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[Abstract)

through the combination of nano science and oncology medicine has become an important field emerging in

With the rapid development of nanotechnology, nano oncology medicine that is formed

nano science. Because of its unique optical properties, the gold nanorod (GNR), that is a rod-shaped nano
materials, has shown great potential applications in the biomedical field, especially, in GRNs thermotherapy,
radio-sensitizing effect therapy and targeting therapy of the tumor. Being a newly-developed therapy, gold
nanorods combined with internal radiotherapy has already obtained excellent durative effect in targeting

therapy of tumor. This paper aims to make a comprehensive review about its mechanism and its clinical

General review -

application and research situation in recent years.(J Intervent Radiol, 2015, 24 540-543)

[Key words] gold nanorod; internal radiotherapy; optical hyperthermia therapy; radio-sensitivity;

tumor

HEA 21 e, e ke ORI B T B Rk
ANEHP[IET- 0 EZEH | g iayy F & &
BAALFEAST BT R FARYIBR AR, e RO U, ik
S A 2R P TR B E I 3 22 S AR R
RITF B AR, B B IR IE T AR 2 I i 24
BRI R R ARk 9Kk R B 4
NHE H BB RAE S, 299Kk # (GNR) 1 —3&
B4 5 & TR AR AR, o T L AT B AR 40 i B
M 1 B R R M (MERB AR T ) SRR I ) 24
JEAE DR R 555208 H . GNR (6 H3R YT RUILTT

DOI:10.3969/j.issn.1008-794X.2015.06.019

E4£TH: ERAAMZESTEHTE (81071240)

PR LA 230061 AN 2 BOBE R R4 = I R e 52 4% o
WEEHE . & Wt E-mail: gaobin_3136@163.com

SRR AR IR iR 97 7 T 45 EE 2 AR TP GNR
WA PR 1 A bR 3 0 IE A I iR 3R T Y
BRI, AR SCE AR X — 5T Y I R A
PAZRA

1 GNR R MR
1.1 GNR 624

Y KBl 5 R s 2 A 4 A T B 9 K B e
[ 25 S YK B2 OB 2400 T B R Y A A
FIUF R S & R A% O 40U, ki1 EoA
RG2S RR AR IR (0 P R IR T A S5 4
KRR A REFHEEERH  SASEMERK S
FI H A 1 31 2 40005 R A SRR B 5 ), At 23 7 AR 3R
T %5 B R LR (SPR) , 76 2840 -7] WOGE | 1 s
AW . GNR & — i Jie B4R 1) 4 9 oK B0k, AT



I AT A28 2015 4F 6 H 58 24 55 6 11 ] Intervent Radiol 2015, Vol.24, No.6

— 541 —

— A8 1) A B - LR 2 i (TSPR) Fil— > 9 ) 45
BT AR i (LSPR) |, A& A2 T ) WO 520 nm
X8k, 5 & BB B T GNR 0K (4 161 4% L (3% 1
S EAR M), P i ) 45 AS [R) I 4% L B GNR
R, AT LUK PR LSPR 947 &7,
1.2 GNR & &M &Yttt

