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Fig. 1 Structures of carboxylic acid-modified PAMAM dendrimer. Asp: L-Aspartic acid; Glu:

L-Glutamic acid; Suc: Succinic acid; Aco: Aconitic acid.
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/PAMAM (X Asp EffifAK Y Glu fEAfifAT 32 mol/mol, Suc {EffifAT 23 mol/mol 75 30
mol/mol, Aco Effif&A T 49 mol/mol 7>% 64 mol/mol %7~ L7-, PEG {Effi%z fii L TV 72\ 4%
FEA VAR ERERT R ~— DR 36 nm 75 86nm %k L7-, —J T PEG &ffi
P U= VAR VEBRERTT v R ~— Ok 1% 8nm 25 18 nm &R OB N
BIREINTAZEALEDINVR UBERT > R ~—OREEMIL -10mV 225 -5mV &
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Table 1 Physicochemical characteristics of carboxylic acid-modified PAMAMSs

Particle
Dendrimers EEE:) erof :::«:l:;;;f diameter Z'p((::::)ﬁal
(mol/mol) groups® (nm)

PAMAM - - 3.6010.03 +19.8t1.9

Asp-PAMAM - 32 38.38+7.19 -5.9710.53
PEG(2)-Asp-PAMAM 1.95 32 9.53£0.58 -6.4410.54
PEG(5)-Asp-PAMAM 4.26 32 12.64£2.10 -5.86 £1.57
PEG(8)-Asp-PAMAM 7.93 32 18.49£2.83 -5.78 £ 0.44
Glu-PAMAM - 32 35.521+4.09 -5.981+1.49
PEG(2)-Glu-PAMAM 1.89 32 11.03£2.24 -4.66 £ 0.61
PEG(5)-Glu-PAMAM 491 32 12.34£1.35 -7.38£1.05
PEG(8)-Glu-PAMAM 7.44 32 15.06 £1.33 -4.91x0.16
Suc-PAMAM - 32 85.75+19.83 -14.33+1.79
PEG(2)-Suc-PAMAM 1.85 30.15 4.28%0.38 -9.7410.25
PEG(5)-Suc-PAMAM 4.35 27.65 6.71£0.76 -9.78+t1.43
PEG(8)-Suc-PAMAM 8.56 23.44 6.93£0.75 -10.08£1.60
Aco-PAMAM - 64 40.60+3.30 -15.431+2.42
PEG(2)-Aco-PAMAM 1.37 61.26 6.55+1.37 -10.45*£1.72
PEG(5)-Aco-PAMAM 441 55.18 8.62£0.46 -10.66+1.51
PEG(8)-Aco-PAMAM 7.31 49.38 11.2*£1.68 -10.34£1.20

2 The number of modified PEG was determined using a PEGylated protein ELISA kit that assessed the
PEG chain compositions.

® For PEG-Suc-PAMAM and PEG-Aco-PAMAM, the average number of modified carboxylic groups
was estimated by measuring the number of PEG modification.

(Yamashita et al., J. Control. Release, 2017, 262, 10-17, Table 1)
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Fig. 2 Affinity of FITC-labeled carboxylic acid-modified PAMAMs to hydroxyapatite. The binding
ratios of carboxylic acid-modified PAMAMSs to hydroxyapatite were determined by measuring the
fluorescence intensities of the supernatants. The results are expressed as means + S.D. of three
samples. Binding ratio (%) = 100 — ([fluorescence intensity of the supernatant of each sample] /
[fluorescence intensity of the supernatant of each control (without hydroxyapatite)]) % 100.
(Yamashita et al., J. Control. Release, 2017, 262, 10-17, Fig. 1)
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Fig. 3 Chelate binding of carboxylic acid-modified PAMAMSs to Ca**. The binding ratios of carboxylic
acid-modified PAMAMs to Ca*" were determined by measuring the unbound Ca®" concentrations in

the solution. The results are expressed as means + S.D. of three samples. Binding ratio (%) = 100 —
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([unbound Ca*" concentration of each sample] / [total Ca?* concentration of each control]) x 100.
(Yamashita et al., J. Control. Release, 2017, 262, 10-17, Fig. 2)
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Fig. 4 Affinity of FITC-labeled PEG(5)-Asp-PAMAM to hydroxyapatite in MES buffer containing 1
or 20 mM CaCls. The binding ratio of PEG(5)-Asp-PAMAM to hydroxyapatite was determined by
measuring the fluorescence intensities of supernatants. Results are expressed as means + S.D. of three
samples. Binding ratio (%) = 100 — ([fluorescence intensity of the supernatant of each sample]/[fluore-
sceence intensity of the supernatant of each control (without hydroxyapatite)]) x 100

(Yamashita et al., J. Control. Release, 2017, 262, 10-17, Fig. S1)
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HAP ~DOW 3 BRI > 72 Asp IEHIADF TH PEG % 5 /3 8 A L7 Asp [Effifk
Db EVVEIBIRMEEZ R LT,

Il EEC©)
A) Aspartic acid modified B) Glutamic acid modified
w0 - (A) Asp 50 - (®) []rEc)

40

30

20

10

Plasma Bone Liver Kidney Plasma Bone Liver Kidney

(C) Succinic acid modified (D) Aconitic acid modified

40 r 40

Plasma concentration (% of dose/ml)
Tissue accumulation (% of dose)

Plasma Bone Liver Kidney Plasma Bone Liver Kidney

Fig. 5 Effect of degree of PEG modification on the distribution of '''In-labeled PAMAM derivatives
180 min after intravenous injection of 1 mg PAMAM/kg in mice. The total wet bone weight was
estimated as 12% of body weight, and radioactivity in the bone was based on the activity determined
in the tibiae and femurs extrapolated to whole wet bone, as reported previously [46]. The results are
expressed as means = S.D. of three mice.

(Yamashita et al., J. Control. Release, 2017, 262, 10-17, Fig. 3)
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3-b ~ U AFRRINF G-1% O if HR EE K& OMigas 7341 OO Ig R HERS O AT
TIVR CBERT > R ~—0 PEG BAREE 5 /0 ICEE L, S VR CERMEA DR
WENEIC RIT TR A BT L 72 (Fig. 6). ~ U ZAREIRANE 5%, PEG(5)-Suc-PAMAM,
PEG(5)-Aco-PAMAM } 8 PEG(5)-Glu-PAMAM [ZIE-C/Z ML F 2 HE L, I, BlE~%
ITL, ZNEND 180 7y DRFRIUZISIT D BEBATHEIL 22.6%. 24.5%. 15.6% I E-72, —
7. PEG(5)-Asp-PAMAM (G OMERf{AR & bl U TR 2 R~ L, 72 180 73 DI
MBI A2 EBITRIT 43% 2 -0, BIOBIRICSHTHZ ENHLMNE o7,

(A) Plasma (B) Bone (O) Liver (D) Kidney
100 0 r 50 50
40 -
10
30
; 20 )
10
0.1 L L 0

0 60 120 180 0 60 120 180 0 60 120 180 0O 60 120 180
(E) Spleen (F) Heart (G) Lung

—O— PEG(5)-Asp-PAMAM
4 L 4 4L —2A— PEG(5)-Glu-PAMAM
—0— PEG(5)-Suc PAMAM
—&— PEG(5)-Aco-PAMAM
31 ST 3 —A— pAMAM

0 1 0 1 0 1

0 60 120 180 0 60 120 180 0 60 120 180

Plasma concentration (% of dose/ml)
Tissue accumulation (% of dose)

Time (min)

Fig. 6 Plasma concentration and tissue accumulation of ''In-labeled PEGylated carboxylic
acid-modified PAMAM after intravenous injection of 1 mg PAMAM/kg in mice. The total wet bone
weight was estimated to be 12% of body weight, and radioactivity in the bone was based on the
activity determined in the tibiae and femurs extrapolated to the whole wet bone, as reported previously
[46]. The results are expressed as means =+ S.D. of three mice; O, PEG(5)-Asp-PAMAM; A,
PEG(5)-Glu-PAMAM; [1, PEG(5)-Suc-PAMAM; @, PEG(5)-Aco-PAMAM; A, PAMAM.
(Yamashita et al., J. Control. Release, 2017, 262, 10-17, Fig. 4)
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3-c KNENRE X T A — X fifhT

Fig. 6 THEOLNI-MIFEFREHRE Z b IR L 2SI VR VRIEMT o R Y ~—0D1k
WENIE/XT A —X % Table2 \Z/R LTz, SFEIVAVBEMT > R ~—0OFHRY ALY
7 7 2 AE (CLbone) 1 PAMAM G3 & H#Z LT 1.3 f5505 2.7 {5/ <. PEG(5)-Aco-
PAMAM > PEG(5)-Suc-PAMAM > PEG(5)-Asp-PAMAM > PEG(5)-Glu-PAMAM DJIEIZ &\ Vil %
LTz, —J . PEG(5)-Asp-PAMAM DOJFEL Y A7 U T 7 Al (CLiver). EHVIAZZ Y
7 7 AME (Clkigney) 13 HIRVMEZ R L, F72 PEG(5)-Asp-PAMAM O2H 7 V7T F A
(CLuw) 12D CLbone DEIG (BX —7T 4 > 75h5) 12 80%% /R Uik mn-oiz,

Table 2 Pharmacokinetic parameters of '''In-labeled carboxylic acid-modified PAMAM

. AUC Clearance (nL/hr)
Dendrimers (% of dose * ' '

hr/ml) Total Bone Liver Kidney

PAMAM 1.49 67,300 320 22,900 27,000

PEG(5)-Asp-PAMAM 222 450 420 18 12

PEG(5)-Glu-PAMAM 201 498 162 102 42

PEG(5)-Suc-PAMAM 70.4 1,421 522 20 318

PEG(5)-Aco-PAMAM 28.9 3,457 849 306 206

(Yamashita et al., J. Control. Release, 2017, 262, 10-17, Table 2)
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1-2-4 7 ANRT X UREMTT N ~—OFNAR
4-a Insitu BIGA XA —0 T AT BT X DINEER AT DELER

WIZ, B b EBRIRVEICENT- PEG(5)-Asp-PAMAM O'F ~D 5540 Z Z( a2 2 & &
HigE LT, RN 1 — 7 T L7 PEG(5)-Asp-PAMAM % . in situ ‘@A A—
VTV AT MK DA OB 2T 7= (Fig. 7). PAMAM % 586 CTIIE 26 O 6T
A EBIEI T, I, BE SIRWVEOE MBI Sz, — 7. PEG(5)-Asp-PAMAM % 5-
FRICBWTE, FRICBEIFHE DIWE N BIEE ST 2 &b PEG(5)-Asp-PAMAM I3,
B OBEHIICRIRNIBATT 2B ¥ —7 7 « V7RI E G T CTh D Z Enmainiz, —
A, B RITE OBEIFI HIRAET H 72O, PEG(5)-Asp-PAMAM [ F'E ¥ BIEEIZEF] 72
BN MERT EHREEND,

Epi-fluorescence
100
PEG(5)-Asp-PAMAM
80
60 x10%
40
Spleen Heart
20
&
. Radiant Efficiency
( secfcm?] 57)
uWjcem?
Color Scale
Min = 2.00e8
Max = 10069

Fig. 7 In situ imaging of PEGylated aspartic acid-modified PAMAM. Dye680-labeled PAMAM or
PEG(5)-Asp-PAMAM was intravenously injected to mice at 1 mg PAMAM/kg (100 nmol/kg for
Dye680). Fluorescence intensity was determined in isolated tibiae and femur (top), liver, kidney,
spleen, heart, and lung (bottom) tissues at 180 min after the intravenous injection.

(Yamashita et al., J. Control. Release, 2017, 262, 10-17, Fig. 5)
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4-b AL — VP —BEMEIIC L BB WA OBLEE

BIXARACORREZ L0 BRI X 5B B EOISFR B E ., a5 8RN
IERRWINE, KRV ET V7 A X RPMRIEL TW D IEEICHOFETE 5 [13], £724%
FEREZ L ITWREA X FEE D BmN e 572, PEG(5)-Asp-PAMAM O'F N34 I
BT ofEdiT, I LEETH D, £ 2 TRIZ, PEG(5)-Asp-PAMAM OB N & A L
— P — BRI CBIEL LT (Fig. 8), Xylenol orange (XO) |3¥8EH (HTEAREAL) (ZHRFEAIZ
WAET DR AR LICREHNMETHY . v~V RIRETHZ LT, v~ U XEMEEOEE
maY e TH D 47, ZOFRMEETEH L. PEG(5)-Asp-PAMAM D E WN53Ai & #F-Al L 7=,
PAMAM 5B TITEWNIZ PAMAM HROFRHAE LA BIEE SR> 7 DIZk LT, PEG
(5)-Asp-PAMAM ¢ 5B Tl LR\ ik a1 Bl 82 S iz, £72 PEG(5)-Asp-PAMAM &
X0 & OHFEIFBE SN2 o722 & 26 PEG(5)-Asp-PAMAM (3B TERLERALLLAS DERA
ERAY XU e N A TR O = A SV A

Xylenol orange
(Osteoid surface)

Xylenol orange PAMAM

Fig. 8 Intra-bone distribution of PEGylated aspartic acid-modified PAMAM dendrimers in
un-decalcified frontal tissue sections from the distal femur and proximal tibia. Osteoid surfaces were
stained with xylenol orange (red). FITC-labeled PAMAM (bottom) or FITC-labeled
PEG(5)-Asp-PAMAM (top) (PAMAM, green) were intravenously injected to mice at 20 FITC
pmol/kg. Fluorescence intensity was observed using a confocal laser scanning microscope; scale bars,
100 pm.

