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Inhibition of Osteoclast differentiation based on precipitation time of titanium surfaces

immersed in modified simulated body fluid

Hyun-min Chang, Seong-Joo Heo, Seong-Kyun Kim, Jai-Young Koak*
Department of Prosthodontics, School of Dentistry, Seoul National University, Seoul, Republic of Korea

Purpose: The purpose of this study is to investigate the changes of osteoclast differentiation inhibition according to the period of precipitation when titanium disks were
immersed in Modified simulated body fluid (mSBF). Materials and methods: Titanium alloy (Ti grade III) disks with machined surfaces and anodized surfaces were
immersed in distilled water and mSBF, respectively. The immersion periods were 7 days, 14 days, 21 days and 28 days, and the control group was immersed in distilled water
for each period. RAW 264.7 cells capable of differentiating into osteoclasts were used to measure the number of adherent cells, the measurement of TRAP activity, and the
expression pattern of NFATc1 by western blotting. Results: The degree of inhibition of osteoclast differentiation was found to be statistically significant when the disks were
immersed in mSBF for more than 14 days on both machined surfaces and anodized surfaces. There was no correlation between immersion time and cell attachment. When
the disks were immersed for more than 14 days, TRAP activity was decreased and NFATc1 expression was inhibited. Futhermore, the decrease in TRAP activity and the inhi-
bition of NFATcI expression remained unchanged. Conclusion: Immersion of titanium disks in mSBF for more than 14 days can prevent RAW 264.7 cells from differentiat-
ing into osteoclasts. Inhibition activity does not change even if the immersion period is for more than 14 days. (J Korean Acad Prosthodont 2019;57:142-9)
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AETHE FHY Fp/deS S7H071= W F ofub+=, Bio-
mimetic depositions E3f EJElE EHof Calcium Phosphate
(CaP)E #&HA]7|= #Holt}l.” Biomimetic deposition o]k,
37°C pH 7.40]|4] Simulated body fluid (SBF)ol] @715, Al
A 295} 50| Y ofTFE}ol = apatite) Z0] BHEE BA
o]tk Kokubo 5'"0] 2703 SBF&= Q17+ &3} v]5:3h o] &
Z3& 7h g o= ofetolE AR S BT & e HE
5} golo|t}. Bohner®} Lemaitre'' = SBFE 0|23} Biomimetic
depositong HT} QHRE 072 UoJL} =& SBFY] o]29] 1=/
9 Az S 7418 JA18E 8982 Modified simulated
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1. ElEHg ClA3

25 mm diameter®] EJElg 313 7E(Ti grade IS 1 mm &
A= ZrEba 3y o 2 A EFelSITh Machined surface= =&
o2 20827 AE T 99% oleE R 2081 AlF Algste, &
22~0] B35}t Anodized surface= &F 70 A/m?, 300 V&2
3R A5 1, A A2 & 0.15 M calcium acetate mono-
hydrate@} 0.02 M calcium glycerophosphate AF-8-5}33C) &=
AFEES 99% oehE 2 A & FFroll BstQltt. Ethylene
oxide gas=2 B A5¥5}%T).
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2. Modified simulated body fluide (SBF)

mSBF&] =& Bohner?} Lamitres”} A A|SH WHH| =2

mSBFS Az} 01, 24 Table 13} et 2H323He &
Ulo A A9l CaPZRE /S 271 SlsliA SHE Q1 = 7

o] go1g AReict. ek tiadel Fasly] R woe) &
AL 1:12 ERshol ALk 2121 solution M 0.2
um NALGENE filter2 ultrafiltrations X1885}ic}. ElelE ¢
228 47] o2 RN AR AZT Table 29 0] e
o)A A5l A7k A Alssiglem, 2Ho] Bt tiasio
£ AlZ g A

3. M|ZE HHY

RAW 264.7 macrophage/monocyte cells (TIB-71, ATCC)
£ Heg taa 2o vjFstelt). 6-well plateo] EJE;
¥ HA3E stA] Zol mSBFE A A &, S/RFE
mSBF¢} 53t oFo 2 53] AlF 5Hch AlE & 5 x10* cells/
well2 AF 519t v L10% fetal bovine serum (FBS,
Gibco, Rockville, MD, USA), 100 U/ml penicillin, 100 pg/ml
9] streptomycing X+ Minimum Essential Medium Alpha (o
-MEM, Gibco, NY, USA)= AFE-5it) 37°C, 5% CO, Q14|
ofEfol| A mlj st} A+ & 19 Z33sto] 100 ng/ml] mouse