AR KL R H AT A K GNR 5o T2 1 —F
Tk SR X R 7 sl 4 1) GNR, R E T —
J2 B A AR B M Y 2R TR R FoN ke = H
TR A% (CTAB) , Ho 4 F 47 AR K Y e 56 4 A 1T BHL
fF %) GNR Wi — L0 ™, Kt VR R 25k, 75
FEX GNR RS &4, 2B o 35 GNR 2 1fi 5%
A0 CTAB, IbAh, s S8 13697 J7 10 % 1%, B/
FEXF GNR 2 11 U 1718 i 9 5 4% 5 Pk A 4 3R 5 A
Al sh (B 3 sh 5 s Al i g A, AT ik
FyRIF B, HETH T X GNR %1 o 17846 19 4
FTEEAUT IR NG & FREY
M A . /Ny TR B W B GNR J7ik | i
UINSPESERuRE S k- 2 e SRS 7/ Bt a8
(- SH) Fl 4 J5 7 22 (8] 47 AR 5 14 35 AT 5 % 3 19 4k
AW LIS GNR £ A9 CTAB #H47AH X B0 &
e, AEBUINE N B AT 58 BB, Xiao 45 A B 3L 1Y)
R & W (-SH-PEG) &1 GNR J5 AR £ —BEn]
PL5E A BUAG CTAB, T8 GNR ) 248 Ji 25 1 B3 31 22
WAL, -SH-PEG [ 55 — i 1] DL 5 — SL ]
PES> FAHIE Q0 RGD BK™ iR (FA) 1045 | 55 fif g
YNGR S PELE A o Boyes MW E 5 4> R A
Py 2R FH AT 396 000k — DBy 4 4 5 B R A (RAFT) J5 18
i GNR 21, 755 2B RAFT A HEPE A RS
14 5 1A SN i 1 3R G W AN EL A AR 5 14 36 1 T
HERE WM& E GNR F i 09 JE 0 1E 3~14 nm 1@
Bl N R . SR 9ok AR 6 (Si0,) B ik b 17
GNR &M1& i & — Fh BEA Fi 5 19840 07 2%, Si0, 2k
WA 25 1 R Gk I, 80 i AN A R ARG 409 K e 3 1
AIEEYE, T H GNR ZEifi Si0, {7 J2 S B I B Y
A fLEE R (FLARFE 2~50 nm) . BT A fLH R E A 35
TR 1) B 25 11 BRI R 2 DR IR 24 9 3y T L
AWK R A E™, FFFUE SR Si0, S
GNR, I DASEAZ AT FR 1S Az Wy 38 ST al e Ak o &s A
D) feff 5953 40 o 4 B A DNA/RNA | 2B R 2 K&
FECHT AR S G, BT AR 5 0 )
1.3 GNR (¥ m) $47

i 8 AR 2 R FH 4 B RE B (OGRS U | R
P ) M S0 AR 3k 21 2K O 4 I 0 R IR B T

A3y —Bemf ], LIA YT Wk g 0 — b7 T B o
GNR WA YT 8 2 I e 32 Qi —Fh, T
GNR 747 11 25 T80 45 25 - AR e M o HC X Ol 1y 5 g
WP BT LU A% G2 i G BRI IR A s Ar LA RO 9, OF
RETEZY 1 ps(1077 ) B[R] P PR K G REFE 16 A FAHE
R Z2 BiF 5% 22 W16 #3R 97 b B2 b ™ A i $ge mT LA
e 22 200 JH PR D 3 3 n R 3k 20°C T 75 & I e 4H 41
(R4 Bl 790 2003 4F | Pitsillides 252006 BRIE 43 94 K
ORI 3 B Sk BRI LRSS A, R H
20D ik b IO IR S AT 4 R ok 25 A A, R B4
JifLph o TR A, R 1T UK A A0 K ROk
J ) R AE G HGR 9T I PR A1 S 55 O R B B R Y
NI . El-Sayed 4 27E 5255 % EGFR k-
GG AR 2 MR O s R AR R K 1 R R
PEAIN R —RFEE , SRJE AR a2 2 W] DL O IR
B, SR EH AT TR0 R M40 — 2 0
Al e R G PR A I R AE . AN GNR Ay —Fh
T M A oK ARt | 0 S % R T (47 P 3B 2 L
U P55 ) L R PRV AR b 1 o AT
A AR R A
1.4 GNR M7 8 50/E A

AT 4F 5K it 25 4 40 K BORLBTF 5T TR A, GNR A7
I7 BBV O 7 5, X R T R R T T AR
Yy J5 7 Ji g 2 20D 7 A 5 L OE 20 4R 1 O
W R R L 5 R Yy SRR X R A
DNA HEWi 54, BES I, 5 SRS R o i i iR
BT LA B AT A TS IR 9T RO B RO T R
TR EAYIIFIIE T & T (578 Z=
79 ) b JF A X A S BBURR Y B R} ANk (Z=6) , B (Z=53)
FIEA (Z=78 )38 3z 6 HL 0N 1T LA 7™ A= B 3 11 8 S5 34
SRR, T GNR W& TR i Rk A
I EL A BT 1 4 S B SR AR Y Roa S5 12 ) 44
RGO B AR BR 5 T8 g 40 Ml bk DU-145 i
HIG, %2 Gy ML B T iy X 24 185}
2, VR A 4 AR K UK 1 52 56 4 0T 448 i A A 4 4 i A
FHAZHTH 1 1.5~2.0 £, JF & B4 90K ek a] LA fi
KA CDK BB 1k 5 S504m M 2 24 &5 300 88 1
TS A X ORI G2/M B, I HLRAIK p53 K 41 i
JEAE A A MR, HOman i E & A B1 &4
JAMAE M E MRIAE FAE R GNR #E A4l
WL ARSI HE R B I ARG v BT, AT
L5 SO0 ML P9 3 T R A A PR T A T
40 AN AN ML 1120 GNR X il B 4k () 48 i/ o ]
it 54 B AL AW XN DNA B 1A £, 3



