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ABSTRACT: Recent advances in cancer genomics have opened up unlimited potential for treating cancer by directly targeting
culprit genes. However, novel delivery methods are needed in order for this potential to be translated into clinically viable treatments for
patients. Magnetic nanoparticle technology offers the potential to achieve selective and efficient delivery of therapeutic genes by using
external magnetic fields, and also allows simultaneous imaging to monitor the delivery in vivo. Compared to conventional gene delivery
strategies, this technique has been shown to significantly increase gene delivery to human xenograft tumors models, as well as various

internal organs (e.g. liver, kidney) and the central nervous system. Magnetic nanoparticle technology, therefore, has the potential to turn

the challenge of gene therapy in vivo into a new frontier for cancer treatment.

Key words: Magnetic nanoparticle technology; Gene Therapy; Targeting; Cancer; Delivery method

Chinese Library Classification: Q64; R730.5 Document code: A

Article ID: 1673-6273(2014)35-6990-03

LIS

JEAE AR 3L T — > 22 PG o FEPRYAY T RE ELIE AR
L R - R A SR, DR R TR I T AR
ATREPE . (HIE PRIVATT iR B PRI PR PN O JE TR 238020 T 1M
TR PR R I ) A T LM X SIS R ) S 2 HE e FE, DNA
I RNA TEFERR R GEH - AR 3 Y, S BOA 7 5L A E
FIEAMAA A BRI RN R EIRSPRCR . CATILRIE s Jr ik i il i
B AT AL R A 2 ], U R R £ R (PEG) JE I BB
LB RG. PEG Z2RAY, MY U &Y, effir &
FUSRIA R e i i T i RGN, 3R & — R AL eSS A% R
3T RN IB/INVE AT T S JUE A i o Pl T 2 A P 1
BARXS 238 BRI A BEREVEAS L , BVEERG I 1 ¥R 97 5 e
PR e PR R LA AT SR 22 77 A A R

HE PRI ] R AE 20 2R AT T B BEAR TR IR T AR R S HT A
P AR 3 7, HX 8 Ty 152 BT R A S P S s e AR 1Y
Pl ASCIRAT T ZA AR ARG E AR T R R4 i R 5

*IEGIH LA R T IR AT S & i) (201 IDEA03T)

1 BEAEGRIEA

T AL 25 A A KA T FLARIE O 5-20nm, X L8
A A —FBORERAY BB UL R R R AR A LR O 5
st A B T2 IEDTNE Fe(TIDFN Fe(IDY,

TENEAN AL 5 e 1ok 1 DX 0 25 3R 5 e LU ot 20
B FHTREVEAOR BRI IR G W) SR TE ARG 2, A,
AT Bk S 525y ) i KRR EL A ORI LA

M AT AR, DA B 9K 5 Wi i bk T 5 3
Ik S B A S, P — A SN i il 6 T — /O A
RGP BRFIE B4 FUAR DXBR AR — AN R % . BEAE 259018 IR
R Bl , BT 2 R REVE A KRR T A AR L SRS E AT A
F ARG,

I e INELL , REE KA T YL A VF 2
L3, on T AN RE A B RO, A 22 4, R o R
AR WA IR I Tl PRAE S i SR s AR i e R 2+
ZAF T, PR, b BE AR o\ A R T G P ) 4

VEZ A : BRI 1969-) , 2 , AR}, Bl AT 250, EEMFhIFIH & , HLi: 0716-8436264
NEIRFEE SR AME(1974-), & Wit , 20, ZEWFIT 0 ) - 2520 FAE W24, LG £ 0716-8497055, E-mail:964219414@qq.com

(s H49:2014-05-23  4%3Z H1:2014-06-18)



REYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Voll4 NO.35 DEC.2014

£ 6991 -

KB Hehh, BETERRLT 5 A 259 BA T2 R, i
BT LB P SRR IR T 25801,

2 58 PR R R 0 RO B 1 P R R R [ 4% 18

TG PR ) A3 4 RS2 1978 AR YR e i, kA7 vk
ETF 2y iLh, WHRIT RE LA 5 B R, REZ
FEAR BB FH A AFE B AL IR 53 I R /INF B AT 8. AR I, 7
PEAL 338 g f P 2 i 3L BT TP A UG I R A T AR K
FIREYE . B0, W R PR KR 5 S R B ARIR A TR YT R Rl
SN RE I Dl B A i B MR R A, M TR TR R vk
BE , B gsi /b TIRYT S AR B AR e A 15
2.1 BEAHERS

e AR X560 ek A0 1) 265 24 — T 7 R PN 8 88 A T
SR 2N, B YA IR SR AR 2 T A WA AT RE AR B —
R i SRS 4 X 245 40 () W MACRIT R B s Bhattarai 55 N\ GE
o B AR A WA VSRS N RS B O 3 T R AL 3o 283 4B 1
BRI AL & T REMEGIRRLF Y LacZ 3L, K 30 AF G
PR R IR A B N B- 2 FLWE T it A 3 1 B v R TR
o X FHTEINERREY 56 R B B8 AR B0 TnR . AR
R 5 AT REARTE F PR R AMEMRE AT (R SR T REFG
YA 1 T S 3 DS TR P A R SR A T B

