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ElectrospraytS 0[&%t MS275/PLGA submicron 28 E|EF0A 2| FHuisie 21E7| Mz SAlof Bst o7

I, A ESAE} #3155 STt digh 584 235 2
Feuk ok

olol] A 3te] E A E of| A= PLGA S} MS275 314 = sub-
micron =7 2 ElElE Y23 T ZHSlo], AEFsHH o=
A LA o oW g G kS m| A =A] AT o] 2l gk B4t
A7t HebE QETE A AREHAS W SAE FH =
AN F Utk 7 = GokEthe HellA L 9] 9)7t

o)
A
oI T2 U
1. ElEHs C|A3 ZH| 9 EH X2

B e}l E U 23 = commercially pure 7] A) A A+ T] A = (Warantec
Co., Seoul, Korea)E =H| 3} o). U] A3 25 mmZ] 73 7 1 mme]
FAE 7HA L 1o, E Y23 E Z5Tstel| A 2027 A
2] 2] 99% ethanolof] 2037t T 1= P17 & 2 WHEGH Fof]
B4 55 Haslgth o2 Ak 22 = 0.02 M/L calcium
glyceophosphate 2} 0.15 M/L calcium acetate 4 3] 2 8- of| A 300 V
Ao ® 3R Ao A Al F4ks HEbe U2~

= ST R Al A - ethylene oxide (EO) 72~ A 425 413

o] AF&-5| Sl Th
2. MS2752} PLGA submicron®lAte| 8¢+ & AE Al

EfE 7150] Atk gelzl MS2759F Ak Al el ofl
PLGAZ 305 59t 4]o] PLGAY A2t MS2757} 2 -3te| 2 =
@k 32, electrospray 7] ] (Nanonc Co,, Seoul, Korea)Z: ©]-8-5}] sub-
micron®) A} 2 EJEbET] A3 o] Z 8-S Al 53 th MS275
= DMSO (dimethyl sulfoxide) of] 51 $-¢i] AH-&-%| 31 2.7, PLGA
T acetoneol] = 7} Luit} Fieol] Bl S A AT oA
(MS2759} PLGA) -6-91)-<- glass syringe (7] 473 =2 : 005 mm)el] &
Adled 0.1 A AR, 15-20kV A<, 5 d/min 5 2 BARSI] 11
2/ getw H23s I8 F M ke, 18 sxe
&< 918l v 2=3e 313 A (30 pm)e]l A2 s et vl 2
AT 7l o ol oF T} PLGAS] G oo glok=
Ag Hol7] 9J3f, thxw o2 4548} Blebw tj~= 1
2] PLGAE A3

Group 1: Anodized under 300 V then, coated with 50 ¢4

[PLGA in DMSQ] solution
Group 2: Anodized under 300 V then, coated with 50 ¢4

[(0.5 pmole MS275 (25 1) + PLGA (25 r4))/disc] solution
Group 3: Anodized under 300 V then, coated with 50 ¢4

[(1.0 mole MS275 (25 ) +PLGA (25 p))/disc] solution

Group 4: Anodized under 300 V then, coated with 50 ¢4/

[(1.5 pmole MS275 (25 1) + PLGA (25 1))/disc] solution
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3. Cell culture

E77] Z4+(Approval No. SNU-120312-5)+= 1 : 100,000 epinephrine
8} lidocaine (Yuhan Co. Gunpo, Korea) ©_ 2 =+4-m}% £ bone
marrow aspirator (Klima-Rosegger modif, Lausanne, Switzerland)E- ©|
gatel B7] e 2ol A2 A3 242 70 mm
nylon mesh filter (Becton Dickinson, NJ, USA)el| A A 7 & &,
Holzl F4A) 35 ACK lysing bufferol] @7} A-2-0f| A 657121
k&3l 2]2]8}9ith o] &, released cellS2 15% fetal bovine
serum (FBS), 2 mM L-glutamine, 55 #M 2-mercaptoethanol, penicillin-
streptomycin (Sigma Co., MO, USA), 100 M L-ascorbic acid 2-phos-
phate (Sigma Co,, MO, USA)Z- 3 313} ujj okell o] o], 37 5% CO:
571 ool Haw ok

