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IR X AR AR T 5 AL TH Y | AMITEIOMERFO 720 RN O RIS TR
DHMERERE A 2 T D, ILFEOS AW FOMIAEY FORE L & HI2, Mldomkse
(BT 2R E D | AR ET LWERIEE LTHERSND L o TE T, #F
(2, FB1E U7 HAE - DR O A B ISR L CITHIRR AR S A 2 2 IR IS e 5 & B 2 5
Ao, FORERMIED, A RHIIED, OIS O, A N R RTBRAIIED, EEHIE 6, REEREH
fi (MSC) ™12\ TIE, BRRICBW THATRRAB STV 5,

HIRREREIZ BV T, BHE L 72 i OB~ DR IR R 2 IR E 3 5 HE R K
TE75, L, 7y hOLFICOHMIEEZ RIS Li2Ga b, 5 LMol
10% L 2D AR I CEEFE L 70 2 & 3l S0 CTEs 0 18 il 2 1R DORERSE AL~ S
LD TRPMLETH D, DHFEZEETT /L~ T Ak L, B FEAIZ XY RIEMBKIC
%D BFEE S F(CCR-D 2 B R B S 7-MSCEBET 5 2 & T, MEN~D
MSCOEEFRE, 72 b Nl OFHEIZ T DIREN R A W E TE D 2 LA Sz,
L7235 T, flfasRm o8 BE S oI, Ml X 2188 Rom LichAzh7E L
Exzbhd,

MR 1 OFERE By 1 OF A IO HiE & L CL BB B A2, i oyt &
DALFREE2229 | JREFHEM & IO BAEH22D 2R L CERIT 5 HiE ERm b
TW5, EOHT, FEFIXIBFICBOCOEMENE, 2B MIaR mEMTTED M2
ThdrEEZ, RV F Lo 7Y a— (PEG) JEEHEMAREZ AW EAESER L
7= Thebb, PEGE U v h—& U CHIARMICIRE & B 1456 L7 PEGIREFHEA
X IEE S SRS H EMER U, MRS 2 5720 TR R mICHREY T2 B A T
5. FI-PEGIREFHEMIT, BEICU RN Y —28AOMELE L THWHN TV A34300D T,
EAR~OLREVECET 2@ Hi-> TRV, £z, WIEMES 74 BELFREIC XV Efi
T 5 HikE2e) LR LT, NIEME D FICR T 283 e n B2 b b,

Z ZTAME TR, £, dOLE PEG IR TS S Z O 7o MR R i~ O & A & O FEAT
LML L, b MEBERSBME (WMSC)Z W T PEG IEEFEADEMiEICH B2 B LIE
THRFOMFEITo72, Fio. B LAY E RS 2R H L <. PEG IFEFEMAEIC
L DR EMONRZ M BT D FEOREZIT o2, S5 PEGIFE 2/ L Tl
#EE 2B B HERE Y 1 hMSC ICFRmEAi L, b NIFPER M N (WLSMENZ %3
HYEERE TR T 5 2 LTI HLATE,

IR, ZEICh oz mikd 5,



% % hMSC RE~" PEG 8 EHE KSR ES
BXIETHERFORE

hMSC i ~MEfH SN T-HEREY T2 K 2 BoF R RITIT, T OEMEN K& < HE
THEBEZONDTD, BMiEICHELBIETHRIFZHONCTILNERH D, TDT
B, ZOMFHZIE PEG IREFEAR OB 2 R ICHIE TE 2 FEIC L 2FHENLETH
Do

ZIVE T, hMSCZE 47 - ~MERT S VT2~ 7T R2DOPUR) OESf Bl E, 3R L 7o~
TF RB LOFUEZ AW TERT S L7 MSCOEOEIRE D BRIl S LT\, & 2 CARMZE
TliX, fluorescein THEk S V7 #OCARRPEGHEEFF SR A AR L, SO X HEM&
DN AITH Z & L Lic, LnL 20846, S00ER S W PEGIRE ITMIA 21 T/ <
ARSI & 20403 2 72  hMSCR B S Lo E 4 IEMICFHMI T 2 2 L A TE 200
T, ENEFRRT D HIEORBEBULEL 25,

N U R 70— (TB) 1%, 5% L 7= fluorescein D #2135 2 & D3EI B AL TV 43841
7. TBiZ, AMlaOMiEAz 13 e A i3, 5450 7oL OMAaE7Z T 4 18
W D70, AR E FEMROFERNCFIH A TWD, ZHEDOTBOMWEZFIMET % &,
fluorescein THOGIEM S V72 Candidad % B E ST 4FHERIZTBAIRINT 5 Z £ I2 L0
IR ER A2 U 72 Candidald O & Y6120 BEE IO T, iFHERICER SN
Candida® D&% #OUREN B ERETE 240, £ 2T, dOCERPEGIEERS SR TEM L
72hMSC% AT, TBZEIETHIE L7=hMSCOE EEE )5, TBZE U L ChMSCF#E
I D 2 S ¥ 7 hMSCO R 2 7 LAl < 2 & ¢, hMSCH L Effi = 117-PEG

FEFEEROENMEL T EZWETE L EE 2, TBEHW/-hMSCE i IZEAi S 7-PEG
FEF GO ERIE LML LT,

WIZ, EffEICEEZ B XIETR T L LT, PEG BEFHEAROIEE, PEG 805y &7
E. PEG [FEFHEEOEBRDMEMEICR LT T HELZFM L7z, £7-. PEG FEFHYE
KA A~ 2 BR OB 4ok & LT, I, IR, K5 o v LR L imiE (FBS)HR £
DORELFHMN L7z, 512, EERPOEIS I MSC 1L, fb-CHED 7=, BEE I —
A S TR LICBRIIBHEIND AR H Z L 2&E L, PEG IFE CTEAMT 5RO
AR OEE R FEE LT, MlanEs LR ILIZ PEG R EFF 842 & O RIR 2 N 2 ThS
#9271k L, PEG REHEARZ B THRFRE T hMSC 0 L, Bk 2 iR+ 5
FiEE AW, ENENOHIETEM LG EOEMig4a ik Lz, £z, Rz
hMSC Z#AERNA~FL-T 2% 2 L 25E L. PEG IREFHEROEMOZLENERHMEZ BB9IZ,
FBS Z & TelsitiZ 1) 2 hMSC Kl OEA & A RRFAYICIIE L7z, 52, PEG IFE
FHERDER MSC OFHIfL, AR ~D /3 bRBIZ I KIE T B2 s LT,



1-a PEG JEEFHEMAIC X 5 M EEME:DFE

AWFFETIR, Mz OPEGHFERS EARMEM EOMIE D=, fluoresceinZ Kl EA
L 7= Fluorescein-PEG-distearoyphosphatidylethanolamine (Flu-PEG-DSPE) % 352
Wz, PEGHES Sy D4y &N 72 5 3 FE O Flu-PEG-DSPE  (PEG#{ 1471 # 2000, 5000,
10000) A L. £ PFEFERILICEE L7-hMSCH L < I35 1243 L 72hMSCIT st
DG EMZFN L 72, FluPEG2000-DSPEF X O'Flu-PEGs5000-DSPE(X 5 mM CDulbecco’s
Modified Eagle Medium (DMEM)Zxf L CiEfi# L7-. Flu-PEG10000-DSPEIL 5 mM Ti&E
fE Lrpipoizizd, 3 mM TR L7z, BEizITOm»roTEEOAEFRE 100 % & LT
Flu-PEG-DSPE% & {o35 881k F CRABR LT BEOAFREZ R LT & 2 A, W OMLEE
THEFROE FILIFE A ERDO N> 7=(Fig. 1), KfER NS, Flu-PEG-DSPEIZ X
B AEAFIThMSCIZ T 2 MG EMEN H N Z & AR S, LAk O EBR TIIARTT T AW
FELULTCEMZIT) 2 L& L
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Fig. 1 Cell viability of hMSCs treated with Flu-PEG-DSPE.

Cell viability of hMSCs was evaluated by CCK-8 assay following treatment with 5 mM of FIu-PEG y50-DSPE or
Flu-PEGs000-DSPE, 3 mM Flu-PEG 19990-DSPE and 0.1% Triton X as a negative control for 4 h at 37°C under
adhered (A) or dispesed (B) condition. Each result represents the mean + S.D. (n = 4).



1-b TB T X MR OB ILIHL OB

Flu-PEG 2000-DSPE T i L 72hMSC % £ i
TR CBIE LT 2 A, BIEEITo722T
DhMSCZ i |2 fluorescein H 3 0 52 St 75 e 78
iz (Fig. 2), Lo L. hMSCHHEIZ & a2 e
S, EffOBRIZPEGIEE O —H 2AhMSCHIC
WVIAEND ZEPREBESNT, £ T, EffiL
72hMSCIZTB % %A1 L ThMSCZ i w2 ' A 18
Jt4% Z & T hMSCHERIZE V1A £ 7-PEGHE
EHEROEOGIRE 72T 2 HE L TBAZ RN L 72
lﬂhMSC@ai‘ﬁ?ﬁF;i)\E# L51< Z & ThMSC#*

(ZAER S N 7-PEGHRE & SR O OLmEE721
%Y’E‘I ETHzel Lt° Fluorescent images of hMSCs modified

EIe IG5 AN V*—A%Jﬂb\TTB@‘Tﬁ’%?ﬁ with FIu-PEG 000-DSPE were observed by
WD A R LT, A TANA S e Y confocal microscopy. Scale bar, 100 um
Y —LEFT 5720, DSPGE I L AT n— bk EN D VR Y — L& L%,
Flu-PEGz2000-DSPEZ R4 L CTHE T % Z & T, fluorescein S HIZEA S L7806 Y R
— L&, EARIO VR Y — NRIFRIE 122.341.7 nm, HAKO U KR Y — LRI
126.5+6.0 nm T®H ¥ | BARIE THELLITFRD bR o7, ZOHEY R — L5y
HURIZ 0~10 viv %D TBZE NN Z 7214 aﬁ‘éi‘émﬁaﬁ‘é%ﬁf@ﬁm Lic& 2 A, TBUSINE
RAFANICHOEIREE IR T L, 10 vivoe #ECITHOLITIZIZBIE S hgh o7 (Table. 1),

Fig. 2 Observation of modified hMSC.

Table. 1 Quenching effect of trypan blue on fluorescein introduced liposome.

Trypan ble Fluorescent intensity of Ratio (%)
(V/v %) fluorescein introduced liposome
0 2600860 100.0
1 510820 19.6
2 211710 8.1
5 38940 15
10 2410 0.1




I fER 21T > 72 hMSCIZ 10 viv %D TB Z A THIEE L= & 2 A  TB#INEED hMSC
K OHNITE L <HHI L1=(Fig. 3), 2D EMnH YRV =204 LFEKIZ, hMSC #
HOEIEA TBIZ L > TN TE 5 2 LR STz,

Trypan blue (—) Trypan blue (+)

Fig. 3 Effect of TB on fluorescence on
hMSC surface.

Fluorescent images of hMSCs modified
with FIu-PEG 5y90-DSPE with or without
trypan-blue were observed by confocal
microscopy. Scale bars, 5 pm.

ZOREREEEE 2 TB REIEE, 10 viv %D TB 2RI L7223 1T 54 hMSC Ot
FRE 2 7 m—H A kA —%—(FACS) CHIE L. TB RIFMFEDHOCIRE O RAED S TB iR
INFE D EIRE D Il A4 75 LW o fEZ hMSC RimiOEOGFRE & L, LN OMF Tz
Dz PEG IEE SR EMEOfRIE L Lz,

1-c PEGEEFEAOR LEENENICE XIFTHE

PEGHR & 758 450 £ A" hMSC 2 i O PEGHE B B MMEAf 71 36 JF 358 >V CREA
T 5720, EEERMSCZ 0.1, 0.25, 0.5, 1, 2. 3 mM®DFlu-PEGz2000-DSPE % & 1> DMEM
T 2 BEEES T D 2 & CIEMI 21T - 72, £ hMSCOMIEFE i esRE 2 FACS THIE L 72
fiR, PEGIREREOWK L & bICHlEmE g TRk L (Fig. 4),

150001

Fig. 4 Influence of concentration of
10000- FIu-f’I.EG-.DSPE. . on cell surface
modification efficiency.

Unadherent hMSCs were incubated for 2
h at 37 °C with different concentrations of
5000 FIU-PEG,000-DSPE. The cell surface
fluorescent intensity of modified hMSCs
was measured by flow cytometry. Each
0 result represents the mean + S.D. (n = 3).

0 1 2 3
Concentration of Flu-PEG;y¢-DSPE (mM)

Cell surface
fluorescent intensity (A.U.)




ERIZ W 5 PEGIEEFHEIR OPEGE /) F & hMSCE ifi O PEGHEE 7 SRME A &1

FIETERBICOWCIHMET 5729, 1 mM®OFlu-PEG2000-DSPE. Flu-PEGs000-DSPE,
Flu-PEG10000-DSPEA % #eDMEMH C 2 FFfHEE&R T2 2 & TEMEZIT > 72, Bt D
hMSC O HufE 2 e e 2 FACS THIE L72#E 58, PEGH T &3 K & VT &R i

SR E o 72 (Fig. 5),
150007 Fig. 5 Influence of the molecular weight of the
PEG chain on cell surface modification
efficiency.

Unadherent hMSCs were incubated with 1 mM of
Flu-PEG-DSPE for 2 h at 37°C. Each result
represents the mean + S.D. (n = 3).Statistical
significance was evaluated by D unnett’s test
versus the group with a molecular weight of 2000
(*P < 0.05).

Cell surface
fluorescent intensity (A.U.)

2000 5000 10000
Molecular weight of PEG chain

1-d PEG EEFHEE TEMT DBROBERRMORE

PEGEE 7% E R O E AR A" hMSC# i OPEGARE # S MMEff Bl 3 JIF T B IcH>»
T+ 572, hMSC2 8% L 7= 12 well dishiZ 0.1 mM B3 KO 1 mM®
Flu-PEGs2000-DSPEZ & DMEMZ Ml 2. 2. 8. 24, 48 W&+ 5 Z & TEMiZ1T-
7=, E#it DAhMSCOMMEZE A EIRE 2 FACS THIE L7245 5%, 0.1 mM CEfifi L 7= #%
13, R O IE R & (TR ZR T i AR DS ER A IS HE R L7z, — 7. 1 mMCEffi L 72 #% 1%
24 R £ TIE 0.1 mMEEFEER, EDRRAYICHIIOZR s S R L7223, £ Dk 0 24 I
DREFE CITARNER 5 LR E O KRN 72 o 72 (Fig. 6),

E 1000007 - 0.1mM Fig. 6 Influt.ar?ce .Of exp.os.ure time on cell

= © Iy surface modification efficiency.

"g 800004 " Adherent hMSCs were incubated with 0.1
§ ] and 1 mM of FIu-PEG ,q00-DSPE at 37°C for
‘E E 600001 the indicated times. Each result represents
— § the mean £ S.D. (n = 3).

3 § 400001
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TE AR O B R IR L A" hMSC 1l O PEGARE A EMRE M & 14 JIT 528 DV TR
T 5 7=, hMSCA\#3% L7= 12 well dish(Z 0.1 mM®Flu-PEG2000-DSPE % & {*DMEM %
Mz, 4, 25, 37, 42 CT 2 W5 & 35 Z & TEMiZ1T- 72, ShMSCOMIEZE mH
B2 FACSTHIE Lo, IREO EF L & HICHifaZim a3k L (Fig. 7).
37 CTEff L7-REIX, 4 CTEA L7BEDOHK) 20 5, 25 CCTIEAR L 72 HEDKY 3 {F DMl
IR E 2ok LTy, 42 C TR L7t & ORICITA B R EITRD b hr o7z,

: 6000 NS. Fig. 7 Influence of temperature on cell surface
a modification efficiency.
%‘ Adherent hMSCs were incubated with 0.1 mM
g ; 40004 of FIU-PEGy-DSPE for 2 h at each
sg = temperature. Each result represents the mean +
= E S.D. (n = 3). Statistical significance was
=R evaluated by Dunnett’s test versus the group at
© £ 2000 37 °C (*P < 0.05; N.S., not significant).
= %
%
U-
4 25 37 42
Temperature(°C)

BRI % o T Ba Y i % (FBS)#E B AN hMSC % i O PEG AR B 75 5 A& fifi & 1
ETREBIZOWCHHIT 5728, FEHEERMSC%E 0, 2.5, 5, 10 %DFBSKE L 0.1 mM®D
Flu-PEGz000-DSPE % & e DMEM ' T 2 ff#3E#R 42 2 & TEM AT o 72, Effitk D%
hMSC O HufEZ it e 2 FACS THIE L7ofE R, FBSIRE DM | & & & ICHIZR bt
SREE VT L. FBST O SPEGIEE A EADEM 2 HET 2@ 2 /95 Z L Hrme
Sz (Fig. 8).

Fig. 8 Influence of FBS concentration on cedll
surface modification efficiency.

Unadherent hMSCs were incubated with 100 uM
of FIu-PEG ,000-DSPE for 2 h at 37 °C in DMEM
containing, 2.5 %, 5 %, 10 % FBS or not. Each
result represents the mean + S.D. (n = 3).

8000+

Cell surface
fluorescent intensity.v.)

0 2.5 5 10
FBS concentration (%)



Cell surface
fluorescent intensity (A.U

AMFFE T, plastic dishiZ#235 L 72-hMSCIZ PEGHEE 58Kk % &1 DMEM % Il 2 CH54%
L. TD% ~ U 7L U HFR %17 - Cplastic dish?» 53|23 L CEIIT 5 J7ik L& . plastic dish
\ZBE5 L7IZhMSC% Y 7o AU A4T - TR L2, PEGIRE BN E & o5k
B L, BERIR A ERERNT D FiEE W TEM 21T > TV 5, FEEEDEVShMSC
K OPEGHEE S MER &2k JIET B OV TEMET 572, TR ENOEE®EET,
1 mM®FIu-PEG2000-DSPE% 4 DMEM% FV™ 1, 2 RifilsE 45 2 & TERZ 1T 72,
E#i1% DA hMSCO MR HHOEHRE ZFACS THIE L2 . WFhoR#EBFIICHB T
HERVED $ 72 HhMSCHEM TRl R m i R E IS A B e 213580 b o 7= (Fig. 9),

5 50009 E3 Adnerent Fig. 9 Influence of incubation method on
@ Unadherent NS cell surface modification efficiency.
4000+ - hMSCs were incubated under 2 cell
- conditions [adherent ([J) or unadherent
(H)] using 0.1 mM of FIu-PEG,qy-DSPE
for 1 and 2 h at 37°C. In the unadherent
condition, hMSCs were dispersed in the
medium containing Flu-PEG-DSPE and
rotated at 3-s intervals in an incubator.
Each result represents the mean + S.D. (n =
3). Statistical significance was evaluated by
Student’s t-test versus the adherent group at
1 2 each exposure time (N.S., not significant).
Exposure time (hour)

l-e fEffish7c PEG IFEFHEROLHFEI I UEERT

3000+

2000+

1000+

Flu-PEG 2000-DSPE T1&fifi L 72hMSCIZ S iE A 2 2 CTEAMRE L. dOOEEE 2 AV T
RE U 7= AR O s E TR EE & R E R O Flu-PEG2000-DSPE &S, 1 >OhMSCOH
b L < IThMSCHNHENZAFFET D Flu-PEG2000-DSPE/) T- O %% & i L7z, &iZ, hMSC
K EA S 472 Flu-PEG2000-DSPE 104t %2 . FACSTHIE L 72hMSCZ i & hMSCH
EROHE IR D (ST M B HEH L, & HIChMSCOER A 15 pm & KE L7256 OIEL%E
ExEH L, 1 mMOFlu-PEGz000-DSPE% & {2 DMEMH T 24 K& L 7-hMSCIZ
W, 1 HIlESH 720 IZ 3.42x108 DOFlu-PEGza000-DSPES1-2MEffi 41T Y . hMSCE
IZHBWT, 2.07 nm2%47- 912 1 57 DFlu-PEG2000-DSPEAMESfi X 41TV 7= (Table. 2),
7o, 24 FEMEMREIC VT, RIS Z 72Flu-PEG2000-DSPE/; 7242 xt LT, £T?D
hMSCZ i (i < 4172 Flu-PEG2000-DSPE4> 701349 0.3 %72 > 7=,



Table. 2 The number and density of FIu-PEG ,y50-DSPE molecules on hMSC surface.

The number of The area of one
Incubation E\'f;::;;ez; WhOIeifﬁg:Sh;tc;;escem Sl atio FIu-PEG-DSPE FIu-PEG-DSPE
time (h) lysate molecule introduced molecule |ntr0duce§i
on cell surface (per cell) | on cell surface. (nm°?)
Without TB With TB
1 4,03E+04 6.92E+03 | 4.29E+03 0.61 2.68E+07 26.35
3 7.51E+04 2.28E+04 | 1.29E+04 0.77 6.08E+07 11.61
6 1.16E+05 3.87E+04 | 2.07E+04 0.87 1.03E+08 6.87
12 1.81E+05 6.29E+04 | 2.67E+04 1.35 2.02E+08 3.49
24 2.80E+05 1.02E+05 | 3.90E+04 1.63 3.42E+08 2.07

Adhered hMSCs were incubated with 1 mM of Flu-PEG ,qy,-DSPE for 1, 3, 6, 12, and 24 h at 37 °C in DMEM
containing 10% FBS. The fluorescence intensity of the cell lysate was measured by fluorometer. Whole cell
fluorescence intensity was measured by flow cytometer (FACS). S/I ratio, the number and density of

Flu-PEG 5500-DSPE on hMSC surface were calculated.

