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An in vitro study of mesenchymal stem cell proliferation on titanium discs coated

with rhTGF-32/PLGA by electrospray

Joohyung Kim', Seong-Kyun Kim'*, Seong-Joo Heo!, Jai-Young Koak', Woo-Sung Lee', Joo-Hee Lee?, Ji-Man Park®

'Department of Prosthodontics, Seoul National University Dental Hospital, School of Dentistry, Seoul National University, Seoul

“Department of Medical Science, Major in Dentistry, Ulsan University, Seoul

’Department of Prosthodontics and Dental Research Institute, Seoul National University Gwanak Dental Hospital, Seoul, Republic of Korea

Purpose: The purpose of this study is to identify the effect of mesenchymal stem cell proliferation on recombinant human transforming growth factor-beta (thTGF-32) / poly
(D,L-lactide-co-glycolide) (PLGA) treated titanium discs by electrospray. Materials and methods: Anodized titanium surface coated with PLGA was used for a control group
to compare anodized titanium surface coated with 125 ng/ml and 500 ng/ml thTGF-52 as test groups. Atomic force microscope (AFM) test was utilized to determine the dif-
ference in coating surface roughness, and field-emission scanning electron microscopy (FE-SEM) was taken to visualize even distribution of coating particles on titanium discs.
The mesenchymal stem cell proliferation was tested by using MTT (3-(4,5-dimethylthiazol-2-yl1)-2,5 diphenyl-tetrazolium bromide) assay on 1st, 4th, 7th days. Results: According
to AFM results, there was no statistically significant difference in titanium discs treated with PLGA and with thTGF-$2/PLGA (P>.05). MTT assay test results showed that
there was statistically significant difference in mesenchymal stem cell proliferation on test groups compared to control groups at 7th day, and cell viability on discs coated with
thTGF-B2 was significantly higher than control groups (P<.03). Conclusion: Titanium surface coated with thTGF-32/PLGA shows statistically significant higher cell proliferation
and the titanium surface coated with the higher concentration of thTGF-f2 presents faster cell growth activity. (J Korean Acad Prosthodont 2016,54:120-5)
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fein (BMP), platelet released growth factors (PRGFS), platelet-derived growth
factor (PDGF), insulin-like growth factor (IGF), transforming growth fac-
tor-beta (TGF-p) 5-¢] Th gt 431 AtE o] A5 3L JATks

B = o] RIS 5 TGE-A7} Bl Ehg oA =
TAE 2ol nA = GFS Lol A = e} TGRS
isoform-&- Q17+ 2F A 29| F4)3 Fxgtha Gef A 9lom)
Kim¥} Valentini 10| A TGF-R2%= Q17 23 A E o] thul A
& 57171 9 kol B sl o) gk De Ranieri
S invivo F A B NME TGE-R27t JEHE FH] 8%
5 =215} 31 bone-implant contact (BIC)E Z7}3H-S- 213515 th

o2 G AEo] AZHE 27] FFFS AT E A
o8 dA gl = Beta IS 8HeA Rl Eet
g o= Qlell dZHE] FA 2] Wi o] of el o] 3t ©]
£ 3RA o2 ks Wl SlolA B A7t SlolA
$k21 Cho 5" 1a25dihydroxyvitamin D& ¢ & E ol -1}
of] 9l poly(D,L-lactide-co-glycolide) (PLGA)S- o] &3] 2
AZe) 24 &5 2 Bahrl 22 BS ARG Lee' =
recombinant human transforming growth factor-beta (thTGF-32) (TGF-
B family)Z PLGA #-1HA| & Al-&-5}0] foln| &k A3}5 &2l3)
AT} Fan 52 T 3F TGE35 PLGA 24+ 2 117 5Fo] TGE32]
A2 G APt on A% Eg EHAYL B
shsiek

olel 2Ate] & AN TGRS} PLOAS] B &
Bl Y23 dvel] F"ste] AAS7IAE Sl ofu et
99 )2 7] ZALHIT. Elecrospray 4 & 5] PLGA
£9b & A 3jo] TORAY7) R A 2] H ek J Eaes
BN W TS FE 4 5l A S dolirie