FEJR AL R Y1 55— A DL 3k 2% e 1 28
H AT A% 328 05 AN BB K I 97 2 PR A% 38 3 e e i
X, T HR AR 0, FF 4R B T 2 I N B 2= ik
BRG . TAN, BRI E ST 2 ), &
I P 10 2 G 14 J 8 2 38 R4S o A1 2 23 ) o 5 DR R 2 R 0
ERL S} e aeg P Ase /NBI KB 2595 17 . Kotz 45 AR R ) 42 52 LAY
RS ik S A PR IE R SE R SR T R J5 R IR ME 4L
TESCTR BRI, ILA, AR INSIK N A ARSR I N, B/ NSl
PR ' 8 0 00 7 1 L ) BE BN 3 PRI AN 25 W ) AL 235 1 L 6
73X AR5 1% BT 6 2388 0 2 MLV A% 3 45 PR 4L 2 A L IR 2
WBIE T .

22 EBHBHRE

BN RGUEM O FAER BRI RA Bir, KA ERE
B2 00 8 A5 I RIS RAE , 7 (8 YRYT o eah /R
Z5 e R AR ASE AR AL T — T 3 A R i 28 24 LA R AR S
s 2 Y B T BTk o R AR RS M IR RE St SO 15
BLETFRATHEG R RGN, H R XA BER
FARAS T FE5 AN P B ) 45 24 1 2 2

164, O E R RS G Y A SN TR AR N IR SE VR 97 5 AT 1Y)
N NS RS AR /N A AL rp . RGPS T - BRI
PRI A WG 3658 G Z B FORE , Namikil %6 A % BLAMESA fE 26t
Lt QKR RL BRI sh 4 A AR IR 12O TS, fe 2 AH R
) 3 P Y A A %o B2 A8 B S 638 o XN SR AE IR
LS ) —GRIAS BESE, IR SR 52 A siRNA T4
YA 9 EGF SZAR , e dEREMEA P& H siRNA, 57 488
TEERHE ) TR LA 1L, X PR P BilRg B EGF 244 siRNA
LB T 50%, A —IRFF W s T RFE AR E & d
SEIFRZ RS o MET 2Z AT ARG R A, By
TEAE BFRaS B siRNA BYFR R a2 10 4%, 48 38 e 77 1)
BEPEPETT LA S 2 B B 2 , 3 RT BB S R TR Bl R
BUNRIGE, B2, XS AR R Y A BT AR A )

AR, B 1 A il 5 DRI 520

BRI T 5 R A0 R SR SR AN T R
VESREAETRYT ISR BRI . — PO I SR PR AR A A S
e, B2 MWRTESPEAR T RE R 1 B MR R 21 X R D7 vk i
SRIE G 1 AR IR PR S R I R RE I L (EL R R B A A
T e % RN . Muthana %5 A SGB RORF ek T 158
TR A ROR - DR B4 R A0 AR R L U O LR R BE T, A2
H R IBETEAL T 16,9 4.2% MG AR IR 1% GFP, I 7EdFE w1k
PR AL GFP ARG, S il T 4.9% 3.5%, &
A R R 1 2 S BORAZ AN AE P E P 8D, XI5
WEA BRI RCE B A —Mr 2N, B
TRENEAARE T RERI T T 08 A0V D 5 R A D

3 NEERE

X i L 1) R DRV PRI S0 ) R, 7E R R Y7
AR AN A5 (H R ATS IR T IR VF 22 P R, fie o B 2 L T
[, 4 Namiki 55 i 7R (TEC 7 (19 AN [) il S 208 R e Tk Ak 45
PETT AR AE AR, XPAMER G m RS2 5 — A JrT,
TP 7 0 2SR A A READ , T X T P 5 ANk o7
it E G A B T SR, SRR IR RO BOR AT g2
RORIGTE . — Bk sl ) @ik i , 91K 5259 WTE I 2Rk
JokE A Bl T HE Z I REROIRYT o GRS WL 1) o3 B4 AN
RTINS SRR, I s 2 X I A 405 e I e
R, W IR A AT o) TR R A X B A PR PERL, A 4T
{4 Herceptin LAEHE FH T A A B2 25 e PP,

ACGIKRE APl T ] BE Sk H ETRITRY TR I o 25 1
TR, WA o] REXG AN B RIAY T RUBOR |, (AR miikH B AT 32
) T 2 e 7R R 1 ) RS DA ke

