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In bone metastasis, the activation of osteoclasts leads to excessive bone
resorption. In this study, we fabricated composite nanoparticles by loading therapeutic agents (bone
resorption inhibitors) onto nanocarbons, promising drug carriers, for the development of a novel
treatment system for bone metastasis. In this process, calcium phosphate, the main inorganic
component of bone, mediated the loading of bone resorption inhibitors on nanocarbons. The resulting
composite nanoparticles exhibited strong anti-osteoclast effects as revealed by cell experiments.



¥ X C—19,. F—19—1. Z—19 ({58

1. WFZEBIAE S D =

WHE . BT BIERICEHES T F3EME L . BRI EF ST D E RN T o 2 B < o
TWb, L L, DABREBIZEEET S &, EMiaoiEHbic L 0 BWRINIMEE S, BRH A
{72b, TDH, BIrCHEWVFEAEZAE LD EREFOAIFDE (QOL) BNELILTFT 5, 3K
WFEED 1 DL LT, BEARARR— e EOFWRIINHIFNC X DIREMTOIL T DR, 28
PEERIC X D EERREWERAI L HE SN TEY , VEOELTHRZREST HIRFIEORRBNE
FNTW5D,

e EF DIZ. T/ =R MO THIEI—RF /FR—2 (CNH) OEHF|x¥ VT
ELTORMMEIZER LTERZ[L, 2], ONHIZ, B 100 nm FREE D ERIRMEE 24 L, RrlCBiK M
W DOWAEREINEND, Fio, MIAERSCEER D, WK EETH D Z & mEia
D—FETHH~7 77—V RAENRCT NI ERERHREIN TN D, EHIZIE. BB
RENREZAT L & bE N3], BEURE COICHIHRF STV,

ZOEHIT ONH FEEAIF v VT L LTELMFRINTEY,, EfMiaicx LTH A MRZER
XX V7 ER0ELEEXLNT, £ I THRMREE GIL, CONHICE AR ARR— M2 (1
Fp) LA 2 ki-03, D EOEFOME T LS MARmE 2 BETE 5 L5 %, I
EHEFTDHI L LERoT,

2. WO HB

AL TIE, BB W TR EMREOEE AR TS, BOFREZRET I LOTE RS
P EEISIE S AT AOAIENZ AT T, CNHIZE AR AR R — N HE LA T k1% /R
L. & OMEMIEEI R 2 MEERIC IV EETAZ L2 BN E L,

3. WD L o en

(1) %Eé}‘)‘/*ﬁ%@ﬁf@ ’fI\JFD/M(IBN)

ONH |Z FRALALER 2 G L, Ak~ 005y s FTHE Ho || _ow

f2{k CNH (0xCNH) & L7=[4], B AR AR R — POH

FELT, /50 Fa o (1), YL kry PPN

fie (Z0L), 73X Fu U (PAM) ZREH L7 (K N Ho/'\o

1), OxCNH 725N E AR AR R — N%, CaP |

WEIFNAIR (DT b A0V VA A e e e

Lt CIC E O HERR) FERA L. RS E L }bwu%fm) /u¢a@§mw

(Ca: 3.7-6.6 mM, P: 1.8-3.3 mM, OxCNH: 50 HO_ || OH HO_ || OH

pg/mL, IBN/ZOL/PAM: 0.074 mM), Z DRt = P OH P OH

& 25CC 30 i L, pmam e | MNon kPon . kon

- [ L CRRHE ST, 2288, BUSIROF o Ho o

ORRTIE, FEFAREZ T T D B A5

WD RHZFEE LT, X 1: AWFZECHA L7 EARARFE— hD
=

(2) Bt - KRN

(D) THRLNTREI O - Mk ZE, EEE M (SEM) #B143, HiRE FIEMEE (TEM) #l
2. TRV B X Bk, ®EERERE S 7T AR HTiE, miERR 7 v < K
JZ 7 Sl LR,

(3) v zx~r 17— (RAW264. 7 fifR) (23 AEET 7 kit O

il i AR O BITBRAAL T d> 2 RAW264. 7 AR HEIA T/ b1 2 AN L, 24 REFIZ (SRR AR A7 285
fli (cell counting kit-8 Z{HHH). HMAEBGAERIE CGHAIPNIZELY A F 4172 OxCNH & #R4h AT 1R
SHIEIC XV ER) #1iTo7-, F72. #IAND Y ¥V V) — A% Yt (LysoTracker Z#fif) L7z k
T, BB 21T o T2, 7B, D726 OxCNH HifA7ZR 5 ONZ B A AR 2 A% — M HR (IBN,
Z0L, PAM) OFHMi &7 -7,