(Yamashita et al., J. Control. Release, 2017, 262, 10-17, Fig. 6)
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1-3 &%

ARETIT BIRE D 7 THD PAMAM % a7 & LIS NLVRCBRENT o ) ~—%1{E
WL, EWEERZ AT, BY—7T 4 v VBRI IRMERM T VR R DRE KR, A
NRVBBICESS B R =TT 4 VTV AT N LTz,

XU DI, (R L 72 FE D VAR UBRERTT > N Y ~—OWE LR Z Ml L7z & 2 A,
PEG f&fifiZ i L TV aW VR UV ERESGT » KU ~—1%, PEG Efifiz i L7zt D & g L

L TRTRL RO RAFED LIl (Table 1), —#ICAR Y 727 VBRI E SN D B LR
/M%ﬁ)v— TR O RITA A UBUEETERL L. (RAKIES VA TERT 5 2 &2
HHILTND [48], EToRY T ARG X UEORY Z& I U ghiEs 1 /L OBuKE=

ICHWHNTWAD Z LD [49], ZHBEEMET X /B0l VAR VRO PAMAM 7
VR~ —DRHE - SEIEICRELSEELZRIFL WD EEZHND, —J7. PEG I3/KkFIE
ZIRT D2 & T HMF ¥ VT OB TENEZ R ESE5 2 LRGN TnD [50],
L7235 T, PEG EfilX 26 VR BERT o NV ~— OB Z I LritE 2 deE L
meEZLND,

Aco [ I THIZ2 DDAINRFVEEFTHZ LD, Aco-PAMAM 1%, AKETER L7
TR EREMT R ~—DOH Tl b IVARF VMO L WFEIRE 72 ) | HAP ~DHifn
'ﬁ%%%%wﬁ%&@ot(ﬁgao:5Lt:&#%\:@ﬁ»ﬁ%y%ﬁm}mp®ﬁﬁ

’%5#6@%&!%?%5&%2%%5%/“%W@ﬁwf%y%ﬁﬂﬁﬁm%pﬁﬁm
&:@u%%W%m@Lt B WA OMET X BRD 5y TS CRBEHR LISMT K & 77808
72UNT %%bﬁ?}ﬂP@ﬁﬁr IENREONT, LTeRoT, BX =TT 4 THETD
HAP 1ZxP D8AMEICIZ, ANVRXR BB LT HNVARX T EORFEHELEE TH D
LEZbND [51], PEG EffizHE L= AR EMT > R ~—IZB L T, Aco-PAMAM
LIS ®D PEG b /VR g7 > KU ~—Id PEGEffiZzftid = &2k, HAP ~DOHfn
PEDNEES L7z, PEG 1ZESH O FHEL A LT 52, PEG HrF3kFELZ B L =2 A
N 75U RN EONREEE O K E I @ oS CTHEET S [52], L~ T
TIVIRCBRIERIT o U ~—ICEMi &= PEG 7% HAP ~OfiA & HE LI LHEEREND,

Wz, VR CERERT > R ~—0 HAP f#ESHIBEH O T 22 &2 BNIC, £H
TN T BAF UFERRREZTRT L 2 A, K NVAR BEMT > KU ~—0 HAP #ifn
P&, TN T LA FUFERRRICRWVEBEN S 5 = &R &7z (Fig. 3), HAP (3 /Ly
A F 2G0T D IR T HAP OB T ~ERICENL SN2 v T BA 23
BOWHEIZEEG LTS EMEINTWD [44], L7=2-> T, HIVRUVEBREST VN ~—
? HAP FEEMBIZIIO N T LA A EOMABEANRTFEG LTS EHER I, AR
BRIERTT > KU ~—0 HAP (29 28 PEDEIL, B Sz VR VOB VR %
HEDOBEWN, DNV ULALF L eDaryTxrA—ra B, 2EV DN T LA F L
DF L— MRICHEBLI-BREEXOND [37,53], BT, WVRUCBOBEERTIEH, HL
VOAAF L EDF L — MERNMIRINR DT LD, IV T AL F U EDF L—
MERIZIX, DNVRBOR ) v —BENEETH DL EEXLNDH, —F, MEHIZITH 2.5
mM DANTTAAFTNEAINTEY, IO mPICEEND N T LA T 2035
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K& LT, IARUERERT > RY ~—0 HAP /2 HET 28NN D, EHIZZO
JIZOWT, HAP &P L V@RI 7 AA A DIETICBIT 5, HVR L BE
fifi7 > NU ~—0 HAP BAWEZREAMN L SR OWERED /L2 0 A A 13 HAP BFMEICIE
EANEREBE LN EEHLMNI LT (Fig 4).

Z ZTCWIC MIn B EZ HWT, v~V RIZBIT LT > R v —OENERRIZ I T v
R UBEOFEF KN PEG OEMiROMELZFHMI L& Z A, inviro FEBRTH LT HAP
~OBFMWE L | AANENRED B 15 5472 CLbone DFITITIRVAEBINN A2 HALTZ Y, HAP ~DHl
otk & BRBATRIZME L2 > 7= (Fig. 2,5, 6, Table 2), ZHF TIZ, HARF VL ALK
ST BIZ L0 RNVETER 2R T v U T, BT RAE R~ R
BT D 2 ERME STV D, Yamasaki © 1% Suc KON Aco ZESfi L7= & /X7 E DS, EIZ
AR D —Z R B LTI B BRIV IAEND Z 2 HELTWD [54], LR
T, PEG(5)-Suc-PAMAM <° PEG(5)-Aco-PAMAM @ X 9 72, 5\\VEEM %7~k L HAP #Hfn
PEDS EEERBI T N A VIR VERIERT > R U~ —® CLbone (FHEAIR E W E DD ITHALRAIE E
FRBEIZFEEL L TN D ARy — 5K e & O R PEBRERE MBI B\ N T fE R BB
ITEMET LI2b D EHE IS [55,56], — 5T, ABMAERT <, HAP (3 LTH
FRE OB MMEZ R PEG(5)-Asp-PAMAM (X, flEZER~DOBITIXIZE A EH LT, &b EW
BBITHRE R LTz, ZhUX. PEG(5)-Asp-PAMAM OFHFMEIIHRERETH D L OO, il
DAV % —Z AR X DD ERRE S 4L, B~ OBITERENEE -T2 &It LD
LOEBEZLND,

BRATHRIZEN D PEG(5)-Asp-PAMAM D&M OFEMEZ, A A=V TV AT hx [
WTHBIE L= L 2 A, PEG(5)-Asp-PAMAM (I FHE ORFITEICERT I L2 R L
(Fig. 7)o S BT, TIHMFTTIEd 523, BRIV EIEC K D~ 7 ARG Oligas 5340 Z 7l L 7=
& 2T A, PEG(5)-Asp-PAMAM 2B RCHTHE ~ A3 Dk bR S 2 & 026, PEG(S)-
Asp-PAMAM (X FEEBE LA OE~L 00T D 2 E0NnR Sz, —RIC, BiXE—EEa i
W LR @O E 2 LT\ D 2 Ly, PEG(5)-Asp-PAMAM (X &5 F ~¥)—IZ
DA LTebDEHELREIND [57], £72. BOREHEHL, ftho Bk & ik U C Ml EHE
WERRELTEY ., BEOT CHMRREIZEATTNLTHD Z LD, PEG(S)-Asp-
PAMAM O BT ~OERMICITMKENFET L EEZ 6D [58],

—RIC, B e, WIE, fFFIEEICOETE, TN OFRAEA & LR B
PRBIIZIEIZE S [13,59-61], L7223-> T, HEAIZIS U TEDX ¥ U T OF NG 2 fil#E7
HZ O IREEREEEEZOND, LNLERL, IEROBX—FT 4 7 F T ThHDH BP
DOANTEHOBIRNECZ UL, 1B Y —7T 1 ¥ 7 H L OBENDAOFIENZE T 5 ik
13720, & Z T, PEG(5)-Asp-PAMAM O'FE N4 OFEfMZ . ~ 7 A FEF OMEEL R %2 H
WTBIER L= & 2 A, PEG(5)-Asp-PAMAM I E, T 72 b, BB Mla N BRI 5 5
AL~ R T 5 2 L3R &7z (Fig. 8), WX £ HAP IZER/ SND N T A
BiL, HEE LD HAP LB L CTEETHD Z 025, PEG(5)-Asp-PAMAM DOWLIY i~
LHEIIN T LAFT K GFETDHDEEZHND [62,63],

(Y E

i
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ULED X DIZ, Asp EfizFIHT 52 & THRIRMICENTE X —7 T 1 v VAR &5
T DOBRFEIZAEI LTz, BA%E L7z PEG(5)-Asp-PAMAM (3'F D BIFIUTEE O M 8455 5
BN TR CERET D 2 AL L, 20X ) REEREZ AT 2T U T
X, RN AR & R & OFE BIEPEIC X 0 BT D F B OIRIBICASI TH D LB X
bhb,

LLED X DITARFETIX, VAR A BEBRR G 77 OB A L ARNEREORHRIZ L v |
ANRABOEE—5T 4 o TFRFE L TORMMEERLNNI L, bbb, VR
{EAfRHIRE 2y 71X, Aco. Suc, Asp. Glu DNEIZEVVEBRANEEZ AT 52 & EHREIC TS
N TLEDFL—IPREEL TS ZEEZH LN LI, 2 ThH, FHNE & iz~
DI VT T ADINT L AENT. Asp [EfiERNE X =77 4 7 RE SR VT EL
THROLBALTHDLZERHLNE RS T2,
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B2 E TARTXUBEMHICE S BEMNLY RY —LDFRZ

2-1 &5

B o1 BT, VR VEBRERICHES < BIER L DDS OME A Hi L LT, Effil LRy
fit L PEG EffisRDE/2% 16 FiD PEG b ViR U ERIERGBRR & 2 A8 U BB &
MANENRE DO ELE D B EEER L DDS (7% — 57 4 o 7 B OMAE DY % RHEAIT
Al L7-, FORER, BEE S RES~D T VT T U ADNRT U RTEILT. Asp BRiE
B—T 4 TR FELTRODALETHD Z ENRENTZ, & 2 TIRIZEFIL., Asp [EEAfiIC
ESWIAHMEICEND B Y —7 T 4 VT AT LD HINE LT, xR &5 A
ARER VAR Y — 22X v VT ERIRL, TART X UBEMZFRA LIZEY—7T v
I R Y — DO D NI AK PTX 12X 2 BEBIRE~DISH 2 AT,
UARY —AIEBERDO U VIFE DR S, o TEEEEZ G L TR, &t - JUR
PEDM O E S FHE Y F v U7 L LTRSS, AW U UIRERAEERSS Th S 720, AR
WTREH SN DRSEEZETD [64, £72. VR Y — DT ESONEE MR 2 2B 5 (il 6E
T, KEMEEEY, TRy, OWTIIEBREIL R L, 2 < OFEYMRE AT, FE.
PUR, ZOMZEERY) T Re W RIABHNES THDHZ b, Asp EffiICESE Y
R — D m BRI CEAUIIAECENT B X — T A VTV AT APEETEH L EX
b [65-67],

BT, TR HEROSHL) VIREIC Asp HEMT S LT, UVIRE DT R KK
Asp THEE SNTHHEE X — 774/7$¥WﬁWW?MWEMp%AﬁLKAMpW% %
SWEERLY R Y —LDB% % HEE LT, DPPE-Asp MO PEG EfiflgE O/ E . W
P S OMRNERE DB B i b L, JT08 K PTX OB BATIE D BE K OVE IR ISk
2 HHIRIRIE DR FE 23 A T2 (Fig. 9).

DSPE-PEG DPPE-As
Qq‘??? — N
Paclitaxel (CH2)3
(PTX) & /Q j( OH

CF OH
d bbb Aspartic acid/

Fig. 9 Structure of paclitaxel encapsulated PEGylated aspartic acid-modified liposome.