S/ ratio: ratio of the fluorescence intensity of the cell surface to that of the inside of cell.

1-f  EMiD R EMRHE

PEGIEEFHEERDEM 21T > 7-hMSCA BT 5356 RN TOEMO L EVENE
H\Z/e b, 2T, PEGIREF L CERM L7-hMSC% 10 %DFBS% & e 37 CD
DMEMH The K 8 REHAENE L, FrERFM®ZICY 7Y 7 L, MIaER i G A
Z W E L7, Flu-PEGz2000-DSPE 5 £ O'Flu-PEG5000-DSPE % |\ TIEfifi 217 - 7=
hMSCIZOWTHRT L= & 2 A, 1 BRI ICIIMmRE & b AR ZR m LR 1 S AR E 4
&EHATHI 70 ~80 %K T L7z, 0% b Rkl & (KT L7zs, KT OREX
R2NTECITR 0 | 8 WFHERENEFZ I IXE/RE £ & I~ CFlu-PEG2000-DSPE Tf&
fifi L7=HE Tl 47 %, Flu-PEGso00-DSPE CEfifi L 72 HE CTld 57 % D & st Yook i %
~ L7 (Fig. 10),

20000+

© Mw2000 Fig. 10 Stability of hMSC surface
. ,;000 modification with Flu-PEG-DSPE.
15000 g e Unadherent hMSCs were modified

with 1 mM Flu-PEG-DSPE for 2 h at
37 °C, and modified hMSCs were
suspended in the medium containing

Cell surface
fluorescent intensity (A.U.)

10000 ___’.k 10 % FBS and rotated at 3-s intervals
N.S. * for the indicated times at 37 °Cin an
5000_' 2k incubator. Statistical significance was
~$ evaluated by Dunnett’s test versus a 0
hour group at each molecular weight
0 . . . . (*P < 0.05; N.S., not significant).
0 2 4 6 8

Incubation time (hour)



1-g EHinoLBICk KIETRE

MSCOBAEIZ L HIEHICIL, MSCH M biea T 25 Z L BALETH VY | PEGIFE LR
DORFEMAMSCOIMERBICEEZ B LFE I RN EE2RGET DML ERH D, 2T, #)
R~ 7 AMSC(mMSC) % 0.1, 3 mM®Flu-PEGs000-DSPE% & T DMEMH T 2 B 55
BT D ETEM L%, B bFEREEE T C 3 WM b L ITNENIMEFF R T 2
R L, HMbOFEEZHRT 5720, SHilalcxt LTEob, BT v &A1 %
1To72, EfiB X OEFEEE 1T 720> 7-mMSC % negativefif & L. Effiz17H9 . 4
EFFE ST 24T > T-mMSC% KEfi (PEGO)HEE LTl L7, B olbiF8a1To72%
mMSCIZxf LB Mlad ez iTo 7o & 2 A, & TOEMRER X ORIERHRE TR IR < Yt
a7z (Fig. 11A) . KW T, £mMSCIZ%f L TRT-PCREZIT\, Bi{b~— I —Th D
osteopontin, osteocalcin®mRNAEZHE L7z L& Z A, & TOMBEMBEL, RIEMEEE 1T
[A% ) onegativeE L W H I 5 2 E VO mRNAR 2~ L7-(Fig. 11B) . LI EOFEREND
PEGIEE #HEMARIC X 2 MR mEAIL. mMSCOE M ~D/MELEEIC 2L B X Ziéfotb\
ZEDNRENT,

A

Negative
.
L1
osteopontin osteocalcin
» 8 q 8 -
= L]
z R
£ 4 r
%7 £3°
g 25 s
&H3 -
g -] 5“ = 4
-8 ==
P I =]
25° £33
£ 282
2 1 @
2 ., m
= 0 £ 0 . . . .
Negative PEG(-) 0.1mM  3mM Negative PEG(-) 0.1mM  3mM
Induction of Induction of
differentiation - + + + differentiation - + + +
Modification — - + + Modification - - -+ +

Fig. 11 Influence of MMSC surface modification with PEGylated lipid on osteogenic differentiation.

Osteogenic differentiation of mMMSCs modified with 0.1 mM and 3 mM of Flu-PEGs0,-DSPE and cultured in
osteogenic differentiation medium for 3weeks were evaluated. As negative control, unmodified mMSCs cultured in
normal medium were evaluated. Staining of differentiated osteogenic cells (red) from the mMSCs by staining with
Alizarin Red (A). RT-PCR analysis of RNA markers of osteogenesis. Expression of osteopontin and osteocalsin in
the mMSCs were evaluated. Each result represents the mean + S.D. (n=3) (B).
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F7o. JEWIZHMEFE B Z1T - 724 mMSC (Zxt LIENMilagL ez T o7 & 2 A, 2 TOER
B L OSRIEAEE CRIRE SR < Yot S 4L, BRI ~DIER 220k d st S (Fig. 12
A), RNT, % mMSC iZxf LT RT-PCR %17\, fElis{b~—H—T®H % adipsin, ap2
®» mRNA EZ2RIEL72L 2 A, ETOEMRET. REMHE L ITITFFED D negative FF X
D LS NCEV mRNA &%k L7=(Fig. 12B) . UL EOFK RS, PEG IEE 7 E K DOH
fag L, mMSC OIEHIIa~DMERBICHELZ B JIES RN LAVRS LT,

A
Negative 0.1 mM 3 mM
- G v (Y
& < ~ab
E ’. .Dt‘ 2 L 4
é 2.
f .
! "_ R
o we ﬁ-g" Y. , :‘
B

- adipsin ) 1 - ap2

Relative mENA expression levels
(/GAPDH mRNA)
= = = =
= (5] = =9 =
Relative mRNA expression levels
(/GAPDH mRNA)
= = =S ot
= e = & =

Negative PEG(-) 0.1mM 3 mM Negative PEG(-) O.1mM 3 mM

Induction of Induction of
differentiation e + + differentiation i + +
Modification - - + + Modification == ot + +

Fig. 12 Influence of mMSC surface modification with PEGylated lipid on adipogenic differentiation.

Adipogenic differentiation of mMMSCs modified with 0.1 mM and 3 mM of Flu-PEG5y0-DSPE and cultured in
adipogenic differentiation medium for 3weeks were evaluated. As negative control, unmodified mMSCs cultured in
normal medium were evaluated. Staining of differentiated adipogenic cells (red) from the mMSCs by staining with
Oil Red O (A). RT-PCR analysis of RNA markers of adipogenesis. Expression of adipsin and ap2 in the mMSCs
were evaluated. Each result represents the mean + S.D. (n=3) (B).
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1-h &%

ARETIX, hMSC £l fEffi iz PEG [REFHERE T EMET 5 FIEEHL L,
PEG JREFHERIRE, PEG 845 &, Sk, RE, FBS BE., EffiRFoE kD
EOD 6 DORTAZONT, ZNFHEMRICHT 2 E B2 MG L, £7-. PEG FE#
ERMEM PR ERE~ 7 2 MSC O F o0k, TRHMbIcEs KJIET 8L R Lz,

hMSCZ i ~DOPEGHRE TG R A W - HRE Sy TIERRIC I\ T, F T EM & 4 i | 25T
MTEDFENPMETHD, ZIE TIATONTZ AT T RRF1A2) OMSCE i~ D& fiff
BT 285 Tk, TOEMBIXEEE#R - T F PR LR EZ AV CEffis
MSCOHEHRE N SRl SN Tz, £ 2T, fluoresceinz f5 4 L7-PEGIFE 7 E A £ A
R L. HOCREIC X D EMEOFMEICHWS Z L L Lz, £T. ARETHWAPEGIEY
FEKIE, 3 mM b L< 13 5 mMOE R ThMSCIZHRMN LT b s EM 2R S 9°(Fig.1).
PEGHSE #3582 A\ TIER 21T > 7-hMSC % M MOt Tl Lim s 2 A, 2T
DOhMSC D #fi - fluorescein R DL R S 1U(Fig. 2), Mk E L CoReME, F
SPED R STz, — 7 TR U7 BEISERE8 CIThMSCOWNIBIZ b 3G A R S, (&£
HFIZPEGHRE A SR hMSCO B Y IALHEREIZ K - THIANIZE D IAE N D Z & AR S
iz,

Flu-PEG2000-DSPE C{&fifi L 72 U 7R ¥ — A, hMSCIZTB34V &2 MT 5 &, UK Y — 4
(Table. 1), hMSCZfi(Fig. 3) DA ER N Lz, & Z T, &£ L7-hMSCICTBEZ %N L 7=
#%. FACS% F\  ChMSCINEE D YRR 721 2 & L, TBARUIMhMSCRE DG
72 L 51< 2 & ChMSCEE 721 O#EMEZ R 32 2 L & Lz, 20 EIFhMSCEEIZ
&R SN -PEGIREFHEREZT 2 HETE A2 ARMEEEE S 25,

hMSCZ i ~MEff S AL T-MEREST 712 K 2 A RER I RITEM R IR T 5 & B2 bh
Do, WIEMEICEEEY B LT TR OB EITo72, TOME., EfilCHW5PEG
R TGRS 0D B K | SRR O JE R L2 P o TEAR B I T TIFEARAIIZHE K U 7= (Figs. 4, 6),
F 7, BV D PEGIRE HEROPEGH Y T BB K E WEHIZ S EMiEN % < (Fig. 5).
AR DRERIRE RN E T CEMEIIZ 0 - 7-(Fig. 7). —F5 T, F&RKICHRMNT 5FBS
BENE VI CEMEIT D e h o 72 (Fig. 8), & b2, PEGIFE#E AR CEAd 2 B OhMSC
DEFFRSTIEDEIEMRICH B E 2R S 2o 72 (Fig. 9), AW 7-PEGHEE % E (K
L L7 4 E A FioMaleimide-PEG1900-DSPEII /K F TEEE A KT D Z E RN MEINT
04249 Flu-PEG-DSPED— 135538 CDSPER LM HAENEH L TR AR E R L T
Wb EEZHND, Licndio> T, PEGIREREAROMIE R ~DEMIZIZ, SEENOH
ERDAEHES 205 & BEERS IR MER S 2R AEbo TWs EEXBND,
PEG# /D FENRKEL 22 L. PEGIFEFEARO KBNS E D . BEERE L TORMME
WAL, HEROFELRNEM UM &N K Lz(Fig. 5EEx bbb, £z,
FBSHIZE £ 5 a5y PEGIREFAEMR E M AEM L, MR~ D& 2 FLE L7,
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FBSIRENEL 725 LIEMENMER L7-Fig. 8)&Ex bbb, -, BED EFIZME-T
IR O FRENEAS ) 32 2 & 23S S CTER 0 444D B ERIIR EE O 25 LI BB R o il g
~OEFIBFEIZ TG L CW D REEERE 2 6 b,

hMSCE &M S N - PEGIREFH SR D5 T4, EffiEELsHEHLZE 2 A 1 mMOD
Flu-PEG2000-DSPE% & #eDMEMH T 1, 24 Wf{EAG L7-hMSCIZ. ThZh —fladh -
D12 2.68%x107, 3.42x108 DOFlu-PEG2000-DSPESy 1-23MEffi 41 Cu /= (Table. 2), hMSC
KT MEFEFREA I X > TR T T RCTEMT 2546, —Miladiz B
F R 14880% 1.5x107~ 9.0x107CTh 5 Z L B S TE V2, [RE 25 LI Effiikixb
FREAE L RIENENLL OO 2 MR EIEM AR TH D LB LD,

1 mM®Flu-PEG2000-DSPEEL 1 CTIER A 1T o 72356 24 WFH ABRAE A B DGR D3RS
72 - 72(Fig. 6), £72 1 mMOFlu-PEG2000-DSPER K H1C 24 FEE &A% 1T > 7-hMSC
KB T HPEGIREFEAROEMBEE 4RI Lo R, o1& 2000 OPEGH#HK 1.4
nm® EE TERF STV D Z & AHEE S 7z (Table. 2), Andrade B, 77 F&E35 2000
DPEG % plascticR & T 584G, PEGHFEMRES 1~2 nm LAT7EE X 37 OFE~
DEAEPHESND ZEEWME LTV 49, L7zi> T, BEiENZ WS, Efish
7=PEGEHONERREEFEIZ L o> THEREMNEZ D DL Ro e MR E 2 biLd,

HHEE RD Z LY A £ CRIUE L 7=MSC% ~ 7 A BFkE 592 & | 1.5 B4
WZRE S ORIV A L, I 5 %L T Loy d, £ okkefRE & i ftho
MRS OOHPERT D Z ENHESNTND0, L7z > T, BEINTEMSCOIZE A
Sl HAICER L2, MiEici > TROMBE~BITT 2 L& 2 b, Btk OPEGHE
EHGROEMORENEZBET HLENH D, £ 2 Tin vitro CREMMM 21T o7 & 2
7. A EUEHRIZ 2 445+ 2000, 5000 OPEGH# % & SPEGIFE 7 E AL, 10 %D
FBS#% &1 37°CODMEMH C 8 IF#AENREFN L7-t% b 24 47, 57 % hMSCEHIZ
B+ 5 [Fig. 10) 2 E 3B S iz, £, BEFNREMBEOK T/ 87 — Tl ol Tk
0 ERENRFIBRAATR IR & ARTF L., = D% ERGE & TR TR0 72 - 72 (Fig. 10),
L7245 T, hMSCIZH 3 D IEMI N R E 2 PEGIRE #FER L | B & S 7-PEGHE
BEFHEEPFET D EEZDND,

MSCiZ. B. #WE. fiR. #Ee. BN 7 & DR AR 9 2 Mk o M 59 5 245 RE
% HOmHIssTH Y . MSCIZ L 2 HEMBOEEDFICIT, Ak oME~D /b
(2 & BHREEA OSSR IEN L LTV H 110115558 L b LT, L2 »> T, PEGHE
EFHEIRIC X D EMi 2 MSCOBMIRHRIZHEH 3~ 5 7012 id, EMinMSCOI LRI FE %
BRIFSRWZ L 2R T 20END D, (WFREGIEIC L > TMSCAIRE 1 CEffi L 72
W TIE, BMiZ1T > -MSCOVEMIfaE L ONEIMARIZ R L CIERIZab L, EffinMSC
DOERBIZH B L /2N 2 L 2R L TV 52, 2T, mMSCxEHAWMitaiTo72 & 2
4. PEGREFHER CEAf L 7-mMSCIX ER MR, TR~k L(Fig. 11, 12), &
i A3 E R, AERGMIE ~D /3 LREICE B L 72\ 2 & AR Sz,

-13-



PLE, ARFETIE, hMSC %Ki~ PEG JREFHEAREMIC ED X 5 2AF R 8E2 B LIE
FTONERET 5720, PEG fREFHEAROMICE I ~DOEMRZ T T 5 FIEABRFE L,
PEG RE#FEMIRE, PEG 18, B, B, FBS RE, EMiFFORERITIED
BVBMEM RIS LT REELH LN Lz, £/, hMSC X IZEH S v/ PEG IEER
BEOSFRERI L LRSI L DIEME L FERU Loy TEMTE 5 2 &2
LM LT, &biZ, PEG EEFHEAROEL A MSC OF 3k, el uic L w2
& AR LTz, U723 > T, MSC IZH4 DHERE FERIC I\ T, PEG fEEFHEARZ HV
T AEMII AR TR LB SN D,
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w % hMSCEREAEA~DPEGIEEFHEAKEMiz M LELIES
FEDORF

RIEICB T 2RO R, EMiEICHEZBIETRTZ2HLMNCL, TORBORE
FEETE, LHLeR5, 1 mMOFlu-PEG2ow-DSPE% VT 24 BFfiE&E 21T 7-
% TH. hMSCHEEIEAM SN 7-PEGIFE S EIThMSCICM A 728D 0.3 % TH Y |
EEAR IR C IR SR 1 ~ME A C & S PEGHRE FER ORI B RITURD N~ 72, FTo. SEf
EODOhMSCZ RS 272 0I21%, RIFMOEES, SiREOPEGIEE SR EKE M2
VENDH ST, Lieho> T, PEGIEEFREIARORMSCE i ~DEMiZhF % M L7 5 Fiko
BB METZ L E 2 T,

WM D 7 F 13K T THUKMER SR LA SE L, IEARIBE ZEHEEZIRKRT 5,
L7273 > T, PEGIEEFHERITHUKIMERL TH H2DSPER LR AER L TR AR EZ AL
L. MR, 2AEROMUOPEGE MU & O AR ZLET 2O TIdhnwine s
Z 7. EEE. AiE CPEGIREFHER OBV IRE L 100 pM~38 mM72 57223, —JF
T, AR THN TV S PEGIRE G & W UDSPEZ IRE /72 R D, PEGEH S 1- &4
#1 2000 OPEGHEE G DGR 2 A REIL 2~10 M TH D Z & DNHiE ST 54243)
L7ehi-> T, EfiOBRICPEGIFEFH SR O —MITE BT CRAEEER L TWD LEX
bhd, 2T, XGWEROMKENC LY | HBEEH CHERSE L TEFEET 2PEGIHEE
FHEAREA IS L, Ml s OMEERHER L, MlaEEm~DOPEGIEE
BAROEMEOHRTEDLEE R,

AT, FHEYE ORI, HER RS X MBI & > T PEG [FEFHEER
DEERDIER Z I L. hMSC i ~DEMZhR DM RIZED fLA T,

B—E WHAENC X 5 hMSC E~? PEG JEEFE A EM DM L

DSPELRILESODT NANFNEHEFFHSDAT T U VT MY U NIKBERF T vLVETE
%3 %725, methanol MeOH)<°ethanol (EtOH)Z N x % A I B ABENEH L, &
WPARZERSND Z ERHE SN TND, Lizh-> T, MeOH, EtOHIZPEGHE &%
KOS EWRRZ K L, EifiEm R 2RT 2 BRI CcE 5, 72, MeOH & [FIf2
FEDVEIRERT A —2 %A L, TREMEO R OIEY & AR~ 2 BROEMABIA & L
TIN5 TU 5 dimethyl sulfoxide (DMSO)6060 %, . PEGHEETFFE (K 2 & A I A 2 10
L. Effi FEhR 2R3 2 LRI TE 5,
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cyclodextrin (CD)iZ. D-Z /L a—ANEIRITKES LA U THETH Y . 4 FBRNITEIK
ML 2 NELT 56265, Z DT, 7L aA—ANZNEI 6, 7, 8 it L7-2aCD, BCD,
yCDR°, £ DOFEIRITBRMEAED D Al Al ZERAIE L THWH T 56265, KT
aCDH L OBCDIE, =i, BEEENES T CTh D 4,4 -bpy-N-(CHz2)10-0CsH3-3,5-tBus 60
B & Operfluoroalkyl surfactant 6VO S ERDOIEH & HIf 35 Z L BNHE ST\ D, Lz
N->T, CDLPEGIREHERO AR OMFINHFETE D, —F, A F{EBCD
(MBCD)iZ, MDD 2 L AT m— /L& G| & x6d Aotz FA 852 &0
HHALTIR YO > CDRE & B7e 217 CPEGIRE SR DIEMIZB 57 2 FReltE b 5
bbb,

% ZCAHEITIE. PEG EEFHEMAZ V72 hMSC OERNCIIT 5. 3 FEOAHIRA
(MeOH, EtOH, DMSO) & 4 fE¥i» CD(@CD, MBCD, BCD. yCD)DIRMOEIZ>
WTHRRT L7,

1-a &5 72 PEG IEEBEEO G & HESHT

BT EoOn T ESMOEN PEG IREFHEAEG unit; 2, 6, 12, 24) #45KL. E&
T EAToT2E 2 A, WIS B EIZIE BT R 2 157-(Fig. 13),

A:Flu-EG2-DSPE (Theoretical molecular weight:1265)

& % B: Flu-EG6-DSPE (Theoretical molecular weight:1441)
l it e e e (1 Flu-EG12-DSPE (Theoretical molecular weight:1706)
D: Flu-EG24-DSPE (Theoretical molecular weight:2234)
B L A B C D
TR PP "B g e e ves s 1266.92 1442.90 1707.15 2235.00
C ::f[: 1443.92 1708.14
1 170p.16
L 144k 96 170p.05
D b
agw 1 .86
T 174925 L -.‘u 2457
Coomomeo e mee e 1200 © 1400 ! 1800 2200

Fig. 13 Mass spectra of Flu-PEG-DSPE (EG unit: 2, 6, 12, 24).
Molecular weights of synthesized Flu-PEG-DSPE (EG unit: 2, 6, 12, 24) were analyzed by MALDI-TOFMS (Matrix
assisted laser desorption/ ionization- time of flight mass spectrometry).
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1-b AH#HEH. CD. &%+ & PEG [REFHEMAIC L 5 MG EEDOF M

ARETTHEINA & L THW D EHIERIR L ONCD o, #3% hMSC (x4 % il g 4 51
fili L7z, AEAI(MeOH, EtOH, DMSO)IZSWTIE 1, 2.5, 5, 10, 20 %D TITU>,
CD (aCD, MBCDIZ DWW TIE, 5, 10, 25, 50 mM DOPEFETITo 7=, TOFER, AHEIRH
IZHOWTIE 10 %LA EOPEEED 60 4yLh E OB ORI 31T 5131E4 T CAEFEEMNH
FZIIR T L, M ErEN R b7 (Fig. 14), CD I\ TiE 25 mM UL LD EEH > 30
UL EOEERIFH OREICI T HIZIER T THEMFENBEFEIILT L, HREEELRD 6
7=(Fig. 15), D7, LAMED PEG IEEFERDOEMICEE L TiX, AHAEAIZ OV T
10 % LA TN DREEDD 30 73 LA T 035 R, CD 122V Tid 10 mM BL F OREE 2> 30 53
LU ORI TITH 2 & & LT,

F7o. 4 EOK) & PEG IFE#HEAREG unit: 2, 6, 12, 24) & HHEIAHISC CD %
THEAE hMSC (28 A L 7= B OIS EVEZ 5 L 7=, (K475 PEG JREFHS Ik
PMEL . ZFDEETIEDMEM ICIEE L 220728 5 57> U 00 DMSO IZEfi# L .5 mM
DoCD Z&te DMEM (ZZ 7=, $£7-. DMSO OEHEIEEIL S5 %& Lz, %, 0.5 mM
® Flu-EG2-DSPE . Flu-EG6-DSPE % Lk ' 0.05 mM @ Flu-EG12-DSPE .
Flu-EG24-DSPE % i\ T 30 /o853 L7-#f1%. PEG fif’&. DMSO, CD #/MMx $Ichiz& L
FREE I L TN B BEE RAGFROIK T 2R & 720 - 72 (Fig. 16),

\ = 30 min B 3 30mn (‘ =3 30 min

B 60 min B3 60 min EZ 60 min

1504 W 120 min 1504 120 min 1504 W 120 min
—_ _ —_
= 5% e =
£ 100- < 100 =
£z frd 2
3 = =
8 501 I 501 =
- - -

04 =
B b BB BB RS B NERSS LAt L
DMSO (%) EtOH (%)

Fig. 14 Cell viability of hMSCs treated with organic solvents.