Aol ddARL o9 7} Sl

e o g

1. ElEks C|A39| 6| & M X2

25 mm 2} 73 2} 1 mm 7] 2] commercially pure Ti grade IV 7] Al &
2} €] Ebg ] 23 (Warantec Co., Seoul, Korea) S 1] 319t} 28
T2 3E 208 7F 285}3}o A 99% ethanole]] 2052-7F @ 1=
7 & 20 WHESka SF-Srol] sH Haet3l ). 0.15 MIL calci-
um acetate 2} 0.02 M/L calcium glyceophosphate 74 3] 2 8-<8 o] A1 300
V dgfom Ao|x 3T FFAESE Al E AT o] A A
2 t2de SFTE A2 g 5 ethylene oxide (EO) 742~ 2 4
=3tk

2. rhTGF-$22 PLGA L= @ixtel 88t % ZE Al

o2

thTGF-$32 (Prospec-TechnoGene Ltd., East Bruswick, NJ, USA) <}

Cehx| st AEte(x] b4H 2%, 20164 42

EA}F 244 91 PLGA (PURAC Biochem BV, Gorinchem, Holland)
2308 £¢} o] PLGA 975} MTGEA27} 2§35 £ ¢
oo, JYEZ Axgo] HHa]E o] §35to] U= QIALE EJE}
F 023 | FES 519 o) thTGF-2= DMSO9]| 591 &
of| AF&-5] %] 31, group 32} group 491 A = PLGA Z acetoneo]] &<
Txol| s A AIZ T HEHE T 225 01 A-FR, 15- 20
kV A}, 5 d/min £ 5 2 B34 (thTGF322} PLGA) 8-S glass
syringe (needle gauge 27 G)ol] A2 slo] I E A BA}sE] oH, T
2~ =1 rotating motor (30 ipm) 2 A A 3}] 1 E FE &2 FAFSHS
th F 409 Q2T A E TS v} 2ol Tl sk Tt

Group 1: Anodized

Group 2: Anodized +0.2% 40 4 PLGA solution

Group 3: Anodized + 404 [(125 ng/ml thTGF-32 +PLGA)/disc]
solution

Group 4: Anodized +40 4 [(500 ng/ml thTGF-52 + PLGA)/disc] solu-
tion

3. FE-SEM (Field emission scanning electron microscopy)
A 2 AFM (atomic force microscope) &8

T3 A8 S 9lsl7] 2]&) field emission scanning electron
microscopy (FE-SEM, Hitachi S-4700, Tokyo, Japan) ©_ 2 X 5,0004}
= Zgpinh ALY 2ol 2 "SS5 21
AR S 248 5= 91 AFM (FM XE-10, Park Systems, Suwon,
Korea) & o] &-3lo] EJEbs t23 2] I8 4] A7
& Z33sc.

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

Hebs t2a 39 9JolA E7] 3 A4 S714 28] 54
S =7 3}7] 93], EZ-Cytox cell viability assay kit (Daeil Lab Service
Co, Seoul, Korea) & o] 85101 20 x 10°¢] =2 MG E7 | 25
| Fat T 1,4, 7 vl &F & 7F 7 87l o] Al e Ae] FF
£ 40nme] F4= 4712 SH 3

5. &A=

One-way ANOVA=. 7}7}9] 19 21 4 2, 79 k9] f-9 4 = &
At on, 153t o437t 9le MTTS] 794 153t
Aol ek frol/d 52 $18) Tukey-kramer®] ThiA &
Al & gt} AFMA & o A & anodized disk/PLGA £} thTGF-32/PLGA
2 FH3 EebE g3 3H AA7]e] 2ol & ERlsh] ¢
3l testS A] P59 0., BE E7A| = SPSS (IBM Corp, version 200,
Armonk, NY, USA) A}-8-3191 31 5%2] fr2]4d o 2 A 538l th
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1. FE-SEM & AFM Z 1}