DSPC: 1,2-Distearoyl-sn-glycero-3-phosphocholine; DPPE-Asp: 1,2-dipalmitoyl-sn-glycero-
3-phosphoethanolamine aspartate; DSPE-PEG: N-(Carbonyl-methoxypolyethyleneglycol
2000)-1,2-distearoyl-sn-glycero-3-phosphoethanolamine, sodium salt.
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2-2 fES
2-2-1 T ANT X UER ) AR Y — LA O LR
1-a MALDI-TOF MS % f\ /= DPPE-Asp D%y &illE
351 7= DPPE-Asp D4y % MALDI-TOF MS THER L7- (Fig. 10), 920.381 m/z IZ
DPPE-Asp (920 ([M-H]) D431 & — 7 MRS S 472, 942.400 m/z D ¥ —2 (X DPPE-Asp D)
NI DAETHLEZZDBND,

04 8

I [M+Na-HJ

81.001

™ I Lok bt LJM“L| P
00

500 600 700 800 300 1000 1100 1200 1300 1400

Fig. 10 MALDI-TOF MS spectra of DPPE-Asp (10 pg/uL) in the negative-ion mode using
a-cyano-4-hydroxycinnamic acid as the MALDI matrix.
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1-b 7 ANRT X UMRER ) R Y — L ORI E A & Rl

o

E=REI)

Table 3 IC&FR Y RN Y — AOIFERAK, B2, Z4r#dE% (PDIL polydispersity index) % 7~
L7z, UAR Y —LDOR£41%, DSPC & cholesterol 7>572% Normal Lipo T DPPE-Asp %
17% &A% % Asp(17)-Lipo IZZH 23 175nm, 148 nm & 100 nm LA EDRE R L7,
ZHRUSO YR Y —20F 46 nm 7°5H 79nm Z R L7z, PDI JE—4RIZ 040 LT ZRLTH

0 =R DR S T WD Z & DVR S, i

/= gy

EEREI

!X Normal Lipo & Asp(17)-Lipo

XN 036 mV, 1.38mV OIEEMZ/R L7, —F5 T, PEG(2)-Lipo, DPPE-Asp D& A
Fx 33% U ETFERINTZYRY —40F, —HKICAEM~E2b LTz, ZoREM~DZEA
X DPPE-Asp DA /NVARF VKT IO LHEEIND,

Table 3 Physicochemical characteristics of various liposomes

Conposition (molar ratio)

Diameter

Z-potential

Liposomes PDI
DSPC  Cholesterol DPPE-Asp DSPE-PEG (nm) (mV)
Normal Lipo 75 25 0 175+7.03  0.40£0.01 +0.36+0.77
Asp(17)-Lipo 62.5 25 12.5 1481 5.42 0.091+0.03 +1.38+0.48
Asp(33)-Lipo 50 25 25 79.4T150  0.27%0.03 -30.2T0.32
Asp(50)-Lipo 37.5 25 37.5 762%211  0.37L0.01 -32.2%2.10
PEG(2)-Lipo 73.5 24.5 0 79.412.28  0.3210.04 -512-1.66
PEG(2)-Asp(33)-Lipo 49 24.5 24.5 7771081  0.3210.01 -10.1+1.97
PEG(4)-Asp(33)-Lipo 48 24 24 59.416.95 0.25T0.02 -10.3+2.75
PEG(8) Asp(33) Lipo 46 23 23 4641275 0381007 6.1514.00

DSPC: 1,2-Distearoyl-sn-glycero-3-phosphocholine; DPPE-Asp:

1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine aspartate; DSPE-PEG:
N-(Carbonyl-methoxypolyethyleneglycol 2000)-1,2-distearoyl-sn-glycero-3-phosphoethanolamine,
sodium salt; PDI: polydispersity index

(Yamashita et al., Biomaterials, 2018, 154, 74-85, Table 1)
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2-2-2 T ARG X URBEM ) R Y — LOERNERE
2-a B RE X T RE A F~OFFEIZKT %5 DPPE-Asp & * DSPE-PEG D%

Fig. 11 |2 HAP & & &MY KR Y — LAOFEAEOEGEMEE R LT, PEG EffiZ i L TV 720
Asp &RV AR Y — A2V T, HAP ~DO BRI Asp(50)-Lipo = Asp(33)-Lipo > Asp(17)-Lipo
> Normal Lipo DJIE&E 72V Asp(50)-Lipo &Y Asp(33)-Lipo 23 b vy HAP BiFItEE R L
720 Asp EffiV R Y — 20D HAP #HFEIL DPPE-Asp D& AR 33% LI ETHFI L7290,
LIBE D FEERIL DPPE-Asp B H %% 33% IC[EE L CIHMi L7z, PEG Effizhi L7 Asp Effi
VR Y —2DO%4E, HAP OBFIPEIL Asp(33)-Lipo > PEG(2)-Asp(33)-Lipo > PEG(4)-
Asp(33)-Lipo > PEG(8)-Asp(33)-Lipo DJHE 720 | DSPE-PEG D& A HIZHAEL T HAP ~D
BUFEDME T4 2N A B2 DD, PEG ALK LLEAIEKY Y PEG(2)-Asp(33)-Lipo 1
HAP ~O & W BUFE 2 MERF L7,

(A) (B)

100 100

80
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40

Binding ratio (% of liposome)

20

0 IR N N Y [ T T T TN U Y T N Y Y S o |
0 5 10 15 20

HAP (mg)

Fig. 11 Affinity of [°H] labeled aspartic acid-modified liposomes (A) or [*H] labeled PEGylated
aspartic acid-modified liposomes (B) to HAP. The binding ratio of liposomes to HAP was determined
by measuring the radioactivity of the supernatant. Results are expressed as the mean + S.D. of three
samples. Binding ratio (%) = 100 - ([radioactivity of the supernatant of each sample]/ [radioactivity of
the supernatant of each control (without HAP)]) x 100. (A) O: Asp(17)-Lipo, A: Asp(33)-Lipo, @:
Asp(50)-Lipo, A: Normal Lipo. (B) O: Asp(33)-Lipo, A: PEG(2)-Asp(33)-Lipo, @: PEG(4)-Asp
(33)-Lipo, A: PEG(8)-Asp(33)-Lipo.

(Yamashita et al., Biomaterials, 2018, 154, 74-85, Fig. 1)
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2-b ERITIEIC LTI DPPE-Asp &Y DSPE-PEG D%

KIZ, DPPE-Asp MU DSPE-PEG DAENENEIZ MITTHEZRGTT 520, v~V AR
RN G-1% D Asp ERT Y AR Y — LD S H i B M OVigiats 70 A0 O RE[E OHERS 2 514 L 7= (Fig.
12), BRATRIZ, B 1 EREE, VA Y =20 TFTHEEBITEND~ T AERED 12% L LTE
HE &l ?ﬁ& L7z [46], Normal-Lipo (X#5-% 30 /3 LAPNITEL/CIEEF 2 HHA L, #&
5% 360 TG ED 54% BWE~BITT 52 LAURENTZ, —J T, PEG(2)-Lipo 1L
360 4 ?&%&5«&@ 41.7% HBISEFIAFE L, B~OBITHRIX 6.7% ZRL1z, —J T,
PEG(2)-Asp(33)-Lipo & % PEG(4)-Asp(33)- Lipo 13 FIZH L NI EIT L 7=, PEG(2)-Asp
(33)-Lipo &% U PEG(4)-Asp(33)- Lipo D'HBATHRIT 360 73 F TIZENZEI 24.6%. 15.1% %
w7,
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Fig. 12 Time-courses of the plasma concentration, and accumulation of [*H] labeled PEGylated
aspartic acid modified liposomes in the bone, liver, kidney, spleen, heart, and lungs in mice after a 10
pmol total lipids/kg intravenous injection. The total wet bone weight was estimated as 12% of the
body weight. The radioactivity in the bone was based on activity determined in the tibia and femur
extrapolated to the whole wet bone as reported previously [46]. Results are expressed as the mean +
S.D. of three mice. O: PEG(2)-Asp(33)-Lipo, A: PEG(4)-Asp(33)-Lipo, @: PEG(2)-Lipo, A:
Normal Lipo.

(Yamashita et al., Biomaterials, 2018, 154, 74-85, Fig. 2)
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2-c T ANRTIXUES Y R Y — ADOIRNERE X T A — X fRAT
Asp 1Efifi U R Y — AOIRNENHE X T A —HZ % Fig. 12 TH LN METREHBICE S X
FH L7= (Table 4), PEG(2)-Lipo ® AUC % 819 (% ofdose /mL) &b E<. RWT
PEG(4)-Asp(33)-Lipo > PEG(2)-Asp(33)-Lipo > Normal Lipo DNEIZEVME A7~ L72, CLpone 13
PEG(2)-Asp(33)-Lipo > PEG(4)-Asp(33)-Lipo > PEG(2)-Lipo DIEIZ &\ MEZ 7% L=, PEG(2)-
Asp(33)-Lipo @ CLpone & OVEELY IAZFEEE (bone uptake index) 1E PEG(4)-Asp(33)-Lipo &
Ot PEG(2)-Lipo L I#t LT, ZHZHh 34 %, 11.8 f5% 5 L=, %7, PEG(2)-Asp(33)-Lipo

® CLier XU CLkigney (% Normal Lipo D41 & ks L TIRVMEZ R LTz,

Table 4 Pharmacokinetic parameters of [*’H]PEGylated aspartic acid-modified liposomes

Ti tak
AUC Clearance (ul/hr) issuenptae
. rate index (nl/hr/g)

Liposomes

(% of dose * )

hr/ml) Total Bone Liver Kidney Bone Liver Kidney
Normal Lipo 7.07 14,153 1,272 8,628 312 413 6197 937
PEG(2)-Lipo 819 122 24 24 6 7.81 17.2 18.0
PEG(2)-Asp(33)-Lipo  96.3 1,039 282 246 30 91.8 177 90.1
PEG(4)-Asp(33) Lipo 271 369 84 210 12 27.3 151 36.0

AUC: area under the curve

(Yamashita et al., Biomaterials, 2018, 154, 74-85, Table 2)
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2-2-3 T ANT I UBMER Y R Y — LOHFNIA
3-a WTARAVE R LIlges ofiA A—2 v 7

Fig. 13 TIXBE X —7 T 4 > 7 hFITHEIL D PEG(2)-Asp(33)-Lipo Dlas /AT & ZHHI MRt
T 5720, RIS K Dlgas A i A A— Vv 7 % Eh LTz, &Y A Y —AIZ DR
BEIANT D Z L TRV ISR 2 i L 7=, DiR-E# PEG(2)-Lipo #5-HEIL. B2 HHOEIE
e ACBESNT, I, P SV EE B S e, — 5T, DIR-IEi#E PEG(2)
-Asp(33)-lipo FHEETIZ, FFlE, MlED~ 5 b aOITBEE SN2y, B bVt glegg =
Niz, £, TOENGII TG OBEIEOARZR LT, B b bR ST,
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Fig. 13 In situ imaging of PEGylated aspartic acid-modified liposomes and PEGylated liposomes.
DiR-labeled PEG(2)-Lipo or DiR-labeled PEG(2)-Asp(33)-Lipo was intravenously injected into mice
at a dose of 5 mg lipids/kg (1.0 umol/kg for DiR). The fluorescence intensity was determined in an
isolated tibia and femur (top), liver, kidneys, spleen, heart, and lungs (bottom) 360 min after
intravenous injection.

(Yamashita et al., Biomaterials, 2018, 154, 74-85, Fig. 3)
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3-b CHIEHE - A BEERBATIERHL
A

WA A— T TN K DIEER AT OFE R XL W PEG(2)-Asp(33)-Lipo (. BIETEZ 2N 2 TE
BRI 30T 5 Z ENB BN E o7, & 2 TIRIZ, PEG(2)-Asp(33)-Lipo D' FEE KO}

EREBITREZ N L= (Fig. 14). PEG(2)-Asp(33)-Lipo 1%, ~ 7 ARFIRNZ 5% 1285 ~B1T
L7EUVRY =D 55, 76% WEKE~BIT LI —F T, 24% O PEG(2)-Asp(33)-Lipo 723F
BEIZ A LTV D Z EDURS LT,
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Fig. 14 The bone matrix and marrow distribution ratio of (A) *H-labeled PEG(2)-Asp(33)-Lipo and
(B)*H-labeled Normal Lipo. The distribution ratio was evaluated based on radioactivity determined in
the tibia and femur. Results are expressed as the mean + S.D. of three mice.