4. Cell counting assay

7y7}+ Zlor=

247} 20171 7|1210kE mSBF| HAAIZ] Elebg AT E ¥
6-well plateo]]| RAW264.7 H|ZZ 5 x10° cells/well 2 3= 3t
3 RANKLS #shx] @it 3U7E cell cultureZ F18351ic).
o] & gleby AIE M2 L 6-well disc2 74, AT &
o= Al CCK-8 kit (Sigma aldrich, St. Louis, MO,
USA)E o|-&sto] FH5Ieh 7z 15 E = 3319 testE %I3Y5}

gon, 38 27515k
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5. Tartrate—resistant acid phosphatase (TRAP) activity assay

mSBFof| A7 Al7l AT E 6-well plateo]] $71 RAW264.7
AZE 5% 10° cells/well 2 AZF 5+ 5 AL vjokS Als§atoict.

19 ¥ RANKLE H7}5t0] 28HIEE & T 637 ety

t}. TRACP assay kit (Takara, Kyoto, Japan)& ©]-835}o] 735}
At FA 9] p-nitrophenol phosphate (pNPP)7} 521 %191 p-
nitrophenol 2 Wk WS- B A0 THES Sk,
2ohE 2z} SHEE SH5H: ol LS HT FPEE
spectrophotometer (Bio-rad, Hercules, CA, USA)E ©]-&5}¢]

25k 0m, 405 nmoll A 5515t

Table 1. Dual solution preparation of modified SBF (amounts to a final mixture of 2L)

Weights of starting materials (g/L)

Starting materials .
Modified SBF
Formula MW [g/mol] purity [-] Sol. A Sol. B
NaCl 58.44 99.5% 6.213 6.213
NaHCO, 84.01 99.5% 5.948
KCl 74.55 99.5% 0.450
K,HPO,-3H,0 22822 99.0% 0.462
MgCl,*6H,0 203.31 98.0% 0.622
CaCl, 110.99 95.0% 0.584
Na,SO, 142.04 99.0% 0.144
Volumes of HCl solution (ml/L)
HC1 1.00 M Aq. Sol. [mL/L] 0.850 0.850
SBF: simulated body fluid.
Table 2. 4 Groups according to treatment method
Group 1 Group 2 Group 3 Group 4
Surface Machined Machined Anodized Anodized
Solution DW mSBF DW mSBF

mSBF: Modified simulated body fiuid, DW: distilled water.
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6. Western blot

RAW264.7 AL E HF3 & 1Y FHo] RANKLS Foj5}
1, 397 ujeF sk¢ith. PBSE washing 3 T]AFof Eojgls
M| 3ZE lysis buffer (20 mM Tris-HCI pH7.4, 150 mM NaCl, 1
mM EDTA, 1 mM Na,VO,, 1 mM NaF, 10 uM PMSF, 1 pg/mL
aprotinin, 1% NP-40)Z w|ojfl Fof] 2082%F lysisE K513
t}. o]= 8% SDS-PAGEE E3| proteing 27| €2 &5t &
nitrocellulose membrane (Whatman, Dassel, Germany)ol| ©]%
AlZ]1 3 NFATc1 antibodyol] ¥F-&-A|Zit}. ©]2 enhanced chemi-
luminescence (ECL) reagentZ 0]8-5}0] sl ghazlo] ok =
gotdet. SHA o] ti R O & B-acting AHESIIT

At
1. Cell adhesion test

mSBFe]| 7 AlZ1 7]7to]| w2t RAW264.7 A|327} Elehg
tAFo) Bashs Jrol| S nlRlEA] oS dotEt
th. mSBFe 7, 14, 21, 283+ R A7 Elebg tjAF0] £
N AZES 5 SHT 2d3t= Fig. 13 2t} Anodized

surfacel} machined surface, AFo]o]] §-2]5F o= Qigi ooy, &

Effect of mSBF on Machined surface

A 7R1el e s BAR R folh Rtol Ylgitt.