4. MTT (3-(4,5-dimethylthiazol-2-y|)-2,5 diphenyl
tetrazolium bromide) assay

A7) Aokl AT el vEREole] 52 E o] &3 7]
APo] e, Atolgli A T7] B &5 o] formazans] A4 B
oFA7] WEol AT F4& 2 4 ek, 4] 1
241 formazan 44 o] ZHETIN T & ekl
ol Y= A1 9] 533 =& ELISA reader (Bio-Rad Model 550,
Hercules, CA, USA)Z OD 450 nmol| 4] 27 5131t}

5. FE-SEM (Field Emission Scanning Electron
Microscopy) dAt

A s 5-2ko] el eha] 542 27 st7] ¢l SEM (Hitachi S-
4700, Japan) < o] &3}tk ElEbE U A= TH S pH 72,01 M
phosphate buffer serum (PBS) 1 mlol] 5% 7+24 © & 33] Al| 2] 3} 21 25%
glutraldehyde ¢} paraformaldehyde &3}< 4% 4°C ol A] 1A 7+ ¢
12} 3 3k} Al A & osmium tetraoxide 2 22} 117 31 & 60-
100% ethanol 2 THA| 2 © 2 €43} 11 tbutyl alcohol 2 BAT}Y &
YE71%, o] &8 T 5000 v &= Bt

6. AFM (atomic force microscope) &8
Ao o vigdl &3S Bl U PGS 5%

=
8l 4= 9J+= AFM XE-100 (Park systems Co., Suwon, Korea) < ©]-2-3}
of Elebg v el 9 B9 AR 243
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Electrospray#2 0[&%t MS275/PLGA submicron 28 E|Ekz0iAe] EH

gisto} ZIAZT [MESAlof st 017

Zy Hlol8 = 7 i o 2 RE 3*
E}uh:} One way ANOVAR A 3 Z2]o] that A
A A o T MIT A3}l th g 2531 2po) 9] -2
8 HEE A3l Tukey] Tha- 24 & Al Tk AFMA P A =
PLGA2} MS275/PLGAE. 8] gk =48} ElelgE v ~2 9
AA719] 2fo] & 2R1st7] 913l SPSS FA A & AHE-SA 1L
5%9] frold o = HFskih

2

1. Elets E2i el

= Ats} ElElE W ol PLGAS MS2755 412 &-1fl & sub-
micron Y A} el 2 85) S w] PLGARH ¥5l S ] H.o} MS2757}
H7HEI9S W % o WAe] 93 QAP B Bolek s
RE AFTY QA7 24713 0] 3 electrospray 71 A/ E
|40 24 submicron 2L7] 2 21 110 215 AekFig 1)

2. MTT (3-(4,5-dimethylthiazol-2-y)-2,5 diphenyl
tetrazolium bromide) assay 22}

MTT assay 23} 0.5 M, 1.0 M, 1.5 .M MS275= &7 24 3F
9 27] A Ze) S4S hehhA) 5hov] 15 M 5 <t
EREAALEE AT A AR A HolFT &
% Fig 2941 2 5= 91201, 4L A A & celle] A2kt 1 71

Fig. 1. SEM ( X 5000) image of anodized titanium disc by electrospraying (A) PLGA
+ DMSO (control) /disc. Anodized titanium discs are coated with submicron-sized
PLGA particles. (B) 0.5 M MS275 (254) + PLGA (25 i))/disc. Anodized
titanium disc coated with PLGA/MS275 shows more sticky and fine texture than
control group. (C) 1.0 pM MS275 (254) +PLGA (25pl))/disc (d) 1.5 M
MS275 (254) + PLGA (25 pd))/disc.
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F9% Aol & o
THP<.05).