5,0008)) 2 S}tj) 31 FE-SEM 2] 2 7} thTGF-82/PLGA ¢} AF=©]
DE2A FAE O] HA Y So ER1SHA T (Fig. 1). £ AZ7]
3R o m e A A 0 2 Ragh t Zatol| A
0243 ym A & ol A 0252 um 2 T2 Tt & 548 HEbE
of] PLGARF A4S T 2 3.9] AR 7] 9 TGFR2E #A¢ EJE}
w2 AZ7] gk ZFo]710.009 m =2 U 42 7] 0]H, o]
= BAACE o &dntgh 2ol (P>.05)7} ob Atk (Fig. 2,
Table 1).

Fig. 1. SEM image of anodized titanium implant coated by electrospray ( X 5,000).
(A) Anodized Ti disc, (B) Anodized Ti disc coated with 40 £4thTGF-32 (500 ng/ml)
sub-micron particles by electrospray technique.

Table 1. Results of surface roughness (Ra) of anodized titanium disc and 500 ng/ml
TGF-B2/PLGA coated anodized titanium disc (unit; ym)
Ra (surface roughness) by AFM (mean value)

Anodized disk 0.243
TGF-f2 +PLGA coating 0.252
A

nm

100

0

-100

-300

2. MTT (3-(4,5-dimethylthiazol-2-y!)-2,5 diphenyl
tetrazolium bromide) assay Z2}

One-way ANOVA test 2 2} 7 2ol A o] th 2t R A DT 5
Zol] BAA 2 {2 gk xfo| 7} RN ATt T Aol A ] 2t
O34 A E2 9180 Tukey-kramer®] ThaA 2 Al gt
A}, F=44s} EJEE T} PLGA EAF Tl 230 B8 F714] &
T B HIGERE 38 & =4 Elebs o 279 7944
AAT oA BAA SR o3t 2fo] & K oH (P<05), 125
ng/ml¢} 500 ng/ml 1E7H & BA A 0 &2 2] xfo]| 2 B Y
T} (P<.05) (Fig. 3).

0.6

o
o

e
=

¥ Anodized Ti disc

|l PLGA coated Ti disc

& rhTGF-B2 (126ng/ml) coated Ti disc
N rhTGF-B2 (500ng/ml) coated Ti disc

Value of Optical Density (OD) (450nm)
o o
[ w

e

Culture Period

Fig. 3. MTT assay results. The result presents that there was tendency of cell pro-
liferation increasing by time, however; there was no statistically significant difference
among groups in 1 day and 4 days. At the 7 days of cell culture, there was statistically
significant difference between control groups and experimental groups (*P<.05,
**P<05)

Fig. 2. The results of surface roughness measured by AFM (10 ym X 10 ym). (A) Anodized titanium disc, (B) Anodized titanium disc coated with 40 £thTGF-52 (500

ng/ml per disc).

122

CYstRITE R EE(R| 547 2%, 201644 48



Electrospray#1Q 2 rhTGF-82/PLGA S&#S RE/SH E|EFR0IA ] ZIGE7|HE SAlof Hst o7

Fikgahe 2 AR e Ble) Bt
Heow doluie dAolnl, 7 vl 7o)
A e V5o R % Y e T e
de AUt o] F, TGF-R2e & M EY 2~
A, e
%% 3+C)S Centrella =, Lomri2} Marie,'® Machwate
in vzvog]r invitro A :[Loﬂfﬂ TGE-B27} 7t =71 M £
A3 Haugo] glon, 53] =
AN A 2] EohE 5T 08, Sem 57
TGF-32 §-9-% pipettingglo] AZHE FH 2] gk Aol A
EEo] TGF-R2E A2l 154 28]2 BICS YSUE