(4) Wik 285 T/ i ORI

WE R ~D M 2 3582 % X7 T B receptor activator of nuclear factor kappa
B ligand (RANKL) % /i1 7=55HhAC RAW264. 7 M2 8548 L, 4 BRI M E S, Z Ok
BHRIZES T 22N L, 24, 48 FEfIZR ISR AFEGEAN (alamarBlue ZfEH) %17
77

T, EAET R 1% RAW264. 7 Hife & A7 W 7REE T, RANKL (2 & 0 e E Ml ~D b %
FE 7o, B 4 BRICIBEIRO~—h —Tbh DI AIKIIERIE R A 7 7 7 —B ThE L,
1 7= VNOREFMlatz 1wy 95 2 & COobIREEORME 1T - 72,



4. WFIERE
(1) CNHIZE AR AR — &2l L-EA8T 2 ki o /ERL5, 6]

F 97, 0xCNH & IBN Z /K CTIRA LT3, ST 72 BRKEE 2 5 7= 720 IBN 1. Bk D & v 0xCNH
I E A EWEET, BEEEA LT siIxTE oz, £2C, IBN EEFMEOEWY
fe v (CaP) (2 H L. CaP Zff/ LT IBN & OxCNH E A SHDHZ L2 E 2T,

CaP W EAFIVRIK & OxCNH, IBN ZiE&
L. IS E LTz, ORISR 5
OB OIS - FHARAFATIZ LD |
OxCNH, IBN, CaP @ 3 pyH bk A
&F 7 kit (0xCNH-IBN-CaP) 7345 541
PR/ 3 oY I = A 5¥ gW ek - R AN N
OxCNH OZFE@EIZ, IBN Z&dr CaP D)
D RiFINEEATE LT E & > T - :
7= (X 2), OxCNH OFE@EIZITH /LA x | K 2 : OxCNH-IBN-CaP @ SEM 1% (#£). TEM# (1),
VIV POEGRBEREENEAIN | RFEC EINTT L Ca DILHESMA ()
TBh4l. Enaiss LTIBN 25
FeCaP NEL, AT/ hiFE2IERLIZEEZ NS,

F7z. IBN Ofb Iz 70L ° PAM Z W85 ThH, [FERIZ 3 bl b EE T/ it
(0xCNH-ZOL-CaP, OxCNH-PAM-CaP) 2 5Hi7-.

w1 200nm | 50 nm

(2) RAW264. 7 MIfRIZ RT3 AT/ i1 O[5, 6]

3FEIEDOE S T / Ri+ (0xCNH-IBN-CaP, OxCNH-ZOL-CaP. OxCNH-PAM-CaP) % RAW264. 7 ffifalZ
WINL ., MRS E 2 5l L=, Z ORISR, AT R OR BRI EFRNBD L, £
DOHFNL 0xCNH R AR AR R — M ZBAR TR LZ5A L e_ T 7o 72, BEMEEEIZED
FERHIRPNICE Y IAENTZEE T JRFIT) VY —APIZERB L TV, il EaE S Y
V) — ANEBILTIB ISR T2 TR Y Z 2 TY VIV T ADMRA IR L, B AR AR R
— MEEH, LA IS EZ LB oNT,

TR T B St T O AR A SR M 20 1. OXxCNH-PAM—CaP = 0xCNH-Z0L—CaP > 0xCNH-1BN-CaP
DIETH -7z, EARARR— NEAROMIE AT RIMEIZIF 2, PAM=Z0L>IBN OJETH > 7= =
EMD | NS Sz B AR AR R — F I AGEROMENCE S LI ExbNnT-, £
7=, FA~OBGAEIL. 0xCNH-PAM—CaP > 0xCNH-ZO0L~CaP >0xCNH-IBN-CaP DJIETH v . a7
RIFN R M LT, BET R F08 L < HENICERVIAEND Z & T, MfEpIciit &
NDEARARR— MENREL ol tE2 N, U EXY, HETF VR FICHEBIND E A
RARF— N OFIHOEND, HET R+ OMIRBGARICRE LY 5 2, S BT, MiaEFE
M RICHHBEE 5.2 5 2 LB ST,

(3) WE ik 2 EET /K1 DRI [5, 6]
RAW264. 7 A A 43k S TE - IrE filaz 3 ff

HOBET JRiFE2FM L., MG E 23 L7, 120 % 24B5R8, 45 485 RS
FOFEHR ABE T B DR IR A TR 100 - - %
DD L, ZOBHRILOCONH R EARARF— I & | 2 ] % %
B CIRIN L7 58 & Ol e ote (1 3), | W % %
BLEXY e RfC, SR agsagsk | o) % %
— LA RE R CE 52 LAY | o Nl
ko, = 401 % %