14 eFom|(P>05) 74 A £-2] & Ato] & K3

3. FE-SEM Zzt

MIT assay 2345} BLR71A 2 A E9] S ARbe] 255
718 32 9 oA WolAlw, T3 AU Ho] T
A& L4 9Yglem, 05mM- 15/1MM527515‘: HElof
A FEt 71@ % AT 2 A AEE7)} go

A3 E S g g o SN THFig 3).

_— =

4. AFM (atomic force microscope) Zt

EJEHET 22 9]0 Bal Z7) 4] o] Z24]o] MS275¢] %
o 2 4 9 wiel fats 21914, TR ] A4
Ap wj ol A7 A7) WsllA] ERlsl] lete] W A
A78 329802 ZHa A7 PFAH 0 Z Raghe 2T
ol A 0262 pam, A A 7ol A 0273 pm 2. BH2E] Q). 2 FAks)
EJE}Eoll PLGARE #A1GE Tl ~39] A2 7] 9} MS275 1.5MME
WA ElebEo] A2 7] 3 gk 2Ho] 710011 = submicron
2} A7)0]H, o] fo] &Hatat 2lo] 7} o} QL THP>.05) (Fig. 4,
Table 1).

Table 1. Surface roughness (Ra) of anodized disc coated with PLGA (control group)
and MS275 + PLGA (test group)
Ra (surface roughness) measured by AFM (mean value) : (#m)

Anodized disc with PLGA 0.262
Anodized disc with 1.5 pM MS275 + PLGA 0.273
1.4 *

A W Anodized titanium disc coated
14 I with PLGA + DMSO

€
S 08 5 M Anodized titanium disc coated
§ with PLGA + MS275 0.5 M
5 06 o
o ¢ 1 Anodized titanium disc coated

04 with PLGA + MS275 1.0 uM

p M Anodized titanium disc coated
0.2+ ; with PLGA + MS275 1.5 M
0L -—_—,m,,,r, -
A BCOD ABCOD
4 day 7 day
Culture period

Fig. 2. MTT assay measured as cell proliferation. The result shows that cell pro-
liferation is increased by time and after 7 day of cell culture, there is a significant
difference (*P<.05; the graph bar represents mean + SE). And the cell activity
of test groups (anodized titanium disc coated with PLGA +MS275 0.5 M, 1.0
#M, 1.5 M) is significantly higher than control group (anodized titanium disc coat-
ed with PLGA/DMSO) at 7 day.
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Electrospray$#g 0[&%t MS275/PLGA submicron 28 E|Ekz0iMe] Emste} IS |MZ A0 Rhet AT

Fig. 3. SEM (X 500) images of 1 day cell culture (A) PLGA + DMSO (control) /disc, (B) 0.5 M MS275 (25 14 ) + PLGA (25 p))/disc, (C) 1.0 MM MS275 (25 14 ) +PLGA
(25 ud)ydisc, (D) 1.5 pM MS275 (25 14) + PLGA (25 pd))/disc, SEM ( X 500) images of 4 day cell culture, (E) PLGA + DMSO (control) /disc, (F) 0.5 4M MS275 (25 14)
+PLGA (25 1))/disc, (G) 1.0 pM MS275 (25 4) +PLGA (25 pl))/disc, (H) 1.5 pM MS275 (25 1) + PLGA (25 id))/disc, SEM ( X 500) images of 7 day cell culture,
(I) PLGA + DMSO (control) /disc, (J) 0.5 sM MS275 (25 ud) + PLGA (25 4l)y/disc, (K) 1.0 M MS275 (25 1) +PLGA (25 4l))/disc, (L) 1.5 M MS275 (25 4) + PLGA
(25 p))/disc.