nA o] ZaH iy Buslict wek 2 01%01]/\1 =
PLGA $-WH3| 2 M el 3ko 24 TGRS A4 o8 A 5=
A8 Eell ot A TCF-R2E WEA AT == sl 1—:
°]71¢] Yoo 5] A -ol| A BMP-2PGLA £-3}4| £ electrospray ™
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Mo Y2} FE o] 7}58-2 < 4= 9lt} PLGA/TGE-327}
FHE Eeba U= 9ol TGSV EE woFe A3 125
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Az}l A PLGA/TGF-R24 2] ¥l 150l A] o Z=tol] H]al| Al
2ol B &4 3} 5= A Z1E 5 sl

T %2} PLGA/TGF32 B-314) 2 58] 3} t] 2= 7hof| A 27)
o] ZFo] 7} §la& B 9l8te], ARM test B3l £ ARV E
gelstd on, g2 A g Atoldls BAIF 2 fofn]
gt AZ7| atol & HolA| gttt meka TGF-R27} Al 3 54
S JEFa nAF drhe 7Fs A= Yt A4 o
Z e FHE TGFRE Y23 FH A Z S S 59T
= @ F3on ol YEHE S8 27
S7M71E e BojEt) webA] dES
ST U ZEALYME FER JESTHE
= o7 & doke 4RI &fn)rt %ﬁlﬁ‘r Sk Rk 2

< invito 373 9| A A A gk A2, PLGA/TGF-52 5-314| 7}
B JZHE fHo| dd-o g 2o #3731
A invivo = A P& ol A7 B ok ko Bzl

o1£1::>J
m
(o

H

_%ﬂ Mo 1 o wo

[~}
T

PLGA/TGF-2 5-3}4)| & electrospray *2] © 2 F=-2+3} EJE}
tzd FHA2e & 48s Fall vt 22 23E
%?—:]f T /\1 oir%

1. thTGF-R2E ElelF U A~ 30f Ve YALE -] ¢&l,

electrospray = A}8-3}91 © 1, FE-SEM 2. 2 PLGAAWTGF32 &
S AL =5 24l ElelE Xl coating

24 9 Ay

2. ARM test A 3} o =3} PbGA/IhTGF& Al 7 Ao
o] A7) Aol = gl Tk
3. MTT assay Z 2} 7% x}ol| A] PLGAAhTGF32 E-3}) 2 T B 9
ey A g o] tixard Ha] FA4 o= fojn| g 1t
A =71 A X S22 Gttt ek 53 A 2o
Tt EEFE S A T £ E BT

koo

ORCID

Joohyung Kim http:/forcid.org/0000-0001-8943-6051
Seong-Kyun Kim Attp.//orcid.org/0000-0001-8694-8385
Seong-Joo Heo http://orcid.org/0000-0003-0699-4141
Jai-Young Koak http://orcid.org/0000-0002-0190-0778

123



=
uF

gk

M - ST

e

Rl

02

0194 - 0fF3

1ok
=5

- gkx|ot

o

_I

Electrospray#1C 2 rhTGF-82/PLGA S&#IS RE/GH EIEHR0IA Q] ZIRE7|HE SAlof st 17

Ji-Man Park http.//orcid.org/0000-0003-0018-1166

References

10.

11.

12.

13.

14.

124

. Hermann JS, Cochran DL, Nummikoski PV, Buser D. Crestal bone

changes around titanium implants. A radiographic evaluation of
unloaded nonsubmerged and submerged implants in the ca-
nine mandible. J Periodontol 1997;68:1117-30.

Sul YT, Johansson CB, Petronis S, Krozer A, Jeong Y, Wennerberg
A, Albrektsson T. Characteristics of the surface oxides on
turned and electrochemically oxidized pure titanium implants up
to dielectric breakdown: the oxide thickness, micropore con-
figurations, surface roughness, crystal structure and chemical com-
position. Biomaterials 2002;23:491-501.

