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One-pot preparation of dendrimer—gold nanohybrids with controlled

photothermal property and their application to cancer therapy
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In this study, we attempted to develop dendrimer-gold nanorod hybrids with controlled
size and photothermal property. The hybrids with small size and high photothermal
property were prepared by formation of gold nanorod in the presence of polyethyelen
glycol-modified polyamidoamine dendrimers with disulfide bond at the core. Cancer
cells taking up the hybrids were killed effectively under near infrared light irradiation
and hence these hybrids might be potentially useful as a nanodevice for photothermal

therapy for cancer.

AR AERE
(AL 1)
[ERES ST LifESESe o Ft
AT ERR 2,800, 000 840, 000 3, 640, 000
W B« A

BFE O F - B 0 NFIE TS - AR
EoWRE A SN =)

¥—U—FR:F M F TR =—,

1. AFZEBIAE S D =

FEEEIRRRIL, EIREHIC X > TREVYARI 7%
FEIND Z L TR E A RIS L
THBETHIEBIETH Y, ISk 5 I E
RIFREELCTHATH D, ZOIRRIEDHNL
W2, QAEBRASOIRBEMED @O ARIMNEIZ &
Db & mEh R BRI, @ERN TR
EIWIRERTE BT A4 X ORI ESE
WZhR L S HEFET A REREME. A Al 2 72,
EPEREERBVAR DB N VLE TH D, FIEE
FEOTLOORBMKE LTS /vy R2
KM CHD, &1/ 1y Rk, FimiEEs o
HEFETTEERGNIEESES 2L THE
b5, EH 10 % nm, £££ 100nm BE O
oy NIR&TF R+ Th BN, TRV A

X (B2 nm A— X —DRIBRITNEILTDHZ
&) SONEVRRE A FELE X < BEICHIET
HZENRETHY ., E-AEKRNTHWD -
O, FEiEtAlogE, R zFr o
Jya—y (PEG) &izksaEmuwEit, 72
EDOXLRHEMMIGRMLETHDLRE, £
< ORESERH 5,

2. WHEOHEM

AW TIE. O TR BB ICHE T,
QOFEMRNEZENZ R, O&FH & XKET D
CANT 4 RaT kb o, KR (P A X)
OBEMET > R ~—%, &F /vy RO
FRRBIZBWTKIGIEAZ T, &F kL
TORFHREZHE L, BAENR A XL
SR L D@ ROBBEE 2H9 D,



=T RIw—F I NAT Yy RET v

Ny N CTERT 2 FEORFEERR-, 2.

TRV~ ——&F ) ATV v ROFE
RV FEA~ DI O RIREMEIZ DWW THET LT,
3. WFED ik

AWFFE T, &2 R~ 4 o2 LT
4 R xEarficad oK) =F Lo

Va— U EMRY) 7IRTIVT R~

—EARLT, Ihva, &/ ay RkEiE
BRIZBWTHA DX A IV TRINSED

Z LT, AREAET R ——&F
A7 Yy REER L, 72 R <—fAfX
R OET /vy RADORIGEDHA I T

EERTDNA TV FRIFOY A X, ek
IR, BEVREE L g 7Y v BRI OFHES
BIRAHOMNITHZ LT, N7 Y v R
DL OREFRIHF I A S L, IR
MR TR < AT D AEREAIET A 7

Uy ROERERAT-, £, Gz A
7V R R O NEIGE~ DI O

AIREME A2 M Etd A 721, FEH K HeLa #lfa
ZHRAWT, Mfg~D/Ng TV KF RO
BUAZ & G RGN X B UL A 5~

TP, E2M~E 4D A X I U E
aTEETBIANT 4 RaT R T IR
TIVTU RIS —OKRET I/ HEICRY
TF LY a—)E ) AFL—T )%
UL X UREA TS SETEREAMET v
KUY ~—%ER LT,