05-

Fig. 4. The results of surface roughness measured by AFM (20 um X 20 £m) (A) Anodized titanium disc coated with PLGA, (B) Anodized titanium disc coated with MS275
and PLGA. There is no significant difference between group (A) and (B) (P>.05).
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x
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94 A5S 9180 Tukeye] Tha- 5415 Al 3 A7} 0.5 M
MS275, 15 sMMS275 2 B 3+ oF=AF3} Bl Bl U] 2300 A, Al
E 7L FAE T2 F o 1723 2lo] & B THP<05).
AFMA & o] A= ttest 530 &+ A 3}, PLGAYF 2B 8+ T3} 1.5
UMMS2759} PLGAE o] IR gt W AA 7| 2] g &}o]
7} 21 THP>.05).

histone deacetylase (HDAC)2] 7] 5= Al sl N2 A S
v 9&-S gt} 3, tissue nonspecific alkaline phosphatase (TNAP)
A S 2dgo 24 234 o ek n3IthE 212 knockout
miceE ©]-8-gtin vivo A @ | 4] o]m] Ba] KTt
PLGA"= QUAlel] 5] 2 A 7 shA o] A7 Al 29] 7]
sl Y= PIAA] =t o] W] 24 F 8ol A scaffold = E 2]
AFEE 21 9l o, AA | A = 44 suture A B, 913 2] A
. 2142418 1] = poly glycolic acid (PGA) <} 4
418 ) = poly lactic acid (PLA)S] 34 ] ¢1 PLGA:= PLAS} PGA
= Ao 2N At A= R WEEEE 24
& 4= Qlth - A 3ol A= PGAS} PLAS M- &5 1: 12 3}] 5-
209 Atolof] 9] FAA7F BT HEE F UES 5k
th 2434 © 2 PLGAE B3l Zo| W&
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2L 5 Qe B S B Aol

o

ol & E°] HElw Setzvt BAF B0 1970 49 22
AFolA Husglom” S-AdZHE AW 1 WS
7HA17)1 3, 32ke) R I} ) S2EkA| Ah-g-ote] HAd =Y
ST E Ao ARG 2 WA o] 71 A A
ol B]& 600%ut S 7T B g ¢k 9le) I

A4 7" A ElebE Eehzrt EAF £7 3]
719} 71557 A o] 7P E g aL . 2y
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) e o
to ot N
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N
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=
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o, AZHE A YA YA7L & AolA oA Yrhs A
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= o] B QAR YL BTt
Eo] 7174 27} - 28)7) 94
go] A4a7] £, e 7]

2
ok
A
pc
[
nat
ok
tor
>
N
2
N
e
[oa)
o
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fol

AZHE FHE - oF gapd o2t el vl ok A4
NA 71 22 BAE L 5 pm Ko Zrola] giapr} o] KBk
Zfolok embolisme Y 0714 ¢&x A 2] &4 2 ALtk
a3 =3 Y A7]9] B S ARESHE A tiAF T o
w2 Foldth” 5 & A g ol 4] AL-8-gF submicron YA} &
71 2 BA G o] A7 Hrhe 2R Abo] 29 A3 A AR
2 IR o2, YEFHE S&HUS o T Aol WA
G A 7] Wil A2 G EEE ST 9
S Ao g A

PLGAMS275 &84 &-H-S- 15-20kV 2 ¢} 5}ol] 0.05 mm 1] A
73 AR E S o] 4319 5 W/min®] &2 | B EZ3}= elec-
trospray B & AFHS-¢H A7}, SEM A 7ol A & = 9l %ol H
e tlA=3 T submicron® A} ZE o] 7538k T}
PLGA/MS275 submicron$) 2} 2 B @ E] €} U] 23 B 9o
7] 25 HFAEE v g A2} 15 M F = ol A = 54
< Holx] &gkom, 05 Mol A 1.5 M=z MS2759] s%= 71 AR
o wheh Al Z F2 o] o] SR = A s IR1E F Uk =
S} Fig 20| 4] & = QL0 44 A 7HA] = cello] A=) 5% 7t
Frol 3t 2to] & Kol A] UA| T TAA ol A F2 3t 2lo] 5 K
ATt M3 F-2h& SEM O 2 Q1gh A 2}, A L] K2 = A
Zrol 45 Frksta F-3 Jef 9A E7|7F A3 WA H,
FHA LG H Fo] Tt A S € 5 AUATh