Xie J, Baumann MJ, McCabe LR. Osteoblasts respond to hy-
droxyapatite surfaces with immediate changes in gene expres-
sion. ] Biomed Mater Res A 2004;71:108-17.

Ivanoff CJ, Hallgren C, Widmark G, Sennerby L, Wennerberg
A. Histologic evaluation of the bone integration of TiO(2)
blasted and turned titanium microimplants in humans. Clin
Oral Implants Res 2001;12:128-34.

Orsini G, Assenza B, Scarano A, Piattelli M, Piattelli A. Surface
analysis of machined versus sandblasted and acid-etched titanium
implants. Int J Oral Maxillofac Implants 2000;15:779-84.
Junker R, Dimakis A, Thoneick M, Jansen JA. Effects of implant
surface coatings and composition on bone integration: a systematic
review. Clin Oral Implants Res 2009;20:185-206.

Bosetti M, Boccafoschi F, Leigheb M, Cannas MF. Effect of dif-
ferent growth factors on human osteoblasts activities: a possible
application in bone regeneration for tissue engineering. Biomol
Eng 2007;24:613-8.

. Kim HD, Valentini RF. Human osteoblast response in vitro to

platelet-derived growth factor and transforming growth fac-
tor-beta delivered from controlled-release polymer rods.
Biomaterials 1997;18:1175-84.

De Ranieri A, Virdi AS, Kuroda S, Shott S, Leven RM, Hallab
NJ, Sumner DR. Local application of thTGF-beta2 enhances peri-
implant bone volume and bone-implant contact in a rat model.
Bone 2005;37:55-62.

Cho YJ, Heo SJ, Koak JY. Kim SK, Lee JH. Cellular respons-
es on anodized titanium discs coated with 1a,25-dihydroxyvit-
amin D3 incorporated Poly(D,L-lactide-co-glycolide) (PLGA)
nanoparticles. J Korean Acad Prosthodont 2008;46:620-7.
Lee SY. Effect of poly(D,L-lactide-co-glycolide)/bone mor-
phogenic protein-2 coating of anodized titanium surface on
osteoblast-like cells. MS Thesis. In: Korea, Seoul University, 2010.
Fan H, Tao H, Wu Y, Hu Y, Yan Y, Luo Z. TGF-33 immobilized
PLGA-gelatin/chondroitin sulfate/hyaluronic acid hybrid scaf-
fold for cartilage regeneration. J Biomed Mater Res A 2010;95:982-
92.

Freiberg S, Zhu XX. Polymer microspheres for controlled drug
release. Int J Pharm. 2004;282:1-18.

Sims NA, Gooi JH. Bone remodeling: Multiple cellular interactions

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

required for coupling of bone formation and resorption. Semin
Cell Dev Biol 2008;19:444-51.

Centrella M, McCarthy TL, Canalis E. Transforming growth fac-
tor-beta and remodeling of bone. J Bone Joint Surg Am 1991;73:
1418-28.

Centrella M, McCarthy TL, Canalis E. Transforming growth fac-
tor beta is a bifunctional regulator of replication and collagen syn-
thesis in osteoblast-enriched cell cultures from fetal rat bone. J
Biol Chem 1987;262:2869-74.

Lomri A, Marie PJ. Bone cell responsiveness to transforming growth
factor beta, parathyroid hormone, and prostaglandin E2 in nor-
mal and postmenopausal osteoporotic women. J Bone Miner Res
1990;5:1149-55.

Lomri A, Marie PJ. Effects of transforming growth factor type
beta on expression of cytoskeletal proteins in endosteal mouse
osteoblastic cells. Bone 1990;11:445-51.

Machwate M, Jullienne A, Moukhtar M, Lomri A, Marie PJ. c-
fos protooncogene is involved in the mitogenic effect of trans-
forming growth factor-beta in osteoblastic cells. Mol Endocrinol
1995;9:187-98.