Cell viability of hMSCs was evaluated by CCK-8 assay following treatment with 1, 2.5, 5, 10, 20 % of DMSO (A),

EtOH (B) and MeOH (C) for 30, 60 and 120 min in 10 % FBS containing DMEM at 37 °C . Each result represents
the mean = S.D. (n=4).
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A 150 3 30 min B 150 3 30 min
60 min 60 min

= El 120 min El 120 min

£ 1001 £ 100

_::a ::.

2 z

= =

> 501 2 504

G . r . el i3 0_ E: =z B
ORPS 2P PS PP SNPS PP S S{PS
aCD concentration (mM) MBCD concentration (mM)

Fig. 15 Cell viability of hMSCs treated with aCD and MBCD.

Cell viability of hMSCs was evaluated by CCK-8 assay following treatment with 5, 10, 25 and 50 mM of aCD (A)
and MBCD (B) for 0.5, 1 and 2 hours in 10 % FBS containing DMEM at 37 °C. Each result represents the mean =+
S.D. (n=4).

150+ Fig. 16 Cell viability of hMSCs treated with Flu-PEG-

DSPE (EG unit: 2, 6, 12, 24).

Cé“ Cell viability of hMSCs was evaluated by CCK-8 assay

< 1001 following treatment with 0.5 mM of Flu-EG2-DSPE, 0.5 mM

::5 of Flu-EG6-DSPE, 0.05 mM of Flu-EG12-DSPE and 0.05

= mM of Flu-EG24-DSPE for 0.5 hour at 37°C in DMEM

-;3 50+ containing 5 mM of aCD and 5 % of DMSO. Each result
represents the mean *+ S.D. (n=5).

EG2 EG6 EG12 EG 24

1-c BREBFI ORI X 5E80m Lo

AR OWINT L 2 PEGIFEFSAEM DM ERRAZBEET H720, HEEhMSC%
1. 10 %»MeOH, EtOH, DMSO# X U 0.1 mM®DFlu-PEG2000-DSPE % & e DMEM ' C
30 AT 5 Z & TEM A 1T - 7o, Btk DA hMSCOMINEE HH#OE 7E 2 FACS THIE L
ToRE R, AT OB AN TR AR AT A S 3R o #OE R D3 HK L 7= (Fig. 17),
KT 10 %DOMeOHZ AN 2 7= FED e b BRI _E20 B3 & < | ABAAIREINEE & Fb~TH) 10
& OME R EHOL R 2R LT,
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e
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=4
S

Fig. 17 Influence of addition of organic
solvent on cell surface modification.

=

<
o ; 30004 Unadherent hMSCs were incubated with 0.1
=2 MM of FIu-PEG 5500-DSPE and 1and 10 %
g2 of DMSO, EtOH and MeOH at 37 °C for 0.5
z = 2000+ . s
- h. Cell surface fluorescent intensity of
3 s modified hMSCs was measured by flow

2 1000- cytometer. Each result represents the mean +

]

= S.D.(n=3).

=

= 0

.{so
*bbb
é@

1-d NMRIZX 3 CD & PEG fEE5EE Dy 1M EAERARNT

CDIZa#E I NTALEWIL, THNMRIZETT 5> 7D by 7 MEMZEAL 166, 67, 72)
RNY ~—IZCDB LI EIE, oty 7 ManZElk 52 itk T 7
OIENIEL BT 5™, 22T, CDEPEGIREFHERO S 1M AAEH & el 2720,
1 mM% L<IiE 10 mMDaCDE LZUMBCD &, 1 mM®CHs-PEG2000-DSPE Z JEF0 L
TIHNMR %2 X7 bV Z&JIE L=, CDE X O'DSPE-PEG-CHs ® Fll{b %> 7 M X
CHEMDRAW (Ver 6.0)% I\ TR L7= (Fig. 18), HEDFEE., WHZIEES LTI,
CH3-PEG2000-DSPED 7 /L L D7 1 b AZ7%24 45 1.1-1.2 ppmfTiEd > 7 Ligin
JRL 720 HZ 10 mMOaCDESHNEE(L) TIE 1.3 ppmAFITIZH Lo 7 s 3l L 7= (Fig.
19) . 25 DR, CDIZPEGIFEFERDONFE R 0 20 L T\ D Z & MG S
7=

Fig. 18 Predicted chemical
shift.

Chemical shift of aCD,
MBCD and DSPE-PEG-CH;
was calculated by
CHEMDRAW (Ver 6.0).

alD : ' MBCD

165 354 282
L N L T i P
\\i 45 : 354 163
o n

T "\\ A
T s B /_"‘\:_/ \
129 1% 129 \j/ \\-'r-a oot

0 o 12 129 12 129 20
. J
= o W S e N O e e 2, 432
13 128 12 129 1@ 1@ 13 168 L DSPE-PEG-CH;

= - p B
RN TN R N N S e N
098 128 120 129 13 12 1209 139 225
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Cell surface

J t. No. | PEG-DSPE aCD MBCD
1 1 1 mM 10 mM —
2 2 1 mM 1 mM —

3 1 mM — 10 mM
4 1 mM — 1 mM
3 )"\, 5 1 mM - -
6 — 10mM | —
4 __-_A 7 - — 10 mM

Fig. 19 'THNMR spectra.

6 "HNMR spectra of CH3-PEG000-DSPE, aCD, MPCD and the
mixture of CH3-PEG,q00-DSPE and aCD or MBCD (0.9-1.8 ppm)
7 were analyzed. CH3-PEG 5,0-DSPE and CDs were solved in D,O for
measurement.
reTTTTTTTT™
(ppm)

1-e CD o#Hsimz k A &Eafhm _Esh 3

CDSPEGHRE #FERDIRE My 2 AT 5 2 L BHER TE 72728, RIZCDDOIRMNIZ &
%.’)PEGH‘:’?’*?&%{ZM&%O)ﬁixb%%fﬁum L7z, FEBEERMSC%A 0.1, 0.25, 0.5, 1. 2.5,
10 mM®aCDH L 100.1 mM O Flu-PEG2000-DSPE % & 1 DMEMF T30 455549 5 Z & T
B/ 21T - 7=, Efit: DFhMSCO ML HHOLTR & 2 FACS CHIE L7558, aCDIR K
RN M HOERE A A L, 10 mMOaCDIRMNEE TIZCDARTMEE & < TH) 80 fi%
DR IR 2 s L7z (Fig. 20),

3’. 100000- Fig. 20 Influence of addition of aCD on cell
g surface modification.

-E Unadherent hMSCs were modified with 0.1 mM of
g 800007 FIU-PEG 5000-DSPE and 0.1, 0.25, 0.5, 1, 2.5 and 10
3 mM of aCD at 37 °C for 0.5 h. Cell surface

2 600001 fluorescent intensity of modified hMSCs was

"E measured by flow cytometer. Each result represents
§ 40000 the mean + S.D. (n = 3).

'

S 200007

=

0 0102505 1 25 10
aCD concentration (mM)
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®iZ, 0.1 . 1 mM®OFlu-PEG2000-DSPED A % 5o DMEMA T 120 /75548 L 72 3EHS
hMSC & . 0.1 mM®Flu-PEG2000-DSPEZ L O* 10 mM®aCD % & DMEMH C 10 43555%
L 72 FEHEEhMSC % e U AR CRLZE L 72, W3 OhMSCIZ DU C b fllfin 2 i 12
FENBE ST, CDEMZ T8 (DIXERRF L | BRIV 7= PEGHEE #7554
FEMMEVIC S 230 67, MR IO E L R S e (Fig. 21),

No. 1 2 3 Fig. 21 Influence of CD on cell surface
: . — 1 ) modification.
FIu-PEG00-DSPE | (). 0. .
= 0.1mM ).1mM ImM Unadherent hMSCs were modified by 0.1 mM of
aCD 10 mM - - Flu-PEG 5000-DSPE with or without 10 mM of a.CD
Incubationtime | 10 min 50 min | 136 min \évere observed by confocal microscope. Scale bars,
mm.

% 2T, CDREIZ L 2 Edfm ERVROENEZFTHET 2720, JHFEHEERMSCAE 1, 2.5, 5,
10 mM® 4 F#DCD (aCD., MBCD . BCD, yCD) % XU 0.1 mM®DFlu-PEGz2000-DSPE %
Z T DMEMH T 30 43k5# 32 2 & TEMi 21T - 7o B DA hMSC O AL 2 it o8
ZFACSTHITE L7, £ COCDIEE B TR ¢ 38 1XaCD, MBCD . yCD |
BCDDJETEA -7 (Fig. 22), F7=. oaCD, MBCD (X5 mM Cifia e s JessE N IFIE
I R L0k L, yCD . BCDTIE 10 mME CCDYLES T IEIE Fufi] L CRifa e dsk
JEREE AR LT,

Fig. 22 Influence of

different CD on cell
60000- surface modification.
uCD  ynadherent hMSCs were
MBCD  modified with 0.1 mM of
pCD Flu-PEG 5000-DSPE and 1,
~vCD 2.5, 5 and 10 mM of aCD,
' MBCD, BCD and yCD at

37°C for 0.5 h. Cell surface

200004 fluorescent intensity of
modified hMSCs was
measured by flow cytometer.
0 Each result represents the
0 5 10 mean + S.D. (n = 3).

tto¢d

40000+

Cell surface
fluorescent intensity (A.U.)
HOH

CD concentration (mM)
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aCDILAF T COPEGH /1y T 8&IZ L HEMi~DREZFMT 5720, FEHEERMSC%E 0.1,
1., 10 mM® aCD ¥ X ' 0.1 mM ® Flu-PEG2000-DSPE | Flu-PEGs5000-DSPE
Flu-PEG10000-DSPE % & 1eDMEMH' T 30 #5252 & TEfizIT - 7=, Efitt D%
hMSC Dl i iR EE 2 FACS THIE L 72 /58, W T O oaCDEINEIZ B\ T H PEGEH
DT EMEE EEMEITZE < aCDRENEWEE EZ OFEPITEHE TH - 7= (Fig. 23),

- 40000 1 PEG 2000 Fig. 23 Influence of addition of aCD on cell

) PEG 5000 1 surface modification with various

- B PEG 10000 Flu-PEG-DSPE (PEG Mw: 2000, 5000 and

: 30000 10000).
3= Unadherent hMSCs were modified with 0.1 mM
& C of FIu-PEG-DSPE (molecular weight of PEG is
E ] 20000 2000, 5000 and 10000) and 0.1, 1 and 10 mM of
@ E oCD at 37 °C for 0.5 h. Cell surface fluorescent
5 = intensity of modified hMSCs was measured by
L6 P flow cytometer. Each result represents the mean +

§ 10000 S.D.(n=3).

=)

é ﬂ

00— -

0 0.1

aCD concentration (mM)

WIZ, 4 FEOKS 1 & PEG IREFH SR L CRIBROMRFT 21T 5 72, FEHEE hMSC
% 1, 2, 5mM ®aCD, 5%® DMSO £ L0 0.1 mM 4 Flu-PEG-DSPE (EG unit: 2, 6, 12,
24)ETe DMEM H T 30 i+ 5 Z & TEMiZ1T - 72, Effitk D% hMSC @%Eﬁﬂ’ai%@%ﬁ
YT 2 FACS THIE L7Z#EH, W o PEG IEEFHEMARICH L TH, aCD DI
HAEff LRSS Sz (Fig. 24), 72, WTHhoaCD BERIZEWVWTH PEG éﬁ%
FEAMEVE SRR EOGIR TR < 72 v | Fig. 28 LT oMM E2 R Lz, 24U PEG
MEEFHERDOKIFEDOEWCRERNT S LB 2 55,

15000' EG 2 Fig. 24 Influence of addition of aCD on cell
surface modification with various
EG 6 Flu-PEG-DSPE (EG unit: 2, 6, 12, 24).

Unadherent hMSCs were modified with 0.1
mM of Flu-PEG-DSPE (EG unit: 2, 6, 12, 24)
for 0.5 hour at 37 °C in DMEM containing 1, 2,
5 mM of aCD and 5 % of DMSO. Cell surface
fluorescent intensity of modified hMSCs was
measured by flow cytometer. (n = 1).

EG 12
EG 24

BE00

2 10000-

Cell surface
fluorescent intensity (A.U.)

5000+

=
1

a.CD concentration (mM)
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MBCDITAINE S 22 L AT o — V25| ER<AEMZAET 22 e mbit Tl ez
DYERVPPEGIRE DI EZ B XIT L TV A AEENE L I D, £ 2T, TOmE
a5, JEBEFEhMSC%E 10 mMOMBCD % & e DMEMH € 10 4y 55 L 7%,
&% 0.1 mMOFlu-PEG2000-DSPE % & 12 DMEMIZ A2 #2 L 10 45 A5 5E U 7= RiTLEREE & |
ZIVE T ERERIC 10 mMOMBCDE L OV 0.1 mM O Flu-PEG2000-DSPE % & e DMEMH T

HrfEIER S U7 FREIC I W Tl OMIR im st E 2 WE Lz, £ ORER. HFRET
VRBEE AR T HO TR AN R L 72 DIt L, BITALERRE TIIMBCDARIRINEE & H*ﬂa}#@fﬁfﬂ
fe 2 e IR & o L 7= (Fig. 25), 20 Z L L PEGIRE #HEROERi 2 H) LT 5729
i%. PEGIREFHEIR L MBCDARIRFIZEF R TICAAET 2 Z L DBRETH DL Z L1 BN
LlgoT,

Co-treatment Pretreatment

300004 CD and

CD
PEGylated lipid (10 min)
(10 min)

Medium change Medium change

200001
PEGylated lipid
{10 min)

Medium change

Cell surface
fluorescent intensity (A.U.)

100001

0-

5 5
Q
S &
S & &
2 & &
.$\ o@’ Q‘K

Fig. 25 Influence of procedure for CD addition on cell surface fluorescent intensity.

Unadherent hMSCs were modified with 0.1 mM of Flu-PEG,y-DSPE and 10 mM of MBCD together or
respectively for 10 min. Cell surface fluorescent intensity of modified hMSCs was measured by flow cytometer. Each
result represents the mean = S.D. (n=3).

1-f CD #{EFTFTCTOMBRENMEMIZE XIETHE

aCDALAFE T COMIER FHEA ~DFBSIREE DA TG 5729, 10 mMDaCDH LW
0.1 mM®DFlu-PEG2000-DSPE% & ¢ 572 5 FBSHE fE ODMEM 1 TH:A%EEhMSC % 30 40 5f
L, MifaRmaOtmE L HE Lz, TOME, 10 %E TOFBSIRE Tid., FBSIRE D
TNV I 2 O CHREE 2N R L7228, 20 %DREIE 10 %RE X W KT L 7= (Fig. 26),
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1000001 Fig. 26 Influence of FBS concentration on cell

surface modification in the presence of CD.

=

< 80000 Unadherent hMSCs were modified with 0.1 mM of
° :_,: Flu-PEG 5000-DSPE and 10 mM of aCD in DMEM
e - - H H 0 o
E 2 600004 containing 0, 5, 10 and 2.0 % EBS at 37 .C'for 0.5 h.
5 & Cell surface fluorescent intensity of modified hMSCs
= E was measured by flow cytometer. Each result
5 £ 400004 represents the mean + S.D. (n = 3).

2

5]

P

S 20000+

=

0_
0 5 10 20

FBS concentration (%)

1-g CD Z ¥/ L 7<BR DM D& E AT

aCDDOIEFET . Flu-PEG2000-DSPE R L 'Flu-PEG 10000-DSPE T{&fifii L 7-hMSCIZ-DW T,
EfFORZEMEZFHIT 5720, 10 %DOFBSE & e 37 CODMEM T The K 8 REMiEixEEFn
L. PTEREHIZICH 7Y 7 L, MR SOCRE 2 RIE Lz, £ORR, 8 REHHAEIR
IR I IHEARIE % & b~ Chr & 2000 OFETIX 44 %, 431 & 10000 OFETIE 26 % DAL
FKELE AR L (Fig. 27),

100000 Fig. 27 Stability of hMSC surface
- Mw 2000 modificatioq with  Flu-PEG-DSPE

1l -+ Mwi0000 enhanced with aCD.
80000< Unadherent hMSCs were modified with

0.1 mM Flu-PEG-DSPE and 10 mM of
aCD for 30 min at 37° C, and
modified hMSCs were suspended in the
medium containing 10 % FBS and
rotated at 3-s intervals for the indicated
20000 times at 37 °C in an incubator.

60000+

40000+

Cell surface
fluorescent intensity (A.U.)

* % % Statistical significance was evaluated
0 Nt - f ’if ’§ by Dunnett’s test versus a O hour group
0 > 4 6 g  ateach molecular weight (*P < 0.05;

Incubation time (hour) N.S., not significant).