WIZ, BRLESALNT 4 Ra TR =F
L) a— g7 R ~v—L& Lo
NAT Yy REERLEZ, BFo&)F / ay
N OVERCII R EIE A OGFE T, Hibam
BT AaNEUERTET LT, REFIICERE
SHEDL, ZOBRBICBWTEEA R XA I T
TYANLT 4 RaTiREREET R~
—EMZESE L2 ET, A XOHfE %
179, ZZTlX, &F /oy FOREBRRET
TR == EE L CREZIEIT S 2
LIZE T, UM A AT ) vy REE

HLlo "7V y FRFOHA X LIERRIT,

B EEL- OB R - BEA SR, TR 1T ) BE
s 2 AN TRl T, E 72 eI R
AN AT RN 3 ST RE R 2 D TR~ T2,
EHIAA T v FRIAONFEEEENL, I
IR L —H— (804nm) Z FHVT, F /A
7w RAKBED L—Y —HBEIC L 55
BAETH~D 2 & TRl L 7=,

S5, EEEAHET N T v RORt
BIRE~OHEMHE B L, /47U v K
& Hela e & OFEAAERIZ DWW TRET L7,
HeLa #fiZF /"4 7V » REMATA >~
Fa_N— kL, #fRICBEOAE R, FLT,
F ATV v RERY A ATZIEIZ TR
IS BRETT 5 2 L CHEREMT L D
G R R~ T2,

4. WFFERkE

CANT 4 RaTE ORI T IRT IV
(62~G4) T KU ~—DRu7 2/ Fiow
VxoFL o )a—)Lx /) AF )L —F)b
(PEG, Z3¥i 2000) % v L& UG TS
SHTPEGERGT v R ~—&2 Ak L=, &
F sy FOERI Tt 21280 T, ka7
BAI T T AT 4 K37 PEG E/iET
VR =—EMAKIGE®D LT, AKX
DRI PEG BT > R ~——4&F /1 v
KA 70y RaeERLE (K1),

LIS Omin 6min 15min 21 min ]

oo — 11 1y =

AgNO, 7| — UV-vis spectrum
Ascirbic acid 30 min

NaBH,- 0.3 M NaOH Gold nanorod - PEG dendrimer conjugates

1. FUORYR——F /N4 T )y FOER
AEx—L,

ATy BRI OFERI 2 R~ (X
2), TV RU~—%GHOBERE BN THE
LT F 2 ATy IR T WA K
ENEREICY 7 M LR, FORETDLT
WTHDHZENDND,

o8 =—without ~#-PEG-G2
i dendrimer T80 | --PEG-G3
i H

8

" = -=-PEG-G4
H —PeG.G3omin 810

£
2 ]
<04 5790
===PEG-G3 15 min x
02 %

400 500 600 700 800 900 1000
Wavelength (nm)

0 5 10 15 20 25 30 35
Timing of dendrimer addition (min)

X 2. BRDEAAZIVITTURYT—%FHML
THERLEF /ATy FKORRY FILIRIRA
R kb,

o, TR Ve——8&F AT Y v RO
FEHE 2 1 M B - BRI EE TR~ 7=, T KU
< —% M TITHER L7/ v > NiE, 24mm
BEORXSThol=n, T R ~—%JF
HMOBE N OIMA TER LT 2 A4 7
v KT, /2y RiZ 18-20nm F2E CTH -
7o TOZ LXK, TR ~—DEAIZL
ST, BT D4 2 kiOV A X et
TEHZ LEZRLTVND,

S BT, JRR BRI EE R K OER L &
HWTHI N7 )y ROBELEY A X%
7= (X 3), PEG Effi G2 7> KU ~—¢&
&F 7 ay Kongd 70w Rik, kifg 26nm 2
Eooy IR+ Thotz, T KU ~=—0n
INEWTEH, T ay ROBRBKEIT
WaHoEEbnb, PEGIEAMGI T R~
— Ll ONAT Uy Rid, RIfRA 31nm 2
EOEROIFREEZ b2 b D, LYK
ERTFURY~—0F 0y NEREED