% # 3T #k( References )

[1] Kole R, Krainer AR, Altman S. RNA therapeutics: beyond RNA
interference and antisense oligonucleotides[J]. Nat Rev Drug Discov,
2012, 11(2):125-140

[2] Li CX, Parker A, Menocal E, et al. Delivery of RNA interference[J].
Cell Cycle, 2006,5(18):2103-2109

[3] Somia N, Verma IM. Gene therapy: trials and tribulations [J]. Nat Rev
Genet, 2000,1(2):91-99

[4] Schmidt-Wolf GD, Schmidt-Wolf IG. Non-viral and hybrid vectors in
human gene therapy: an update[J]. Trends Mol Med,2003,9(2):67-72

[5] Ogris M, Brunner S, Schuller S,et al. PEGylated DNA/transferrin-PEI
complexes: reduced interaction with blood components, extended
circulation in blood and potential for systemic gene delivery[J]. Gene
Ther,1999, 6(4):595-605

[6] Persengiev SP, Zhu X, Green MR. Nonspecific, concentration-
dependent stimulation and repression of mammalian gene expression
by small interfering RNAs (siRNAs)[J]. RNA, 2004, 10(1):12-18

[7] Li SD, Huang L. Gene therapy progress and prospects: non-viral gene
therapy by systemic delivery[J]. Gene Ther, 2006, 13(18):1313-1319

[8] McBain SC, Yiu HH, Dobson J. Magnetic nanoparticles for gene and
drug delivery[J]. Int J Nanomedicine, 2008, 3(2):169-180

[9] Sun S, Zeng H. Size-controlled synthesis of magnetite nanoparticles[J].
J Am Chem Soc, 2002,124(28):8204-8205

[10] Namiki Y, Namiki T, Yoshida H, et al. A novel magnetic crystal-lipid
nanostructure for magnetically guided in vivo gene delivery [J]. Nat
Nanotechnol, 2009, 4(9):598-606



£ 6992 -

REYESHE www.shengwuyixue.com Progressin Modern Biomedicine Voll4 NO.35 DEC.2014

[11] Zheng X, Lu J, Deng L, et al. Preparation and characterization of
magnetic cationic liposome in gene delivery[J]. Int J Pharm, 2009,366
(1-2):211-217

[12] Mikhaylov G, Mikac U, Magaeva AA, et al. Ferri-liposomes as an
MRI-visible drug-delivery system for targeting tumours and their
microenvironment[J]. Nat Nanotechnol, 2011,6(9):594-602

[13] Reimer P, Balzer T. Ferucarbotran (Resovist): a new clinically
approved RES-specific contrast agent for contrast-enhanced MRI of
the liver: properties, clinical development, and applications [J]. Eur
Radiol, 2003,13(6):1266-1276

[14] Dave SR, Gao X. Monodisperse magnetic nanoparticles for
biodetection, imaging, and drug delivery: a versatile and evolving
technology[J]. Wiley Interdiscip Rev Nanomed Nanobiotechnol, 2009,
1(6):583-609

[15] Sung MW, Yeh HC, Thung SN, et al. Intratumoral adenovirus-
mediated suicide gene transfer for hepatic metastases from colorectal
adenocarcinoma: results of a phase I clinical trial[J]. Mol Ther, 2001,
4(3):182-191

[16] Bhattarai SR, Kim SY, Jang KY et al. N-hexanoy! chitosan-stabilized

magnetic nanoparticles: enhancement of adenoviral-mediated gene

expression both in vitro and in vivo [J]. Nanomedicine, 2008,4 (2):
146-154

[17] Krotz F, de Wit C, Sohn HY, et al. Magnetofection--a highly efficient
tool for antisense oligonucleotide delivery in vitro and in vivo[J]. Mol
Ther, 2003, 7(5 Pt 1):700-710

[18] Muthana M, Scott SD, Farrow N, et al. A novel magnetic approach to
enhance the efficacy of cell-based gene therapies[J]. Gene Ther, 2008,
15(12):902-910

[19] Fattahi H, Laurent S, Liu F, et al. Magnetoliposomes as multimodal
contrast agents for molecular imaging and cancer nanotheragnostics
[J]. Nanomedicine (Lond),2011, 6(3):529-544

[20] Wang F, Chen Y, Zhang D, et al. Folate-mediated targeted and
intracellular delivery of paclitaxel using a novel deoxycholic
acid-O-carboxymethylated chitosan-folic acid micelles [J]. Int J
Nanomedicine,2012,7:325-337

[21] Yousefpour P, Atyabi F, Vasheghani-Farahani E, et al. Targeted
delivery  of chitosan

doxorubicin-utilizing nanoparticles

surface-functionalized with anti-Her2 trastuzumab [J]. Int J

Nanomedicine, 2011, 6:1977-1990

(E#E% 6989 TT)