I 52, aCD, DMSO & Itz 4 FHE OISy 7 & PEG R E 78K CEAf L 72 hMSC (22
WTHIREEDORFI 21T o7& 2 A, 8 KFERENE % IIIEME® & b _XT EG2 OFFClIE
78 %. EG6 OFETIL 71 %, EG12 OFETIL 65 %, EG24 OFETIL 65 % DMifnZ A G
E %k L= (Fig. 28),
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EG?2 Fig. 28 Stability of hMSC surface

4000 - s
- - EG6 modification with Flu-PEG-DSPE (EG
- NSysg -+ EG 12 unit: 2, 6, 12, 24) enhanced with a.CD.
5 3000 = N.5. -+ EG24 . Unadherent hMSCs were modified with
8 = Ns L 0.1 mM of Flu-PEG-DSPE (EG unit: 2, 6,
g 2 NS 1 *} 12,24) for 0.5 hour at 37 °C in DMEM
2 = 20009\ & - * %  containing 5 mM of aCD and 5 % of
= S NS, N.S. 3 -
== ) L 2 DMSO. Then, modified hMSCs were
(S & X ok —-: suspended in the medium containing 10 %
g 10004 - —3= v FBS and rotated at 3-s intervals for the
g indicated times at 37° C in an incubator.
= Statistical significance was evaluated by
0 T T T 1 Dunnett’s test versus a 0 hour group at
0 2 4 6 8 each molecular weight (*P < 0.05; N.S.,
Incubation time (hour) not significant).
1'h Z%

AEITIE, 3O FRIAAI & 4 O CD 2 WAl & L PEG JEE#5E (K & 4512 hMSC
22 CTIER ATV, Effi ERh R A Rt Lz,

F 9 8275 hMSC (253 2 A AR R L OVCD OfifaEEMEO R 217V (Figs. 14, 15),
BREEANZOWTIE 10 % LU F O DD 30 43 LA F OE5#&F# ., CD 122V Tik 10 mM LA
T OPEEND 30 43 LA T OEEEEFE O FE T HIVUTHIIREEMEDN T b2 2 & & iR
7=

3 FFHDOEHAER ORI & D EMm ENREZMEEL T2 & 2 A, 2 CORBEAIRIEE
BT, IRINRERFRICEMESE A L (Fig. 17), Effif E3h%R1E MeOH, EtOH,
DMSO DNEIZE < . 10 % MeOH AN 2 7 HEIEL, RIINEE L L~ TR 10 5 OEMi& 4 R
Lz, ZOFERIT. ARERFOTINT X - T PEG JEEFHEIAROIEE LRy R+ O A/E- A
BEY . SAEEREHEEBROTMEN, BHEEROBENRMZ 2 HM~Z L LIRS &
Ezbhb,

CDIZ. WHBNES T OB A MHIT SRR & D 66 6D X 5ZCDRENH D
B2y T2k L CaBET 5 Z & OfERRIZTHNMRIC £ 2 530 A3V 530 Ty %66, 67, 72,
73, CDIZE#2 S NTALAEMIZTTHNMR Y 7 F v by 7 MEXRZELT 5 Z E N5 T
F506667.72 R <v—|ZCONBELIZHEAEIT. R ~—D7 v b rO—7ET 0357
MEDZALZRZ L, 7T NVOENIL 785 Z ERHREINTNWAHED, £ T, PEGIE
BRI T 5 CDDOEEE KR T 5720, CHEMDRAW(Ver 6.00% W THH L
DSPE-PEG-CH3® T-#Hll{t7> 7 Mi (Fig. 1823817 2DSPEf O 7' 1 b U idig 45

HPHCRIE L7z & 2 A, CDIRIIEETIE, DSPEEE;E@y& FILOMEMNIEL 720 . aCD% 10
FENETIRMUZBECIZH L 7 A Bl L= (Fig. 19) . b OfEE» 5, CDIE
PEGIEE OIREH /3 & 8 LT\ 5 2 & D3 s S iz,

WIZ, aCDOWINT X 2 PEGHREFFERDESA M EZh R A MET L7z s 2 A, aCDOIRM
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BEERAFIER RS AR L, 10 mMOoaCDUINEE CTIECDARIRIEE & LT 80 s
fifif %R L7z (Fig. 20), S 512, aCDE UM L CERf L 7=hMSC % S48 s e Baiss
8245 L, EHRMAEL . BEICHOZPEGIEE FHEREEMENIC L 0b 59,
fa R IR VLD R S 7 (Fig. 21), 4 FEEOCDIZ DWW T b Efifin 2R A7 L 7=
L2 A, ATOCDIRESm L EE R L, aCD, MBCD ., yCD ., BCD®DIJETZ OBHFEAH
EnoT- (Fig. 22), £7-. aCD. MBCD iE5 mM TEM&EMNFIET T b —ITE LIZDICxt
L. yCD . BCDTIE 10 mM % TCDHEEIZIZIF LB L TEMI R K L=, CD & Bkl
AVOMAEROBREIZIE, CDONE L BUKHLEW DT A AN KREEEL, kb
N NS W aCDIFEROME WD 1. BCDIXAEFEEREZ AT 50 1. yCDIZAT 1A R
LD FIoxt U CRSAHAAER T 56269, 5RO TaCDAMR b m\ MEAfiA 120
RaR LB, IRES S DR OME WS+ Th 572 dMmoCDE Y IR FHAMEH L,
PEGIEEFHERO MBI 2 MEIT 2R PR b @M 2 LITERT S L EZ b D,
F 72, MBCDABCD & v @ Effia EhRa R L2 BRI, A F U kIic & - TIREH 7 &
OMAEAERAPNERK LI Z EICERT 5 LB 205, —J, yCDIFBCD L W AN KE LT
RVBIZRET A AERIIZBCD L VIRV EE X H VDA, EEERIZIXBCD &L 0 @\ MESfiH
FERAE R L, TRAZ TV POICK L TCDEZIRNT 5 &, aCDIZPGO 7 L3
JUBH— ATk LTz L, BCDIFPGO BB IT% L T L, yCDIZPGOD 7 /L % /L4 A
ZRIFFCABET D 2 E R MAE SN TN 56, 7, L7 -> T, yCD IZDSPED KD 7 L%
NHERIFHCEBEST 52 2 N TE S0, BCDL Y 3 < DSPEICH L THAMEM L, BCD
L0 b EWESm ERRERLIZEB R OND,

aCD A7 FIZE T 5 PEG 55 - EAMERGIC 5 2 5 B E MG LIz 2 A, PEG #H51
ERRZ VT EEMEITKD > 7= (Fig. 23), Ai#E 1-d [ZBW\ T, EiRE O PEG FEFHEE
SR 2 O CRIFRHERR 21T - 72355 REH OIERIZFE 5 Efi B O RDBFEL )N 72 Y (Fig.
6), ERIENZ WA, Eifi Sz PEG $HONRREEIC & - THIZREMSEZ vic< <
BN E Z b, ARFTH CD OWINC X » TEMENREL Rot=i=®, [k
DHGNEZ 7= B2 BND, £/, PEG $H0 T EAEWIE E hMSC £l TO RS
MRELRY | BFEMES RoTc B2 bvD, Fio, HiE 1-¢ TITo72 CDIFELAETT
Okt (Fig. 5) Tk, PEG $85 F &1 D A0E SIEMEIZD 22> 1208, WP ORE G EA
ERD 722 PEG SHONLRBEE OB/ NS <, PEG $H0 FEOIK FICfE S HEER D&
DR IMEMBICHE LB OND, 0. 4 FHEOKS 18 PEG IFZ#E K (EG unit :
2,6,12,24) ZHWT, MIMEEMENFE SO B (Fig. 16) 5 F T, aCD fF1E FIZBIT 5
PEG #$85 +EIMEMIC 5 2 5 B2 R L= L 2 5, PEG $#5FEMEVIE SR D
2o 7z (Fig. 24), T, PEG $H5 T EIMEWE & PEG REFEROKBEENMMEL . iF
EE S OMAMERNRED , HBEROENHD L2 SICERTS B2 615,

MBCDITMIfAME D 7 L AT m— L& 5| E P < AEM %A L6 MBCD CHLER X 417- Ml %
AERERE DO FEEN M 8] B35 Z ERHE S TWAH6T), £ 2T, & 55 LHhMSCIZMBCD
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Pz TR L=, PEGISERRMIAS 1T 202 THEEE LI-354 . S L2h BTz
LA ERD LN T (Fig25), ZDZ & HPEGIEEFHEARDEM A BT 57201
X, MBCDAPEGHRE #FEK & FRFICH BT ICHAIET 2 2 LN LETHY . MBCDA
hMSCIZE LIZTERIZPEGIREFH EAROEMICITIT L A EFH L TR L AVRIE S
i,

FBSIRENMEffi~F % 5 2% aCDIEAF T CHEGE L2 & 2 A, 10 % E TOFBSIRE Tl
FBSIHEE ORI MERT R K L7228, 20 %ORET 10 %HEE X 0 KW MEffiEZ /R L7z
(Fig. 26), PEGHRE#FHEARDOIREER Y %2 @ L7-CDIX, BKMEDFRILZ SMUNZ 1) 7o i
ZHLS72, CD 2Va#: L-PEGIRE #H B IICDMifEE L /- 1%, MluiE~Efisns &7
H &5 (Fig. 29), CDICEEESNIALAwIL, WEBAAI L 72 2 BUKMEALAMDOFET T
EBENMEE SN D Z ERHRESINTNDB 0, L= -> T, FBSHIZE i1 5aCD & Eifn
PED @Sy DS, PEGHRE FHE(R L aCDDRFREIC 5T 2 FRetERnE 2 bhd, —H . #i
#= 1-d OCDIHAFET ToOMF(Fig. BV TFBSIEEDHI K & LIEMENMET L7- 2
LD, CDIAFE T CTIIFBSIZHEEEDO &AM, B3 2l FOIEREZRT B2 b b,
ZORER. 10 %DOFBSIRE ORI b mVMERIEZ R LI LB DD,

aCD OIRMAMEMOREMEICE JFTHEBL BT 2720, EffiL 7= hMSC % 10 %D
FBS # &t 37°CO DMEM 71 Tl K 8 R FAERE LRI &2 HE L& 2 A,
aCD 777E ¢ 444y 1~ 2000, 10000 & PEG #{% > PEG JFE#5E(K TS L 7= hMSC
IXENTI 44,26 % DFEATFFR %~ LT-(Fig. 27), Fig. 10 & Fig. 27 (2817 % #4515 2000
® PEG #4% t > PEG EE#H 8K B L /-2 e+ 5 & 8 Bif% O FERMIZIER
EHThoT, LI -> T, EBfiOBED CD OFRINMEMIOLEMITE L2 nWEEZ LN
%, F72. aCD, DMSO & (2 EG unit 23 2, 6, 12, 24 DXy & PEG REFHE R CEff
L7 hMSC IZ oW T [AEEDRFI 21T o 72 & Z A, JIAIZ 78, 71, 65, 65 %DFkfFHEE R
L (Fig. 28). PEG 5y 7 EDMRVME & 8 KFH: DR FENB -7, Lizdi-> T, PEG #
DTEMENZEBMOZEENE N EEZHD,

LLE, AHiCliE, PEGAEEFHE(RDhMSCREK i ~DIEMIZ IV T, FAHEHF X OCDOIR
Iz & AEHE Eh R E2FHE L. W odsmal bEfm ERZ R L, FFCaCDDME b
BV A TRT 2 LA R L, aCDIE. *HNMROD 3T IZ 35U TPEGHS L 75 8K o IS8T &1
S EBBETHZENHA LN E R AHEIC L > TPEGIEEFH A DL IRD LR 2 i+ 5
Z & TS BICFEE LT D Z AR ST, £72. PEGHRE BRSO % T % AT
fliL7=L A, aCDZ IR L CESG L C HIEM O EMICIAE R ZLITRO b znoi,
L7235 T, MSCIZxtd AHSHE /> TERRIZRB W T, AHAAT D L < IZCDOUIIERT D)
FleEhE e Hif s D,
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Fig. 29 Estimated mechanism about effect of CD on cell surface modification with PEGylated lipid.
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B BERBHIC L S hMSC E#EmA~? PEG JEEFHHE Mk

Effiom k

AAFFETH TV D PEG,000-DSPE & . Distearoyl phosphatidylcholine (DSPC)#5 L O
aL 2T a— ALK EN D VR Y —AZcalceinzZ N L=, BEKRAZRI-T5 L, K
SR, BRI L CY AR Y — L0 L, calceindmiti T2 Z & 3@ ST
27, LEn- T, BEWBEIIIRER L2 EER L-E 2 il M b s L Exbh
%, & ZC, PEGIFEFHERICHEEW LA T2 &, EEROBEN I ZE S, HEE
ELTHBT APEGIREF SRR T 52 & TEMELZM ETE5 & X7,

—J7, MR L OB A B2 & IREICERF U CiIaiEo &t REhM: 251
L™ BRSO NI S D 2 L b MESNTNE™, LER->T, BElK
ST EEROMBE~DOBATZ T IR b HIFRFTE 2,

Z 2 CAHITIE, PEGIREREEINIC X HhMSCOMERIZ I 1T 5 MBI FRE O BB S\ T
MEt L7z, &6, MSCIZx L THEEFROREN A 1 A 1 [HD~—2T3 N6 4 lHICH
720 kT 5 &L MSCOBMIKE~DMERNFHFE SN D Z L B3 HE STV AP0 | KR
Je R L= 8 I B SR 2 38 1 B A0 b~ D 828 & 5l L 7=,

2-a BEERNFEH O

BE RN 2N 5 2 DEMIR. =3 b F—DFAITED
BROIEHIS38 & | KU SCHRENC L D H AR/ 78, 86-88) Opti-MEM

KA S5, PEGISETEIC & 5 ISHI o8 i \ i
RIS 28E . BWOIERIC L » TR OEEMN L5 \\
T2 LEZ 5. hMSCOMSHEID 6 % BN A &

(¢

N5, # = CAEIORETIE. hMSC, PEGIEE 5 k.
Opti-MEM73 A 5 7o F =2 — 7 Z P iR B O /K IZIR T | Water bath

HE R R ORI E 4 — B> TfTH> 2 & & L Fig. 30 Diagram of ultrasound (US)
7-(Fig. 30), irradiation.

FIKIEE OREb D 7=, 37 CIZIED7=0pti-MEM 0.3 mLNA > 72T = —7 % Fr
TEWREENZRRE L7 AKIIZIRT ., 5, 10 23 [ &I 2 I L7221 T = — 7 N OB IRIR B %
HIE LTz, TORER, BREFREE A 3.0 Wiem2 O T Tk, ABEE% 32 CIcEE L
AR E )N 37 Clcft7=n 7= (Fig. 31),
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-8~ 27°C water bath
_ -& 32°C water bath Fig. 31 Effect of soniation on water bath temperature.
&) 700" . . .
¥ 554 0 37°C water bath Opti-MEM was exposed to US at 3.0 W/cm? in 27, 32 and
= 5o- —&= room temperature 37 °C water bath and at room temperature (25 °C). Each
E ) result represents the mean + S.D. (n=3)
L 454
=
S 40- )
=
2 354 -
2
i ©
g 304
Ea 257 T T
; 0 5 10

Exposed time (min)
[FERD 1T, Mz 2R Opti-MEM A CHRE BN 21TV, F2— 7 NORE
P 37 CITAR T AL 2 Bt K IRE & 58 L7z (Table. 3), % Z T, LIEOMFTILA RS 5
R G TRl b L7CIREIKIRE 2 0E L, BRIRE 2 37T CI R~ IR THE
W 21T o 72,

Table. 3 Optimized temperature of water bath for keeping Opti-MEM in 37 °C.

Opti-MEM US irradiation Optimized
volume (mL) | intensity (W/cm?) | temperature (°C)
0.3 1.0 36
0.3 2.0 35
0.3 3.0 32
0.3 4.0 30
0.5 3.0 34

1.0 3.0 36

2-b BHEIERHNIC X A MEEEMEDOIEAM

B S OhMSCIZx T 2 G HEME 255729, 0.3 mLOOpti-MEMIZ 4 # L 7=
hMSCIZkf L TH 72 550 5 L O TR 217> 72, hMSC% 96well platelZfEf L. &
FEE %, 7B 24 BERICE NN HIIGENE 2R L2, RS 21T > T/ W hMSCRER
100 % & LCAEFREZFEHLIZEZ A, 3.0 Wem? €204 E L<IiE 4.0 Wem2T 10 4y
FHRGT L 7B CII B, #5724 B W T ICB W T HAFROBHERIK TARD L

i, MRS EES R SN (Fig. 32),
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1504

Bl Oh
£ 1ood I I
100 I
z
=
=
> 50-
0_
US intensity (W/cm?) 1 2 3 4 3

Irradiationtime (min) 10 10 10 10 20

Fig. 32 Cell viability of hMSCs exposed to US.

hMSCs were exposed to US at 1.0, 2.0, 3.0 and 4.0 W/cm?for 10 and 20 min, or treated with 0.1% Triton X for 2
hour as a negative control. Cell viability of hMSCs was evaluated by CCK-8 assay immediately after irradiation (0 h)
or after an incubation period of 24hour (24 h) in DMEM containing 10 % FBS at 37 °C. Each result represents the
mean £ S.D. (n = 4).

WIZ, PEGHREFFEMAEMICHE SRR ARHT 5 2 &1 X DG EMEIC OV TR
T 5720, 3 mMOFIu-PEGs000-DSPE% 12T 3.0 W/em2T 10 /MRS %217 - 7, PEG
HEE % N2 3, RS TSI 721 21T o BRI T D AGFREFH L L 2 A, PEG
NEEHEIRDIER 21T > T2 REC B W CTAEFROBEE 2K FIER 0 5T, PEGIFE S EA
ERRIZ B S R 2R3 2 2 &2 X 2 MIREEHIERE S D v h - 72 (Fig. 33).

@l Oh . . .
1504 0 241 Fig. 33 Cell viability of h(MSCs treated with PEGylated
s Ipid and exposed to US.
T hMSCs were exposed to US at 3.0 W/cm? for 10 min in 3
mM of Flu-PEG5000-DSPE containing medium. Cell
=) 100- viability of hMSCs was evaluated by CCK-8 assay
?_-/ immediately after treatment (0 h) or after an incubation
g period of 24hour (24 h) in DMEM containing 10% FBS at
% 50- 37 °C. Each result represents the mean £ S.D. (n = 4).
SR
0 T T

PEGylated PEGylated
lipid (—) lipid (+)
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2-c BEWEBHIC X MM LR

Flu-PEGs000-DSPE % & £¢Opti-MEM35 L (’hMSC % F = — 7 IZ A, B85 IRE 217 -
7=#% . FhMSC OISO EHRE 2 HIE Lz, £9°, HBEEAREAIMSCE T OPEGFY
FHEREMREICE X TEEZBRNT 572D, 0.3,0.5,1 mLOKECTHRE 217728 24,
WTNORRFHET S IERRHE L 0 @Il R s R 4R U, FREEER e+ 5 & |
IRFE DD 72 NE SR Z R 1 2o 72 (Fig. 34), = Z T LA FOfMFHE4£ T 0.3 mL
DRFECHEM LT,

5000~
S Fig. 34 Influence of medium volume
< 4000 on effect of US irradiation on cell
" ; surface modification.
=7 i hMSCs were exposed to US (US
E ; 3000 intensity; 3.0W/cm?) in 0.1 mM of
= E Flu-PEG 5090-DSPE containing
S § 20004 medium at 37 °C for 10 min. Cell
@ surface fluorescent intensity of
§ 1000 modified hMSCs was measured by
= flow cytometer. Each result represents
0- the mean £ S.D. (n = 3).
Medium volume 0.3 0.3 0.5 1 (mL)

US (=) US (+)

A5 B OBR L A hMSCE i OPEGHEE 5 SR E i I B LT T B 2RI 5729,
1.0~4.0 Wem2D & TN 21T - 70 & 2 A, MEOHR E & b (SHIaFE ma L 1T K
L. 3.0 Wem2 THEASF U 72 BE TIRFERBITRE DR 2 15 oM 2 s essE 2~ L7- (Fig. 35),

10000+
=
3 8000- Fig. 35 Influencg gf U§ intensity on
P cell surface modification.
3 = hMSCs were exposed to US (US
b':‘ S 6000+ intensity; 1.0-4.0W/cm?, medium
> ‘§ volume; 0.3 mL) in 0.1 mM of
= Flu-PEGsq00-DSPE containing medium
8 § 4000- at 37 °C for 10 min. Cell surface
2] fluorescent intensity of modified
E 2000 hMSCs was measured by flow
= cytometer. Each result represents the
- 0 mean £ S.D. (n = 3).

US() 1.0 20 3.0 4.0

Intensity of US irradiation
(W/em?)
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BRI Y hMSC 21 © PEG IEEFHEREM &I KX T84 iatT 2729
1~20 4y OFEFCHEE I 2 A L7z & 2 A, HE I R o il 22 1 0 ' 38 B | AR RF ]
JERACPEWERRATHIN Lz, o, WTNOERFRFFIZ I W T H B85 R IR R
BEOK) 2 {5 O i H R E % 7~ L 72 (Fig. 36),

20000+ - US(+ Fig. 36 Influence of US irradiation time on cell
- i ) surface modification.
US (=) hMSCs were incubated in 0.1 mM of
150004

Flu-PEGs5q00-DSPE containing medium at 37 °C. In
US (+) group, hMSCs were exposed to US (US
intensity; 3.0 W/cm?, medium volume; 0.3 mL) for
1, 5, 10, 20 min, and in US (-) group, hMSCs were
incubated 1, 5, 10, 20, 40 min.

Cell surface fluorescent intensity of modified
hMSCs was measured by flow cytometer. Each
result represents the mean + S.D. (n = 3).

100004

5000+

Cell surface
fluorescent intensity (A.U.)

0 5 10 15 20 25 30 35 40
Time (min)

PEG JEERFEMIREL 2NV B I FRAHC L DM ERVRICE KX T8 A2 e 2720
10~500 uM D O PEG IEE R SR L TEAM 21TV 88 &5 R EE & JER AT O hMSC
KD PEG JREFSEREMEL LB L2 ZAH, WTNORESRME TS, RETHIIERS
&0 @R EEOE R E 2R L7z (Fig. 37TA), 7z, FREICH T IR 5
RN BE DM R mHTRE DL ZHH Lc L 2 A, IRENEWIZ E AR - 72 (Fig. 37B),
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Fig. 37 Influence of concentration of Flu-PEG-DSPE on effect of US irradiation on cell surface modification.
hMSCs were modified in various concentration of FIu-PEG5q00-DSPE containing medium at 37 °C for 10 min. In US
(+) group, hMSCs were exposed to US (US intensity; 3.0 W/cm?, medium volume; 0.3 mL).Cell surface fluorescent
intensity of modified hMSCs was measured by flow cytometer. Each result represents the mean + S.D. (n = 3) (A) .
Ratio of cell surface fluorescent intensity of US (+) group to US (-) group was calculated. (B)
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2-d BEERRPHCRICBLIETRE

AE R RSTE, MSCOEMIA~DMbZFFET 20 d 5 2 LA ME ST 58082
7o, ABFTTIT o B E WA X > THEMERHFE S NN L A REET 2 0ENR
%, &2 T, mMSC%Z MW, KHiTIT o -5 THE K% B L7-mMSCik L OJER S
mMSCA il ORIKR P CRE 3 BEEE LI2tk. Bok7 v A 2iTo7, £z, BE
W WG 21T T B bR SRR T2 L 7-mMSC % positivefif & L CH#g L7, 3
EE % DX mMSCIZ %t UEMlata 21T o7- & 2 A, positive Bf CTIZHIIEA IR < Yefh X
AUy BRSO LD HERE S T2y, AT OME I AR L OGERUREE CII e33R
bivZeno7z (Fig. 38A) , R T, 1, 2, 3 WA L 72 fid A mMSCIZ & L TRT-PCR
ATV, B b~ — 71 —T& Hosteopontin®mRNAEZHTE L= & Z A, £ TOBEEIEE
ST, FERRSTEE & 1R % D> DpositivedE L U S 2KV mRNA & % 7~ L 7= (Fig.
38B) . UL EORERN G | AT o 7o E R S TIEmMSCOF Ml ~D /i bidikE S
RN T & DR S LT,
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Fig. 38 Influence of US irradiation to mMSCs on osteogenic differentiation.