72, ERIROIREIC /T bDEEZBNRD,
—J7.PEGIERR G4 T > R ~—ZHWi=F/
AT YUy RTIE. # 80nm FEE DR EREH
L. 7 Uy RBREEL TWAHIEREZ R L
oo T R =—DH A ANEHITKEWT
W, &F /oy FREIZHDICHEAETE TR
EMEPNME- T b D EEZBND, ZHHD
FERIND, WERSYTIAXEETDH G T
Y RYU~—%ZHW5Z LT, PEG EffiT K
V~—lt+mEbnEEN SIS
INAT Yy RMERITELZ Enbho
7~

PEG 7> KU ~—IZ X > THRMIZEEI S
nN- 63 FrRU~—F 47U v R&H
WL AR RS D R S R oW TR
Bl 2oL T Y vy RBLOKREST /
2 N4 HeLa MBS Z TA ¥ 2_X— |k
T5 2 & THIIRICE D A EH 7=, KEfT
oy REAUFa—FL7zML, EFER
NELLIKR T LR, PEG T U ~— A
TV R rFaX—FLI-/RITITE
A EIRT Lo Tz, 4SO PEG $51C
L oTH /ey FOREmPHERANE DN

ey

/

T

24.3%9.0nm
1 31.2%+13.4nm

“
3
l .

77.7£29.7nm

f(Wh)(%)

: H
0

X 3. PEGIEthT Y KUR——&F /N4 Ty K
D AFM E& & BIROSRRELIC & B IR ET1E, A, D, H :
2TV RYy—nA4TYy K, BEITI:GBFF
JI—nNA4TYy K, CFJ:64 TRYT—n
147Uy kK,

TWAHZLICEDbDEEZLND, EBIT,
ATy BRI %2 BDIAATS HelLa ffRIZ
%L C808nm D L—H—HEME LizL = A,
PRI RSB OABRE 72T 23 WA RAE STz,
AREPNIZ I T, EARAMSEIRIIZ L » Tong
7 Uy PR FEEA L, MlRZEE L0
EEZBND,

AWFFEIZIBN T, fEZRFIRIC L > TN
A X TR IEIREHZ L DR E 2 H
THENAT Y v RF R 2T 52
LR LT, ZONA T Yy RiFaERs RS
(2 & o T < MR GIEE A R LTz, 2 OFk

RN R BN E 2 B & PEG BT R ~—
—&F /ATy RIZHEBIEIRE D=9
DB TR 2L LTUSAREE S
2o
5. F/pREimLE
(WFFEAREE . WFTC 03 M O HERTF I3 12
I AR

UEsEams) (B efh)

@D C. Kojima, H. Kawabata, A. Harada, H.
Horinaka, K. Kono, Design of a novel drug
carrier with photo—responsive properties:
drug—encapsulated and
alkanethiol-modified gold
nanoparticle—loaded PEGylated dendrimer,
Chem. Lett., #F#if, in press

@ X. Li, Y. Haba, K. Ochi, E. Yuba, A.
Harada, K. Kono, PAMAM dendrimers with
oxyethylene wunit—enriched
biocompatible temperature—sensitive
dendrimers, Bioconjugate Chemistry, &gt
A, Vol. 24, 2013, pp. 282-290

@ S. Iwashita, Y. Hiramatsu, T. Otani, C.
Amano, M. Hirai, H. Minematsu, H. Kitagawa,
K. Oie, E. Yuba, K. Kono, M. Miyamoto, K.
Igarashi, Assemblies of polyamidoamine
dendron—bearing lipids with wvarious
generations: their morphologies and
abilities of gene transfection, J.
Biomaterials Applications, #@ef, Vol.
27, 2012, pp. 445-456

surface as

@ K. Kono, Dendrimer—based
bionanomaterials produced by surface
modification, assembly, and  hybrid

formation, Polymer Journal, Z&FiA. Vol.
44, 2012, pp. 531-540

® K. Kono, R. Tkeda, K. Tsukamoto, E. Yuba,
C. Kojima, A. Harada, Polyamidoamine
dendron—bearing lipids as a non-viral
vector: influence of dendron generation,
Bioconjugate Chemistry, #&HifA. Vol. 23,