F=113} EJEHE/PLGA AT T 2251t 7)) PLGAMS2TS
HPA 2 FH T 2D D) b A E 2 S HEo]
zpol 7} ke AL, I8 EAY A W £ % a1, IH
o oJgt AZA7| Apo] W FH S Qitt 2 Ay oA = A
o] Z7ket Aaglo] MS2759] 1 A €] Ad A wiitel] &
E7] 3 2714 2 AR SUHEITE 78 stel], 23
EH AV E ARME Ball ER1sth 1 23 v ~=9] A
A7) F=2ksbt] A~ 3/PLGASF PLGAMS275 E-3H4 =2 FE) 3t
EJEbg T 230l 18] 3 Afo| 7} UepA] ekttt 224 o2
submicron & MS275= 9% % dfol| Al T = 3ERof] Al
RS FEIdES T F o o] USHE &

2 A, TET IE=
geti 2] AT BEREL TN 28 AL 5 3)
S Holh £ 7 o] FAe = M5} FHES S 7}
A, JEAES) TR B8 4 A 22T BE
fr2 dBeee 27 nHES Y ¢ 20 2o

2 sfelsh] 91oh 4= PLGAMS2S B 2 =159l oF

o

g Aeld u] Az o] X E =R FEAE S 53
H AT e g ar)goh
o A& B g3 £ AAE IS U
1. £ 9170l A = electrospray - A1-8-3F Z 2}, PLGAMS275 &5-3F
A2 submicron 17 217 2 TheFs}a AHgA o W F Ll
AZSHE THd ZH & = Uvhe= AL BTt o] B
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cell study 72 I} MS275+ toxicity S H.o] %] 3t}

FE-SEM3} MTT assay A 3} PLGAMS275 B8+ 2 % =] 2]
H Elo]ehE A A7} ) Ztol] HlEl Z27](Y
AU w2A Skt e A A2l w=rt
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ORIGINAL ARTICLE

A study of mesenchymal stem cell proliferation and surface characteristics of

the titanium discs coated with MS275/PLGA by an electrospray

Soo-Yeon Yoo', DDS, MSD, Seong-Kyun Kim'*, PhD, Seong-Joo Heo, PhD,
Jai-Young Koak', PhD, Joo-Hee Lee?, PhD, Yoon-Kyung Park’, PhD, Ena Kim', BSD
'Department of Prosthodontics, Seoul National University Dental Hospital, School of Dentistry, Seoul National University, Seoul, Korea
“Department of Prosthodontics, Seoul Asan Medical Center, Ulsan University, Seoul, Korea

Purpose: This study was conducted to identify the surface characteristics of titanium discs coated with MS275/PLGA by electrospray and which is effective to mesenchymal
stem cell proliferation. Materials and methods: We used anodized surface coated with PLGA as a control group and anodized surface coated with MS275 0.5 M, 1 M, 1.5
#M as test groups. To examine that the coating particles are nanometer sized, FE-SEM was used and AFM was utilized to determine the difference of coating surface rough-
ness. We checked the mesenchymal stem cell proliferation by using MTT assay on 1+, 4, 7" days. Results: There was no significant difference between control groups and
test groups in AFM results (P>.05). In MTT assay results, mesenchymal stem cell proliferation was increased with time, at 7" day, cell viability on discs coated with 1.5 uM
MS275 was significantly higher than control group (P<.05). As SEM showed, the number of cells on all discs was increased and the morphology of cell attachment was also
wider and closer with time. Conclusion: Titanium surface coated with MS275/PLGA showed significantly higher cell proliferation and the more density of MS275 was dis-
persed on titanium discs, the faster cells grew. (J Korean Acad Prosthodont 2012;50:285-91)

Key words: Titanium; MS275; PLGA; Mesenchymal stem cells
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