[3] #6737, & %08, A5, 4. DMSO *f & o % i % 4 A HL-60 3§ 4
%] bR A &HFEFFR TR, 2010,10: 28
Han Xu-fang, Tu Hui-wei, Fu Ya-qin, et al. DMSO on HL-60
leukemia tumor cell proliferation [J]. Beijing Electric Power College,
2010,10:28

[4] Kashino G, Liu Y, Suzuki M, et al. An alternative mechanism for
radioprotection by dimethyl sulfoxide, possible facilitation of DNA
double-strand break repair[J]. Radiat Res, 2010,51(6):733-740

[5] Colucci, M, Maione, F, Bonito M. C, et al. New insights of dimethyl
sulphoxide effects (DMSO) on experimental in vivo models of

nociception and inflammation [J]. Pharmacol Res, 2008,57 (6):
419-425

[6] Marks, P.A, R. Breslow. Dimethyl sulfoxide to vorinostat:
development of this histone deacetylase inhibitor as an anticancer
drug[J]. Nat Biotechnol,2007,25(1):84-90

[7] Eby WM, Tabatabai MA, Bursac Z. Hyperbolastic modeling of tumor
growth with a combined treatment of iodoacetate and dimethylsu-
Iphoxide[J]. BMC Cancer,2010,10:509

[8] Cona M, M, Li, J, Chen, F, et al. A safety study on single intravenous
dose of tetrachloro-diphenyl glycoluril
dimethyl sulphoxide (DMSO)[J]. Xenobiotica,2013,1(2):24-28

[9] Vogin, E.E S.Carson, G. Cannon, et al. Linegar and L.F. Rubin.
Chronic Toxicity of DMSO in Pri-mates [J]. Toxicology and Applied
Pharmacology,1970,16: 606-612

[10] Hull, F.W, D.C. Wood, R.D. Brobyn. Eye Effects of DMSO: Report
of Negative Results[J]. Northwest Medicine, 969,1:39-41

[11] Rengstorff RH, J.P. Petrali, V.M. Sim. Cataracts Induced in Guinea

[iodogen] dissolved in

Pigs by Acetone, Cyclohexanone and Dimethyl Sulfoxide [J].
American Journal Optometry,1972,49:308-319

[12] de la Torre J.C., JW. Sugeon T. Emest, R. Wollman. Subacute
Toxicity of Intravenous Dimethyl Sulfoxide in Rhesus Monkeys[J].

Journal of Toxicology and Environmental Health,1981,7: 49-57
[13] Brien S, Prescott P, Bashir N, et al. Systematic review of the
(DMSO) and
methylsulfonylmethane (MSM) in the treatment of osteoarthritis[J].
Osteoarthritis Cartilage, 2008,16(11):1277-1288
Physicians' Desk Reference (PDR). 48th Edition. Medical Economics
Data Production Company[J]. Mont vale, NJ, 1994:1842-1843

nutritional  supplements dimethyl sulfoxide

[14

[}

[15

[t}

Pearson T.W, Dawson, H.J, Lackey H.B. Natural Occurring Levels of

Dimethyl Sulfoxide in Selected Fruits, Vegetables, Grains, and

Beverages[J]. Agric Food Chem, 1981,29:1089-1091

[16] Inh A, Caujolle F, Caujolle-Meynier D, et al. Comparative Actions of
Aerosols of Dimethyl Sulfoxide, Dimethyl Sulfoxide and Dimethyl
Sulfone on the Isolated Lung of Guinea Pig: Re-lation Between
Chemical Structure and Biologic Activity [J]. Arch. Int. Pharmac,
1964, 152:3-4

[17] Inh. B. Uramura, T. An Experimental Study on the Toxicity of
Dimethyl Sulfoxide Used as a Solvent [J]. Igaku Ken Kyu,1961,30:
2235-2261

[18] Kapp, R. W., Jr, B.E. Eventoff. Mutagenicity of Dimethyl Sulfoxide
(DMSO): in vivo Cytogenetics Study in the Rat [J]. Teratog Carcinog
Mutagen,1980,1(2):141-145

[19] Brayton C.F. Dimethyl Sulfoxide (DMSO): a review[J]. Cornell Vet,
1986, 6:61-90

[20] Hallare A.V, H.R. Kohler, R Triebskorn. Developmental toxicity and
stress protein responses in zebrafish embryos after exposure to
diclofenac and its solvent, DMSO [J]. Chemosphere,2004,56 (7):
659-666

[21] Zhang, S. Yu, X. Chen, Z, et al. Viscosities of the ternary solution

dimethyl sulfoxide/water/sodium chloride at subzero temperatures

and their application in cryopreservation[J]. Cryobiology, 2013,66(2):

186-191