2012, pp. 871-879

® E. Yuba, Y. Nakajima, K. Tsukamoto, S.
Iwashita, C. Kojima, A. Harada, K. Kono,
Effect of unsaturated alkyl chains on
transfection activity of
poly (amidoamine) dendron—bearing lipids,
J. Control. Release, % &if . Vol. 160,
2012, pp. 552-560

(FaxR) Gt
(D K. Kono, K. Takeda, X. Li, E. Yuba and

A. Harada, Dually Functionalized
Dendrimers by Temperature-Sensitive
Surface Modification and Gold

Nanoparticles Loading for Photothermal
Therapy, 2nd International Conference on



Biomaterials Science in Tsukuba, 2013 4
3A21H, oKX

@ X. Li, E. Yuba, A. Harada, K. Kono,
Preparation of poly (ethylene
glycol)-modified PAMAM dendrimers—gold
nanorod conjugates and their photothermal
properties, 9th  SPSJ  International
Polymer Conference, 2012412 A 14 H. f#H

=

® B ER, F/IA, REEE, BiGEE,
JR B, BT, PAMAM 72 R ~—¢&
& /vy ReEDNAT Y v RERM, % 61
Bl FEFRRE, 2012429 H 11 H,
Ea =

@ (B E], Z/0A, SR, RHEE,
SiGE], JFRESSE, TR ~v—Lt4&)
JRLF DA L B HBIRE D 7= OB
REPET /A 7 U v ROREEL. 2012 42 9 A
11 H, 4B

® X. Li, K. Takeda, E. Yuba, A. Harada,
K. Kono, Biocompatible
temperature—sensitive dendrimers
encapsulating gold nanoparticles for
photothermal therapy, TUPAC 8th
International Conference on  Novel
Materials and Synthesis. 201246 H 26 H .
America

® Kenji  Kono, Stimuli-sensitive
liposomes for drug delivery, CIMTEC2012,
201246 H 14 H. Italy

@ /A, RHEEE, S5, JREZ0E,
WS, AV T=F L7 a— L Eff
PAMAM 7> Fa v —&F /vy Raryda
7— ~ OFERLESEBVRRE. B 61 [BlES 17
DIERKRZ, 2012455 A 30 H, ik

K. Kono, K. Takeda, E. Yuba, A. Harada
Preparation of Stimuli-Responsive
Dendrimer—Gold Nanoparticle Hybdirs for
Biomedical Applications, The 12th Pacific
Polymer Conference, 2011 4 11 H 15 H.
Korea

® K. Kono, Design of Stimuli-sensitive
Dendrimers, Dendrimer—gold Hybrids and
Dendrimer—based Assemblies for Biomedical
Applications, The 7th International
Dendrimer Symposium, 2011 2% 6 H 28 H.
America

O e, FFUSEMET 2 v U7 OB
FE, 560 BlIE TR, 2011 4 5
A 271 H, Kk

O RHEEE, BHEE, FEEZE, e
A, &J /vy Fa7 PEG{Effi PAMAM 7 > K
U~ —OfFR L RF B, 5 60 [BliE4 1
SEAMERKS, 2011465 A 27 B, KK

(XEF) GF14F)
O {MEFHET] (rHHEE) | Jodm A A~ T Y

T, TR T 4 —+ T A(2012). pp. 347-357
(PEZEA PEHE)
(Z Dt

R— BR— U
http://www. chem. osakafu-u. ac. jp/ohka/oh
ka9/index. htm

6. WFIEhER
(D WFFefR RS

THF fdt=] (KONO KENJI)
KBRIFSLREE « KEFBE LA oekt - #d%
WF9EE %5 : 90215187