(Yamashita et al., Biomaterials, 2018, 154, 74-85, Fig. S2)
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3-c 7X/<"7‘ﬂe“/ﬁ§ﬂ§ﬁfﬁv R — B DB NEFEE DOBER

Fig. 15 (213~ U A TIE OWHRGI A 2 AW T, SOtk fit L 72 PEG(2)-Asp(33)-Lipo @

BN ?ﬁ%’i’/T L72. PEG(2)-Asp(33)-Lipo DA% (% Fluorescein DHPE 7% A5 AR IZ BN
?“6 L TiToTe, ZOHER, PEG(2)-Lipo #HHTITEEE LT, VA Y —AfROEN

T L A EBEREINR2 -T2, —J7 T, PEGQ)-Asp(33)-Lipo HGHHIBEE LT, VAKRY—
Aﬂa;k@aﬁb\ﬁ’éaﬁ'ﬁb BER SN, £72. PEG(2)-Asp(33)-Lipo HIEDfk A DIl
&L XO OB TYEINTEEIAILFEL TW W & vE | PEG(2)-Asp(33)-Lipo 1
Asp EffiT v RV ~—[Akk, BREEOTTYH, FHCRINEIZIAT H I L BARENT,

Xylenol orange PEG(2)-Asp(33)-Lipo
(Osteoid surface)

Xylenol orange PEG(2)-Lipo

Fig. 15 Intra-bone distribution of PEGylated aspartic acid modified liposomes in frozen sections of a
mouse distal femur and proximal tibia. Osteoid surfaces were stained with xylenol orange (red).
FITC-labeled PEG(2)-Lipo (bottom) or FITC-labeled PEG(2)-Asp(33)-Lipo (top) (liposome, green)
was intravenously injected in mice at a dose of 5.0 umol/kg FITC. The fluorescence intensity was
observed with a confocal laser scanning microscope. Scale bars, 50 pm.

(Yamashita et al., Biomaterials, 2018, 154, 74-85, Fig. 4)

30



2-2-4 T ANTG X UREH ) R Y — DEFIH LizB~D/ 7 ) & X1 L ikiE

4-a  PEG-Asp-Lipo (PTX) DKiJE /34

ATETE TITEREML Y R Y — 22 b S 47z PEG(2)-Asp(33)-Lipo (2 PTX ZH A L7,
Table 5 (21% PTX ZE A L7248 Y K Y — L OB L A0 R K OSSR ER2R (loading
efficacy) Z7~ L7z, PTX K#EAD PEG(2)-Lipo T PEG(2)-Asp(33)-Lipo DR F-£RITEiE
78 nm KON 79nm &sxL7-, —J7. PTX %# A L7= PEG(2)-Lipo (PTX) &' PEG(2)
-Asp(33)-Lipo (PTX) (ZZ4Z4 95nm KO 89nm TH Y PTX HAIZ K VR FROFETO
HWRPBE STz, PDL IZ—4RIC 038 U TFZRLTEY, B2k +2BR LT\ 2
ENHEER SN D, RIHBMILIERIZ -54mV 205 -3.6mV OREBEMEAT DI LIRS,
PEG(2)-Lipo KT} PEG(2)-Asp(33)-Lipo @ PTX ODIMMHEERIZIZNZI 1.8% KN 2.0%
o LT,

Table 5 Physicochemical characteristics of paclitaxel encapsulated liposomes

Conposition (molar ratio) . . . : Loading
Liposomes Diameter Z pott“ntlal PDI efficacy
DSPC Cholesterol DPPE-Asp DSPE-PEG PTX  (nm) (m¥) (%)
PEG(2)-Lipo 735 245 0 2 0 79.4%+228 -512%1.66 0.3210.04 -
PEG(2)-Asp(33)-Lipe 49 24.5 24.5 2 0 77.7%9.81 -10.1+1.97 0.32%10.01 -
PEG(2)-Lipo (PTX) 73.5 245 0 2 8 59.4%t6.95 -10.312.75 0.3010.05 2.03
PEG(2)-Asp(33)-Lipo 49 245 24.5 2 8 4641275 6.1574.00 0.34T0.05 1.83
PTX)
DSPC : 1,2-Distearoyl-sn-glycero-3-phosphocholine;
DPPE-Asp : 1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine aspartate;
DSPE-PEG : N-(Carbonyl-methoxypolyethyleneglycol 2000)-1,2-distearoyl-sn-glycero-3-
phosphoethanolamine, sodium salt;
PDI : polydispersity index;
PTX : paclitaxel

(Yamashita et al., Biomaterials, 2018, 154, 74-85, Table 1)

31



4-b  PEG-Asp-Lipo (PTX) D S {ik & mif4
TE®L L 7= PEG(2)-Asp(33)-Lipo (PTX) D% Ji 1] /184S (atomic force microscope;
AFM) KON - BE%$5% (transmission electron microscope; TEM) % F\VCHfS L 7=, Fig.
16 [ZixZENENOMIIG AR L=, AFM O 5 (Fig. 16A), £ 110 nm O ERIK DAL
FRBIE SN (arrow 1,2), —HDO U RY —L0NER Y B IETRBILREINT (arrow 3, 4),
TEM O TiE% < @ PEG(2)-Asp (33)-Lipo 728 —HEftfi&E 4 A L CTE Y (Fig. 16B), —#bIx
% EIFEREE CTIAE L TV D ERF-2MBIZE STz (Fig. 160),

A) B)

©

Fig. 16 Morphology of PEG(2)-Asp(33)-Lipo
(PTX). (A) Tapping AFM image was presented
in the amplitude mode. Spherical lipid
nanoparticles were observed (arrow 1 and 2),
although some lipid nanoparticles were
overlapped (arrow 3 and 4). (B) TEM image of
single  unilamellar ~ PEG(2)-Asp(33)-Lipo
(PTX). (C) TEM image of multi lamellar
PEG(2)-Asp(33)-Lipo.

(Yamashita et al., Biomaterials, 2018, 154,
74-85, Fig. S1)
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4-c  PEG-Asp-Lipo (PTX) DIANEIRE

Fig. 17 1213 PTX Z~ 7 AREFHIRNEZE G4 180 /icik ) Dlias/ofi 2~ L, Fig. 18 Ti
PEG(2)-Asp(33)-Lipo (PTX) DO~ 7 R BHFHRN 512 DIRNEIREZ . *H-phosphatidyl choline
(CH-PC) & “C-PTX TURY—2L PTX % 2 B L2 LOZHNDLZ LT Y E X v
U7 OBREA [FIRFIZEHE L 72, PTX (X~ U A BFIRNE G 180 43 DREA T, M55k
EHRLTERY ., LD 49.7% BIFIEA~ERHE L, B~OBITHEIT 1.7% 2L, *HAE
itk PEG(2)-Lipo (PTX) 1T~ 7 ZARBEIRNE 5% 360 /3 DR T, &5 D 41.7% HifnsEh
IZFRAE L, B~OBITHRIL 44% 2L, —F, SH-AE#% PEG(2)-Asp(33)-Lipo (PTX) 1% #
5360 3f%. FITHEKOMIBICERE L, B ~OBITHRIT 25.0% 2L,

PEG(2)-Lipo (“C-PTX) TiZ. 34.2% 7% 360 4y DS CTHLHEFIZHEAF L, 3.4% WNE~BIT
L7z, —Ji. PEG(2)-Asp(33)-Lipo (*C-PTX) 15 360 /3t&i2F K ORFlg~ZEiL 15.4%,
36.4% BAT LT,

100 -
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Tissue accumulation (% of dose)
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Plasma Bone Liver Kidney  Spleen Heart Lung

Fig. 17 Plasma concentration and tissue accumulation of [’H]PTX at 360 min after intravenous
injection at a dose of 1 mg PTX/kg in mice. The total wet bone weight was estimated as 12% of body
weight, and radioactivity in the bone was based on the activity determined in the tibiae and femurs
extrapolated to whole wet bone, as reported previously [46]. The results are expressed as means = S.D.
of three mice.
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Fig. 18 Time-courses of the plasma concentration and accumulation of ['*C]PTX encapsulated [*H]
labeled PEGylated aspartic acid-modified liposomes in the bone, liver, kidneys, spleen, heart, and
lungs in mice after a 10 umol total lipids/kg intravenous injection. The total wet bone weight was
estimated as 12% of the body weight, and the radioactivity in the bone was based on the activity
determined in the tibias and femurs extrapolated to the whole wet bone, as previously reported [46].
Results are expressed as the mean + S.D. of three mice. O: [PH]PEG(2)-Asp(33)-Lipo (PTX), A:
PEG(2)-Asp(33)-Lipo (['*C]PTX), @: [*'H]PEG(2)-Lipo (PTX), A: PEG(2)-Lipo (["*C]PTX).
(Yamashita et al., Biomaterials, 2018, 154, 74-85, Fig. 5)
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4-d PEG-Asp-Lipo (PTX) OIRKNENREFH)/XT X — X

PEG(2)-Asp(33)-Lipo (PTX) DIANENE/RT X — & % Fig. 18 T bz h i EHER I
HOEHEH L7z (Table 6) , *H-{%:#% PEG(2)-Asp(33)-Lipo (PTX) @ AUC % *H-#%E5% PEG(2)
-Lipo (PTX) &thig LT 1/7 fRVME L 72 o7, E72, *H-AEa% PEG(2)-Asp(33)-Lipo (PTX) @
CLbone /2 TN bone uptake index |3 *H-fEa% PEG(2)-Lipo (PTX) & I#e L T 10 fEmVMEEZ R~ L
7. [AREIZ. PEG(2)- Asp(33)-Lipo (*C-PTX) @ AUC % PEG(2) -Lipo (*C-PTX) Oz h &kt
LT 1/5 IRVMEZ 7R L, PEG(2)-Asp(33)-Lipo (**C-PTX) @ CLbone % UF bone uptake index |%
PEG(2)-Lipo (“C-PTX) &Lb# LT 6.6 fiFmVMEZ R LT,

Table 6 Pharmacokinetic parameters of ['*C]PTX included in [*H]PEGylated aspartic acid-modified

liposomes

AUC Clearance (ul/hr) TISSI..IE uptake

Livosomes rate index (ul'hr/g)

P (% of dose *

hr/ml) Total Bone Liver Kidney Bone  Liver Kidney

3

H PE_G(Z)—ASP(33)- 93.8 1,066 300 546 42 97.6 392 126

Lipo (PTX)
PEG(2)-Asp(33)-
. 64.4 108

Lipo (“CPTX) 84.3 1,186 198 486 36 349
3 .

H PEG(2)-Lipo 660 151 30 54 12 9.8 39 36

(PTX)
PEG(2)-Lipo 470 213 30 126 5.4 9.8 90 16

&CPTX)

AUC: area under the curve; PTX: paclitaxel
(Yamashita et al., Biomaterials, 2018, 154, 74-85, Table 3)
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2-2-5 BHEBET L~ ZIZBITHN7 ) ZXBALE AT AT XU BEMY) R Y —LD
B R A B 2 R

5-a BHESEYIEICKT T 5 R
AT PEG(2)-Asp(33)-Lipo ZFIMH L72&h= M7 PTX OF X —7 7T 4 7Tk LTz,
Wiz, BEAEY R Y =% AWz PTX OBX =77 4 7 OFRAEZFMET 52 & %2 H
HIN B M R AR IS X 2 BB IHI R 2 BT T L~ U R &2 VTR L7z,
BT T L~ A% 4 BEOMEYE CSTBLI6 ~ 7 ADELRIZHEZ N - VT =T —PiE
G 28N LIS AR CTd 5 B16-BL6/Luc MR &2 &5 L 2 BEEE L CTEKR L, A
¥xf5E 7 /L Cl, B16-BL6 /Luc #ifdz 45 L/-H%Z 0 HH & LT, AMRES 0 HED
53 HEEHT TRADOESRENEZ Y, ZOHOZEEELZR T, 7 B HLARRIZHEIEETEIC
ADZERWBMNEIRSTND [68], & 2T, ‘BIABHAF MK OB ERIZ 35T 2 #ifil %
. KOBHERIZ 3T 2 IR OF A 2 B & L7= PEG(2)-Asp(33)- Lipo (PTX) #% 5
DO FEERRAMEIEE IVISA A=V TV AT ML D FREBEB DA A—V 0 7 HOVF
BB o DRERE S AU 2 JIE 5 2 & TRl L7z, 1 U®IZ, Fig. 19A TiX PEG(2)
-Asp(33)-Lipo (PTX) O'HIEBHEE R K NRIERRIZ 5 2 5827l LTz, 25 AMllaszfE
E# KL 3 HEHOBEBEET /L~ T A2 PEG(2)-Asp(33)-Lipo (PTX) Z#% 45 L7-#t0 FEH
HS AKERR RIS 8.5 x 10 cells &7~ L7z, — T, saline # &% T PEG(2)-Lipo (PTX) #&5-HED
THE 2 AMIREITXZNZEI 8.0 x 10°¢cells KN 2.8 x 10%cells /R L7z, Fio, A A—Y

g OFER LV . PEG(2)-Asp(33)-Lipo (PTX) e HG-HETIX saline #f & bl LT, BIHift
OB AMRRERDON T T 27 —BHERIH S TND Z LRSIz, LEDZ b,
PEG(2)-Asp(33)- Lipo (PTX) OFEHIZL Y | FREHFONAMEEZ A EICHHIFEETH D Z &
DR ST,

