 (700 ~ 1 000 nm)
B FARBE TR, Z A A LA /N, e TR AR
PG RS BL T, 28 B R 2 80 - A5
M) 107, TG ZH A B JLT- B0 R i), [ Bof 38 v DAk A
)57 25 AT BB 3 B AR RS M o AS 9256 ) DiR
UELTANS Y RIIE LI M7 1) 4 P4 26 4 6 U, DT 52
PG HOR BR . S GG BOR A AT E AL S B Y,
P2 555 2019 4F 3 J140 54 55 5 W]




6 & 4L/ BB 4L 40 T 4 R (< 100)

A - TEHF X IRAL B - IR AL; C - FHEAL D - 3 g B sh R 4L E -
RGD Mg FTiA il B 41 F - RCD + R8 2 Afllg B4 w7 #41; G — RGD + R8
MNP R k4 s H - RGD + RS AR A7) i 241

Fig. 6 The pathology characteristic of lung tissue in mice of
each group( x100)

A - normal control group; B — model control group; C - positive group; D — ordina-
ty liposome middle dose group; E — RGD peptide modified liposome middle dose
group; F — RGD + R8 peptides modified liposome high dose group; G — RGD + R8
peptides modified liposome middle dose group; H ~ RGD + R8 peptides modified

liposome low dose group

HAT LA [R]— A Bl 47 4 i 8] S A2 R B 5%, A
17T i o 0 ) AT LU ol 6 R 2 S 0 R 2 SR Y
%ﬁuﬁ[ll-n] .

BUATIFTE I, A8 1k JRAE A4 i S S50 R R
V2 BRI A B AR T, AT — 4
RIS, AR TR R EMR IR Helet
KBT Bl (TGF-g1) ™ & —F HAT Z R A4 42 )
REAY 22 JIK I A AR -, HXS 0B o 25 000
HAG S s A0 T 400 B v i 5e 5
I TESFIIRE, P8y Z R LA BE N g 3Rk R AR A=
KT Ao G I8 S B i 15 P R T ik
T2k 2019 43 J145 54 B8 S

S e g g X
7 &4/ B R LSRR 2 4 R (% 100)
A - TEHR X IRAL B - BURIGHIRAL; C - P41 D - 3 g B s AL E -
RGD &Ml Btk 415 F — RGD + R8 &Ml B4 7 415 G - RGD + R8
B AR B (A P 4 5 H - RGD + R8 iR s i i) a4

Fig.7 The pathology characteristic of spleen tissue in mice of
each group( x 100)

A = normal control group; B — model control group; C - positive group; D — ordina-
1y liposome middle dose group; E — RGD peptide modified liposome middle dose
group; F — RGD + RS peptides modified liposome high dose group; G — RGD +R8
peptides modified liposome middle dose group; H — RGD + R8 peptides modified

liposome low dose group

K7, TGF-BL A 7E%% 5 J5 3 i It g K& A C-myc 1Y
FI5, A0 A AT T Gy 3, R e R AR
—H TGF-I I v R BG5S ik e R 4
BELHF , C-myc SEPH RIA3% 5% , Rb 8 1 ) P I 25
BB . AEIER G OL T, TGF-B1 FI4E 41 i
A K T Z AR AN b TP RS, B T TGF-B1
R 3ak B 3R 3K TSP TRE , P Smi J e £ 2 D g
AR TE 5 A, fo Je e 200 ML 6 5t 1 e R . [
B, 81 e 200 M A5 5 1% B T 200 s P R4 AL R
AR ZEL, T X s A e ) A A R IR, Do il
Iy NSy NS 5 2 L A TS L 67 A
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FE 4 A AR B ) (TIMPs ) 250 47 5f & 2R
{14 — o fc D R 35 ot 4 J8 2 11 Tl ( MMIPs ) 355 2 ) —
HZIHEEHN T ZE, i it X MMPs f 31 76 1E %
N AN T (ECM) Bl 8 045 o B33k 78 v o g
IR 2E B RS AT 4 R EE B . 1t
4h, TIMPs FEANAL A A SEFE A p R — 2 1
YER, XA AE IS MMPs [ 35 P ] JG &, TIMPs
SR R 2 20 AR K R AL AT BB - TIMPs 1] 4y —
Fe im A8 T8 B PR, 3 2ok IR P 4L 2Rt A T B, 5
LTI IR FE , B 1E 50N B8 98 Kk i 5 TIMPs 3% 3K 7
T, TR g ] B £T 4k 1 23 0, A A T U R
AL, B e A= R RN RS s 2R R 11 & A R S ad
H MMP 5 3o B 3238, A SE I & ECM, 350
T 1R 2 B M A A

VR B Wi M 32750 2 —  TAMs AJ 43U 46 P R 7
RAEAAG IR 40 M4, 40 TNF-o \NO TL-10 45, &5
VR TNF-o0 0] DL/ F b8 440 6, 49 ] G 444
BR324, 5 | R b 0 200 0 90 T, e e K 00 4
TNF-o, 023 A R ) A K A BRI 2 1o b
Jo FR B I TNF-o T35 1) J PH v B 5 e 40 e 7E
Ao A HH TS A1 AR A P A0 e g 2 i A 2
PrRE T DA 3, 7= A TNF-o 3 245 56, TNF-a [P
VB 2300 S A P IR A A 1 433 , T SN 4
p T B YR S T 6K B 40 R 4 L, R R 5 R
B ASTR] 736 K VR 1) TNF-u 35 RE 22 #0211
YEH. IEHEOLR 18 & A TNF-a XHLIR AR I
R 1Y, E i B ) TNF-o T X WL 72 A 453455
N, iR FR 2 L3S P TNF- ZKOF- S8 28 1 5 KO
1) TNF-o SR 10 4 2 R AT A 562
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