—542—

I AT 2428 2015 4F 6 H 58 24 55 6 1 ] Intervent Radiol 2015, Vol.24, No.6

H i A 1k, GNR ST 36 S WA 2E W 2 AL A o
i&—‘ﬂ}bﬂ:?{o

2 GNRHERREEMN A5
2.1 GNR KA T IR YT e o L)

GNR Bk G PITBCIT 19 189 G DR B ) 2580 2 2 H i i
JEIRTT W FT 405, . GNR A PO 7T L S5t 4 v
JHCTT 97 8, 4 e e R R T AR

B IR T TR B 2 R AT RE i R i A 1 R
S5 X R A X R R T I8 B A0 R AT M
L B it e % OB SR B 0 . SR, E SEBR IR YT
FErh  AAAE— S [n) 8, — 7 I ER TR 4 e A%
AT 1) 0 A R TR N — B, AR M A 30 i g 4 4L
SRR A A A X AT 5 O — T T TR A Aok AR okt
6T S VT A 32 AR M | R VA A A L 5B
o, WANTT BEIS BN 52 G T . 594 R
SN A A L By € R Gy A Al i WA = R
EAR N A RN B S A RE AR AN EOE 7% I AR RBUE- S
A, XoF ] B I &5 40 B s RS B 4% . GNR B N L
TR TT b JeE AL ) 2 T 2 R S I P A 2R A A i
o kb P, BRI K GNR B [ iy 32 1) b 96 200 J B2 3% 1
—J7 Wi 1T GNR WO R po s e/ 1, 42 iy
MR YT RO s o — O T, g i T A% R R RE
Je 7= A RN, B 1 R ) P 7= A R (R AR
AT 2 B b2 20 A, LA A 380 6k i Jge 40 i 1 e K R
ifE R S T R I f KRR B b R 7 OF 5 4
UM
2.2 GNR ¥KA WUT IR T Mg i BiF 53 F e

Roeske 2 1f1 Cho 25 W 5% & L 411K 68 = 10
S £ G B 5 IR B R R DL A e R AR
) 388 8 20 SR | MTT A/ BERIE BRI T 4 4 K SO IBE A
HC S 1 A 3R A0 IS RS T R ) v R R AT RS A
A & FEHT 5, Vilchis-Juarez 55 PO 4 94 K ok 55 4
Yy Z Bk ¢ [RGDK (C) 13 i 43 8 IF F il 8 v % &
177 Lu FRic X6 71N BRAY it 26 Jig T 9 A5 76 00 i) 4 il S5
1GI7 ,UEM "Lu-AuNP-c[RGDIK (C) TG 77 21 7] LA 1]
94 i R A 20 A S W ) (67 Gy) , 4 ik
Jed NI 1 A R 2R B 2R K R T 1 3638, I 3 A 2%
Ji 9 R L Xie ZBUH] Cu-DOTA (MU Z R E A W)
FRiC A GNR SR 37 4 Bl A 0T 8 1) 1 36 97 /0N B
{14 Sk 2003505 6 DR 200 e 98 BRS04, PETY/CT R
7N IR 2% GNR R 22 MGk 20 h, BRGR
I LR X6 XoF AL b e P e i A K TR SR
5, Chen % 2F) FRE Pk 40 K 186 & 45 & VEGF