5-b BB EHNI T DR

WIZ, BEEBHEAEREIC B T 2 MR ORI B/ E L 7 HE, 10 HARGZOT
gD ABEE IVIS A A=V TV AT AR, VEHFLVY 7 =7 —BIEMEZ ISR
L 7= (Fig. 19B), Saline #£ (" PEG(2)-Lipo (PTX) 5RO FEEHHRAMIEIZ N
1.3 x 10%cells, 1.2 x 10°cells Tod W WA TR ERETR OGN >T0, —H,
PEG(2)-Asp(33)-Lipo (PTX) #5-H#ED NEHE 23 AMlifadi® 2.9 x 105 cells TH Y |
PEG(2)-Lipo (PTX) #GHEL M L T FEE R OR AL 1/5 £THHI L7z, Mx T, F
TE RS ARRED invivo 4 A —Y 0 73 LTz & Z A, PEG(2)-Asp(33)-Lipo (PTX) #5-

D R L PRl LTS VR SR O RO A BRI L TV Z e AR ENTL, BLED
Z &b, PEG(2)-Asp(33)-Lipo (PTX) X HHIC I 1T D HEIRR - RIFRREOALR 5T,
SHISFR 2 2R L IBIFTRE Th 5 L HEZR S D,
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Fig. 19 Effect of PTX encapsulated PEGylated aspartic acid-modified liposomes on bone metastasis of
B16BL6/Luc cells in mice. Saline, PEG(2)-Lipo (PTX, 1.5 mg PTX/93 umol total lipids/kg), or
PEG(2)-Asp(33)-Lipo (PTX, 1.5 mg PTX/87 pmol total lipids/kg) was intravenously injected into
mice directly after the tumor inoculation and again 3 days later (a), and 7 days and 10 days after the
tumor inoculation (b) by injecting B16-BL6/Luc cells (1 x 10° cells) into the left ventricle. Mice were
killed 14 days after the tumor inoculation and luciferase activity in the bone was assayed. Results are
expressed as the mean + SD of 5 mice. *P < 0.05 compared with saline group; **P < 0.01 compared
with saline group; 1 P < 0.05 compared with PEG(2)-Lipo (PTX) group.

(Yamashita et al., Biomaterials, 2018, 154, 74-85, Fig. 6)
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5-c MEEMIICT ST AR h—v AFE

Fig. 20 (21X RAW264.7 flilans o /b S w72 B EAIaIc x5 PEG(2)-Asp(33)-Lipo
(PTX) O7 A h— AFHEREZ M L 72/ R4~ L72, PEG(2)-Asp(33)-Lipo (PTX) F72IZ
PTX KEF AD PEG(2)-Asp(33)-Lipo Z M EHERAIICIINL . 4 Weffl&EE L7212, 7o —
A4 N AU —% M T annexin V-propidium iodide (PI) Ykl LD 7R F— 3 AR EFHE L 7=,
PTX K& AD PEG(2)-Asp(33)-Lipo % &fE S W 7-%4&. 74 h—3 2A#E (FITC-annexin-V
(1), PI (7)) S TR EARMIRR X MIRLER D 9 6 0.6% I E - 72, —J7 . PEG(2)-Asp(33)-Lipo
(PTX) ZHEEHRANIICZRE SE256. BERD O S 454% PHUIHIOT R K — &
(FITC-annexin-V (+), PI (-)) Z#FE L7=Z &Rz,

2 (A) (B)
= _ _
2 . "
= =3 o
=] = =
= 2 .
= .
S - <« |
[-® = o=
] @ 1 o foge
3 0.60% =% 0.28% E | 45.41% = 2.27%
IIIIIIII LA IIII I lllllll| 1 llllllll 1 _||||l|l| 1 lllllll| I Illlllll | IIIIIII| I
102 107 10* 10® 102 102 10 10%

» FITC-Annexin V

Fig. 20 FACS analysis of the induction of osteoclast-like cells into apoptotic cells. After treatment
with PEG(2)-Asp(33)-Lipo (a) or PEG(2)-Asp(33)-Lipo (PTX) (b), osteoclast-like cells derived from
RAW264.7 cells were stained with FITC-annexin V/propidium iodide, and dot plots were acquired
using a FACS LSR Fortessa flow cytometry apparatus to observe apoptotic cells. Results are expressed
as the mean + S.D. of three experiments.

(Yamashita et al., Biomaterials, 2018, 154, 74-85, Fig. 7)
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2-3 BE

AREETIL, Asp ERICIES < BHEAULY R Y — L OB% A B L, HAP BUFME K& O )
REFBLEN G BY =77 4V IERITEND Asp Effi ) AR Y — A OIREH LD Kl %
ATz, FOREF., PEG(2)-Asp(33)-Lipo Wik b'HB X —7 7T 4V JREICEND Z &, KUKV
— L% W5 Z & T, PTX OBBITHEOSE R ORI FEBIMGIAETH D Z &5
Hink ol

HAP (2%t 25 U AR Y —LOFMEOKFTTIX, DPPE-Asp ZFIH 92 Z & THAP ~D#l
FrER IRz BT 5 2 E 2B BT Lz (Fig 11), Asp &ffi U R Y — A OHFMEIL,
DPPE-Asp D& A RIKAAANZ M LT D23 H 541, DPPE-Asp 7% HAP ~DOBFIMEIZ K Z
KHFELHGTLZENRINT, TO HAP ~OWERMEIT, 5 1 ¥ &[RRI DPPE-Asp HI2K
DANRFTHL HAP HRDO AN T AA FUTOFL— MERICL DD THD L HE
X5 [59,60], —Ji. DSPE-PEG % AV T PEG {&ffi%fiti L7= Y 7" Y — A%, DSPE-PEG
DERFIKAFINT HAP ~OBIFERK T T 5 b OO, HAP RN AFET HBRECTIiX,
~T? PEG-Asp- Lipo 7% 80% LA L HAP fi&a# %4~ L7, Ziux DSPE-PEG HI2kD
PEG 83U ARV —2L & HAP OWEY A MEHETLHE L LTEH Z L E2REBLTND
EEZBILD [69],

KIZ DPPE-Asp M (O} DSPE-PEG T&ffi L7z U AR Y — AOENENEEZFHEi§ 2 728, &5
U R Y — 5O i HR R B K OV a5 AT O IR O HERS & fi it L 72, R 7#% 175 nm @ Normal Lipo
EEIRN R G-1% . 0T e 2 HIES U 2 V3ITHE, MUlig7e &~ L &5ED 5.4%
DVEICRAT Ule, BRI, fig—58ER M B OVE BRI D2 T 150 nm LA EOWE O
EANHIBR S 4L CTUN D A3, Porter 5% 150 nm @ poloxamer 407 THEFE S 7= U AT L Bk
FONBE R OFRN MR A~EFRE T 5 2 L2 W& LT\ 5 [70], ‘B2 L7z Normal Lipo @
G - BREOAM AR LTz 2 A, Bl 4 L7z Normal Lipo @ 85.7% »VEREIZ /047 L.
FIRDOEY AF L PR OERRER &~ L7 (Fig. 14A), LA EDZ End | 2hERpy 725tk
BAD5A A T DI, iR R A i rTee 7okl 7 A X (< 150 nm) (2 Y R Y —
LERIETD2MENRSD EEZ LD [29], TDd, EFHIL, BX—FT 4 7RIV RV
—LOPFBUEE LTI, VAR Y —AORFEEH 150 nm AKlifi & 725 X 2 IZFREL L 7=,

FIFPE% 150 nm BA FIZFHH L7 PEG 1k Asp Effi U AR Y — LD~ 7 ZAZEARNF 5% D
RNENEEZFEE9 % & & 1T, DPPE-Asp & " DSPE-PEG DREM kDb a7 72, &
Ditik, DSPE-PEG HHHDm\Y PEG(4)-Asp(33)-Lipo (LW L iz R L, PEG(2)-
Asp(33)-Lipo & Lb#i LT AUC i 2.8 59K L7= (Table 4), —J5. EARNEER 6 FEEIC
BT % PEG(2)-Asp(33)-Lipo D'EBATRIT 25% ik bEfE%z -~ L, MZ T PEG(2)-Asp(33)-
Lipo @ CLyone X PEG(4)-Asp(33)-Lipo & L#Z LT 34 fFmno>72Z &6, PEG(2)-Asp
(33)-Lipo Db EX —7 T 4 VITRIEND VR Y —ALTHD EEZ LN (Fig 12), —f&%
2. XX VT DX =0T 4 o INRERETHRFE LT, 2F 7 V7T T A LR
NA~DBFENRZE T b, ZOMEDNRT v Azt 5 Z L, RO RE =TT 4
T VAT DO ERAIRTH D, —RICHIRNEGH% O U R Y — L%, MR EGRIC
RYIAENRT WD, BT VT TUVANRKENWI ERHMBNATWD [71], L7EEB-T,
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AL CIIAERNL Thd B 5 LS Oftillggs 7 V 7 7 v A %K 572, DSPE-PEG % H»
TYURY—LFKEIZ PEG Effizht L7=, PEG |XEMMO M bz ESE5 2 LT,
7 VT T U ADMKEMHAETH D [64, LNLARNL, —JT PEG IXEEWVEDY
T Th DD, B (B) ~OI VR EEROBIFMWEZ KK S 2 EX & 720155729,
EfRE kb T 2 0ERH D, D DOFERIT. PEG(2)-Asp(33)-Lipo Tl%. PEG 73 F7°
Asp 1T X DEEHSNL~DBIFME % & DRRE R LoD, fiifigs~D 27 V7T 7 v 2 &Ml LTz
7o, ZhFAIIZ PEG(2)-Asp(33)-Lipo 2VERHfE~I SN2 L2 L b0 LRI D,

Z ZCWRIZ, insitu TR ENA A=V T TldRb B XY —7 T 4 > TR Em-> 7= PEG
(2)-Asp(33)-Lipo O'F#HARIZIS 1T D oM OFEMA RN L7z & Z A, PEG(2)-Asp(33)-Lipo 115
1 B THEM L7z PEG(5) -Asp- PAMAM & [FIRRIZ BRI B ~SERE T 2 — 07 ¢, BAEITEE O 2472
5PEHBABITL TV DI HER ST (Fig. 13), £ Z CH#S a2 B &5 g IS oBEL .
ZIEINLD PEG(2)-Asp(33)-Lipo DA A R Lic & Z A, BEEIZHA LTz PEG(Q2)-Asp
(33)-Lipo OEIGIZER~DO MR E L TR 3 fFEW2 2RSS/ (Fig. 14B), PEG(2)
-Asp(33)-Lipo DRI 781 150 nm LA F TH % 728, PEG(2)-Asp(33)-Lipo 1L IfLif- 5 #6158 FH % i
WL, BN ERE~EBITLILEEZOND, 612, vV A TKEOHKE &2 Hu
7z PEG(2)-Asp (33)-Lipo DB DOERT 2852 L1c & 2 A, PEG(5)-Asp- PAMAM & [Flkk
2. BEEEHOTTYH, WINEITRIRIC M T 5 Z LW 60 E 7> 72 (Fig. 15). PEG(2)-
Asp(33)-Lipo |FHI - HEIZ Asp LY PEG BT T o EEZH L TR, TOXRMEEMIL
-10mV OHPEIZITWAEEMIZHE L TWD, 2Hb OREFETE 1 % CTimik L72 PEG(5)
-Asp-PAMAM L L TV 5 Z x5, PEG(2)-Asp(33)-Lipo IE PEG(5)- Asp-PAMAM & [FlEE
DENSHERLTZbDEEZBND [57, 58],