1w 2w 3w

Osteogenic differentiation of US exposed (medium volume; 0.3 mL, US intensity; 2.0 and 3.0W/cm?) and unexposed
mMSCs cultured in normal medium were evaluated. As positive control, unexposed mMSCs cultured in osteogenic
differentiation medium were evaluated. Staining of differentiated osteogenic cells (red) from the mMSCs cultured for
3 weeks by staining with Alizarin Red (A). RT-PCR analysis of RNA markers of osteogenesis. Expression of
osteopontin was evaluated in the mMSCs cultured for 1, 2 and 3 weeks. Each result represents the mean + S.D. (n=3)

(B).

S B2, PEGIREFHEAROEMICE FT RN 25 L7256 T b o brBIT 3 2 5280
N Z L ARRAET 57290, Flu-PEGs000-DSPE % & 1e DMEMH CHA &5 & IR LB 21T
>7-mMSCIZHOWT, ZHETERROFIETHB LU MEFEEEZ T 72%., k7
v A BT o T, (B, BER R, HMEFEEE T b7 7-mMSC (negative) #f,
Efifids L OEF AN 21703, MEFE 7T 217> 7-mMSCREE [l L=, FE3. By
{LHE AT > -2 CORECTHIL DY E KON negativelE L W LA S MITEVWVE b~ —T
—mRNA&EZ 7~ L7=(Fig. 39A, B) . £7-. JEMibiFE 51T > - 2T O CRla DYt ts
LN negativelt L D L O @ WEN 3k~ — 7 —mRNAR %7~ L 72 (Fig. 40A, B),
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VL EOFERDNS | HE RN 20 L7-PEGIREFHE AR OMIER mEMIT, mMSCOF R
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Fig. 39 Influence of mMMSC surface modification with PEGylated lipid on osteogenic differentiation

Osteogenic differentiation of mMMSCs exposed to US (US intensity;3.0W/cm?, medium volume; 0.3 mL) in 3 mM of
Flu-PEG500-DSPE containing medium at 37 °C for 10 min and cultured in osteogenic differentiation medium for
3weeks were evaluated (PEG(+)/ US(+)). And, untreated mMSCs cultured in differentiaition medium were evaluated
(PEG(—)/ US (—)), in addition as negative control, untreated mMMSCs cultured in normal medium were evaluated.
Staining of differentiated osteogenic cells (red) from the mMSCs by staining with Alizarin Red (A). RT-PCR analysis
of RNA markers of osteogenesis. Expression of osteopontin and osteocalcin in the mMSCs were evaluated. Each
result represents the mean + S.D. (n=3) (B).
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Fig.40 Influence of mMMSC surface modification with PEGylated lipid on adipogenic differentiation
Adipogenic differentiation of MMSCs exposed to US (US intensity; 3.0W/cm?, medium volume; 0.3 mL) in 3 mM of
Flu-PEG5400-DSPE containing medium at 37 °C for 10 min and cultured in adipogenic differentiation medium for
3weeks were evaluated (PEG(+)/ US(+)). And, untreated mMSCs cultured in differentiaition medium were evaluated
(PEG(—)/ US (—)), in addition as negative control, untreated mMMSCs cultured in normal medium were evaluated.
Staining of differentiated adipogenic cells (red) from the mMSCs by staining with Oil Red O (A). RT-PCR analysis
of RNA markers of adipogenesis. Expression of adipsin and ap2 in the mMSCs were evaluated . Each result
represents the mean + S.D. (n=3) (B).
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2-e BE

AiCiE, BEERBFOFMMICE S PEG IREFHEAROEEN LR A2 RF Lz, £,
BE I IR 2S MSC D43 EREICH JIETHEIC OV TR 21T 72,

A BRI S R SRF 2 2 - 2 AR, BRET = L ¥ — DRI R 5 BRI /E s8-8 & |
WX v B 7 — 2 = Ve EOBMIIEHGEBRIER) 8 868 Kl &b, PEGIEER
EROEMIC BTG HIRN 2RI 2546, BERIC L 25BKOBEE LR PHEIND,
AT 1-d COMMOMER, PEGIEREAGIR CTEMT 5 BRORRIKREN 735 & Effig
MRS D Z LRGN > TRY (Fig. 7)., BWHERIXEMOR FlcF5T2 2525
DN, — i CiREIZRIRE ERIThMSCOREIZ A3 5 BEENK S SN D, T 2 TAKRG
T, B RS OB ERIC X 2207720 2 GEd 5 729, hMSC, PEGIEE 554K,
BEEBEN AT T 2 —7 ZAKRIZIRT, BEEBRPOF 2 — T NORRIRIRE & —EIC
FoTITH = & & L7=(Fig. 30), F = — 7 N OEEEIRIREE 1T KR O EIREEITIKAE LT=7- 8
(Fig. 31) FE LIRS 3T°CITIR TN D /KB OR%EIRE & IR 5ok L (T 5% L (Table. 3),
LItk ORI, Hedfb L72IREEICKIRIRE 2308 L, BERIRIRE % 37 CICiR > 7o & T
A RS 21T 57,

F9. B2 DRRIATE ChMSCIZxE L CEE S 2RI H L. PEGIREFHE R OEA
EITo72 L 2 A, 2 TORKNBHIIEREEE L v S M EMiEZ R L, BRI Tl 5 &
KRV D 70T SEMI D Do 72 (Fig. 34), WRIT, R E —EIC L, #eD RIHTREE
TR EZITo728 24, BEBRENEVIT EEMERIZZ <. MREEENBED bR
P20 T IREHS(3.0 Wiem2, 0.3 mL, 10 45; Figs. 32, 33) Cld, FERFHEDR 2 5D EHfi
wa s L7z(Fig. 35), L7cdio T, @EEEA ORI R IIPEGIEEFH SR OEM 2 1M L3 5
IRP DY, EOMRITRF =XV F—IKFT D LERAOND, o, BREEE1Z
WIE CIERiEDME DT 2 e, Fa—TNTEREFHEOBENEZ > T\ D 2 & 2VRIE
S,

PLEDOFER LY | BE R X D&M L RAHR TE 0, BRIEINE, 85
W PRSTRE 2 — 12 L, i BRI KT 2 EMREE. PEG JEE TS ANE O 8 45
L7z, £9°. B HEMEEH CRF 2T & 2 A, BEBHROBEMEL, RO
JERAZ L TEARUIIM L, WL OB I 350 T & B I RS XIE R 0K 2
fEoEMigE %~ L7-(Fig. 36), £7-. #7225 PEG JFEFEREE TR 217728 2 A,
WTIVOIREE T S I R X IR RS RE L 0 (B &Y% < (Fig. 37TA), S DIZREDH K
& ST IERRIN B 6 B B REO S & o s L= (Fig. 37B), L7=23-> T, PEG fi§
EHERRENEWIEE, BERBRIC X 2EM8Mm ERITEmNEEZLNRD,

BE R IRSTE. MSCOBEMIE~D b AFHET 2B E 01D D 2 L AHRE ST T 258082,
L7eio T, EERRS 251 U CPEGHRE RS G TEA L 7-MSCEBAHIER IV 5 72
DIZIE, BHEEBSIC L > TMSCH BRI~ b LignZ &, 2 L CRERBKNZFA L
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TIER L 7=MSCHVMEREZMERF L TV 5 = &%ﬁﬁmﬁ“é%%ﬁﬁ%é Z 2T, A & AER,
MMSC%E W iiat 21T o 72 & 2 A B E R ICE T OBE K T CTH#E L 7-mMSCi,

BRI cute KT, Bt~ — B —OmRNAREITE S LFHE 41T - tposmveﬁl‘i 0
O En g ”H’ffﬂiﬂ’ﬂ/\’\ﬂﬁbfb\fotb\ L DHER X7~ (Fig. 38 A, B), iED#H
BT, BEERBHICK > TMSCE B/l ~pbd 28 1 B 1[EDO~R—ZT, 3 AMND 4
W20 . 20 S3LL EO RS 2 kg L T /8082, —J5 ARRFZEC I L 7= M3 i R &
ST, MRS 1 B CHREEEE 2N E W 72 DB~ DN FE S o2 & & 2
Hivd, Fio. BEES 2R H U CPEGRE 8 CTEM L7228 B L O 2 bifa
i%%ifﬁﬂlﬂf“i%% L7=mMSCiX, ZNZNIEFIZE R X ONRIHIIEIZ /3 b L 7= (Figs. 39, 40) .
L7=3o T, REICITo o EER RS ZFH U7 PEGIEEF (A O e R mEffiix, MSC
DEE IO ~OMERRICEEZ B IS RN LRSI,

VLB AKEITIE, BEEIRENC X 24MBRIERIC X > T PEG RER SR T hMSC K
Oz LT L eB R, BfinmEInD I AR U, o, KEITHEML

B HRSTSRMETIE MSC O bRBICH B 2B KT S RN 2 L 2GRl Lc, AFEIZCD ©
BINE D e LRI DD, Effizm BT FEO 2L LTAHILELE
b5,
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B XTFFRIVT FEAPEGIEEFEFEMILD
hMSC O ifn & N M~ D BEE 7

MSCIZ, IL-6, IL-10, IL-1ra, PGE2, TSG-6 72 EDARIEIMHI, LR B b DAk~ 72
THER T D REARE M 89 24 1, | 4317101155582 S o THREMHRk & TS L, MRk %
BRI E RS, E£lo, MSCITERSCK IRV 2> b EREUCATRE 2RI T 0 | JTFEE
H Z 55 T HESHIIE® ©O0iPSHifa™ % L e~ TR ML, BT A~DOBAEER bIT
PILTWD, BUE, BHEICHKT 2MSCZ EK &3 2 afdAl (Prochymal®)id, FAEf %t
B NS BRI & L OKR SN, &bz n— 1wt ) D 1 AR
FNTHT B RRR b BTV 5,

O A DFEZEET V7 v FOLFHNICER L-SEG, BhE 4 B&ICEE Lzl
D10 BLFEFEL TWARNWI ERRE SN TVWDY, £2, 3—u v STITbi -l O
IR DB K 5 HE DA RIS R D ERARERER Tl 30 23FTicay i TR ~DOBHE %
ToEHATYH, B LIZMIROBREEAL ) S O H S EIK CHRIBRDENE LN
Inolz L WEESNTVDY, Lz~ T, MSCx W =HIIaERIC BV Tid, Bl L7-MSC
DRI~ DEFEAEE HEET 5720, BEHNL L OB A 7 B3 2 FIEOBRRE N
WL EZZ bID,

AR OBE X, MIRREIHFIET DAk x Zepiag By TN EE e E 2 L7 LT
5o%ﬁﬁﬁmﬁﬁﬁﬁé#%ﬁ4/@mq) TP 5 2 ASR(CXCRA) % 5 963 S ¥ 7-MSC
B~ U A FEEMET Vi F G2 &, @EOMSCE L LA & i LT, MSC
DR MR ~DOEREDHE R L, Mo EER RS 6 B 5 2 L nlE Sne?, 2ok iz,
MSCIZNTE T % 255 BE S B D H K IZMSC DS ERAE ~ D5 8 FICA N TH 5,

T TARETIH, £7, mmc&thE&@&%%ﬂﬁ#éﬁ%%%jbtoﬁ’
S ORI Z VT, PEG S50 4y 1-B<° PEG IEE#EA DIEAfi Y hMSC O REA5HE
FJIETEE RIEHRRO M PN R ﬁﬁ%@ﬁﬁ@%ﬁom7?%&%GFﬁ%ﬁb
THRMEIER L7= hMSC & hLSME & D512 JIE T2 R &2 MGE L=,
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F—8 hMSC OEARERMIEDOREL

AT OMRFHIBW T, BN R 5 PEG 86572 5 PEG IREFAEIR T, Bix 72 Efiis
® hMSC Z R TS5 Z LN AHE L oo 7o, & 2 TRIC, HERED 28 A L7z PEG
NEE 7SR TIEMT L7 hMSC ORE5EREZ ST 5 LR H 5,

FHHL L 7= B hMSCOHEERE A LT 2 7291213, — T % < OREZ T X 2 HiEN LB
Thbd, ZNFET, ICAM-1 HUKRTESS L 7=mMSC & I8 N R HE & D828 OFEN T,
BRI EOWNEAIRICmMSCA N, JL538 U7, BEIMEE TRy L7 bHs LT
mMSCOE A FHET 2 T EZ AN LW I REDRH 52, ZOHEZNF T2V T L —
FEAWTITZ D720, RUEMETEL OROFHMEZITH 2 LN TE DA, BT &
IR TE HmBICIZRANRH 0 . M OFEIZ bR 015, £ 2 TAIFFETIE,
MERNLMIaEZEE SE -~V TF Uo7 L— | EICET Ry b2V CE gk Lz
hMSC# Iz CTHps38 L, #255 L7=hMSC & & NEIE D%k Dt A . FACST O JEiiE
DIETHA Lo SO bHEM L, AR L T2 HIEEBRE LI,

F72. MSCiZ, HifnEk100102 b [FERIZ, KA O M N R LT, —tEosg
LIRREZAR D IRL A OBE L, BUs LICBBEICED LEZX BTN 514103105 7273
- 7T, invitrolZEBi} ShMSCO#EREEMIZE N TH, 2D L H REEOMENTIEZ -
TWAHREFE L CGHEYT 2 FIENMETH 5, Langer Hid, Bk L7 F U & EIIC =
—T 4 T LT v o N—NIZ BB L7 FUBFIMERT T R CEA L 7-hMSC % B3 &
BT L, BB O LG O EBENEE A HH LT\ 520, ZoHIER, —FE
RO OF TORIMEZBET D LV D KT, FFETHEET L HIELD bMEND
BESICIT, AR TR, EEOMENICITSIT 57201, &N ECRIEED ik
BEM LTz, 0. BEICED T TOBRRE EMICIHET 272011, BEEEOL(LE
TREFAYIC RN - 5 MR D D LB 2, KIRKRFHHOIC X VBRI, B LoD
W % [RI B LG 1 LB B C© & % Particle Track and Analysis (PTA) ZFJH L. EEIZIM0
BN B LT T v o/ 3—NIZ—E DOt ThMSCA it L . i L 7B 4 PTA Cfif
Hrd9 % 2 & T, hMSCOIE N L ECOBELEE OELZ AT L, BEEiEE i+ 25
EEEBERLE,

1-a BEEMBEEICY & O EERETMmE DR

AREBRTIILT., 7T AT 4 v 7 FH~DhMSCOREE Z i L=, < Off%E —EFITHE
fli 3272, hMSC% 96 well platelZ 5x104 cells/well THEfE L. 1 FE]E5#% I1ZPBST 2
BIYEE L, ZO%Ewellll#iag L7-hMSCE x: & L \CHEREZ M L7z, #:75 L7-hMSC%k

DOREE, ARG EIERE OBR, Ml ORIE IV 7zcell counting kitz V>, Al
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BOFEIE & 72 % 450 nm DYWL ) b EAFREZ 7l L 7=,

b NP A N EZARGLSMENZ X9 2 hMSCO#ERE & 7l 3 2 54 . 2 FE O A
AT HOMER DD, £ 2T, MlE~OEY AR ZEET S 72 Dpolyamidoamine 7
NU~—%f6E LR Ry MO Sk ThMSCA 8548 L, wOtEak L7-,
¥, ZOEE, fluoresceinDHOE & AT FEE LW RILOFOR L b HOBEF Ny b
2R L 7=, 12 well platelZhLSME % 2 X 105 cells/well CfEFfiit% 24 BFFEEZE L, =271
T MIBERELTWDZ L 2R LT, £D%, hMSC% 3X105 cells/well CHEfE L, 30
sr3REaE L721% . PBST 2 [mIPE L. KwelllZ#75 L72hMSC & hLSME % &+ T L
7o [N U 72 MR O 7R ta Ot sREE 2 FACS Tordfr L. wOEIREE DE V> 5hMSC & hLSME
il L, FnEhofilatio lk(hMSCHllatk MLSMEMIE) #8558 E&R L CHA
REOFERE & L7=(Fig. 41),

WMSC

Co-culture
hLSME
FACS analysis
| =y ®

Red Nuorescent intensity (AL LL)

Fig. 41 Determination of ratio of adhered hMSC and hLSME.

1-b WHBITR T DBEEEIC S & 5 < BERERHMIE DR

70 —F L R—107, 18 D EHRIChLSME % 7.5X 104 cells/lane CHEf % 24 BREEE L .
ATy MIEFELTVWD Z L 2R LT, 0%, R RNy MO THOGAEH L |
1x10° cells/mLIZ 7§44 L 7-hMSC%y #tifi 2 3.6 mL /hour® — EFisH TF v /S —PIZHE L,
hLSME | % il ZhMSCO 28 2 g L7- (Fig. 42), 728, MO BEHE |ZHES 5 F v
Y R—=NOHE WIS 71 0.1 dyn/em2 TH ¥ | o Rl T a CBMEE O S ZhLSMEIZ &
DOETHRET 5 LT, hLSMEIZH: L7223 Bt AhMSC72 2 5Fl L 7=,
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Fig. 42 Diagram of observation of moving hMSC on hLSME.

Fin O ¢ hLSME E%#E)9 % hMSC OB EhE D2 & M ¢ & huX, o~
FHICELBENFMCE, hMSC OXEhZ EEICHBLT 2 Z N TE5, 22T, gL
7= B % image J 3 J OV PTA & IV CTHEAT L7, KM 0.25 sec Z & OBENIREEN & %
B OBERE 2R H L, FOBEmIcH LT F ey ML, £72, SMROEEOE W%
T 578, BRI G - TW IR & Bl N C OB BN ERRED & BBl 2 5 H
L7,

1-c hLSME RMEIZKi} % ICAM-1 ¥BEBORIE

RIEFHEIED X L 737 B Td Htumor necrosis factor-o.  (TNF-o) 109110 2 & e k5 25
ThLSME% 55384 5 2 & T, KIEMEREICI T 2hLSMEE® 7 VA RS Lo, RIEF S % i
R DT RIEAERE O A N BRI R ST = R BT % intercellular adhesion
molecule 1 ICAM-1) D3 H & 2 e fE e a2 L » CEHfi L7= & 2 A, TNF-o/LF(100 ng/mL,
4 RFRIZ £ - C. hLSMEIZH1} 5ICAM-1 OFBLEITH 20 fFIZHKk L, ICAM-1 D¥H
DR STz (Fig. 43), & 2 TUZRORETTIX, A EIO S TR L 7-hLSME % &JE
hLSMEE7 /v & L THWE,

20000 A
Gy
© Fig. 43 Expression of ICAM-1 on hLSME treated with TNF-q.
%‘ S 15000 - hLSMEs were incubated in CS-C medium supplemented with 100
5 < ng/mL of TNF-o for 4 h. Expression level of ICAM-1 on hLSME
E ) was evaluated by immunoassay with fluorescein conjugated ICAM-1
52 10000 1 antibody.
% ]
o=
S
= 5000 -

0 -

TNF(—) TNF(+)
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1-d Z£

AHiTIL. hMSC O#EREA T 2 Fika ., %< OB ZEIEHE TR T 5, RO
MENTEZ > TWDHBIG A EMICHITE 5, L0 ) ZOOBLEIDLIENL LTz,

F9, vV F U7 L— b EChMSCE 53 L, #75 L7-hMSCH % tlZakli 4~ 5 ik
ZENL L7z, hLSME EToOIE#RIETIX, &1 Ky b2 L H2hMSCOHEEE, & FACS
WL DHEZEMALDED Z LT, HIREKOZ RO L 3 58 U EElhk 2 fe s
T&7=(Fig. 41), ZIVE T, HE#H U%ICHS L7-MSCA BAMSE T L. Sz
Z ICIZFH L e B MSCEU HEEAEREDS I S AL TUWZ290Y . & = LIND— 312D T
LB TE R o7, % LT, Al L= FiEIE Y = VN2 TOHIKIC - 5 3F
231725 b, HRETEL OBZFHMECEX 5 M TEHTH S,

W, 7a—F ¥ L X—10T18N 2K # 4 2hMSCAE i L. Bili) 55 5 5 Bl g
ZICIZRHI T 5 LA RS LT, RIS, BEIEE OMHTICPTAZ W5 Z & ¢, hLSME k
%ﬁhéﬁﬁC®ﬁW“%%ﬁ%ﬂf%ﬁ?é%Lwﬂﬁ%%%jfék@g4$o:ni
T, MBI RIT ZMSCOBEEREIL, F v o —NE2BEIT 5 MSCO FHBENEE ) S
Mémfwkﬂ%kLm%Ath@%ﬁ_i\Bm%®&ﬁﬁmm@ﬁﬁwmwpﬁbé
DT THDHTENA VZREBEO PRI L TN D Z ERNMBN TN 51410975 MSC
VX IIE AR 0D 1072 PN BRI 6f U C i@t OB g & B A 0 IR L 72 28 BB 5 [ I ER
EABRDZEFN01D 5 R T D LEZ HD, Lizh-> T, MSCOBIZIZ XM N IE =
THEE LN OBE L, EEICELRELY EMICFHMET 2 2 ¢80 ETHDL LB 2 b,
A [EIfENE L 72 FIEIZhMSCO MEN TOX¥E 4 i E TL Y EMICHBICX 2 8 CTHHAT
BHD,

