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Abstract: Objective To explore the gene transfection efficiency of folic acid/polyamide-amine as miR-7 vector
and its targeting ability for glioma,so as to lay the foundation to develop an efficient delivery of small molecule
drugs targeting glioma, Methods FA/PAMAM comoles compound was prepared by dialysis method. The trans-
mission electron microscope was performed to observe the morphology of the nanoparticles. After transfecting
miR-7 gene into U251 glioma cell line, fluorescence microscope was used to detect the gene transfection ef-
ficiency,quantitative RT-PCR was used to detect the miR-7 level. The intracranial glioma model was es-
tablished in de-thymus mice,the nanoparticles were transplanted by the way of vena caudalis,internal ca-
rotid artery,and tumor situ. After 48 hours, the frozen section was obtained to observe the aggregation
extent. And immunocytochemistry and western blot methods were used to test the protein expression of
EGFR and PCNA. Results The nanoparticle, with sphere morphology,may transfer efficiently the miR-7
gene into U251 glioma cells,and increase the miR-7 level. And it can be found in tumor situ,in spite of by
different transplant ways. The aggregation extent was the vena caudalis way less than the internal carotid
artery way,and furthermore less the tumor situ way (P<0. 05). The protein level of EGFR and PCNA in
FA/PAMAM/miR-7 group both lower than the control group(P<C0. 05). Conclusion FA/PAMAM can
transfect effectively miR-7 into glioma both in vivo and in vitro,and is expected to become an efficient de-
livery of small molecule drugs targeting glioma.
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M E:BH &t/ REE-B (FA/PAMAM) 4 A miR-7 & B #4669 20 B4 5 20 % & 3R 7% de
FHR,AME GRS TRAOBREGHERLM, HE ZHHEHNE FA/PAMAM %464, &4 %
FERBEAELETHRAEABABELE mR7 ZABRRA B E U251, R LERENEL S WE
# 3 % ,qRT-PCR 7 &4 # miR-7 K -F; #I4EX MM D A A A U251 RABEE . SN EEFHK A
BREFT B RALBITE W BH ABh EREBHEREMAE  RAEZBRENEL GO ENBEAGRER
;% & ¥ 32 (Western blot) & ##) miR-7 2 A B EGFR e fo 3 s E MR R (PCNAY W E G Rk, &
R OETHRAE. 5 UB1 WRAZFBhETREZEASE FE2FRE miRT K+, ZREHIK,
BNHREIBRIE A ERBEBERFTGREDRE FPHTEAAR G HETENBHELORE, AR
ERE A RBHR<F AR RIL, Western blot £ £ 7 EGFR #= PCNA K P BAB A KRR
BETHP<0.05), &t FA/PAMAM 44 & 2% # miR-7 A B Z4K N MR B @, HZRA
— OB RD S TROREFHRATRABERBEY .
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HBPSORE RIERNAY BB REERER.
BBt %% (polyamide-amine, PAMAM) H A |~
MR ARMRKEREERER,  EELRNE.Z
VR RBEESFNE B ARLGYRE R TN
Wz — AT A e S5 JRE 4 v R ik I R A A
(folic acid receptor, FR) \fk & miR-7 By 45 5=, LA
i-BR (folic acid, FA)/FR N #E [ 8, LI PAMAM
AR, A miR-7 % L A i B8 08 40 L R U251, |
PP AP S2 B4 I PAMAM fE S 25 4 88 41 R B9
i e A B ) R AIE B A Jieb 98 R R Y SE PR AR
R R0 R B0/ o3 38 ) B 24 ) BE s SE g R Al

1 MRE5HZE

1.1 #e

111 dfEkk U251 BB R B KRBT M4
e I TR

1.1.2 &% PAMAM(G5),.FA (% E Sigma 2
A ,miR-7 3] d1 22 MRFEA L, K 5'-UUGUUU-
UAGUGAUCAAGAAGGU-3', & X457 5 K 5'-GT-
GAATGCGATGCCCTCCGAGG -3', H 5" %kt FITC
% J& 5 it, EGFR 9 miRNA #E ¥ 3] 4. (1) 5'-
TTACTTCAATGGGCTCTTCCA -3" (fii F EGFR 3’
-UTR X %5 357-377 B %), (2) 5'-AGCACAAGC-
CACAAGTCTTCCA-3' (fii F EGFR 3'-UTR X %
442 -464 TEE XD, (3) 5'-GACTGACTTGTTTGTC-
CTTCCA -3' (fii F EGFR 3' -UTR X4 726-747 B
o FERFE 4 ME B MZESE), DMEM
BEFEWK VR E B B8 (32 [E Invitrogene A &) ; ILEHT A
% F H K A F (epidermal growth factor receptor, EG-
FR) B i HifA& (£ H Chemicon 2 R]) , S b A4 58 4
FuR iR (proliferating cell nuclear antigen, PCNA) B
SeFEBLAR (3£ E Santa Cruz AF] .,