2. TRAP activity assay

rir

TRAP &/dE+= = A9 73} Frof wet F71etth
TRAP ST & 731, mSBFol| FA A1 7|7l uhe}
EHg AT 52 AZO) 23} HEES & 4 9k mSBFE
315 A7) 71710] T TRAP B4 = Fig. 29} 2tk 149 o
A Z1A A171 EleHE A F0) A= machined surface, anodized
surface Lol Al TRAP activity7} 7ZrA8l= o] &= Q).
79-& AR AIZl ga3o] dnjaiA 149 JAE A7 g AT A
TRAP RAIE] 247} BAHOR fojt 5202 a0
ot 149 o]} FA AIZl A AE Alolo A= TRAP B4 %+
2 wfol} Lhehbx Q2stc 289 A AIZE U, 142,212 4
A A7l 23 B} TRAP @457} tha Z7lslglont, 7
R0z fola $EE ohjw, 747 AR A7 tlAaw, A
N717] ke tiaziol vlshis TRAP B4/} SAROR &
ofst 3 0% 74t

3. Western blot for osteoclast differentiation marker

RAW264.7 A|Zo]] RANKLS &a|sti UA] ¢F 62 A% x|

Effect of mSBF on anodized surface
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Fig. 1. Cell counting test. There is no significant difference among the groups. Deposition period dose not affect cell adhesion.
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Fig. 2. TRAP activity on Ti disc. More than 14 days deposition period, TRAP activity was reduced regardless of surface roughness. *P <.05
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Group 1 Group 2
Immersion (day) 0 7 14 21 28 0 7 14 21 28

NFATc1

B-actin

Group 3

Immersion (day) 0 7 14 21

NFATc1

B-actin

28

Group 4

14 21 28

Fig. 3. Western blot of NFATc1, B-actin. Group 2, 4 show decreased expression of NFATc1 after 14 days deposition. NFATc1 expression of 0, 7 days deposition
were not different among group 1 - 4. Group 1, 3 show constant expression of NFATc1. NFATcl1 is a final signal transducer of osteoclast differentiation. -actin is

a control of protein expression.

W Sof| NFATc1 9] Hd-& e 4= Qo mSBFO HHAIZ] E]
EHE tJA T o)A NFATc12] ¥3 A Fig. 31 Zt} TRAP
assay®} FASHA 14 o]/ HA A7l tA A += machined
surface, anodized surface . 5-of| Al NFATc12] W& o] ZhAgH A
o] Tzt 747 A ARl A F ol A= ZF T1ETbol| &Rlol7t
UpelLbR] St 149 o)A 21H AJ7] T A S0 A= NFATe1 9
walege] ofzre] sk BEit, 0,79 A A7) ol
A dego] ZAas As & 4 ot o]t A= TRAP

Eet dRfohe e HolEnh

2
~
%

k|
mSBFof ZA Al7] Ti disc2] BH- Zlp/gdo] Z7tsin, 1
o[ Ux]7} Z715tc)."” mSBFo] o3k EH AJAlo] gl A o

Z}Fol= 911}, Machined surface?} Anodized surface 50|
A FEE O 2 YEpdtt of2fgt HilE a Alxo] Eaket &
& Z7HNA1 A, FEA L] BoHE RS E4E Bk
mSBFo] A AlZ1 A]Zke] ¥Hsto] whetba] Elety BHAA =
A3z e] 238 o] ofEA ¥steh= Kol tisiMe= L%l vt
7+ giSich.

EJe}E ¥ ol ubgkA Machined surface?}t Anodized surface
Q813 FRao] FAA AlR23 mSBFo] HEAT 2 5
£ 4709 Fel 2o thro] A7E WS (Table 2).
mSBFo] Al5isHs A0] 742 Alze] 2t @ Ao ulxl
kS rolH QT RAW264.7 M E = ul-Z AME9] I']:r" A|3Z Q1
Macrophage, monocyte® RANKLS vjFoHo]| %7}olH, b=
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1@%@] mSBFQ] 7-‘97‘:_'1 /\]Z_}O] 03 U]X] x] o;]]:l = OPO]-E_O}
o} Fig. 1o ®0]3= v, mSBFe] AAA7IE 212 RAW264.7 A

Zo] Bzl gl =] JFS n|x]X] &= 7o 2 Holtk mSBF
£ XE5HK] &2 AEl9] machined surface?} anodized surface
2 743l Eeke DA Atolol A fLolst boli Holx] ek
o A8 AlZhol T Wt P ABER g S Byt

RAW264.7 M|3L7} RANKLO] oJs dg& o2 at& AE2

£}l A =H, TRAP activity7} Z7I5tch ob& MLE 7=
=S F "I‘O]"E oJghs sh, ol FR7E AT S Sk ATt