F7o. HERR EDDLEASNDRIENEY A A > Th HTNF-ald, 108 PN RIS %
LA BES) 1 O FBLZFHE T 2 EA NS ST\ 510010, SERERIZ 31T 2 & N
HINEE 7 V2T 720, TNF-aZz BT T ChLSMEA 8528 95 & . ZAEMA O 1L
BN BN Z R A m T BT 5 ICAM-1 DR BLE AN KI2005 I H I(Fig. 43) L. Z9E hLSME
BT NERGETE T,

VL b, AREICHESE LTCFHiiEZ VT, RETILIE PEG IEEFFE(R TEAR L7 hMSC @
AR &R L 7=,
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BT PEG IEEHEMA OB hMSC DOEEREICKE LIS THE

PEGHEE % I L 7ehMSCE [~ DRERE /> TEiIZ I T, PEGEHIX. PEGARE LR DK
BE, (B S AL BgRe O T EME. BERE ) &R & DRI T 5 LB D
N5, —)  PEGTER L7 U AR Y — A IZPEGEI /Y T 513 ME in vitro THINE A~ 0 A
FACK VI ERRE STV A, Zhid, VR Y — LB S-PEGEHN, AR Y
— A LM e OF AVER 2 IERFRIOICIEE L 2 S ICERT 2 &5 2 b, Miaf o
FEIZBWTH, hMSCOEERE IPEGEH /7 - E-CIEMi B TR L THES NS Z LTS h
%, L7123, PEGIEEHEMRIZ L 2hMSCHE H~DEARIZHB VT, hMSCOBEREIC
PEGEHN B JIFTHBL T 2 BN H 5,

= ZCAEITIE., T ENS R D PEG #0057 5 PEG IREFHER T, ThThEfig%
75 Z CRHL L 7= hMSC @ hLSME (2513 2 BE5 hE & 3Afh L 72,

2-a plastic dish ~DEEF I D&

Effi i ds L OMESf S 4172 PEG 45y 7D R 72 28k % 72 hMSC 7% L, 96 well plate
~BEFE LMk % cell counting kit Z fWCHIE L7=, F£7-4 hMSC £#® PEG I§E
PSR A WE U, #2225 L2 OIS & 72 5 450 nm OWLEEE & hMSC i O
HIEHREEZ Ty L2 E A, BT -2 TORE, RIEMFE NT) Lv#EEgLz
hMSC #3472 < (Fig. 44), PEG IEEFHEMEOEM N LT S8 L2 hMSC #A3b 7
Mofe, —J. PEG 8553 FREDEWNT X 2B OWT, MllaER s YEoRE A RIFLE O #f
THT 5 L, 4y 2000 OFf & bl L T4y 5000, 10000 OFEITHEE L 72 hMSC %
WY Iginoto, Ledi- T, PEG IREFHEROES R, PEG 45 F RO K & 312, hMSC
o plastic dish ~DOHEFREDME T T2 &5 HIA3F8D BT,

Fig. 44 Influence of hMSC surface
modification with various
PEGylated lipid on the adhesion
on plastic dish.

PEG10000 .

0.3 jL G Unadherent hMSCs were incubated

NT
PEG2000
PEGS5000

0.4

o oce

with 0.1 mM of Flu-PEG-DSPE

(molar mass of PEG is 2000, 5000
0.2 and 10000) and 0, 0.1, 1 and 10 mM
% of aCD for 30 min. The hMSCs

Absorbance

were seeded on plastic dish and
measured the number of adhered
] a hMSCs evaluated from the
absorbance of cell counting kit Cell
0.0 surface fluorescent intensity of

0 ]0600 20600 30600 40600 modified hMSCs was measured by

. . . flow cytometer. Each result
Cell surface fluorescent intensity (A.U.)  represents the mean + S.D. (n = 3).

0.1; a
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2-b hLSME ~DO#EE x5 2%

HZ AR b LdishiZ#7% L7ZhLSME EIZ/REE T Ky 100 %2 fun T Sk L 7=
hMSC# [Fffifafom 2 T 30 4y, 60 sk Uiz, HRFE%ICHSE L2 AdishNOhMSC
O BAMEBE I L7 & 2 A, Flu-PEGa2000-DSPE TEAfi L 72 BEIZ, RIERRRE & T
BB BT 72 o T2 (Fig. 45),

g;gm“"e hMSC (PEG-) hMSC (PEG+) ' .

Fig. 45 Fluorescence microscopy of adhered hMSC on
hLSME monolayers.
After labeling with red QD, unadherent hMSCs were

30 min incubated with 0.1 mM of Flu-PEG 550-DSPE and 5 mM
of aCD for 30 min. The modified or unmodified hMSCs
were seeded on adhered hLSME. After co-culture for 30
or 60 min, adhered hMSCs were observed in fluorescent
microscopy.

60 min

Z 2T BRI L OMER Sz PEG 845 T EO f 72 54k 4 72 hMSC Z##i#. L . hLSME
L DOEFERER L O PEG IREFHER OB EAZHE L7, % hMSC #0 hLSME (Zx3 %
A L hMSC M O fluorescein RO HYIREE 7' v » R Lz & Z A Bz T-
CARTORL, RERRE (NT) LV IERWEEERE /R L7z (Fig. 46), 7. PEG ${/r &
DIEVNT £ 2 BT O\ CTHlIEZE 1 E5R 230\ VBER T L9~ &, 4018 2000 DR &
i Uy 1B 5000, 10000 OREIEEERNME -T2, L7z - T, plastic dish (ZF1F
Diga & ARk, PEG EEA 8o EMif, PEG 840 &0k L 2, hMSC ® hLSME
SOBEFEREMET T2 LWV HAn@o b,

70 1 ] Fig. 46 Influence of hMSC surface

NT modification with Flu-PEG-DSPE on
PEG2000 the adhesion on hLSME.

PEGS000 After labeling with red QD, unadherent

PEG10000 hMSCs were incubated with 0.1 mM of

Flu-PEG-DSPE (molar mass of PEG is

2000, 5000 and 10000) and 0, 0.1, 0.5, 1,

2, 3, 5 mM of aCD for 0.5 h at 37 °C in.

The modified or unmodified hMSCs were

b o o) seeded on adhered hLSME. After

§ co-culture for 30 min, the ratio of the

& number of adhered hMSCs and hLSMEs

g were calculated. Cell surface fluorescent

intensity of modified hMSCs was

measured by flow cytometer. Each result

0 10600 20600 30600 40600 represents the mean + S.D. (n = 3).
Cell surface fluorescent intensity (A.U.)

o SN
= —
o> 0e

=

2 W 5=
S S

0 o
O

hMSC/hLSME (%)

._.
=
a
>
[m]
O
>
>

—]

-44-



E5iT, &) & PEG IFEFHEAREZ AW CRBROBM Z1To 72 & 2 A, M St
Ji & BRI Fig. 46 LRI 2R L72S, EG2 EARREICR Cid, N fm 8 e i 23
HMU CHEERITE TS, S DI OBERIIREMIE L ZIEFRSE Th o7z (Fig. 47),
L7225, EG2 BRIT4 IR L7z PEG fRE#HE KD ¢ hMSC 0% #HET S
TERANRERBIRNEEZDBND,

30 - NT
EG2
EG6
EG12
EG24
PEG2000

ﬁ E 5 (EG45)

(38
n
®
>
PO
A
(@]
FOH
(@]

m OO0

hMSC/hLSME (%)
[ ]
—]

—
n
[ ]
>

—
=

0 500 1000 1500 2000 2500
Cell surface fluorescent intensity (A.U.)

Fig. 47 Influence of hMSC surface modification with Flu-PEG-DSPE (EG unit: 2, 6, 12, 24, 45) on the adhesion
on hLSME.

After labeling with red QD, unadherent hMSCs were incubated with various concentration of Flu-PEG-DSPE (EG
unit: 2, 6, 12, 24, 45) for 0.5 h at 37 °C in DMEM containing 5 mM of aCD and 5 % of DMSO. The modified or
unmodified hMSCs were seeded on adhered hLSME. After co-culture for 30 min, the ratio of the number of adhered
hMSCs and hLSMEs were calculated Cell surface fluorescent intensity of modified hMSCs was measured by flow
cytometer. Each result represents the mean + S.D. (n = 3).

N

2-c hLSME Lk CoORBEEEIZX T HEE

Flu-PEG2000-DSPE, Flu-PEG 10000-DSPE TZ 111U & L 72-hMSC3 L AKREAFhMSC
WZOWT, ZENENMNGZICE T HhLSME ECOX¥#E#iRxE L=, I OIZEmMNG, &5
Jiel D25 W OB ENRE d KON B 2 3Rl U 72, A hMSC o 45 [ O B Bl EE DRy
ZAb A BER U 72 /E 5 WV OBEIRE b REHHE & LR THRENRE D -7z (Fig. 48 A, B,
C)e EHIT, FHIBEHEMIT OFER. WTILOEMEE b ARASHRE & LL A TREFEAME, ¥
IR & HIZKE <, Flu-PEGeooo-DSPE TIESi L 7= #f1E, RIEAMREL 0K 40 %R
EAKED-7=(Fig. 49 A, B), YL EOFERENS | s THEIT 2hMSCIzxt L T HPEG
FHOMBARIZ K > THEAERME T T 5 2 & D3RR S 17z,
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Velocity (um/sec)

O

Velocity (nm/sec)

Average velocity (um/sec)

Passed time (sec)

B
700 .
Average | Median
600 (pm/sec) | (um/sec)
<00 Unmodified | 210.72 | 187.85
PEG2000 |296.46 |278.80
4
00 PEG10000 |306.01 |284.89
300 _ )
Fig. 49 Average velocity of hMSCs on hLSME.
200 Average velocity of unmodified hMSCs, modified
hMSCs with 0.1 mM FIu-PEG 5y0-DSPE and 1 mM
oCD and modified hMSCs with 0.1 mM
100 FIu-PEG 10000-DSPE and 10 mM aCD on hLSME
monolayers on chamber (N=50) (A). Average and
0 median value of average velocity of various groups
3 N B).
& C;"@ & ®)
& <
S 3 A

Passed time (sec)

=>
=
=
=
[—

Velocity (um/sec)

6 8 10
Passed time (sec)

Fig. 48 Time profile of velocity of moving hMSCs on
hLSME.

Moving velocity of unmodified hMSCs (A), modified
hMSCs with 0.1 mM Flu-PEG,-DSPE and 1 mM
oaCD (B) and modified hMSCs with 0.1 mM
FIu-PEG 19000-DSPE and 10 mM aCD (C) on
monolayers of hLSME on chamber (N=20).
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2-d £

AHiTIE hMSC Zxt L CERfi§ 5 PEG REFHEAD PEG 845 7 &-CE A 2 hMSC
DREAEREICE JIETHEE M L7,

PEGHE{ CIEAG L 72 E0 W+ U 7id, i ZEMENm B L, Mg ~DE Y IAZ DMK
T pusun, Zpuk, BEE, HuA. M Eoif owE & O AN 2 PEGH AN R R
HINZFREFET D722 B2 b Tn5, EEE, PEGHH TESfiL72 U &R Y — AIZPEGHH Y 1
EREHWIE Ein vivo DILHFZEMN G < | in vitro THIIE~EU D A F 2 W ERHE S
NTH V1, hMSCOHEIZE VT HPEGH ) T ECEMi I KT L THEENE I NS
ZENTHEN, Lo T, PEGHEZN L ChMSCEHICERMi SN D Y H v ROBE
ZIENT 0121, M S -PEGEIhMSCOESEIZ E D X 5 8% B L IFT 7T
DOWTEFHI T 2 LERH 5,

5318 2000, 5000, 10000 DPEGHEE % & SPEGHEE 7S K CEAf L7-hMSC% H
V), plastic dish~DEFREICE LITTHBLZRT Lz L 24, Efig, PEGH#H - &OH
REHTHEEEMET T2 &0 ) A 207 L-(Fig. 44), & 512, hLSME FETHks3% L7z
WOCAEFRhMSC A #OCBEMSE TEIZE LT~ & = A, PEGISER LA TESM L7-RL, REM
BE L HEA_TEEE L7ZhMSCEMH 5 02 72 - 72 (Fig. 45), & Z T, ¥4y &A% 2000,
5000, 10000 OPEG#H % ¢ SPEGIEE SR CTEM L 72hMSC% Vv, hLSME~D#:35
REICHB JIETHEL R L= L 2 A, plastic dishiZ3 1) H#FH & FkE. (Efis, PEGHSY
TEOHR & SITHEERME T T2 &0 5 HA %2R LT (Fig. 46), L7223> T, hMSC#H
\ZER SN 7-PEG#IL., =D F &, EHiRICHKE L ChLSMEICH T 55 2 E 5 &
Ex b, &I TR EPEGIFE TS CEA L 72-hMSCIZ DWW CRBRDO MG & 1T -
e Z A NFEAEDRETIIFig. 46 & FEROMIA A~ L72d, EG2 & CTEAR L7272
(T B R OB RITEE S BEAE RO T 2580 LT RIEMEE & RIS OBERE2 R L (Fig.
47), L7127 » T, EG2 &KIIA EE L 7-PEGIEE #E K 0 tf ThMSCO#H:5% 2 [LET 5
ERB R BIRNEB X Bivd, — ) CPEGEIIPEGIEE A ER O KEMICH G- L, Efifi S
N2V T FOREIEICE D 512728, PEGENEWIZEEMEDR LU T RO
WAL E2bND, BB EG2 &A%Y > 1 — L+ 5PEGIEE#HEKIIZOEET
ITEE BRIV T 720G EAREMENME LS | Bffis s &b 72003 (Fig.24) . AEFFETILY v
N—ICERNT 2HEEOMEEZZE L, EG2 &K% v 1—&35 0 v NEAPEGIEE?
BREARTHZ L L LT,

RAERG hMSC 5 L%, #4578 2000, 10000 © PEG #4% &> PEG JEEFHEA TE
fifi L72 hMSC {22\ T, hLSME FO&BRE OB ENHE 2T L72fER, WIno#ETH
(& AL ORI TGS & 200k L 7= (Fig. 48 A, B, C), —J. & ltikd 5L, &
fiZAT o7z 2 BRI, RIEMIRE S LA TREIEE R KE WV hMSC 3% o7z, S HIZ, Y
BEhl 2 H I UG, BiA1To7z 2 BlRE, RISHREE L S CREOEEME, Bl &
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HICKRE <, FEES 18D 2000 O PEG 8 CIERAR L7BEIEL, RIEMFEL D 540 % K=
WS Z o~ L= (Fig. 49A, B), ZiH 6 OfERIE, mMENEZBE§ 2% hMSC I L TH
PEG $HOEHIC X 2B MENRN/END Z L 2RBETHHDTHD, LIzA-> T, PEG
EE A/ L7= hMSC ~D Y &> FEMIZ L > T hMSC O#EREAHRT 5 7-0121%, U >
=N T DA DOMELBE LM AR EE L B2 b5,

LI b, AKFiTIZ, hMSC EHEIZER S L7 PEG #47° hMSC D512 3 JIFT #8Ic-
WCL 3T D L TR L 72, s i 2% O #2385 hMSC 42> & plastic dish 3 £ (' hLSME
(2K % hMSC OEEREA - L 7= & Z A, Effi Siviz PEG #4183 L OMEAfi & D8
RIZHESThMSC OESREIFKT Lz, — 5T, EG2 &iF% V) v —L 32 PEG JFE:
MR TER L 72 hMSC OHSREIIREM hMSC & [F%72 »7-, £72, 7u—F vy o \—%
AW THinG CBEIT 5 hMSC OB 8h#E A2 HH L7z & 2 A, PEG $4I2 X 25 E R
PR SN, ZZTRETIE, Vo h—ICBERTHEEOMELEZE L, EG2 &Kz
YH—=ET 5V REANPEG IREFHEEREART L& & Lz,
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HB=E XTFRIT VEAKSTEPEGIREFEAED

EffiIC & %5 hMSC D#E R

KAk - NS RG22 T D & RIERUSA TG Shv, AMLERO—HE T b 2 aF FERD KIED
NIRRT 5102 18, GFRERD RIEFAL~DEREIL, 7T A VB RE A LTl AE119,120)
VLI F VT REN LA ORI WSS 18121122 f 7 7 ) 24t LT osRun
PE1Rs il Lo CHl SR EIND, AT 7 U D —FETH Dlymphocyte function
associated antigen 1(LFA-1) 126:128F  J8SE it K - THLAE N IR EIC BRI 5
ICAM-1 129, 13025 U CHREBAYZREFMEZ A L TR Y . ZDOLFA-1/ICAM-1 Oiff4181, 13273
I RO SIEA R~ DRI B o> TV D,

MSCIZFFER E R D7 B A VZREO = EHKI L THDZ ERRESNTE
014105 RIEERALA~EET DM E 2FFOZ LN BN TWD, L LAaRS, RIEMRRIC
E3BLT HICAM-1 LA T HLFA-1 (X, MSCIZIZE A ERILL Tz LGS
TN H14,183, 130 L7=3 - T, MSCIZH LT, ICAM-1 AT 5 Y Y RaeFRmER
THZ LI RIEMME & OBEEFREMMTE D B2, VY RORFHIBE LT,
LFA-1 o T%, ICAM-1 ®D1 FA A > LR RO Z RN T 2 Z LM b DR
5 TH HITDGEAZ SR L 72135,

AHITIX, AIEIC BV TERI © hMSC O#ERRZFLE L7202 72 EG2 &K(EG2) %
YH—& L, Kl ITDGEA OELSNIN D 72 57 F REfEd LI IRERERE AR L, 2
DT F R Y I FEMNMES & PEG IFEFH SR TOBAIC L 5 hMSC O RRt %)
REWEE LT,

3-a XRFF NV FEAESTEPEG REFEEOEK L EEBONT

EG2 BARD Rz 6 LD T 2/ FE(ICAM-17#A 5 : ITDGEA . randomfd1] : EDIAGT.
reversefit¥l] : AEGDTD Z#54& L7z 3 filiDPeptide-EG2 # EHAMIETEMK Lz, &5
\CDSPE &t O i kfs&ath. 7 /JBoOR#ERLEZVR#ETL LT 3 HED
Peptide-EG2-DSPE% 137-, LN IAbEMOE RSN Z2IToToL 2 A, Wb AERD
VI ERL, BHiasyF8E01535) K 0 40~70 @V MEAZ R Lz (Fig. 50), 27 2 /g
IO COOHKESLDSPED U VR FLIC k9 5 b U o A0 18 23), U v A1 & 39)
7 EDO—MOBA A OfHnse iz k50 LB B,
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A ITDGEA-EG2-DSPE
B : TGAIDE-EG2-DSPE
C : AEGDTI-EG2-DSPE

ITDGEA : ICAM recognition sequence
TGAIDE : Random sequence
AEGDTT : Reverse sequence

1320.29 1457.86 ”

1300

1400

1500

1594 95

1600
Mass/Charge

Fig. 50 Mass spectra of Peptide-EG2-DSPE.

Molecular weight of synthesized Peptide-EG2-DSPE (Theoretical molecular weight : 1535) was analyzed by
MALDI-TOFMS (Matrix assisted laser desorption/ ionization- Time of flight mass spectrometry).

" 1700 1800

1594.95 1593.76 1593.22
A B C 150425
158792
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1578,
1584 1596.75
1
18 L
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3-b hLSME ~DO#FIZXT B XTF REMDEhR

5 L7-% peptide-EG2-DSPE T{&#fi L 7= hMSC 0. ICAM-1 /%51 hLSME ~0 B2
KEWE LTz, 5 &, ICAM-1 #Bi#kASIITDGEA) <7 F RERMRHL, RMIEAEE, random
Fl5(EDIAGT) 7' F RESfi#E, reverse BlFI(AEGDTDX7'F REMFEL D A EITH
BAEE LR L(Fig. 51), F7=. random ElFI-7'F NERGRE, reverse Bl F RESi
FRIGCRIEATRE & A B ENE | BEREM RN BSR R T 5 2 & DS R S 7,

140
120
g 100
80
60

40

hMSC/hLSME

20

0

Fig. 51 Influence of hMSC surface modification
with peptide-EG2-DSPE on the adhesion on
hLSME.

After labeling with red QD, unadherent hMSCs
were incubated with 0.05 mM of
peptide-EG2-DSPE, 5 mM oCD and 5 % DMSO for
30 min. The modified or unmodified hMSCs were
seeded on adhered hLSME. After co-culture for 30
min, the ratio of the number of adhered hMSCs and
hLSMEs were calculated. * P < 0.05 and
N.S.(not  significant), compared with
unmodified group, T P< 0.05, compared with
ITDGEA (ICAM-1 recognition sequence)
group by Tukey’s test.



