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ABSTRACT

Study on adhesion of preosteoblast in three
dimensional polycaprolactone scaffolds of notch type
strut

Seong—Ki Son, D.D.S, M.S.D

Advisor : Prof. Yeong-Mu Ko, D.D.S.,Ph.D.
Depar tment of Dental Science

Graduate School of Chosun University

Most 3D scaffolds consist of round strut. Round strut has low cell
seeding efficiency. Notch strut morphology enhances cell adhesion
and proliferation and leads to the development of successful iIn
vitro tissue—engineered constructs. In this study, 3D PCL scaffolds
were fabricated by using notch type nozzle via fused deposition
modeling (FDM) to improve the cell adhesion and proliferation. In
addition, cell seeding in scaffolds can be promoted by generating
strut feature within the 3D constructs. The 3D PCL scaffolds in
this study were fabricated by FDM 3D printing. The fabricated 3D
scaffold in this study showed good interconnected pores structure
compared to conventional porous scaffolds. The notch-type strut
of 3D scaffold was successfully fabricated by using notch-type
nozzle equipped 3D printing device. 3D scaffolds were
characterized by scanning electron microscopy. The proliferation
and differentiation of MC3T3-E1 preosteoblast cell cultured on the
3D scaffold surface in vitro were evaluated by fluorescene
microscope and alkaline phosphatase activity, respectively.
Compared with the round strut of 3D scaffolds, the notch-type
strut of 3D scaffold demonstrated the higher cell proliferation and
adhesion. The presented fabrication methods of 3D scaffolds in this
study provided potential application for bone tissue engineering.
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A2 & Az & 2E

Hd 1 & 3X& PCL AJHEBE HE

'

AEUAM AM8EH= 3X2 PCL AMNESE= WEZHIIEHRapid
Prototyping: RP) 3 X HIOI2 E2E AIAEEZ 020t M=EolHCHFIg.
1). ®X Polycaprolactone (PCL, Sigma-Aldrich, Mw: 45,000)2 3H5xED|
B FXIo AelHol €1 I2ez Jtgst = XZF 20 mm, =0 3 mm, pore
size 500 um, strut size 1000 #m 2| Round type strutdt Notch type strut
SEfS AMZESZE HMZECIH A2 AFE6I|CH. Fig. 2= Round type
nozzledt Notch type nozzle= & CHSH Z1&O0|C}.

Fig. 32 Round type strutdt Notch type strut22 MZLE 3XH& PCL AN

SO ZStH0l AMA S LIEHH H0ICH
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Fig. 1. 3D Bio—-extruder equipment.
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Fig. 2. The structure of (a) round and (b) notch type nozzle.
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H 5 &2 X=RBAE 23

Round type strutll 3Xt& PCL AIHZE & notch type strut 2 3XH& PCL
ANECS MEON E{X MC3T3-E1 MIIEE I 24A12F & 23X E WA 6t
0 22 OtCH 2SHXE WXSHACH. 420 82 = well platedl cell
medias HMJiotLd PBSZ 23| MIES = KX lysis bufferE wel & 150 #£
A AM 202 2F wise mixE 0|20t0d WEHGIYCH. A3YHE 0lZ6t(d

wel [LHOI EM3dt= MEE F=Z6H0 microtubell &2 = 4C, 2500 rpmdil A
102 S0 AAZ2Iot] ASHE MZ2 microtubelll EHAFLD HS22 Gt
A F =2 F7CUHAM &SHOI €21 microtubeE HIY = 0.1IN
Glycine-NaOH buffer2 15mM p-NPPEE M S 50044 FHIIGHH 405 nmUlA &

Ci
yC
25T E =TS0 ALP (alkaline phosphatase) activityE HAHSHRICE.
CHHAl H2F0l= Bradford MethodJt AFSEIRUACEH. 1mg/mé bovine serum
(
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Round type strutll 3Xt& PCL AIHZE = notch type strutll 3Xt& PCL
ANES MEO0 HXE 12 well plateOl BHFE MC3T3-E1 MIES 1x 10°
cells/mLel =2 mMSEGIYUCH (n=3) D2l 2AI2F =& 2.5%9
Paraformaldehyde(Electron Microscopy Sciences 15714) 2t
Glutaraldehyde(SIGMA-ALDRICH G5882)2] E& &Mooz 2AI12F ¥ NS 6t¢
F=AD 102 S PRS2 0I80t0 MAGIH & = Osmium tetroxide(SIGMA
ALDRICH 201030)E O0I&5t0 302 St & NHS XNHGHACEH. 70%, 90%,
95%, 100% L2 FHIStH AXZAIA =UL HUDS(Fluka 52619)E Ol E5HH

BERA0 S0tU= L=2S M AHOHRULCH.

bl

2. SZY0IZ0 ost HEHS St ME Xl
Round type strut2l 3Xt& PCL AIHZE = notch type strutll 3Xt& PCL
ANES MEO0 HXE 12 well plateOl BHE MC3T3-E1 MIES 1x 10°
cells/mL,e === IEBotUCH. NE IS = 24A12H01 XILtH PBSE 01 E36t
Ol 23] MI=GHACH. Live and Dead Cell staining kit(Biovision #k
501-100)2 ArESH0 2 wel |E Iml& SMAI%Z HIIGIH F=ALD, 37COl
QUCH. 229 3XHA PCL AHEEE M

to & ES0IB22 &6 LA 4TOHA 2
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Fig.4= 3Xt& PCL AHZEC HUHEAS 2ESDIIRAH FAMKE0IEL