— AN, VR Y — AR T EBAE SN ~BUK MR A NKFE ~EUK MR ) 2 B R]
RBTHD, ZTILETIZ, URY —LITkE2 REWZE AL, HWERBA~EET DN 70 S
NTEY . Doxil® X° AmBisome® 72 EDFKR CHHAFEE D H 5 VR Y — L BAI L FET D
[72,73]c LL7Zen b, VR Y — 5% AW CEREk A~ OBKIESEY) 0O 10855 2 50 7o S il
O T 7e < T FEMERRFIBUS CEBITHEZ G L7eAIRZ E A LR ST 60, K
BT, Asp B ISV BERLY R Y — 212 PTX Z#E AL, PTX OFBIER L
iR 7z (Fig. 18), PTX X H A TIXANARLH B AICK LTl Z AT 55, EATixzhnic
N &z CTHISLRD AN RANE R & DkR 2 72BN ANCHE IS Z A LT\ D [74-76], FLIAR
ANZIRD AL EESR CHEB 2R T 2R EIESE CThH 572D, PTX OB ~ORNRI IR EE %
AREL T2 RT v 7T VN =3 X7 LOBZEIE, DALY A DBIEBICEER LTS
LHERTHD EEZHND, *HAZH PEG(2)-Asp(33)-Lipo (PTX) KPNEIRERFM: X, PTX Ak}
AD 3H-#E3# PEG(2)-Asp(33)-Lipo DF I EIXIERETH 722 225 (Fig. 12). PTX OEf
NIV RY =2 OYPEIIZE A EFBE LW EZ BNLD, HAZ PEG(2)-Asp(33)-Lipo
(PTX) K& OF PEG(2)-Asp(33)-Lipo ("*C-PTX) DIRNENRESSENZE T DZEDNFED LI, T
I% PEG(2)-Asp(33)-Lipo (PTX) 254, FEERILHF TU AR Y — LD PTX 23R H L T
HAREMEAZRIB L CERY . ZORHMEEZME T 2 L 95 WA EZHETHZ &0, 5%D
HETH D,
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BB IHNCRE T 2R Tk, (X UDICEIRB OBEIRTE &K ONRHIRFE~D FE A R L
7= L = %A, PEG(2)-Asp(33)-Lipo (PTX) 512 % 0 | saline & bhlis UC FEE 1 o> 78 ARG
DIPEEIZHNH] SAL7e (Fig. 19A), 2D Z Lnh | BB OIS BRE K ONREIEFEIC PEG(2)-
Asp(33)-Lipo (PTX) ## 592 Z & CTHEBNIHIAIETH S Z LR Sz, Lo LR
O, BEBITREINE R IND Z 3T, EITHAROKRPIDADAT = TR S5
ZEWFRETHD [5-13], Flo. ZORENSTDBAKNERGTH LT, BO XD MG
(RPEFAFR I CHRRE LIS AU 2495 & L 13isd CHEE LW 2, EEFTEO B8 & ] rTHE 72
IRIRIEORBENUIEIN D, £ 2T, BB IR ICBAT LK PEG(2)-Asp(33)-
Lipo (PTX) &5 L, HLWRIC G 2 D B4 et L7 & 2 A, saline #f & L THEIC
THEHONAMEFEZ IS FRECTH D Z LRSI LE (Fig19B), S BT, FHMEClEdH 5
HLOD, FEEBET /L~ AD 14 AREICEBT DREBEBERZFHME L7 & 2 5, PEG(2)-Asp
(33)-Lipo (PTX) #5514 DEAERREBDIIBIE SN D o7, ZiUE PEG(2)- Asp(33)-Lipo
ZRIA L7z PTX ORI E X —7T 4 72X 0, @ OFRERE & il U Cligas~
® PTX OBATZHEI L7 Z & T, REMRENWER 28 L - et Z2 " L T, LTz
235> T, PEG(2)-Asp(33)-Lipo ZF|H L7z PTX O'HE~DOIYT VU — %, FoE L 22ebk
Ol CEEBIC T 2 HHERIEE LTEHTh L EE 2 b5,

BHAFEE T, MG 3 AR O FEAS K OB 2 15T S8 5 Z Ll S h
TEY ., EMBOEEZIMEIT 2 2 L%, BRI THHRIERIEDO—D>THD
EZEZBITWD [77-79), —J7. PTX ZEMIBICIER S5 &, rgfiao 7 R h—v
AFEE LT, BRI EIH S D 2 ERHEIITWS [80], La-> T, @EVWVEEE
Pz % 7~ L72 PEG(2)-Asp(33)-Lipo (PTX) 1. #5553 A AL~ EHE) 72 B A 2h S 1
R C, AR D 7 AR b — 2 ZAFHEIZ L DA FEEBINGEI R 2758 L T2 AlEetE»s
Bz oD, £ T, RAW264.7 flifian 5ok & 7= Bl 2 VT PEG(2)-Asp(33)-
Lipo (PTX) O T R b —V AFHEREZ KRG LT & 2 A, PTX KE A D PEG(2)-Asp(33)-Lipo 1L
TR =V AFEL G| ERZ IR0 o7, —F . PEG(2)-Asp(33)-Lipo (PTX) % %% St 721
BV ERRIO T AR N — v AFFE R S e (Fig.20), 2D Z L5 PEG(2)-Asp(33)-Lipo
(PTX) DN ABEEREIIH A 71 = X ZZITHEE A AR~ O B 72 Bk sh B 2. <, i
FRRROT R b — AFHEIC L DR BEBIHZNR 2 T RN 2 b,

Pk, RETIE, IVARVBO—FETHD Asp Bffiz 52 L THX—7T 4 > 7HEIC
BNV R —LEHEF BT Ik L, RUKRY—2E2HNWDHZ & TPTX OF
AL, BRBIHIAARECTH D Z L AL LEZ, 2L O ITEEBIRRE B L
Lic, B =07 4 7RIEEY X ¥ U 7 ORFELGEH 72 & NTHTHERIEDOBRFR I L TA 4
RiEMEERMET A b0 L Bbh s,
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EFL 2EITOTEY ., BEREICENDEY =TT 4 T AT LD E B, Bv
ﬂf‘/ﬁﬁ‘ﬂkﬁfﬁ IS BT T 4 TR ) T RGBT AL EBIC ?Wh/u%ﬂ
PTX | BB IENZEB T 5 0A AMHICET 2T 21TV, LN O m a2 157,

%1 B VAR CRER AT LB AR ERRIR & A T D BRI

KHLH VR CERERRIIR S 50 1D HAP ~OBFNEII I L U A A EDF L — MEE
FABE L Aco>Suc>Asp >Glu IEfiDNEIZ F 2> o 7=, HAP FAME L OMtilggs~n 27 V7 Z 2 A
DINT 2 AENTZ Asp BEIAN T X —F T 4 7 RE S TXx VT E L TROAETH
HZEwaRHLE,

52 E T ANRT X UMEMI IS < EERE Y R Y — L DOBR%

Asp EfFIFEOFIFICL Y VAR Y =LK PTX ORI EEAICKE Lz, £7-.
Asp fEfifi U R Y — MIEHEE OFREINL T d 2 W E BRI ER T2 2 L 2o nic L
oo SHIT, Asp Efi) AR Y — ALV FHEENDELIH SN Z EZHLNCT D E
& BT, EOFEHBIHEIRIEICIT BE M0 7 R h— AFEN B 5 5 aTREME AR L
77

Ul b, EFE, IVR BB ESE T X =T 0 VIR IEND RT v 7T U R
— VAT DO LT, BB & ARNEIREFEAT DFERN G, Asp WEX—T T 1~
JHRFELTIROALTHD Z L2 AHTE L BIT, Asp BfiZFIH L2 FiEr 3D X v
UT OBFIZRII LT, 51T, BIEAEIER X ¥ U 7 2 A THDAH PTX OFIERIL
72 b ORI 72 BB il 2 Uiz, ABFE TR LML, B ~03KYikE K OVE s
B xt L CaRZRFEROW CUXIGRIENEB CTX 2 RN & < | BiBIGRIC K&
CHEHBMTE DML B2 b,
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EEBROE
F 1 E EZEROH

1-2-1 BViR VRAEHTT > B U ~—DERR
[FK]

Boc-Asp(OtBu)-OH & Boc-Glu(OtBu)-OH b THEMN St L W EA L7, HOBt &
HBTU (3RS TF RAFZERT L VA L7, PAMAM G3 & aconitic anhydride & O
fluorescein isothiocyanate (FITC) & Sigma Aldrich #1:7>5 /A L7z, Succinic anhydride &
trans-3-indoleacrylic acid % T' hydroxyapatite monoclinic (HAP) (FFiyelis T3S0 5
A L72, a-Succinimidyloxysuccinyl-w-methoxy, polyethylene (PEG-NHS) |3 H RS tE0 5
A L7z, ORI HOW TR O RS 2 v -,

[EatE T X ERIEAT PAMAM #5EKDA K]

Asp-PAMAM K % Glu-PAMAM D& 7kix HBTU-HOBt #EICH|» TiTo 72 [81], T7bb,
DMF H T PAMAM G3 (ZxfL T 325 ¥ &® HBTU, HOBt, Boc-Asp(OtBu)-OH F 721%
Boc-Glu(OtBu)-OH % v 7' U v VRt &7, ZDEE. TEA Z#EEHRNL. KISRAEN
pH>9 L7 2 KO L7z, FEIRT 4 KA o F o — Lotk RISIEG IR Z BlisA T
NRVL—F—ZTHEBRRE L, 7 eafR/VACHRRS Y, T0%k, 5% KRBT Y T4
&R T 3 [\ o0 Lic, AMEA R SR L —&2 —ICTEERRE L, A=
— 7 VW ST, b A iR CEEBEIE %, /7 nn nﬁzvmziﬁﬁ’é L.90% TFA T
ifri L7, =|IRT 1 R L2, IR LRI AR —2 =2 TEABSE, V=
F N T —TF L TIHE ST Asp-PAMAM, Glu-PAMAM % 75%7-, DMF/TEA (100/1 v/v) (ZiAfi#
SH72 Asp-PAMAM. Glu-PAMAM fbE#IZxt LT, Al U< DMF/TEA (100/1 v/v) IZHRES
W=7 2 BESTEYE(L PEG (PEG-NHS) % i &7, =R T 24 Bl % =2— |
L7, 15,000 MWCO DBHTENZ T 1 HLL LSBT A U725k ICESR T 2 2 & T, &
H&H9Z PEG 1k Asp-PAMAM %7213 PEG {t Glu-PAMAM % 15%7-,

[ VAR ERIERT PAMAM #%EAKD A ]

Suc-PAMAM K Y Aco-PAMAM LA FOFIEIZHE> THE LTz, T2 5, DMSO H T
PAMAM G3 1Zxf LT 32.5 Y& D succinic anhydride F 7213 cis- aconitic anhydride % it &
i, OB, TEA ZHEEIRIN L., BONMESIRS pH>9 L7225 K5I Lz, |IE T 4 B
fA % 2 _X— K L721%. 1,000 MWCO DEHIEICT 1 HEL RGBT A U 72 12 (B iz
9% Z & T Suc-PAMAM. Aco-PAMAM # %372, PEG {t Suc-PAMAM K O PEG 1k
Aco-PAMAM % G aT DB, PEG 1t PAMAM (2 Suc EffiE7-1% Aco EffizhE L7,
72> B, DMF/TEA (100/1 v/v) ([ZfE S 72 PAMAM G3 (2%} LC, [A U < DMF/TEA (100/1
v/V) \ZEE S 72 PEG-NHS Z b SH70, IR T 24 KA o F 2 X— K L7, 15,000
MWCO OBHIEICT 1 HLL BB A1 L% Ikl g+ % 2 &£ T, PEG {t PAMAM
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7=, S5 7- PEG /b PAMAM % DMSO |[ZiAfiE S, 32,5 Y& (GEFE) @ succinic
anhydride F721% 32.5 & D cis- aconitic anhydride %S ¥ 72, EORE, TEA % &S
MU, FOSIRGHRD pH>9 L7225 X9 ICHEE LTz, |IRT 4 FFEA ¥ 2 X— |k L7tk
1,000 MWCO OFEHTHEICT 1 ALL BB A LI RICHFEiRT 5 2 & T PEG 1k
Suc-PAMAM, PEG b Aco-PAMAM %457, (GO TNV RIEMT v KU~ —FE K
MALDAI TOF-MS (Microflex, Bruker Daltonics, Bremen, Germany) (2 &> CIRE L7z, /LR
&7 v NV ~— RO -2 & 0K EM M E 1L, Zetasizer Nano (Malvern Instruments)
ZHAWTENEN, BIPEHELER OER/V—— « Ry 7T —IRIC IV HIE LT,

1-2-2-a HAP ~® R Fu{EaTiff
[HAP #&& J28r]

HIVIR CERERET v R <~ —§FE(K~D FITC =ikt Kitchens H D HIEIZHE L TITo 7=
[82], 10 mg ® HAP % 1.5 mL OF =2 —7(ZH&E L, FITCAEGE A VARV BREMT > N~
—#FER%E 100 pg/mL & 725 X 512 PBS (pH 7.4) [ ZIRfRE S -1 % 400 uL Nz, =i T
PR L7, BT 5,10, 30, 120 S0 OFFST 1,500 x g T 3 ZpfilE D2 L, EiEOS
> 7 (100 uL) Z17V, EJEHF O FITCAEGR I VAR VBRMERTT > R Y ~—iF8 R OH
SR % Ex. 485 nm, Em. 528 nm D5 CF L — KU —4&— (Powerscan® HT, DS Pharma
Biomedical, Osaka, Japan) & L7z,

HAP #EAaRi%, wa [1] 1ITit-» CHEH L,

[PAMAM]bind = 100 - ([PAMAM]supernatant / [PAMAM]without HAP) X 100 [1]