1.1.3 ¥ 80 g EMAR/NR 72 R, E F
HEFEEZRERANY PO HFETREER K%
Y LH L, H IR R AR E 20°C ~25C, B
(50 +£5) % CGRBIFF 0195),

1.2 Fi

1.2.1 FA/PAMAM & Yl % 5 & St B+ B4
BNE 2EZHEVMEEY SRR T ERE
FA/PAMAM &-5¥), FA @it B~ % 22 1920 TRiEH 3
PAMAM-D F, 0.032 78 g FAZEZEETF5E0.199 79 g
EDC % F 20 ml DMSO #1543 & 3 J5 , FA 197E 4k
ik V2 V0 2 T T i ) PAMAM. (3 H B2 DMSO 119
BRAEBERT. BHBETFEMETRELESYIES.
1.2.2 #ifuigm5EEEYE MRTE 107084
I3 # DMEM 8 #1355, 8 5% 40 37°C 5%

CO, HANBEE . BRI, B3 dE 1k, L4
4 : (DFA/PAMAM/TE LR34 , (2) FA/PAMAM/
miR-7 41,(3) U251 IEH X HRA. 4ifAK = 60% ~
700/ A B, BEAR I TE W E 2 500, % PAMAM 5
miR-7 8T L P B LA 16 1HBL H fin A U251 4 o,
37°C.5 %CO, A IESE 4 h 5 KRR RS 10%
4 LI A 3G FR AR 83 5% 48 h R4 . 7k
AR TR FH AR A L3, N IRG R e
1.2.3 qRT-PCR ¥l miR-7 ik EEFEYL/548 h
HHf S RNA, 2 % 7 8 7% 5 J5 #17 PCR 7B ) B
miR-7 W5 4. 5-AAAAAGAACACGTGGAAG-
GATAG -3', F % 8| 4. 5-CCGCCTAACGTAC-
CGCGAATTT -3', R B 44T :94°C 3 min/7 #
S 45 MER B MEFF N 94°C 30 5.60°C 45 5.72°C 30
s. WZ BB A 18 rRNA Tagman 4, FHE51497:
5-AACTTTCGATGGTAGTCGCCG -3, F ¥ 5l
#1.5'-CCTTGGATGTGGTAGCCGTTT-3',
1.2.4  /NRRSIA S OB B R A S 25 ek 52
B dmRT. /MR 72 B B BoA K U251 i8R
A, e B W R SRR A, #%3.0
ml/kg FEGF 10 707K & REEHEAT /D BUE B BRI ; 815
& RS ARE ) T S A R D R BB A R R A
SLERILRERD 5 ] & 1} 104> U251 40 Ml 9 40 i &
W, GBI AT 5 min, B4 2/ 3 min, P 0 4%
f. ARBHESE 8 d FFRAWEM, AHBRRES-
(OEFIKAZ; QBB AE L GO MBS, &
W HREME S5 pg TXFFIK miR-7 EZFRHY
FA/PAMAM ¥ 10 pl,
1.2.5 BEYEMBEATHRESREN T4
MG 5510 d, BRZ5 ) #e F )5 55 48 h, 3l #y i 3k X
i, A 25 IR AR B WK R B Fr . SO BB T W
REMB Y ®BZET FA/PAMAM/miR-7 % & Y #
iy R A SRR 1B L
1.2.6 Western blot 7 ##417 EGFR 1 PCNA 3*%
BERE BEBRESABHTALEEH,Bradford
BEHER. BIKEESHMRERE, B S EH
BRI, Western 3 [ 37°C £ /412 h, PBS 74y
B VR J5 T AR B — 3 PUR R B 23 518 EGFR(1:
500) F1 PCNA(1:1 000),4°C /K F42 K3 7%, ¥k H i
FABRAREEFR LAY 1:500 # B —Hi37°C THEM2 h.
2 EIRFE B %, BioRad B BE R G AR
W% 5% EEE , Quantity One 244347,
1.3 Sit%hk

N SPSS 13. 0 Geit 34 it B RHEHRE L 7 5
FR R L KR, P<0.05 HEREGITEE L,
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2.1 FA/PAMAM %4 Wit 5 W2

FA-PAMAM g % 52 (19 SZ 0 BR A&, B0 F 43 73 38
5], PR K/NFES0 nm A 45 s PAMAM 5 miR-7 3 ¢
XFFHILL 16 1L LB R B & YRR K /NE 60~
80 nm, /NER7F A5,
2.2 HREFELuE