Robey PG, Young MF, Flanders KC, Roche NS, Kondaiah P, Reddi
AH, Termine JD, Sporn MB, Roberts AB. Osteoblasts syn-
thesize and respond to transforming growth factor-type beta (TGF-
beta) in vitro. J Cell Biol 1987;105:457-63.

Rosen DM, Stempien SA, Thompson AY, Seyedin SM.
Transforming growth factor-beta modulates the expression of os-
teoblast and chondroblast phenotypes in vitro. J Cell Physiol
1988;134:337-46.

Sena K, Sumner DR, Virdi AS. Effect of recombinant human trans-
forming growth factor-beta2 dose on bone formation in rat femur
titanium implant model. J Biomed Mater Res A 2010;92:1210-
7.

Yoo SY, Kim SK, Heo SJ, Koak JY, Lee JH, Park JM. Biochemical
responses of anodized titanium implants with a poly(lactide-co-
glycolide)/bone morphogenic protein-2 submicron particle coat-
ing. Part 1: an in vitro study. Int J Oral Maxillofac Implants
2015;30:512-8.

Agrawal CM, Niederauer GG, Athanasiou KA. Fabrication
and characterization of PLA-PGA orthopedic implants. Tissue
Eng 1995;1:241-52.

Hahn H, Palich W. Preliminary evaluation of porous metal
surfaced titanium for orthopedic implants. J Biomed Mater
Res 1970;4:571-7.

Geesink RG, de Groot K, Klein CP. Bonding of bone to apatite-
coated implants. J Bone Joint Surg Br 1988;70:17-22.

de Groot K, Gesink R, Klein CP. Plasma sprayed coatings of hy-
droxylapatite. ] Biomed Mater Res 1987;21:1375-81.
Catledge SA, Vohra YK, Bellis SL, Sawyer AA. Mesenchymal
stem cell adhesion and spreading on nanostructured biomateri-
als. J Nanosci Nanotechnol 2004;4:986-9.

Hans ML, Lowman AM. Biodegradable nanoparticles for drug
delivery and targeting. Opin Solid State Mater Sci 2002;6:319-
27.

Chstx| a2 Hets|x| B4R 2%, 20161 44



ORIGINAL ARTICLE

Electrosprayfi22 rhTGF—ﬂ2/ PLGA S&HIE
Tt ElEksMIMl ZHEZETIME SAI0H 2kt 7

dl

ATE - ANT LT THY - 0|4 01F - HR|EF

A& eta 2] o g ekl A AR A g, At S A opitE o A ph A 3 ek e gt A A

J

i

E3: ¥ A& in-vitro 39| A recombinant human transforming growth factor-beta (hTGF-£32) 2} poly(D,L-lactide-co-glycolide) (PLGA) 2] &34 E E|El&
o223 | fEste], &34 0 2 ISV E S4] o nl A & &S ZAbek] f18) Al = ok
T2 o 8 oFZALS) O] ~Fof| HEZ Ay o] FE WS o] 8-3}9] anodized © EJEHE U] 22 ) 270 2 A% 3} 31, thTGF-RE 125 ng/ml &}
500 ng/ml F=2 T AL A7 o2 5t HElg U3 X BALE BakA 7} F A3 EAME A+=A] field-emission scanning electron
microscopy (FE-SEM)-2- &3] 2213}9] 2.1, atomic force microscope (AFM) testZ- o] -&-3}o] thTGF-R 2 Z 8 3t t] ~ 3.9} k=43 vl ~39] AA 7] A
o] 2 8ol 3ty 1‘4— Y23 Yol ZFFZ7| M E viF F 1,4, 7L o] A EF2] A4S MTT (3-(4,5-dimethylthiazol-2-y1)-2,5 diphenyl-tetrazolium bromide) assay
AALE Fo st
Z1t: AFM Z 3t EHZ?J% ATl A AR fref @bt Afo 7} gllT (P>.05). MTT 23} 7L 2} v F 2 7ol A 125 ng/mlgt 500 ng/ml
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