3-¢c  hLSME E COBELEEIZRT DT F NMEfiDZhE

A5k L7= Peptide-EG2-DSPE T&ffi L 72 hMSC & AAEff hMSC [Z2oW\W T, —EfiED
HNcERiT 5 ICAM-1 5% hLSME EToOX@E &2k Lz, S SIIC@imns, &6k
DABHE OB B EE F L OCEEBEHEE 4 38l L7z, % hMSC D45 Wk O B s B D 2 kg
AL BER L 72, RRRRECLY 7 MEMTREIL. RIEETHE. reverse ALY~ T7F NMEHHE
EHEARTREEIHE /NS hMSC % < FE L Tz (Fig. 52 A, B, C), 612,
B B FEAT OGS GRRRECSIREIX, RIERGRE. reverse BiFIHE & LA THEOEEIME, #E Al
EBITNE LAy | REESERIIREMRE L 0 BEEESMEAK 40 %/h S o 72 (Fig. 53 A,
B), LI EDOFEREMNS, FNETBEIT 5 hMSC 2% L TLFF REHIE A HEERE) 1Y
BR S ATz,

) >

Velocity (um/sec) o

Velocity (um/sec

Passed time (sec)

Fig. 52 Time profile of velocity of moving hMSCs on
hLSME.

Moving velocity of unmodified hMSCs (A), modified
hMSCs with 0.05 mM ITDGEA-EG2-DSPE, 5 mM oCD
and 5 % DMSO (B) modified hMSCs with 0.05 mM
AEGDTI-EG2-DSPE, 5 mM oCD and 5 % DMSO (C)
on hLSME monolayers on chamber (N=20).

Velocity (um/sec) @)

Passed time (sec)

-51-



>
o)

500
Average | Median
5 (pm/sec) | (um/sec)
Q
2 400 Unmodified |222.88 |175.69
o ITDGEA 135.61 |115.93
> 300
= AEGDTI
g (Riversd) 211.91 (177.09
QL
> 200
g’ﬂ Fig. 53 Average velocity of hMSCs on hLSME.
e Average velocity of unmodified hMSCs, modified
g 100 hMSCs unmodified hMSCs, modified hMSCs with
< 0.05 mM ITDGEA-EG2-DSPE and 5 mM aCD and
5 % DMSO and with 005 mM
0 AEGDTI-EG2-DSPE, 5 mM oCD and 5 % DMSO
on hLSME monolayers on chamber (N=50) (A).
Average and median value of average velocity of
various groups (B).
3-d BE

AEITIL, ICAM-1 IZkT 5 mWBFtEEZ A3 5 X7F K4 U o K& LT hMSC 123
A L. hLSME (T %} 2 #5500 R & MRk L7z,

MSCiZ., AFHERPRIEMBEA~EE T ORI B L F ) o Rus 121129 o 5
7Y 23120 5 F L A BB L TR, F 2T, FHEROBVES ICE DA T ) v
D—FE T HLFA-1126128), 131, 12 DFERE 2 MSCITxh L TH L < AH 545 Z & T, RIEMARIC
KT D EVEE RN G OND B 2T, LFA-1 OV 72 R TH HICAM-1 129, 13014
iEt AL D M8 PN BRI AR RIS 3B L. A EH W D2hLSMED KIEET MIZHE N TS
ICAM-1 OFBLAEEMNT 5 (Fig. 43) Z & i L T 5, £72, mMSCA#ICAM-1 Hifk ¢
fifid b &, MENEMRICH T A28ERN/M ET A2 ERHEINTNS2, £ T,
ICAM-1 (23 2 8REDE WY o RERMSCITEST 5 & & DARAEFKRIZ 92 Bl
YD FICHENTEEE X T,

LFA-1 S ICAM-1 OAHEAEM X, LFA-1 ® IR A A > EICAM-1 @ D1 RAA > OMT
BZDZERHESNTNDHL1), F7= LFA-1 BT HICAM-1 3 EBAL 07 2/ Bl
Fl% 6 FEHT >N H L CTICAM-1 28@E5EL L T2 BAAMIRIZ N2, LFA-1 %
FELL TV O THllO#E & i L= & 2 A ITDGEARLS % & >~<7F FHARICAM-1 (Zxt
L TRBMSFES L, b WEEEIMHIN R Z R L7189, LI > T, AT CIZITDGEA
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Bsz o> TF REY A RELTHWAZ EE L, 2T, BEMHARIEICL- T,
EG2 EAEDO K 65D T 2/ (ICAM-1 #2i%Al %] : ITDGEA . randomfid 51 : EDIAGT,
reversefic 4] : AEGDTI) #7546 L7-Peptide-EG2 &K L7z, Z D7 2/ BERECHIIZMIEHIC
COOH#: A FfFo7-8 ., PeptidefllSH DRI Z SI1F 7= F £, Peptide® CKImD COOHKE &
DSPE K % O NH2 2 2 BRI KM A Lo, RStk, MISHZ B L, B L~
Peptide-EG2-DSPEDE &/0H1 & 1T- 7= & Z A, AR L 7= 3 F$H D Peptide-EG2-DSPEIT,
WINbREREO > 7 v ER L, BieorEE D 40~70 BRESWERE R L7 (Fig.50),
ZAUTT X MO COOHMESDSPED U U EEIC ki35 R U o LG/ 23), ) ©
LG8 39) R ED—DMA AL OIS L 5D EE X B,

AR LT 3 FifEHOD Peptide-EG2-DSPE T{&fifi L7- hMSC %, ICAM-1 =%8l hLSME
b CEE IR U, AR A RHME L2 & 2 AL ICAM-1 iRGRALSI 7 F NERREIL. RIEH
LV LERICEWVESERE R L, X7 F FOBHIC L 55 meh R MR S iz (Fig.
51), ¥7-. random i7" F NERGRE, reverse Bl¥I 7T REMBEOHEERITVT N
ARAEHHE & AT 22N IE (ICAM-1 FFECHI~T7'F MEMRE L 0 ARIIRWEERZ R L
Tl D ZONFITTTF FOBRSIFFRATH S Z L AR Sz, L72h > T, hMSC
FHIZIEAT L 7= ITDGEA BEH| D75 K728 hLSME 1\ @ ICAM-1 & FrRMICHES L.
hMSC D#EEEZREL - BE X b D,

&I, REAF hMSC 3 L O Peptide-EG2-DSPE (ICAM-1 #&#%Ac4-X7F K. reverse
BLFI~_7'F R) &Rl L7z hMSC IZ2W\W T, Gz ks T 5 ICAM-1 &% 8l hLSME | &
D AAEN 2 BERE ) SR L7z, £ OfEER, ICAM-1 iBFkELS I~ 7' F NMEMFEIL, KE
fifift, reverse Fi¥I~7'F NEMEE & LR THENKEZ VW hMSC 234072 < | #RfGaEIIZIT
VA A T E TR CRBEICHEFE 2/ NSV hMSC 3o T, F7-, KRIEREE & reverse BlAl
RTF REMBEZIIA D e 23580 b vZe - 7= (Fig. 52 A, B, C), Z &R L=~
7 R & hLSME & HIZH# BT 5 ICAM-1 OFFERAY 275G 12 L > ThMSC 2303 2 2h &2
RELFENTbDLEZDOND, 6T, FBENEE 2T Lo, sEakELSI~7"F
NERRREIT, RIEMRE. reverse FLFI~T7'F NMEMHRE & AN THEOEIME, B RE & B2/
<720 FRERELAN AT T MERBEIIAIEMRE LV D EEEIE2 40 % /ST, (Fig.
53A,B)., E£7-. KIEMGEEL reverse FCHIBEITRE L, BEddofif 2t HElEole, Thb

DFERN B hMSC K ~D~X7'F NMEffiILMENZBE9 25 hMSC | ﬂ LCH MENK
ﬂﬂﬂ@ EOMAEAERAZR LT A0 WIS, AT, RMEMFE L reverse BLAIFEITIEA

BT 2B IR X 2 3 <L EG2 BAEMNRNIGICEHE VT H hMSC O#:5#E
mibﬁm LRSI,

CZIVE TICHRIEMABRIC RIS D 70 A » OZFROFEIZHINT 5 2 & T, MSCOH
EENL~DERR L35 2 ERMEINTND19 208 2 b DOFFFETHRGE Lz 7€
A VZFEIIMSCIZNTET 20 F Th o7z, RILTARIFFETY T K& L THNW =T
F FOHK L7 HLFA-1 [IMSCIZt 4 BEL L TWRNWZ L RE S TR D 14,133, 139
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MSCIZH LWEEREA I L 7 A TEERMA KR E <. 4 %in vivolZl 1T 5 4B IR R DI
FIiZonWTHHIfFT&E 25, £72, PEGIFERFEARLZ AW EMIEIT, EICERRH TL e
MR~V T R TEMTE 58T, Mg~ HIZE L TR0 | R T
REBRTEXHEATHBRDOILRLIBHOHIGFTE 5,

VLb. AHEiTiX, LFA-1/ICAM-1 O E/ERICES L, ICAM-1 123 LWtz A
T ORI F REMEE LIRS T & PEG [REEZ A L. BESITIC X > THHO(LEM G
LNTNWDLZ L MR LT, G LT TF FiEAIRS 1 & PEG JFE C&ff L7 hMSC
®, ICAM-1 &¥8 hLSME [Tk T oA Lo & 2 A, s s @tk oHE RO
W b WA T 2 BENEE O HER S s, Eo. LD OBE RN R LT
2 BESRER CTH o7, Lo T, PEG IREHEMARIZ L5 hMSC BH~D Y H> R
Effilx. hMSC OEEROERICHAN 2 FETHL EEZX LD,
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LIk, FHHIZ=5IZEY . PEG IREFH LA Z Vv 72 hMSC K ~DHERES TERIZ K-
T hMSC DOHAEREZIETRT D FHEDBRFEIZH Y #lZr, hMSC R ~D~TF N v Mg
Al L D B REHIRIC BT D BEt 21TV, LT Offiam 21572,

HF—E hMSC ERE~? PEG [FEFHEMAKEMICEEL B XIET R OB

hMSC i ~? PEGIEEFHEAREMIC LD X 5 R TP EL B LIETOrERFT 5
7=, PEG IFEFEA DML f~DER & 2 1 E T 2 FiE4 % L. PEG IEER TR
FE. PEG $H/7+&. EfilFH, B, FBS RE, Bl OEERTIEOEVMEMEIZK X
F A2 5N L, 72, hMSC & S vz PEG JEEFHEAR D1 Hiz Hit
L AR B L DML & RISEU LD+ TEMTE 5 Z L 2HLMNIT Lz, SbIT,
PEG IR E#HEEDOEMA MSC O F b, TRBICE L2 & 2 HEgE LT,

B _E hMSCZEHE~? PEG [FEHEAEMiZ2 A LS ®5FHEOBERE

PEG EEFHEIROBKMIETH 5 DSPE R MHAEM L CEAKEZIER T DR, &
AEOSMUIO PEG MO & O EAER 2 LFH 25 Z &4, PEG IREFERIZLS
hMSC ~DEMIBIFEIMENFIK TH 2 L& Z . AHREAI CD O, £z i385 R
IZ L DA Ot ZFH L, hMSC £ ~DOEMihiFEZ R LSE5Z LN TE,

F3, AHEAIEZIZCODORMIC LY . WFh oA bEfR 2R AR L, FlZaCD
P b BV EREATRTZ &2 R L2, aCDIE. "HNMROHTIZ B TPEGHEE 5 E kD
MREH 20T 5 Z ERH B L 720 BT Lo CPEGIREFH AR DR G RO LR A M
Hl3 2 2 & TEMi EICHFS LTS Z ENRBINT, £72, PEGIRE BRSO E
PEEFHM L7 & 2 A, aCDEZ RN L TESS L T HIEMOLZEMICBE R Z(LITRO e
Mofe, LIedio T, MSCIZKIT D8R0 TEMICI VT AHEAIS L < IZCDOEINIE
EffiDm FICERIEE RS D,

WIZ, BEWERINC X > T PEG IREFHERTO hMSC R OEfizm L3252 L &5
Z,AEMAE EEND I EE R Uie, £z, AREITHEM LB E RS TIE MSC @
SIERBIC B Z B RIF SN2 L 2R LTz, AFIEIL CD OIN& 2 LEHm Exh
FIIENb OO, Effizm B35 FEO—2E LTAMIEEE X BN,
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E=8 ~NTFFYH FEAPEG IEEFHEGEHIC LD hMSC O mE MBI
~OBEAEHA

PEG IEEFHEIRTEA L7z hMSC OBERELZ T 2 2 & & HIIC, frEt Rk os
hMSC 5 3Hfi 2 Fik L. 7r—F ¥ o i—% AT BT 5 hMSC OB H)
WD DRI 2 IR RS Lz,

hMSC £mEIZEM Sh7- PEG #4725 hMSC D508 L IFTHEIC W T, HiEE%
D#E35 hMSC %7/ 5 plastic dish 3 X OVhLSME (2519 % hMSC D25 e & 20 4fi L 7= & =
%, fEffi sz PEG 849 T &3 L OMER & OB KRIZLE - T hMSC OHEEREITIE T L7,
—J5 7T, EG2 k%Y v — &9 % PEG IREFHEMA TERAT L 72 hMSC O35 iR ARES
hMSC LRI 57=, £/, 7o—F ¥ o3 —%2 W TN TEEIT 2 hMSC OB #E)H
FExEREH L EZ A, PEG $IC L 285N ENR /MR SN,

LFA-1/ICAM-1 O EA/EFAICES- L, ICAM-1 2k LEWEFME 29 527 F K&k
ALIEES TR PEG FE 26K Lz, A LEANTTF FiEAIKS 15 PEG iR C&H L
7= hMSC ., ICAM-1 %8l hLSME (kI 2B RE A G-l L7z & 2 A, fd sk o
BEFOM B, MG 2BEEEOKBAHR SNz, £, 2D OBEEEER
NRINTT 2 BECARE R CTH o 7=, L7z -> T, PEG IFEHERIZ L D hMSC #H~"D
U 77 FESfiL, hMSC OHERROHIBIZAEN R FIETH D LEZHND,

Lk, I, MERSMIA X5 L LT PEG IFEFH SR E oMk imEfiEo
PHZEICHR Y # 7, EM RSB 2 LT TR 284 5 L3, AMEA. CD kEFEH 5
W E R RSN K DM B IEDORR 21T o 7o, £z, AFiEZ VTRl B
DCEFNEE FFOXTF K& hMSC EmIZE AT 5 Z L2 L Y  hLSME (2%f4 % hMSC
2 DT F PRSI R 28R 2457, PLEom AL, PEG EE SRz AV 7-fizo
BERED FIERIC & - T, Ml ZAERFRR L TE S AMREMEA R L2 b DO TH D . A% DMl
BRI OEBICK L CTA MRz it 2 b D L B2 5,

&
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P

VIR, AFEOERIZHTZ Y | KRIAEHIRE 2 RS, LR £ LK
HRFREGEHRAHIER BH B BIRICELIVIRERLHEELZRLET,

Flo RIGEZRO) R 2B E | IR AR Y £ LB RS R AR I '
FUEHER . RIGRFRABRERRAACSUIER I B R, R RS ZE i
FefetE o2 — FEO WD FRERNCEA TREHOEZ R LET

fFE T, PTA OfEATICOWTEHELME 2B Y £ LICRIORTFEER AL AR
S FRERERIARE S B B EICIR o 2 £ L £,

SIS, RBRO—EIHETG ITHE £ LIRS R BEPRR, AR R
BeEFTERE NE D AT WITARERR BRGSO IER KRR A 0 B
BEEFICHEHHE L 7,

RBIC, MIRICHLTEOREZ G AT RS 7R 1k, P D AZER SR EC L
3

-57-



EEBRODOER
B—E EBROI

(1] A3

NH:-PEG-distearoyl phosphatidyl ethanolamine (DSPE). distearoylphosphatidyl
glycerol (DSPG), =L A7 v —/LZH AWML VEA LT, 5 %Wk IT RS
MRS BN L7z, Fluorescein-N-hydroxysuccinimide (NHS)/ZThermo Scientifictl:
X VA L7, penicillin streptomycin glutamine (PSG). Opti-MEM{3A > Bt Y=
FERVBEA LT, T b, RU R Tb— aprotininld T 7 A4 T A7 L DEEA LT,
PD10 7 7 2B X OCL4ABZ WVIZGE~LV A7 74 L Vi A L7, Dulbecco’s Modified
Eagle Medium (DMEM)¥ X OV v v B IR {E (FBS) 1ZGIBCO XL v AL 7=,
Phosphate buffered saline (PBS (-)#; K I1% B KRB St L VA L7, Cell Counting
Kit (CCK-8) X[FM kit L v A L7-, Hoechst 33342 % Life Technologiestt: X ¥
A L7=, 4 % paraformaldehyde (PFA){Z. 10% formalin{Z Rk L v A L
72, Insulin, indomethacin, dexamethasone. 3-isobutyl-1-methylxanthine, Oil Red O,
B-glycerol phosphate, ascorbate 2-phosphate, alizarin red, amphotericin BiZ 7 ~ %t
M BlEA LT,

(2] #0658 A PEG IEEFFERO G RE K O
57 2000, 5000 3 LT 10000 DPEGH#{% & ->DNHz2-PEG-DSPE & Fluorescein- NHS
12 DFNETT & b I LRI C—BeR%E Lo, RONKRAPD10 7 7 AT A,
By By A2 R L, RS D Fluorescein # b5 L, WS+ 25 2 & T
Flu-PEG-DSPE % 157=,

[3] b FREZER#SAMIE (hMSCE#E
hMSC [ZEFE LN 7 s BEEWE X 37z UETT-13 #:% V72, hMSC 1% 10% FBS, 1000
U/mL penicillin G, 100 pg/L streptomycin % #s/1 L 72 DMEM H'CH:3& L7z,

(4] PEG NEE #5814 e 55 M E

B2 hMSC (22T iE, 96 well plate (Z hMSC # &l L, 37°C T 24 K4 552 L7=1%.
% well |Z Flu-PEG-DSPE # &% DMEM % s/l L 37°C T 4 B§fi]554% L 7=, Flu-PEG-DSPE
%5 F 720 DMEM T% well # ¥ L72%. CCK-8 solution # /12 30 /3k5# L, K&
D% well DEEFEIR 100 pL ZWIECEREIE D= DH LU 96 well plate (2 L7z, FEBE
hMSC 22>\ Tk, 7 A7 4 v 7 F 2—7NT FlwPEG-DSPE # &t DMEM i
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hMSC Z53# L, 37 CT 4 K] F = —7 2R QMW@ 1) Lz, F2—7%
w0 L hMSC %Ltk &, % Flu-PEG-DSPE % & %72\ DMEM (2234 L7-, &
itk D hMSC 7y Haiik % 96 well plate (Z#5fE L. CCK-8 solution Z 1z 30 /7ki#E L. B
% D% well OEFFRIZ 100 pL ZWIEERIE DO 7= D L 96 well plate (ZF L1z, WOLEF
(Bio-Rad Model 550 microplate reader, Bio-Rad #L:#)) % T, £ well @ 450 nm 12355
AW ZRE Lz, PEG JEE TESG L TWRWEEOWDEE A 100 % & L, SEEOWDL
JE A FHRHIE & U TR L7z, 0.1 % TritonX %% Zp DMEM HC 4 [R5 L7224 R 7
Pl i= 00 N = Ty VR B o

[5] fluorescein U 7Y — A D%

7o a RV IR LZDSPG, 2L AT a—)L (B 3:2) Z2NKL—bhL. 5 %
B &Nz 65 CT 30 iRl Licth, ~AY=Fr—varx 10 ., K-y =r—v
a % 30TV, 045 umT U VT 4 W H —IZIET I E TR Y — A xS, SRR
VR Y — 2ERAREIZ® LT 256 %E/NLEDFIu-PEG2000-DSPEZ A L. 60°CT 1 K[z
Ztk, CL-4BZ7 VFIE L T LA A L, fluoresceinE A U 7R Y — A3l z AL L 7=,
fluoresceiniE A\ U 7R/ — LAy HGR O HE R 1 288 Y E #H(Fluoromax-4, HORIBA#L:HY) &
FAWTHIEL, VR Y — L0k £ 1TZetasizer Nano ZS Malvernth:#2) & v CHIE L 7=,

[6] VU /U7 —(TBIZ & % hMSC i 0 #OLTH N O
hMSC% 0.1 mM®Flu-PEGz2000-DSPE 1T 2 W52 L 72#% . Hoechst 33342 Z iR/
UGt 2T > 72, ZOhMSCZPBSHIZ /o L, ES U— W —d0tBMSE (Nikon A1R
MP confocal imaging system, Nikontt#) CHIZL L7-, & HIZPBSHUZHMKIRFELLN 10 %
2725 K OWICTBEEIN L, FEBIZ LI,

(7] e SO R ORIE

Flu-PEG-DSPE % H\\C{&ffi L 7= hMSC % PEG-DSPE % & % 72\ #fif 72 DMEM C 30
DR LTth, 2 D7 N—TI2551F, PBS BLUN10 vivi® kU v 7 —%E T PBS
EnEFnsg L, 7a—4% 4 h A—%— (BD FACS Canto Il ,BD Biosciences f#) % f
W TCHIBE OEETREE 2 L7z, SAIIRERCKT L, — 2 10000 fi#l O AHIREIZ DWW CHEE
SREEHIE 24TV, 10000 f# 00 oD Y FE o W S AiE A AR B O HORTREE & U CREM L
72o TB RMBEDH LR D D TB WINEEDHOETREE % 75 U5 [\ 7o 2 HiA 2% 1 bt e TR AT
& UMM L 72,