FESEHACIE T, /T B FITChricME A
VR 2B ETE, B RERSOE RS T
U251 U fe s i iR 9 . BEALILER 10 B A5 LT
S H BH AR IC R K (87.6£7.8) %, LK 1,

B 1 FA/PAMAM 41 & miR-7 # i U251
B REA M ERME(X200)

Figure 1 The test of miR-7 gene transfection into
U251 glioma cells induced by FA/PAMAM( X 200)

2.3 EFFHLJE miR-7 RikKFAE1L

U251 IE % Xf B4 1 FA/PAMAM/JE X ¥ %1
HmiR7REBEHRMK, _HHHEKEREES
2 & X (P>0.05), FA/PAMAM/miR-7 % miR-
TRBEEAEER, SR ARBRERARIT¥
X (P<0.05), LA 2,

0.9] b
0.8
£ 0.7
2 0.6]
S 0.5
2 04
2 0.3
S 0.2 2
0.1
0.0
1 2 3

1:control group; 2:FA/PAMAM/ nonsense sequence group;
3. FA/PAMAM/miR-7 group. Compared with control group,
2 P<<0.05; compared with FA/PAMAM)/nonsense sequence
group,®P<0. 05
& 2 FA/PAMAM 415 miR-7 #: U251 j§ miR-7 T IFR
Figure 2 The test of miR-7 level in U251 glioma cells
after the miR-7 gene transfection induced by FA/PAMAM

2.4 B YLERR AR RE
FEGEEENRT . FITCHICHE G UMb E
et B3 B AR S ®ET FA/PAM-
AM/miR-7 S WEMBA MY REF L. TR
2 2 # kb 2L i ek R 9 R D B 4R B TR R
PGS, BEVL SR 10 A & A5 0B, 78 H BH 4

A (15.3+£3.7) %, fili AR F 40 R L2 Fh FH
55 5 S 3 Bl ik 2 R 4 I R o R R RO R
555 B ok e b 4 PR S B 9B L 3 & (P<<0. 05), [
PR A (27.4£5.4) %, fizi 19 JE I 98 41 2108 R L1
PR S MR EM AN BRRA &
FRENHEEFS, HERERO1.726. D%, 5
RMRAREERESIT¥E X (P<0.05),

3a:only a small amount of green fluorescence signal was found via
vena caudalis; 3b:only a small amount of green fluorescence sig-
nal was found via internal carotid artery; 3c:a large number
of green fluorescent signal was found via tumor situ
B3 XAELZHERET FA/PAMAM/miR-7 & & ¥ 7 Mg
PO BB EO B8 & (I5 6528 hoechst33258 FRiC B 4 A%, B 6
N FITCHREKB &Y X 100)
Figure 3 The gathering of FA/PAMAM/miR-7
in tumor bed through different ways
(blue: the nuclei of tumor cells labelled by hoechst33258,
green:the complex labelled by FITC X 100)

2.5 miR-7 ¥} EGFR JLER R

Western blot £53 B8 =fEMERRE Y FA/
PAMAM/miR-7 J5,EGFR & H £ ik B8 X B4 M
BYLTE P FI A A BB T R (P<<0.05), R 8
MASHPHHREKEERARITEEX (P
0.05) ,HE & kEMA S FTsh kEMAR LB LR
ANE B (P>0.05), WA 4,

170 kD
170 kD
170 kD

vena caudal

3
.

. o
carotid artery

tumor situ -
= vena caudalis
carotid artery
E## tumor situ

Relative density

S S S

1 2 3
1:control group; 2:FA/PAMAM/nonsense sequence group;
3:FA/PAMAM/miR-7 group
4 AEZEMEZFER miR-7 |5 EGFR TR B K
Figure 4 The comparison of gene silence effect of
miR-7 in tumor bed through different ways
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2.6 iR 40 B 3 B T HL AR

Western blot £53 B8 =FEMERRE Y FA/
PAMAM/miR-7 J§ ,PCNA FH 35 ik S8 % BE 41
YT UFFIA YA B8 T M (P<<0.05), B8
MASFMARNBEZERAEEITFBE X (P
0. 05) ,{H B & Bk 4 Fh 41 5 T gh Bk B /b 4 ] LB 5 5
ANE & (P>0.05), ILEl 5.

vena caudalis

carotid artery

tumor situ _ 36kD
1.21 = vena caudalis
carotid artery
@ tumor situ

1.0
0.8 b |

0.61

Relative density

0.4+
0.21

0.0- | | | | [

1 2 3
1:control group; 2:FA/PAMAM/nonsense sequence group;