Tartrate-resistant acid phosphatase (TRAP) o|t}.” TRAPS] &
Ael] FHL Z o= MlEe] 4% Fret WRoH duE
t}. mSBFo| &1 A]7] AJ7Fo] u}2 TRAP &84S Fig. 29} e}
machined surface, anodized surface RS-0l A ZH 14 o)A &
groupol| A TRAP &/d¢] ZFA7F B Ylch ZH 7X}bo| = TRAP
2/ et WEEQ O, tiad vls) FAXSE Folgh
Atol7t gltt. 14 o) A AlZl AFE 7He] Rbol= AKX &k
ou, o o A A7t} si= TRAP &/gdo] 1o] H]#stof 2F
ABIR|E okt 28U X A]7] anodized surface EJEFE T]A
SLolA= 14203 WT} TRAP S40] Z71ok30L), BAH2
Folgh zFol= Gt olF Fa mSBFoﬂ HElg 238 14
& o) HHAIFIH YESHEQI &/do] Fi5] e, o @
Yol 2A A AT EAO] Het= %4)\1;}\— AL oF 2= 9t}
RAW264.7 Ao RANKLO| =43} 3, oja] 7}x] A5 =gk
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ok
Aot} gb AlZo] ERFFQ AL HEH S

o)1= AA} QIxfolch. e NFATc1S] B e RAW264.7
A2} sk AEz g or Bolshs 2& € & e #4
A} % shutoleh” mSBFo| A& A71 Elebg tlA o)A wljokst
RAW 264.7 M|Zol] RANKLS ZH8-A]7]11 western blotS =5
NFATc19] 28 oFAMS ol Axb= Fig. 31} -t} machined
surface®} anodized surface B Fol|A] AJ-2& 0 2 NFATc19] ¥
o] #EET mSBFo]| 149 o] A Al71 1594 NFATcl
o] whedwfol] Zhash= ZAo| #EFLE 79 AR FolA E
AL A GASHR] = Ao 2 BRIt of27 14Y o4 #
A AZ AFAME T ad o] ad=E fR1EH
Group 29] 21¢, Group 42] 28 ZH A|71 oA tha U
o] Z77F BolX|gt, thR I} vluwotgl S w, WG S
sk Zlo g Jeldt

W& 5ol B2 FARIADE F 20 NFATe1 S oj2igh A
A \ o
[e)

—

PEERA 2154 371, BHUR] F7hek @, ek
sfolch. o]l BiakE KT 4 Q= olgHel A £AL B
7ol Basieh. Wk 3A ARkl Aojx|wA o]l Bdo] wat
shel, B4 ARRKE 3A A7 5 mSBFE AAska ohE A
2412 slotol & Wast ik, ol A7 ESIA mSBFe]

o 1
A AT ARl W ShEAIE 235} A 52 14 o=
57 AlolM G751 Watshs ez Btk FE3 49
CaP 27o] Rztsh=tl 223t Al7to] 144 Fregtal o 3 &
At} 5P mSBFRFE CaP 270 HEsl= S8 d 4
floLh, 14¢ o) 37°Col A ARAZ e, FET
= A& & 7 Alek 32, 149 ol AR MRS
ool Hat= UEPA] ¢= 2o = Kol of 149 7
Zi& w, CaP 272 Fzto] FPol thhE Aol FH6l & 4
ATk 12150 28U7HR] AR AR W7EA] Bk A 28t A
2] Wshrt gl 2o 2 Kol mSBFo Z7I7t Rshe A
ol A7t ElX] & Aoz Bt

7%t mSBFol| HAAIZ] Elehs oAM= 23
A7 HEFshA] 7 14 o) ARA 71 =AM 24
st Webdth mSBFo| ofet Elehy T o] Hato] 14<d
o)ge] Alzto] o st o]fe W= CaP 279 A& £
ol & Ao AzhEnt. Aol 9T nATS 2le
2 2571 et & AFtellAE AlE uld 2291 37°CollA A
Zhe TSl o, o] =8 REAU ol 2% A

S} ekl Al Yok Bast it

i

4

mx

=
[ -

mSBFol| 27 Al7]= AIRE2 RAW 264. 7 A|3E&] 72} 9l A
Eolle IF= nIAIA| et 14€ o) mSBFof| HAAR] E

EHg tlA3 FHolME RAW 264.7 AlE9] B317} A=,
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Sl @ 3= machined surface2}

2
anodized surface oA 5 Lot FAl-S Helch
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