Z Z T [PAMAMlying (%) 13 FITC-HE# A VAR VEBERTT » R U~ —#FEKD HAP A%
THho, [PAMAM]supernatant iiiﬁ'ﬁ‘fﬁ@iiﬁ‘ 100 HL Efj@ié%gﬁ};ﬂ: IR L. [PAMAM Jwithout HAP X
HAP RINAGTD FITC-EEG A VAR AERTT B Y ~ —FF8EREIK 100 uL 1 OEIRE %
#7

1-2-2-b I T AAF KT B X L— MES BRI
(v LG FE8R]
50 mM MES buffer (8.0 mM CaCl,, pH 6.7) 10 mL (2 ViR U ER(ET v KU ~—iFE K%
025mM L7025 X9 SEHHE Lo, iR 1,5, 10, 30, 60, 180, 240 77 DRFRE TRAE G
? Ca?* JRFE%A Ca®t ®EM: (compact Ca?* meter B-751, Horiba, Kyoto, Japan) (2 CE& L 7=,

Ca®" FEAFRIX, W 2] ITit- THEH LT,

[Ca? Joina = 100 — ([Ca2*Jfree / [Ca Trowl) X 100 [2]
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ZZT7T [Caz+]bind (%) 1T VR Vﬁﬁ'ﬂ%ﬁﬂi?y [N ‘7‘—‘%}%%{2&@ Ca® fEAHFETHY N [Caz+]ﬂee
IIRMEAD Ca? REAZRL, [Ca’low 1THVRBEMT o R ~—iFE8KRMNATO Ca®*
IREZRT,

1-2-3 VAR CBERT BV ~—OENEGE

(3]

Diethylenetriamine-N,N,N’,N,” N”’-pentaacetic acid (DTPA) (ISR ALEMFSTHT > O 1§
A L7z, "Indium chloride (['""In]InCL) IZHEARA V7 4 Vv 7 AAS I v k5 asn=b 0
Z W=, Z ORI W IR ORI 2 -,

[SEBrEh ]
ddY Rt~ T A (5-6 #HEn, 25 @) 1XIEKEFMEHEASHEN LA LT, Uk XTo
BN FEBRIT TR CRER AR K @) BRI i AR [83] (2o 7=,

[FRARPN 3 5% DRk > A1 F2Br ]

VIR CRERT > B ~—3F8K~0D Mn 57X Hnatowich 5 OHGIEICHEL TiTo
7z [84], MIn-EEil A VAR VRERT R Y ~ —iFE RO ENEIREIL, ddY RHEME~ T R (5-6
Wi, 25¢) ZAWTITo7z, MIn-Efk A VR VERMERFT v R Y ~—FERD PBS Ak % .
ddY ~ 7 ADRFIRZ N LT 100 kBq ""In/1.0 mg PAMAM/kg D5 100 pL FRARA
B U7z, #5% 1,5,10,30,60,180 53 OBFRT, A Y 7VT7 VBT T~ 7 A FREREL Y
R ZAT S T2 BICERT 2 & & bIT, TP, B0, WU, (O, R OV MR 2 8B L7z,
BREL L 72> 7 vix 2,000 xg T 5 i R A e L, BEOImSEE Dy T 4 v
7' F 2 —71Z 100 uL FE U7, F OMlas 345 ifkas O 8 8 2 1E L72 e, s 2 0
E L7,

[7— % fi#hr]
BRE T ORMBBATIEL 2 V7 7 o A0S S FH S D i PR E IS IR KR
ZRAEREI VA7 VT T v ZMEE NS Z LT R | BRI E BRI T X 5 [85-87],
—fRIZ, OB EORRFIELITR D L Y IcE s b,

dX(t)/dt = CLorg * C(t) - Kouw * X(t) [3]
Z 2T X() (% of dose). C(t) (%of dose/mL) [LZIVEAUFH] t (ZI51F 2 &y DA & K
OVMISEFPREE . CLorg (mL/h) X MSEH 2> D IEERH A~ DRI D A7 U T T A Kow (1/h) 1

&R0 D efflux HEEHE T, MO D O efflux DR TEX 256 Kow=0) 1Z1F, K
[3] X [4] DX HlcFEE N,
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dX(t)/dt = CLor = C(t) [4]
ZORX [4] 2T LHI LR,

X(t) = CLog * AUCo:  [5]
X(t)/C(t) = CLorg * (AUCo./C(1)) [6]

L7 BERNLEONTFERD LI Clay 2RODDZENTE D, 22T AUCH
G EZN DR ¢ £ TomHPiRE-Re i TEfEL R, ZoRUHEV, Min R
D RLNT DRI 0 A7 VT 7 v AMEEFEH Uiz, &R E TO AUC 1IN 3
BT 77 5 MULTI[88] AW Y CITdFtHEICE W EH L,

gl

1-2-4-a In situ A A— L F L AT ML D lidkan iy An O
[3K]

VivoTag®-S 680 (Dye 680) % Perkin-Elmer 7S HEA L7z, & OMORIEKIZOWTIEHIIR D
et A2 iz,

T ARAME AT AR & FIN T2 in situ KB S3 AT R FAT ]

TIVR U BERIT o R ~—F B~ Dye680 1Eikit Kobayashi 5D ikEICHE L TIT
=72 [89], Dye680-1Z5#k 17 ViR U EMERT o KV ~—FFEIRD in situ KGRI, ddY
R~ A (5-6 R, 25g) &AW TIT o7z, Dye680-1Ei# PEG(5)-Asp-PAMAM ¢ PBS
Wik %, ddY ~ 7 2ADREFRZ I LT 100 nmol Dye680/1.0 mg PAMAM/kg O 5 & T 100
uL FARAE G Uiz, 5% 180 53 DEfRT, A Y 7T VI F T~ U A FREFIRE D £
MAFT ST BICEZRT DL & IS, ELENSAAEK 10mL 2V CERE., Tk, &
Bk, MdEE. Ok M OVE O g L7z, BREX L 72ligds ¥ o 7 i IR T — UL
#H . IVIS Lumina XRMS Series Il Multi-Species Optical and X-Ray Imaging System (Perkin—
Elmer, Boston, MA, USA) % VT in situ fligigs A A — > 7 it % B4 L7,

1-2-4-b SLHE A L — P —BARHIIC £ DN OFIER
(5]
Xylenol orange tetrasodium salt (XO) & paraformaldehyde (PFA) (X0l T 2RS40
HREA LT=, ZOMORIKIZ SN TR O Frflkat 3K 2 7=,

[HO R M 2 T T2 B N AT AT ]

PEG 1t Asp fEfifi PAMAM ~ FITC #Ea%kiLAiHi £ TORBRGTIEICHE L TIT 72, FITC-
Wik PEG(5)-Asp-PAMAM O/ N iaFAliE, ddY REEE~ 7 2 (5-6 s, 25g) ZHWT
1T>72, XO @ PBS ¥ifi% ., ddY ¥~V ZADR#HNkEZ T LT 30 mgkg OF 58T 100 pL #
RN$E G- L7, #e5-% 3 H B ORRT FITC-AS# PEG(5)-Asp-PAMAM @ PBS i % | ddY
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~ U ZADEFHRZ I LT 20 umol FITC/kg O 58T 100 uL RS- L=, &5 24 K
Wk, 4 Y 7NV T VR CRER TS E &b, W FRB 28I L2, SR TR
TIVITAEBR A K TP, 4% PFA CHEIE L, KEEEEALEED DI E DAL 20 72 70Kk

W TE] O BAS FEDUKAEA 2 )| A7 (T — 7 15) [90] TYERL U 7=, MR S - st i &2 L L
— - —BAMEE (AIR +, Nikon Co., Tokyo, Japan) % VN THEIZ L7,

47



% 2 B EROH

2-2-1 T ARG X AMEM Y AR Y — L OFHH
[F3E]

DSPC (COATCOME MC-8080) & DSPE-PEG (SUNBRIGHT DSPE-020CN) } (}® DPPE-NHS
(COATSOME FE-6060SU) (% H k112> A L7, Di-tert-butyl L-aspartate hydrochloride
& PTX FH bR TEMRASH L I A L7z, Cholesterol & a-cyano-4-hydroxy- cinnamic
acid (CHCA) MUY HAP (IFEATEE T3t Bl A L7z, Phosphatidylcholine,
L-a-Dipalmitoyl, [Choline-Methyl-*H] (*H-PC) (% Perkin-Elmer fL72>SHEA L7z, £ OO
(DWW T TR O Rkl B 2 VT,

[DPPE-Asp DA %]

DMF |Zii# > TEA %N x 7=¥EH T DPPE-NHS (Zx LT 1.1 24 &E®D Di-tert-butyl
L-aspartate hydrochloride %71 > 7'V v VIS SH72,45°C T 4 KA o F 2 ~X— F L7o%%,
BOGSTR G 2 [EHRA T SR b — 2 — 1T THRBEERE L. 90% TFA THifR#E L7z, =ik T 1 KffH
PLER L7t WA R SR L — 2 — IO CAB S, WK Tl S 721, 1,000 MWCO
OFBHICT 1 BLL RSB IEAIE L7 RICHRE R 2 2 & T, &H&AYIC DPPE-Asp %1%
72, %3 B 1172 DPPE-Asp I MALDAI TOF-MS (Microflex, Bruker Daltonics, Bremen, Germany) (Z
Ko TRE L.

[VRY—L10E]

PTX F AT AT X ERERM Y R Y — LXEEEKFIE (the thin-film hydration method) (Z
TR L [91], FFEY R Y — LD Table 3,5 (2”7, T7bb, Z7rrkiL
DR ST RE KO PTX IRAWIR % AN SR U — 2 — IS TR E Lo, £ Dk,
HIRICT 1 BUARBEGEE U, 528 L7- PTX &A08E 7 « /v L% PBS (pH 7.4) (2 CT/AKFn
L. 10 B ERAE G L 7=, 501 7-8E % Mini-Extruder % VT 200nm DRV
H—ARFx— FMEIZT 11 [l=7 2 M= g Lz, Boniz) R Y — ABEIK % .
Sephadex G-25 17 A &EHWTHNEHRZ v~ N7 77 4 —%fEd 2 & T, READ PTX %
brELTZ, BEUX L2V AR Y — L8 ETEZ 4°C T 30 43 110,000 x g (& CTimDLEE % it L .
o=V AR Y —AL% PBS ICCTHEE LT, 150728 EHE % FFE Mini-Extruder % VT
100nm DRV H—RAx— MEICT 11 Hxr A ML—2 3 > Uiz, KiFH% A X0HE/N 4 BRY
BB Z T 2 & T R Y — 2525, IBEREILY VEREEZHVWTERLE
[92], PTX E AT AT XU ERESG ) 7R Y — AORL -2 M OSSR H B E L. Zetasizer Nano
(Malvern Instruments) Z W TZEEIL, BIFDERELER VER/LV—Y— « Ry 77—kl
LV RE L,
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[PTX D]

UARY —=HZE NS PTX 1T LC-MS ZHWTER L7z, 200 uL @ U AR Y — LRETK
(2 200 uL DI aaRNVLERML L L 1P % RS A 4°C T 5 40 1,600
x g I T OB A L, 7 7 oL AHEZRBRE 1Z 100 L 207F U7z, 0 iR & 2R 8 R E 74 |
200 pL @%@ME CHEML., £095H 100 ulL ZflEY 7L L LT LC-MS (2 TH 7 v
o PTX ZER LT,

<{Hl7E e f>

filf B 2 : LCMS-2020 system, Shimadzu, Japan

VI RN : Shim-pack VP-ODS (150 mm X 2.0 mm i.d. 5 um, Shimadzu, Japan)
eSO : Methanol/0.1% formic acid (80/20 v/v)

b : 0.1 mL/min

7T MR 140 °C

L ANpIRES : Electrospray ionization, positive scan mode

HE&E ML : 845 m/z

2-2-4-b PEG-Asp-Lipo (PTX) O BA{# & i
[AFM (2L % U AR Y —hDf#%

AFM (2 X 5 81%20F Takegami & D HIKICHEL TIT-72 [93], T72b b, IEEREN 1 mM
DYRY—LEEWE 10uL Z~AH BT L, |iRT 10 oliFE Lz, ZEKT~A D
VR L. ROKGERS WIS T, <A 1% AFM (Nano Scope Illa, Digital Instruments,
Santa Barbara, CA, USA) (ZEXE L. 123-um @ Si3N, probe (oscillation frequency; 350 kHz, spring
constant; 42 N/m) &\ T, U R Y —2Lkif% tapping mode (Z XV BIZELT-,

[TEM Tk %1%
TEM IZ X BBIENI AT T ¢ TYBIETHEMLTZ, T72bb5, 74 /L A/N— VRN a2 —
FENFEIA v 2 IZ VR Y —LEWESE 2% VX T AT VERISIR (pH 7.0) TY L
724 . TEM (JEM-1440Plus, JEOL Ltd, Tokyo, Japan) TH#IZZ L 7=,