2 H2 AFNOICH. round typell 33X PCL AMEBEE=E N2 s2 EEHY
Of HHEAZ 20/, notch typell 3Xt& PCL AJMNSESl HEMHE nozzle

Fig. 4. SEM observation of PCL scaffold with (a) round type strut
surface and (b) notch type strut surface.
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Fig.b2 F=AMEXSE0IE S 01Z5tH round typedt notch typell PCL A
ZC HUHNM 22 SO HHLE XZ2MES =Rs 2EsH ZIH0ICH
notch type strut EEHCl 3XH& AIHZSEO0MM HEZ S round type strut &
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Aoz 20t MESQ seeding &80 £E2 A
2

spreading0| CHE=9 33X PCL AMEE BC} =0l MESZ0 K2l

==

I

.

ot HEE M3Ie HE 2 = UMLL
Fig.6= 22f2l 3X& PCL AH=ZE HB®O0| MC3T3-E1 AMZMES0 0O

round type strut S EHSl 3X& PCL AINESEE AIE6H

strut EEf2l 3XE PCL ANZSEE AETZOZ AMECHULH EZ=EAEQ]
= ol

AIHZES HEF A0l MC3T3-E1 MESl SA0 Z&
as 2 & A/UCHDeclercg S, 2013).

Fig.72 HZZ2 round type strut 3XH& PCL AHZESt &2l notch
type strut 3XH& PCL AJH=E HEO0 CH8 MC3T3-E1 AIZS ALP &%
£ 2tFet ZN0ICH 2EHZ W 42MUM=E & 2S2H2 XH0I1JF LRI &2 RkK
Bt 8L MU notch type strut 3+ PCL AMEZBE IS0 AM MC3T3-ET
NIZZO| ALP &4 &It ZOtsh S Eolg £ U/UCH(x<0.05, **P<0.01)

Fig. 82 MC3T3-E1 MIZ2| live and dead cell AI&IS LIEHH Z30ICH Ol
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Fig. 5. SEM micrographs of the MC3T3-E1 cell seeded on (ail-3) round
strut scaffold and (b1-3) notch strut scaffold for 2 hrs.
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* P<0.05
**P<0.01

® Round strut %
Notch round strut

300

250 |

200 |

*

150 | | |

100 |

50

Percent of cell viability (%)

1 3 5
Time (Days)

Fig. 6. The proliferations of MC3T3-E1 cell seeded on round strut
scaffold and notch strut scaffolds for 1, 3, and 5 days. (*P<0.05,
*xP<0.01)
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Fig. 7. ALP activity of
scaffold and notch strut scaffold s for 4 and 8 days.
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Round strut Notch strut

X20

X350

Fig. 8. Fluorscence images of the MC3T3-E1 cell seeded on round strut
and notch strut scaffold for 2 days.
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A4 & 0F

SN dH E2XEBs 20HA =ASSE NAMZE AFEEes EHe 33

NEXNZ= alginate, chitosan, collagens0l UBH, &4 D2EX=ZE=

Poly lactic acid, Poly glycolic acid, Polydioxanone, Poly —caprolactone

(PCL)SOI JACHR XA S, 2010). A= 2 AP0HA AL=2E polycaprolactone

(PCL)E 2 JES XD U &M Zel AAES D UCH. GHRIgH, A4

S AU YD, =J19 ME 20l KA =I| Ml
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HECHChu, 2013; Kingshott &, 2011). SMHMX TS MMM=2l XXl

MOl et = E20| OIFHAILD UL, MYy MHEL HMHZE dHo=z2EsE 3

H  HMEQ et (traditional methods)lt SFF (solid  freeform

fabrication) €O 2 LU= 4= UACH, HWEHQ MNE HHOZE HA=EY
E]

(particulate leaching), & &2l (phase separation), Ol&tSH EFAE Ol
st DUIIM HWHEE(high pressure gas saturation), w®3sZ 2AXH
(Emulsion freeze drying), &% &= (Fiber bonding)S0l U2H (Lo S,
1995; Mooney S, 1996; Kang &, 1999), SFF 2O == SLA (stereo
lithography), SLS (selective laser sintering), electro-spining, 30 Z&l
& (3D-printing), 30 E=2& (3D-plotting) S0l R[UCH(Hol lister &, 2005;
Williams &, 2005; Lohfeld &, 2010; Shuai &, 2013; Tan 2003;
Rimell &, 2000; Shuai &, 2011; Seitz &, 2005; Lee =, 2011; Luo S,
2013; Son &, 2008).
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3XHA H0I12 S22E AAE Jl=2 HZEE round type strut 3XHE AJHE
E 9 notch type strut EEHSl 3XE PCL ANZEQ HUHEH Y M=sH
HIIE 2FEot¥ D, MC3T3-E1 MEE 0|0t MIELe 2 L A= X
AGH S 22 Z2UE TSGHRALL

(1) 2 HF0A AI=2E 33X PCL AMWE=E= FOM Aol 3Xta ZIiE
lgez HMESHALE

(2) H&E 33X PCL AMEE= 01X AMZES0 BISHH JIs &St

= 218 EOI5HALE.

(3) EHEA AN notch typell 33X AMNESUHAM LFsH 2302 F50|

&l EHE 2 &= UJULCH

(4) Round type2l 3X+& PCL AIMZZO0I BIGH, notch typell 3Xt& PCL

AHBEE =58 ZUHEEZ QoW MERE 230l f=otH =20

e
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>.

50l
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2280z 2 AJZUHA AFE2E notch type strute 3XH& PCL AMEEQ
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