[8] hMSC ot S A SR 52
Flu-PEG2000-DSPE % iV T4 L 7-hMSC% 4 % PFAZ FIWCEE L7-1%, LA L —

W —HOEEEMSE (FLUOVIEW FV10i confocal laser scanning microscope, Olympustl:#l)
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ERHWCEIE L,

[9] hMSC 2 Efi 7 PEG IEE D5 753 L OB ERIE

Flu-PEG2000-DSPE C{&ffi L 7-hMSC#% 2 > D Z V—F 2530 F, — iz 7a—HF A4 kXA —
2 —% AW CRllla R s R A E Uc, 7 e & it . SmiE A 2 dsin L
TEfR L, SR 2 AW TR ORIREZE LTz, 7r—H A 8 2 —%—THl
E L 7-hMSC#fi$ L ChMSCWNEOE IR D bk & | 2R CHIE L 7-hMSCYARIR
DEEIRFE > 5 . hMSCHE i |2 &R & 7= Flu-PEG2000-DSPEIZ HI 33 2 0 e 2 B L
720 IREBEA DO Flu-PEG2000- DSPEFSIR D EHREE )~ b A B 2 /ERL L. AR OhMSC
55 1 DOhMSCOFE IEL & 72 Flu-PEG2000-DSPES 5 # R H L7, & HIC
hMSCOERE% 15 pm & RE L7-35E OFlu-PEG2000-DSPES DR EEE # HH LT,

[10] Wk~ ¥ 2 MSC DHH
C57BL/6 ~7 A (6 ifllfin, M) OKBEEF L OHCENOMAEE 10 %DFBS, 1 %DPSG,
100 ng/mL®amphotericin B & WMaprotininz & e DMEMH 275 L. 24 well platelZ
1x106 cells/mLCHEME L7=, 37 CTHHEEIT, 2 B, 4 BRICHRIRESHRT DL L
THAE L T AWM ZERE L7z, 1 HE%. platell#5 L TWold 2 g1 E~ 7 2
MSC (mMSC) & L THW=,

[11] ‘B> {Li%¥E - Alizarin Red %:f4

10 mM p-glycerol phosphate . 0.1 pM dexamethasone . 50 pg/ml ascorbate
2-phosphate #&7*DMEM HZmMSC%77# L. 96 well platelZ2x104 cells/well THEfE
L7z, 37 CTHFRZATV, M3 aRIEA 2 L, 3 M FE L 72 mMSC % Eili T2077H
10% formalin TALEE L 7-1%, Alizarin Red T2043 ¥ ta L 7=,

[12] JEWGZr 1% - Oil Red O Gufa
5 pg/mL insulin, 50 pM indomethacin, 1 pM dexamethasone. 0.5 pM
3-isobutyl-1-methylxanthine % & #*DMEMY' TmMSC#% 43Hi L. 96 well platelZ1x105
cells/well CHEFE L 7=, 37 ‘CTHE ATV, WH2MEFRIK A QK L, 20 M5 L 72mMSC
% Zil T10% formalin 1 T2047 fHALEE L 727, 0.5% Oil Red O T2047fM %t L7z,

[13] Real time PCR
GenElute Mammalian Total RNA Miniprep Kit (37 ~#) % T MSC #d 4 RNA
Zii L. PrimeScript® RT reagent Kit (¥ 1 7 /A AN X 0 R ERIGE 1T 72, 4%
mRNA(ap2, adipsin. osteocalcin, osteopontin, gapdh)f:|Z SYBER® Premix Ex Taq (#
B 734 A1) ZF|H L. Lighteycler Quick System 350S (Roche Diagnostics f)iZ & %

-60-



Real time PCRICE VW HMIE LTz, Z2d., 7T A ~—IZIFZLL T OB & Wiz,

ap2 IZxf 4577 4 ~—: 5-GGG ATT TGG TCA CCA TCC G-3 (forward), 5-CCA
GCT TGT CAC CAT CTC G-3’ (reverse)

adipsin (2925774 ~—: 5-AGA CCC CTA CCC TTG CAA TAC G-3 (forward).
5-TGT TAC CAT TTG TGA TGT TTT CGA TC-3’ (reverse)

osteocalcin (Zx13 %77 4 ~—: 5-TGC TTG TGA CGA GCT ATC AG-3’ (forward).
5-GAG GAC AGG GAG GAT CAA GT-3’ (reverse)

osteopontin (29577 A ~— : 5-TCA CCA TTC GGA TGA GTC TG-3 (forward).
5-ACT TGT GGC TCT GAT GTT CC-3’ (reverse)

gapdh (2%} 5 77 A ~— : 5-TCT CCT GCG ACT TCA ACA-3' (forward). 5'-GCT GTA
GCC GTA TTC ATT GT-3' (reverse).

mRNA @ = ¥ —#%i% thermal-cycler software (‘Arithmetic Fit Point analysis’ for the
Lightcycler) Z FIWTYERR L 7o E#R 2 DR L7z, & mRNA OFEL L ~L1 gapdh [Z%f
T D HRHELC L o TRME L 72,

[14] WEatAfRHT
BEMRE T, ZHMORBRIZIIA T 2 —F v Mt REE AW, £, 2R EERIC
U Tid Analysis of variance (ANOVA) %717V, Dunnett’s £ L < 13 Tukey EI2 LD
BE Lz, 2 p EIXWEMTHY ., p<0.05 ZHHFHIICHEETHDH L Lz,
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EE FE—H EROX

[1] 3K
Flu-PEG-DSPE. PBS. DMEM, kU /X7 )L—_ fluorescein- NHS % fifi - 7= FEBrI1 5
—ZE LR T L DOEZHVZ, a-Cyano-4-hydroxycinnamic acid (4-CHCA)IZ EERIERTHIEZ
SAEMBEEA L=, Methanol, Ethanol, 7 o RV AIFT BT AT A7 BN LT,
N,N'-Diisopropylcarbodiimide (DIPCI), XU 2> DMSO [IFnyHigRpkStns 5
A L7z, %FE cyclodextrin (CD)ix ¥ 7~ B A L7-, carboxyl-PEG-Fmoc (EG2, 6, 12,
24)1% Quanta Biodesign fE2> HEEA L 7=,

(2] E&ESHT
HIUL O 2w sfiE L, ~ B Y v 7 2A(4-CHCA 1R ; 11 50 %7 & F= kU b,
50 % /K) & HEEIREGH%. 384 well plate BIZHiE F L. AE L 7%, AXIMA-CFR (i HUE
TR RS 2 VD CHIE L7z,

[3] #e0y T H A 78 PEG EE O Ak L O

DSPE & carboxyl-PEG-Fmoc (EG2, 6, 12, 24)% 1:2 OFE /LT 0 a kL AIEER L,
DIPCIfF/E T, 50CCT—BuiEd: Lz, MIGRICE Y P &2z TRIE T 30 0iRE T 5 =
& CFmockkZ Bifri# Li-tk, BUE FTERY U B ONREEZ 8% &, BN EGFY
Z 71 a kv SR L BRI ATVEG2 B L6 ORI A7 k7R T7TMWCO01000,
EG12 B LU 24 OFET A7 k7R TMWC02000 ; Wit 7 a4kl 2% 7 —
WXL T 1 HBTL, 6I2KICK LT 2 BEHTT 25 2 & CREICOPEG, Bifri#E I
Fmock & fr L, Wifs#zEd % Z & CNH2-PEG-DSPE# 147-,

&IZNH2-PEG-DSPE (EG2, 6, 12, 24) & Fluorescein- NHS% 7 &1 71 7k /L LTI L |
FRTIRE Lz, BonlB ezl a0 L, RKEDONH-PEG-DSPEY 7 /L7534
HEN2L D ETRIGEHT T2, RISTETH. BITIC L > TREIG Ofluorescein % R %
L. @+ %5 Z & TFlu-PEG-DSPE (EG2, 6, 12, 24) & 157-,

(4] HRAG R E

96 well plate | hMSC Z#Eff L. 37°C T 24 BiEIIE&E L7-1%. % well [CHINFIS L <1
{K5r 1 & PEG IREFHE KA &1 DMEM Z#31L, 37°CC 30, 60, 120 /yi5a& L7z,
— RO [4] (¥ U ik RIS B ORHIE 21T - 72,

(5] e 2 s e 50 A I E
FREFEBROE [7] 12 U7k Tl R oL 27 L7,

-62-



[6] hMSC d £ S AR SR £2
H—EmEEROE [8) ICHE U 7= 51EThMSC O#lE 41T - 7=,

[7] "HNMRHIE
HEFRF O & L THYV 5 D20lF Cambridge Isotope Laboratories?» 5 A L 7=, HIE 1L
JEOL RESONANCE#:®DECS 400 NMR Spectrometerz HV 7=,

(8] Wert=RfEtT
BRI PHIRNTIZ, H—EEROM [14] L RO FIETIT o7,

BE OBE EROMW

[1] 33

Flu-PEG-DSPE, PBS, DMEM, K U /x> 7 /L—_ Opti-MEM, aprotinin, 10% formalin,
insulin, indomethacin, dexamethasone, 3-isobutyl-1-methylxanthine, Oil Red O. B-glycerol
phosphate, ascorbate 2-phosphate. alizarin red, amphotericin B %1 - 7= BRI = L [ ©
b DN,

[2] MSC ~0 & et
RYZAF L Fa—7 (BD Bioscience f1:#) |Z MSC & PEG JEE % & ¢r Opti-MEM %
Mz THEAAATEZ 0.3 mL IZG Y, FIEIREDOKE (7 AU AER) NIZHRE L, #8E
BEIRSHIE, Sonopore-4000 (R v /3y —41H) ZHWTITo72, EE6mm O a—7%
RYAF L oF 2—7HNO Opti-MEM DO/KEIZOF, 5K A2 B L7,

[3] BB RS I X 2 M E Mo I E
PEG JIEE 2 &t Opti-MEM 0.3 mL 3 X OVhMSC % F = — 7 I AN HEH I & B L7z,
HRSS# D hMSC % 96 well plate [Z#FE L, fEFEE% S L <IX 37°CT 24 FefiisE L2,
W EBROE [4] 18 U GG CHIIREEME O £2 1T - 72,

(4] a2 o HO'E 50 I E
F-REFEBROE [7] 12 U7k Tl R m LR 2 E LT,

[56] WkEEE~ 7 2 MSC DRI
H-REFEBROE [10] (2HE L7 L THIRESE~ 7 2 MSC OfRIRZ{T -7,
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[6] B4t - Alizarin Red %4
F-EEROE [11] ([CHEC 7= HETEMEGFE - Alizarin Red Je0 %2 17572,

[7] REWGZ3AE#5E - Oil Red O %44
B EmEBROE [12] (CHEC 7= HiETIEN 0L E - Oil Red O eta%11-72,

[8] Real time PCR
H—EmEROE [13] 12U U 72 /715 T Real time PCR #4175 7=,

(9] Wert=aafitT
HERHFRIMEATIZ, BH—EEBROM [14] LREOHIETIT o7,
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BE BEH EROW

(1] A
Flu-PEG-DSPE. PBS. DMEM., kU X7 —_ PD10 #7 A %Mo~ 7= FERIIHE =
ERITHDEHWZ, GlycinelIFiyeietn SHEA L=, Qdot® 655 ITK™ Amino (PEG)
Quantum Dots (NH2-PEG-QD)iF1 > ¥ b ¥ = 4t BHEA L7z, PAMAM dendrimer
generation 4.0 (PAMAM). Tumor Necrosis Factor-o. (TNF-a)i%s 7/ <t HEEAN L7z,
Bis(sulfosuccinimidyl) suberate (BS3) iXThermo Fisher Scientifict:n &AL 7=,
NAP-5 715 5 IZGE~VAT TN BEEA LT,

[2] plastic dish ~D#EZE T
96 well platelZhMSC % 5x104 cells/well D% £ CRERE L, 1 KR8 L 7= PBST 2 [A]
Peidr Uiz, 55— MR [4] 12 U2 L TEwell OWOGHE Z2HIE LTz,

(3] il 2 i s e s B I E
RO [7] 12U U7k Tl R LA 2 E L7,

(4] © FAPERImE R (hLSME)S; 3%
hLSME (% DS 7 7 —~ 4t B A L7z, hLSME | DS 7 7 —~#t:22LHEA L7z CS-C
AR TR LT,

[56] PAMAMMEA &1 K> F(PAMAM-QD) D100
8 UM®DNHz-PEG-QD & 0.5 mM®BS3 &R % =R T 1 REFEEE L%, NAP-5 © 7
LB L THRIL7-, QDOT 2/ Tk LT 40 fFE/LHOPAMAM 288Nz, =
IR C 2 R L7z, & B icglycine (RA&IREE 50 mM) %1z T 15 Zpfii#Ed 5 2 & T,
QDIZxT A PAMAM® it & 18  PD10 7 7 A (2 K » TR L 72, 56 OPAMAM-QD
DHCIRE ZHE L, IREMEAONH-PEG-QD & W TR L - &R A2 W CIRE 2 H
H L7,

[6] hLSME ~o 8275 5
hMSC723#25% L 7=dishiZ 5 nMOPAMAM-QD % & T:DMEM % il 2. C 4 BFRs %45 = &
ThMSC% # 6Ei# L 7=, hLSME% 2X105 cells/well CHEfE L, 24 FEfEZE L7- 12 well
platelZhMSC% 3X 105 cells/well CHEfE L, 37 ‘CT 30 sy3ttsa L7-%. PBST 2[Ry
L. REEAOWMSCEZBRE L7z, hU 7V U AERIC X - TS L7-hMSCE L 'hLSME %
B L, 2 FEEOMINZ ST miiid 7 a— A4 R A RU—THHr L, 6565 nmD s
23 1000 £V mWHifE ZhMSC, (KW lila 2 hLSME & 3551 L, i oMo 2 HJIE L
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7z, hLSMED#ifa#Z %9 2 hMSCOMBaE DA Heg £ & L TR L7z,

[7] ICAM-1 FHEDOHE
TNF-a% & Te CS-C BT T L= hLSME % ~ U 73 LB L~ T L, 5
ug/mL ¢ ICAM-1(CD54) antibody-FITC % & #r PBS 2z, ok EC 1 ReflfE Lz,
Z D% hLSME % 0.1 % ® BSA # &1 PBS Tt L. 7o —H% A A —X —CH &g
ZRE LTz,

[8] hLSME | T s a il

71 —F v > 23— (u-Slide6(VI) -flow through ; ibidif:#Y) 107,108z hLSME% 7.5X 104
cells/lane CHEHE L. 24 FFfEE# L7-1%. 100 ng/mLOTNF-a% & {°CS-CEFIRIZACHE L 4
REMIEEEE L7z, [6] & AR ik T ek L 72hMSC% 1 X 10° cells/mLICFARI L, T+ v
AN—PNIZ—EHE G : 3.6 mL/hour, HAMWIST) : 0.1 dyn/cm?) Tift L7z, WsiLs U >~
VIR T (T AR A D CHillEN L 72, hLSME _E 2 i1 5 hMSC o 288 %t ' PEIK S5 - 2
L7k AT Ceg L= (BAfSE - Nikon Ti-E Nikontt#l, 7 A Z : ORCAD2 =A% k=
7 2484V 7 R :NIS Elements Nikon#tHl, #EHH : 10 sec. &G FE LM : 3 msec,
P T - 20 frame/sec), R L7-#hifjZimage JDO 77 7' A T % Paticle Track and
Analysis (PTA) & MW CTltr L7z, AERFROBENREL I, 4£hMSCD 0.25 sec = & OB H)E
HE DRI L7z, 72, FhMSCO AR @ LI TH @25 - TV o Rl 3 L OEhE N T o
R EhEREE ) S F I Lz,

BoE B EROW

[1]
Flu-PEG-DSPE. PBS. DMEM. kU v T —%ffio7-EBIIFH —-ELH L D%
W, aCD IE, 8 =i L [F U O & iz, CS-C £38i . PAMAM # A QD. TNF-o
B T-ERITFE -FEE -HEFELLOE W,

[2] plastic dish ~DHEEE M
plastic dish ~OEFMITEH —FH —HIFEBROE [2] I L HIETITo 7=,

(3] il 2 i s e s B I E
FFEFEBROE [7] 12U Uo7k TRl R m oL 2 0E L7,

[4] hLSME ~®O#4 7l
hLSME ~O #5335 =55 —fiZBROE [6] ICHELZHIETIT- 7,
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[5] hLSME [ Co i
hLSME | CoOBEhd ERAmITE =55 —fiZBRoi [8] ICHEL - HiETITo 7,

BoE B EROW

(1] A
PBS.DMEM, kU /N> 7 —%ffio 7o EERITHE = LF L HDE MW, aCD, DMSO,
N,N'-Diisopropylcarbodiimide (DIPCI)% i~ 7= FERII5H —HHE LR L L O E AW,
CS-C £:#&#k. PAMAM HA QD, TNF-oZffi-o7cFERIIE -FEHE -HLFE LT HLDOEHW
72 . Fmoc-N-amido-PEG2-acid (% Quanta Biodesign 17> 5 i A L 7=, NovaSyn
Fmoc-Gly-TGT resin . Fmoc-Ile-OH (I). Fmoc-Thr(tBu)-OH (T). Fmoc-Gly-OH (G).
Fmoc-Glu(OtBuw)-OH (E), Fmoc-Ala-OH (A), Boc-Ile-OH (I). Boc-Glu(OtBu)-OH (E),
Boc-Ala-OH (A)iZ Novabiochem £ 5 A L72, Fmoc-Asp(OtBu)-OH (D)iZ BACHEM
B L7-, 1-hydroxybenzotriazole (HOBt) X0k T MRS HEA LT,
AB )=, T = b VOEREAY v~ 2T 7 ¢ — (HPLC) 7' L — Ribi3feht
RSN OEA LT, ~F V3T B T4 T 27 b lEA L7z, ICAM-1(CD54)
antibody-FITC |% AbD tL:/> 5 A L7, Bovine serum albumin (BSA) (I3 7 ~ttnb
fEA LT,

(2] E &I
R HIEBROE [2] ICHEC I IETHEEOT E1T 0T,

[3] EG2-{Ri#~TF FDOEH, K

NovaSyn Fmoc-Gly-TGT resin(Z%} L TDMFIZ#fi# L 72 Fmoc-N-amido-PEG2-acid s X
O 2 FEO SOSMERER] (HOBt, DIPCD 1%, IR T 2 RefiRE T2 2 & TRIS S Hi2, K
IS T H . TR ZFRE . resinZ PEVE L7212, 20 %D B XY ¥ DMFRIE % #7172 1 ZresiniZ
% T30 ik T 5 Z & CIR#EL TH HFmockk 2 FrE LT, £ D%, RO FH TFmoc-
RET X VOIS ERERDOREZBEV IR L, % DFEEITBoc-Ri#&ET X /B4 HWT
F&%4T > 72, I 2 % Fmoc-N-amido-PEG2-acid, Fmoc-{#i# 7 I / iz, Boc-{Ri&E 7T I / &,
FORMEER D B, resinF il OGS AUICKI LT 4 f5ENL&EE Lz, £ TOREE NG SH
721 . resinZ Woig, R0 L. BOEER (B - 2,2,2-Trifluoroethanol : Dichloromethane =1 :
1:3)% A T2 MM 2 Z & TBoc-Ri#E~7'F R-EG2 Zresinn» b EE L 7=, BiBER
EFATTAANEUL L, ~FH 2 MATE AR L — 45 2 L THEEEA % S, Boc-
PRE~TF N-EG2 #1572, Boc-{riE <7 F F-EG2 A &D 7 v m )V LM L HPLC
THRLZ (BT L5 :5CAR- U (T AT AT A7), BEWH: A% /) —TE =RV L
=1/1),

-67-



[4] DSPE-EG2-<7F FOAR, K

K5l L7~ Boc-{#i#~<7F F-EG2. DSPE, DIPCIZ £/t 2:1:8 TZ muk/LAICHE
fig L. 50°C T B+ % = & TEG2 Ko COOHZ & DSPEAR ONH 3 % K& S H 7z,
S 2 =R L— b L, 5 5 2 BT 2 Trifluoroacetic acid (TFA) %l x. TR T 2 I
WRET 5 2 & TXTF FORELE DL 72, JOSREFEARL—FL, Bbhi
B4 7 b0 o iV DB L, SR ~<7 ZR7 MWCO 1000 7 F =2 248D 12 A
Moy AHX 7=k LT 1 BB Lz, & DB %R E T LB 7R T
MWCO 3500 7 7 = “AEE)IC Adu, KTk LT 2 Bt L7, Bz Lz,

[5] hLSME ~o#5 % 21
hLSME ~O# 857 M35 =55 —E SRR oA [6] I[cHE U= FIETIT-o 7,

[6] hLSME [ T8k 2
hLSME | CoOBEhd EFnITE =55 —fidZBod [8] ICHEL - HIETIT- 7,

(7] Weat=2rfigsT
WERIFEIIENTIZ, RO [14] LRBROTETIT o7,
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