PUREY BTAZE R FHIE P S 5 = 1] R 36 97 /N B
JFF I Jf 983, 2 3090 K —F AT L o ke S e 24 5] 1
BE DT i 15 A 280 A I R o g A R B
#l, Buckway %R A GNR A& Y Fricd i HPMA
(FP 5 P A Tt e ) SR 5 06 7 /D U 910 e b e | 485
P GNR 5 ©Y-HPMA = 2 54 7 fifysd 24 400 H
HEAT B 1] P ST I A SR B R 1w #AGGA (43£1)°C, i
AN I IR IR L g A A I o
ARILRG AT GNR BEA BT X i 2 8 )
PEIRIT R BLHI S LS 0 238 GNR ML #UA
JY RO SR . B N AN BESE R B GNR B A
PO A S — B 2497 1 X8 e ) 388 i) 4 3 7 L
13 BT 20Uk B BERY HHE BRI IIGIR 2 AR,
AT — S [ S50k K R AT 2 A R R TR A OK
WAL A 42 4 o GNR AN —Fh TC AL K 4 L 72
A PR 2050 X 2 i ) ) R0 X6 S R i DR N2 FH T 5 2 —
NERAPRER . 99K BBHE R BT 38 2554
FaE M BEE O3 AR IR BT T S R G Y . (HAH
15 BB KB AR B SC Z 2B A BB & FUR R
GNR B N IT 78 b Jed 36 7 S0 dal 2 Jhc 42 W i o 2
HIVERT, A B8 R A% O B A R 36 7 I e o R

—FIRAE,

(& % x #]

[1] Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2008 []J]. CA
Cancer J Clin, 2008, 58: 71-96.

[2] Goldsmith SJ. Radioimmunotherapy of lymphoma: Bexxar and
Zevalin[]J]. Semin Nucl Med, 2010, 40: 122-135.

[3] Yang DP, Cui DX. Advances and prospects of gold nanorods[J].
Chem Asian J, 2008, 3: 2010-2022.

[4] Hainfeld JF, Slatkin DN, Smilowitz HM. The use of gold nanopar-
ticles to enhance radiotherapy in mice[J]. Phys Med Biol, 2004,
49: N309-N315.

[5] Mackey MA, Ali MR, Austin LA, et al. The most effective Gold
nanorod size for plasmonic photothermal therapy: theory and in
vitro experiments[J ]. J Phys Chem B, 2014, 118: 1319-1326.

[6] Xu WC, Luo T, Li P, et al. RGD-conjugated Gold nanorods
induce radiosensitization in melanoma cancer cells by downregu-
lating alpha (v)beta (3) expression [J]. Int J Nanomedicine,
2012, 7: 915-924.

[7] Hormozi-Nezhad MR, Robatjazi H, Jalali-Heravi M. Thorough
tuning of the aspect ratio of Gold nanorods using response
surface methodology[J]. Anal Chim Acta, 2013, 779: 14-21.

[81 #1 ‘&, w0 MG, & ouk, S fAE G MU RO A Ak B
MR ], R RS2 BB, 2010, 36: 611-
614.

[9] Xiao Y, Hong H, Matson VZ, et al. Gold nanorods conjugated



I AT A28 2015 4F 6 H 58 24 55 6 11 ] Intervent Radiol 2015, Vol.24, No.6

— 543 —

[12

[}

[13

[

[14]

[21

[

with doxorubicin and ¢RGD for combined anticancer drug delivery
and PET imaging[J]. Theranostics, 2012, 2: 757-768.
Book-Newell B, Wang Y, Irudayaraj J. Multifunctional Gold
nanorod theragnostics probed by multi-photon imaging[J]. Eur J
Med Chem, 2012, 48: 330-337.

Hotchkiss JW, Lowe AB, Boyes SG. Surface modification of gold
nanorods with polymers synthesized by reversible addition-frag-
mentation chain transfer polymerization[J]. Chem Mater, 2007,
19: 6-13.

Slowing II, Escoto JL, Wu CW, et al. Mesoporous silica nanopar-
tieles as controlled release drug delivery and gene transfection
carriers[ ] ]. Adv Drug Deliv Rev, 2008, 60: 1278-1288.

Fayazfar H, Afshar A, Dolati M, et al. DNA impedance biosensor
for detection of cancer, TP53 gene mutation, based on gold
nanoparticles/aligned carbon nanotubes modified electrode[J].
Anal Chim Acta, 2014, 836: 34-44.

wooat, B, A S R IR 4 4K HEEE 1 R
i BRI T 00 B AR HCIR BL O BIE 5T [T . Th AR 2 2
2013, 47: 654-658.

At ok, BT, AFL RO G g KR 1 D AN g A2
T HREH R BTTE [T ], A A2 2R, 2013, 22 312-316.
Wang C, Bao C, Liang S, et al. RGD-conjugated silica-coated
gold nanorods on the surface of carbon nanotubes for targeted
photoacoustic imaging of gastric cancerr[]J]. Nanoscale Res Lett,
2014, 9: 264.