2-2-2-a HAP (Z%}9% DPPE-Asp }¢ (O} DSPE-PEG O %

[HAP #&6A 5E8x]

HAP #EAFHMIE Anada O FIEIZHEL TITHo 72 [94], 725, IREREEN 50uM O
SH-FERE U 7R Y — KIRER 2 11.1 kBq (0.3 pCi) *H-PC/mL & 725 XK 9, PBS (pH 7.4) Fiz i
L7, 1,2,5,10,20mg ® HAP % 1.5mL OF =—7IZHRE L, VR Y —LEEE%Z 200 uL
Mz, BB THE L, HEBE 60 ORI T 1,500xg T 3 4y LB Z fii L, 20 uL &
FIER OBIEE L EE LT,
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HAP #E&3#I1%, X [1] 1IZiE-> TR L,
[Liposome]pina = 100 — ([Liposome]supernatant / [Liposome]without Har) X 100 [1]

Z Z T [Liposome]ving (%) (% *H-EEi#% U AR Y — A HAP #EG#E TH Y | [Liposome]supematant 13
OO B 100 piL FOFEMEZ &K L, [Liposome]winou nap I% 1500 xg T 3 43 DLy
WUER A Jife L 7= HAP WRINAT O SHAERR U AR Y — AVEIR 20 pL O S EME % £ 7,

2-2-2-b, ¢ X" 2-2-4-c, d PEG-Asp-Lipo (PTX) OEANHEIHE
(3]
PTX [2-benzoyl ring-'*C(U)] (**C-PTX) I¥ American Radiolabeled Chemicals 17> 5 A L 7=,
Z DM OFAIEIZ DV TR D Rkl 3 2 vz,

[F5rE ]
ddY RiEtE~ 7 2 (5-6 i, 25 @) I1XTEKEBRMEHRE SN SIEA L 72,

[PH B O “C o FEk]
AR Y —Ah~D H E#H L UC EiiX, 7 v adRL MRS - IREEIRE 721X
PTX LARE DIRAWKIZ *H-PC, “C-PTX Z@HML [V R Y —205RH%] & [FEEOHRIET, *H-
Ek M O MCHERR Y R Y — A BRI LT,

[FRARPN 3 5% DRk > A1 F2Bk ]

BFEY R — LA OKRNENEEIL, ddY RIEME~ T 2 (5-6 B, 25g) 2N TIT-72, PTX
EM O 591, 0.37 MBq (10 uCi) “C-PTX/0.17 mg PTX/kg DT PBS (pH 7.4)/ethanol
/Cremophor® EL (1 mL/1 mL/0.527 g) OIRAKZHWTER L7, “C-PTX ZEH A L7 *H-E
YR Y —Ao PBS A% . 10 umol total lipids/kg, 1.85 MBq (50 pCi) *H-PC/kg, 0.37 MBq (10
uCi) “C-PTX/kg DO H-&T 100 uL FIRNE G Lo, &5% 1,5, 10,30, 60,180,360 43 DIk
HMTC AV TINT UM T U A FREFIRE VM Z1T- T2 %ICERT D & & i, fFE,
RO, PO, OER, R OV PR 2 BRI LT, 153 5T B DA O K lEgs o B E A HIE T 5
& & HITHNEEEBIE L, IRNEIREZ REG L 7=, WEREFH NT A — 21358 1 B LAk
DHETHERM LT,

2-2-3-a JTARAMEOE AR U i8R A A A —2 v 7
[GA]
DiR (XenoLight) (% Perkin-Elmer #1725 A L7z, & O OFIKIC OV T AT O RFfkaRSE
Z Rz,
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[VARY —21~0D DiR %]
UARY —L~0 DR ki, 7 7w RV MM S ST EERKIC DIR 2@t [V R
YV — LDOFE] LREEOEMETY R Y — LT L, 15,000 MWCO DOFEHFEIZT 1 BLLE
BT A8 L, VIVASPIN-2 (10,000 MWCO) % H 7= BRAMEIEIC L 0 R L 7=,

[ TR e YAEFRAR 2 FANTZ i situ FERS o> AT R )

H 1 EEREROFIETIT - T2, 5 IL, DiIR-225#% PEG(2)-Asp(33)-Lipo @ PBS &k % .
ddY ~ 7 ADRENRE N LT 1.0 pmol DiR/5.0 mg lipids/kg D% 55T 100 uL FEARPIES-
L7c, s 0BBUL, 5% 360 43 DR R TITo 72,

2-2-3-¢c T AT X ARIEH Y AV — D OFNFEE ORI
Gy
N-(Fluorescein-5-thiocarbonyl)-1,2-dihexadecyl-sn-gycero-3-phosphoethanolamine, triethylammo-
nium salt (fluorescein DHPE) |3 AAT Bioquest ft:2> S A L7z, & OMOFILIZOWTIETHTIR
DFF A 2 VT2,

[VARY—2~D fluorescein 12E5k]

UIRY —L~D fluorescein #Fakid, 7 7 v AL NIIRAF S E T IFEIRRIC fluorescein
DHPE Z#AnL [V AR Y — L0 L RKOBETY AY —L%2F0E L, 15,000 MWCO D
BHTIEC T 1 BEALBHTIEAiE L. VIVASPIN-2 (10,000 MWCO) % FIV 7= FRAMIEIEIZ & 0 K
L7,

(R AR & T2 B N AT R ]
B 1 BEEREROFIETITo 72, 5T, fluorescein-fEik PEG(2)-Asp(33)-Lipo @ PBS %
K. ddY v ADRFNRZ S LT 5.0 umol fluorescein’kg D H-&T 100 uL FFARNE G L
7o

2-2-5-a, b PEG-Asp-Lipo (PTX) OB #AF 15120 R O FH il
(3]

Minimum essential medium eagle (MEM) " antibiotic—antimycotic mixed stock solution
(10,000 IU/mL penicillin, 10 mg/mL streptomycin, and 25 mg/mL amphotericin B; AA) (77 7 A
T A7 RASFE L W IEA L7, Fetal bovine serum (FBS) (% Biosera fEBHHEA L7z, LIEED
HZEER CHWS3_TD FBS 1% 56°C. 30 43O AT - 7ot I L7,

In vivo grade, VivoGlo Luciferin }2 O} Luciferase Assay System |X Promega ftJ& DA L7,

[E5rE ]
C57BL/6NCrSlc RMfEM:~ 7 2 (14-18 g, 4 Hfim) 1TIEKFEBRMEMEASE L VIEA LT,
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[B5aHmpa]
B16-BL6/Luc #ifdix, v otieAd Gl KRR EA SRR BT 30 8) LV
5. %251F. 10%FBS. 1%AA &4 MEM E:HIT 37°C. 5% CO, {E{E F TR LT,

[BEEBET L~ 7 2DIER]
%%%%?wv?xmA@mm5@%%’@@1@%Lt[%9@ J72bbH, C5TBL/6
M~ T A A Y T NT URRBEFICB W T, AR AT A Z L iIck B EBRE &

ﬁ\m&uﬁmCm%%%%%ﬁfmbt&%ﬁ%ﬁﬂb\u%@%%%%mbtﬁ_\v
V2 UHNICEIRIN N E > TL 2O &ER LN S, ADLENIZ BI6B-L6/Luc Mg (1 x 10°
cells / 100 ul / mouse ) &5 L7-,

[PEG(2)-Asp(33)-Lipo (PTX) D% 5K OFEAf]

PEG(2)-Asp(33)-Lipo (PTX) (% 1.5 mg PTX/87 pumol total lipids’kg D% 58T, v~ AD B #f
BRZ L TG Uiz, BEGREE, miiias 5 0% day0 & LT, DSAMIROESE M %2 B
&Lz 0 BEKLD 3 AEKE, HLHWIE, BiEOIfZ B E L7z 7 BEKLD 10 A H
Feh- b Ui, G 14 B BT, invivo TRE8)EA A=Y 0 TV AT LRV ) A—F (T
LN T =T —RIEME & R e & AT L7z,

[In vivo #59 A A —2 0 72 AT K2 K BFHm])

JEARIE 5 14 H HIZ in vivo 188964 A — 0 7V AT N ORGSR ZFHE LTz, 372 b b,
C57BL/6 Rt~ 7 A% A Y 7V 7 VR T C. D-luciferin (2.5 mg / 100 pl / mouse, Luciferase
Assay Reagent) ZfGFENICH G- L7z 10 43, ~ 7 A% IVIS Lumina XRMS Series I1I Multi-
Species Optical and X-Ray Imaging System (Perkin—Elmer, Boston, MA, USA) O 7 )L A7 —

CHEEL, TREOBEESEA A -V 72 RE LT,

[V 7 =5 —PiEMEORIE]

A A=V THGBEIFH% O C5TBL/6 At~ 7 2026 FCE ZEELL ., lysis buffer 2 mM
EDTA - 4Na, 0.05 % Triton X-100, 0.1 M Tris, pH 7.8 Z&de) HIC T FEEF L HRET X —
L7z, REYR— biA 3 [EEFEEAE L. 250 xg T 10 M@ LAF A5 L=, B 20 pl
% F 2 — 7 \ZEEL L, D-luciferin (Luciferase Assay Reagent) 100 ul Z¥RAML7= 3 #%, v/
A —2%4 (Lumat LB 9507, EG&G Berthold, Bad Wildbad, Germany) (ZC FEEH DL 7 =T —
BiEMEZ 10 BEHIE L, BERE W CHIIaE~ & 2 L7z,

[FeEHFrOfEdT)
ZHELIZIZ 1L Tukey-Kramer 5E%1T-72 [97],
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2-2-5-c WEEAMMICK T D7 AR b — L AFHE
[EK]

Dulbecco's modified eagle's medium (DMEM) & T* 2.5g/I-Trypsin/lmmol/I-EDTA Solution (X7~
T AT A7 DB L7, Recombinant mouse soluble RANK ligand |3 Prospect-Tany
Technogene ft72>H A L 72, Annexin V binding buffer & FITC annexin V- }2 O propidium
iodide % BioLegend fLiHHEA LTz,

[Beaimia]
RAW264.7 #ilIL, 10% FBS. 1% AA &4 DMEM i:HiT 37°C, 5% CO, f#(E F TE:#%
L7,

(Al M D 5 ]

R ~D 3L Xu BOHIEICHELC TIT o7 [98], £F. vV AR 777y —Uik
D RAW264.7 #lifid% 1 x10°cells/ mL T 12 well cell culture plate (Z#EFEL . 37 °C. 5% CO»
{F1EFC24 BilEER L7z, T D%, 10%FBS, 1%AA, 10ng RANKL/mL &7 DMEM 5
HUZEH#L L 37 °C.5% CO, fAEFT 3 AREEET L Z & TUREMIE~DMbziFE Lz,
il B AT AR VB A BB U I ER AR A 7 7 # —8  (tartrate-resistant acid phosphatase; TRAP)
etblZ KRR LT,

[Annexin V (2 X 57 AR b— 3 ZAFHEFHM]

RAW264.7 #lE X 0 /(b S W72 B RHIIRIZ PEG(2)-Asp(33)-Lipo @ DMEM (FBS(-),
AA(-)) &% 20 nM PTX/0.99 uM total lipids/well DT 1mL IRML7=,37°C T 4 K¢
A Fa— L2tk MlEE trypsi/EDTA Z W CIEIUZ L, 1 x 10° cells/mL DEE T
annexin V binding buffer |ZFFRRE L 72, £ DO%KE T CRREEIRKZ 1.5mL F =2 —71Z 100
uL 437 L, 5.0 uL @ FITC annexin V. & T} 10 uL @ propidium iodide %z x 7=, faf:ktFRIZ
I% 5.0ul @ 1% FBS/PBS XX 10 ul @ 1% FBS/PBS % 7z, =R T 15 43, KPS
TA Y Fa_X—F L7, 400 uL @ annexin V binding buffer % /)12 polystyrene round-bottom
tube with cell-strainer cap Z HW TS Z B L2 bOE 7 re L, 7r—H% A KA K
Y — (BD LSRFortessa Special Order Research, BD Bioscience, NJ, USA) (ZT7 A h— 3 A ffifig
Rt L7z,
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oo 0 (TR A RFFJEICE LT, A2 B0, MR D E L U aR K
R BHECEL L R DB AR LET
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SRR B R TS A CTE RO 2 2 L £,

S50, MIGEERER 5 WS L EEE A G0 £ L SRR SRR SR (B
RSB HE) R A AR LT

7o, fix OBRELMHE LMY E L smER A A P, SRR
ERAEHA ) e SR BT R L £, S DI, ERO—ENCER .
IS, SN AR E L R IR AR AT, T I
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