F7-. 3 FHEOBEET ) KFOPTIE, 0xONH- 20 % %
7Z0L—CaP = 0xCNH-IBN-CaP > 0xCNH-PAM—-CaP D JIE C % %
bot, 723, SEOEET ) K+ OMIALEFRD 0-

BEERAMEIL, FRFN O E AR AR R — k& HK
THRMLIZSEA P LTz, T72bb, AT
J R ORI AEFRIHERIT, AR AR K — |k
ZHEROMAAAFRME R OB LR =T
DI ENREBENT, X 3: &)/ ki+ (0xCNH-IBN—CaP) .
F 7=, RAW264. 7 HIAEZ BB A /0 S H 5B | OxCNH BAfA, IBN BERDOIRIN 24, 48 K
\ZEAT ki (OxCNH-ZOL-CaP) Z A7, fE | RO EMIEOAGFER (2 7V E2Em
BRSO MEICEE T /R R 52 5 88I1C> | Liawvway ha—b% 100%E L TR
WTCHRRE LTz, ZORER., AT/ i ORERK
TEHIIZ RAW264. 7 AR D> & 0T DIE AR OZA D U, RS miRE STl L7256,
MIEAIFE A EBIE SN 5Tz, (2) TOMRFHI LY | [FRESMACTO RAW264. 7 MIfEIZXF 95
AR ARG RN R TH o722 D, b % 3 2 RiIC RAW264. 7 HIREAS KIEIZ A L7
LEZ LN, £7-. 0xCNH H & 235 B M ~D 53t 2 30 5 ATRetE 2 R4 2 i R 615 51
776




<5 3CHk>

[1]

[2]

[3]
[4]

(5]

(6]

M. Zhang, M. Yudasaka, “Carbon nanohorns and their high potential in biological
applications” , Carbon Nanoparticles and Nanostructures, eds. N. Yang, X. Jiang,
D.W. Pang, Springer, Cham, 2016, p77-107.

A B, GHR R, [RIEMEBORELZRN LIz —R T 2 R— 3 H% v U
T ORFE] , EMITY, 2017, 95, T15-718.

FHERE, [T a—Rregm|El , A5, 2017, 95, 712-714.

M. Zhang, M. Yudasaka, K. Ajima, J. Miyawaki, S. Iijima, “Light-assisted oxidation
of single-wall carbon nanohorns for abundant creation of oxygenated groups that
enable chemical modifications with proteins to enhance biocompatibility” , ACS
Nano, 2007, 1, 265-272.

M. Nakamura, K. Ueda, Y. Yamamoto, K. Aoki, M. Zhang, N. Saito, M. Yudasaka,
“Tbandronate—loaded carbon nanohorns fabricated using calcium phosphates as
mediators and their effects on macrophages and osteoclasts” , ACS Appl. Mater.
Interfaces, 2021, 13, 3701-3712.

M. Nakamura, K. Ueda, Y. Yamamoto, K. Aoki, M. Zhang, N. Saito, M. Yudasaka,
“Bisphosphonate type—dependent cell viability suppressive effects of carbon
nanohorn-calcium phosphate-bisphosphonate nanocomposites” , Biomater. Sci., 2022,
10, 6037-6048.



3 2 0 0

Maki Nakamura, Katsuya Ueda, Yumiko Yamamoto, Kaoru Aoki, Minfang Zhang, Naoto Saito, Masako 10
Yudasaka
Bisphosphonate type-dependent cell viability suppressive effects of carbon nanohorn-calcium 2022
phosphate-bisphosphonate nanocomposites
Biomaterials Science 6037 6048
DOl
10.1039/d2bm00822j
39
2021
268-269
DOl
Maki Nakamura, Katsuya Ueda, Yumiko Yamamoto, Kaoru Aoki, Minfang Zhang, Naoto Saito, Masako 13
Yudasaka
Ibandronate-Loaded Carbon Nanohorns Fabricated Using Calcium Phosphates as Mediators and Their 2021
Effects on Macrophages and Osteoclasts
ACS Applied Materials & Interfaces 3701 3712

Dol
10.1021/acsami -0c20923

45

2023




36

2023
35

2022
2022

2022

Fabrication of bisphosphonate-loaded carbon nanohorns and their in vitro evaluation

62

2022




2022

2022

Fabrication of Nanocomposites Containing Bisphosphonates and Their Effects on Macrophages and Osteoclasts

The 43rd Annual Meeting of the Japanese Society for Biomaterials and the 8th Asian Biomaterials Congress

2021

Carbon nanohorn-Bisphosphonate

36

2021

34

2021




2022-500417

2022

https://ww.aist.go.jp/aist_j/press_release/pr2021/pr20210107/pr20210107.html

(Yudasaka Masako)

(Saito Naoto)