Chen JY, Glaus C, Laforest R, et al. Gold nanocages as photother-
mal transducers for cancer treatment[]J]. Small, 2010, 6: 811-817.
Dickerson EB, Dreaden EC, Huang X, et al. Gold nanorod
assisted near-infrared plasmonic photothermal therapy (PPTT) of
squamous cell carcinoma in mice[]J]. Cancer Lett, 2008, 269: 57-
66.

Dreaden EC, Alkilany AM, Huang XA, et al. The golden age:
Gold nanoparticles for biomedicine[J]. Chem Soc Rev, 2012, 41:
2740-2779.

Pitsillides CM, Joe EK, Wei XB, et al. Selective cell targeting
with light-absorbing microparticles and nanoparticles[J]. Biophys
J, 2003, 84: 4023-4032.

El-Sayed IH, Huang X, El-Sayed MA. Selective laser photo-
thermal therapy of epithelial carcinoma using anti-EGFR antibody
conjugated gold nanoparticles[J]. Cancer Lett, 2006, 239: 129-
135.

EEFR, BOR, A M, B SRR (B kTR B g ok
S AR I 1) A B RS TR S (1], JEHLA RE 3R, 2009,
24 340-344.

(23]

[24

[

[25]

Shinkai M, Yanase M, Suzuki M, et al. Intracellular hyperthermia
for cancer using magnetic cationic liposomes [J]. ] Mag Mag Mater,
1999, 194: 176-184.

Zhang XD, Wu D, Shen X, et al. Size-dependent radiosensitiz-
ation of PEG-coated Gold nanoparticles for cancer radiation
therapy[J]. Biomaterials, 2012, 33: 6408-6419.

Roa W, Zhang X, Guo L, et al. Gold nanoparticle sensitize
radiotherapy of prostate cancer cells by regulation of the cell cycle

[J]. Nanotechnology, 2009, 20: 375101.

[26] Pan Y, Leifert A, Ruau D, et al. Gold nanoparticles of diameter

1.4 nm trigger necrosis by oxidative stress and mitochondrial

damage[J ]. Small, 2009, 5: 2067-2076.

[27] Kang B, Mackey MA, El-Sayed MA. Nuclear targeting of gold

(28]

—
(9%
(=)

[t}

[32]

[33]

[34]

nanoparticles in cancer cells induces DNA damage, causing
cytokinesis arrest and apoptosis[J]. J Am Chem Soc, 2010, 132:
1517-1519.
Roeske JC, Nunez L, Hoggarth M, et al. Characterization of the
theorectical radiation dose enhancement from nanoparticles[]J ].
Technol Cancer Res Treat, 2007, 6: 395-401.
Cho SH, Jones BL, Krishnan S. The dosimetric feasibility of Gold
nanoparticle-aided radiation therapy (GNRT) via brachytherapy
using low-energy gamma-/x-ray sources[J]. Phys Med Biol, 2009,
54: 4889-4905.
Vilchis-Juarez A, Ferro-Flores G, Santos-Cuevas C, et al. Mole-
cular targeting radiotherapy with cyclo-RGDFK (C) peptides
conjugated to 177 Lu-labeled gold nanoparticles in tumor-hearing
mice[J]. ] Biomed Nanotechnol, 2014, 10: 393-404.
Xie H, Diagaradjane P, Deorukhkar AA, et al. Integrin avp3-
targeted gold nanoshells augment tumor vasculature -specific
imaging and therapy[J]. Int J Nanomedicine, 2011, 6: 259-269.
Chen J, Wu H, Han D, et al. Using anti- VEGF McAb and
magnetic nanoparticles as double-targeting vector for the radio-
immunotherapy of liver cancer [J]. Cancer Lett, 2006, 231:
169-175.
Buckway B, Frazier N, Gormley AJ, et al. Gold nanorod - mediated
hyperthermia enhances the efficacy of HPMA copolymer-Y-90
conjugates in treatment of prostate tumors[J]. Nucl Med Biol,
2014, 41: 282-289.
Jang B, Park S, Kang SH, et al. Gold nanorods for target selective
SPECT/CT imagingand photothermal therapy in vivo[J]. Quant
Imaging Med Surg, 2012, 2: 1-11.

(ki H 9 :2014-09-24)

(ARG - AT 38 40 )