3:FA/PAMAM/miR-7 group
5 AEEHEEESE mR-7 [F PCNA RiZKFELE
Figure 5 The comparison of protein level of PCNA

in tumor bed through different ways
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JE SR TR A i b — R R R 0 [ TR TR
P Y A B R B P R BR TR R R IR IT IR AR
miREiT 5#ERE 3-UTR X 52 L HK A 54 H 4
254,518 mRNA A REA7 2B 6, 7257 %5 K7
B 5 0 43 8 R O T AN o B A B AR
Kefas 251 7E 2008 4E % YR i miR-7 {93 H 5 5
J iR EGFR 35 3'-UTR KAEZE A 3 4 K IR
ATEEER, FHHEM X F T2 0 75 B R IR
FUER L FE ST N — MR E Tk, RITEER
A TAE A BB B A e 4 Bl R o miR-7 B3R
RMINREHEAT T RG I A , UESE T HAE R 38 i d Ik
e R T AR AR EGFR 28 3R 36 , 7 M 41 ol B o g %
P 0 B O R AT A R R AT

TAEH A ZE miR-7 F PR &% Ge (1) B2 539 40 B &R
HETE T A2 B B A, I AT 4 UTER EGFR Ay #% %
JE BT AR R A s i sh aET . (B7E B SL
B RRENR R AR ER LN miR-7 B REA
25 RV I 5 98 ey Yo BRL Y Sh i AR A 36 (U R B M AR A
TR IER . JEESL s R, i T I i 5 B ) FE 7R
0 o JeE 240 B ) R TR R R B R (S A R E T
IRAERA B 5L H BN HA R KR E RS T H
TRER¥E . T3 —Fh e a8 25 Bk i v B B, BN K

T 40 I 3 TR B A S R B A R R SR

PAMAM & —Ff R R K73+, B A B L5
AR ARSI R R E DI RE R A, NFR A S s v B /N o
FEY FHTE—E KM T LI H TR S
BE AR G5 TR AR Y B A ORI L 8 HOR 0 B e
A ARE 7 HEFREKER, B&#SHA
YIAHASYE YR A B EE mv. GAM I I T
RS S U R 0% R mY ik
Z—", FRZERSEH & E ¥ AL FHRBIURT
— S DA A OB A Y Bz 40 B TOURSE , {HL 7 25 7o fieb g
M R, HR WG RE R A, B
I {5 G B A ok R 4 PG R A SRR R R R —

A5 ) P B 5 96 4 M R 3k FR B 4% A, LU
FA/FR R4, DL PAMAM R # 4,/ § miR-7
By A SRR 40 ML R U251, A AR A SR A
T PAMAM fE 2 25 W) $% 3% b1 6} 59 7% G 5503 L B [m] ¢
i, B HAE g R B R R S bR AE L, BEE AR R =
RU/INGY -3 1] 4538 245 ) B8 R S B BR A

WL kM, FIH FA/PAMAM W] DAA 8% %%
b miR-7 # A K Hh 35 5% 09 B B9 4 il R U251 fig
B, BERE miR-7 K, FEfE AP RE LXK
FREE [ A5 B IR N RBE AT T LR . X4 FA/
PAMAM/miR-7 3@ it /]> B # Bk - 35 3l Jok 0 Ao 43¢
IS, B 2 F BB IR 45 T PN F R IR, T g J I i R 4L
LRI, KW H FA/FR#AN S ERIFE R
Ik 35030 Jok A0 T A7 B o A 4% 3R 4 F T R DK 1Y BH
RAFIEFN(15.3+3.7) %, (27. 4+ 5. 4) % M (91. 7
+6.1) %, SAEFAME A miR-7 FAKAE H 3K, ¥ 2 5
EHFEERR, BaH FA/PAMAM fE R /My F
25 ) AR B B [ PR A R B . B A B R X He AT
DRI, FARFEMBERARETMHERNZ
YEFERKER, B IkERM AR, FEh kAKX
Z R R . I b AR 25 Y LR
B N 2H 2K SR A 1 8 R 38t BE 8O, AT U b X
5t BB &N X T H S FF R A T IKE R8N T
B 25K R — 1 FIRAE

I FA/PAMAM £ 24 miR-7 ZRARTE (4 P i
R B HE W L BRIBTT R, ATH miR-7 B #8752k
EGFR 71 /it 20 ffg 3% 78 15 PR 48 1 PCNA ) AR5
BHAT T KM, £ 2 miR-7 ¥ YL 5 /Y I R 98 40 B
EGFR & H R 2 W 8 T 0, [F B 40 i 3 58 15 1 b 9
BT, R FA/PAMAM £ 28 miR-7 #A&AN &0
FHEHHYRITHR. B2 @3 AHRRIT L
BIHKL T FA/PAMAM fE R miR-7 FARTEIR YT /il
PRI JG SR 98 T ) S R S B T — R BB R
f 35t B ()R, A R T — B IR AS# T
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