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Stem cell attached 3-dimentional printed polycarprolactone scaffold
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2 % EVMEE 7INteR g MEX2AE A o4A] AFEo] Yot ArEHE 7|5t ojEH. o8 S5
Aste] E7IAZE AT + e TS AEgASe] =0l Z8HI Ut olFA T HEEAE
3-dimentional 3D) ZAYsI] ANEEE e 39, S 359 UETF oHAE ARD 5 A2 B ofye,
S7AZE gAlSH 2ARAE 7IAFCR HYske A AMEAEAERAY adRE 42 5 3
Polycaprolactone (PCL:& AYE & ofyet @A 7Pg de] 20]al Q= 3D g 240]7] HEof, PCL& ZdY
Sto] AxgAlz 28 3¢ w2y FAAY 7leddE 2 4 Aok sHAT PCL 2Ale AZEAIZA 9 g5l
S-8HA] Eshe], 3] YR Axuto] PCL HHA BEJH. £ AFolA= ol S5SF7] A PCL &40 Al
o] FAlsHE SdstEE 208 24 siglnh PCL EHo] E=t=2uke A2shs 24, PCL #¥-& E2H 29A
2], PCLY 3D Zdq 34, Azejddd |73 § 0 2302 vz sto] PCL 2419 A7 FXFE7 4=
AZGEA S AT AxEA s FIAHL LA E2hl I3 E2t=ut A& A&, Eeh=ut
2 & 3% 2 28 SIS W AEFEASEC] 7Y e USIAL, AZgAsE 9% & & U=
Al ey A7EE0] 2SS A8-510], spheroid AEHFA] 71E9] dAA ZHFHET FA5Eo] S0t
< ZUsted, AMEEY FrE AZFATEH dFS FA ZAE SIS o] W2 PCL £418 AlZ
HAZ 283 gftt AFE A=t gt

Abstract Stem cell therapy is not expected to bestow any therapeutic benefit because of the low
engraftment rates after transplantation.Various cell-carrying scaffolds have been developed in order to
overcome this problem. When the scaffold is formed by 3-dimensional (3D) printing, it is possible to
create various shapes of scaffolds for specific regions of injury. At the same time, scaffolds provide stem
cells as therapeutic-agents and mechanically support an injured region. PCL is not only cost effective,
but it is also a widely used material for 3D printing. Therefore, rapid and economical technology
development can be achieved when PCL is printed and used as a cell carrier. Yet PCL materials do not
perform well as cell carriers, and only a few cells survive on the PCL surface. In this study, we tried to
determine the conditions that maximize the cell-loading capacity on the PCL surface to overcome this
issue. By applying a plasma treated condition and then collagen coating known to improve the cell
loading capacity, it was confirmed that the 3% collagen coating after plasma treatment showed the best
cell engraftment capacity during 72 hours after cell loading. By applying the spheroid cell culture
method and scaffold structure change, which can affect the cell loading ability, the spheroid cell culture
methods vastly improved cell engraftment, and the scaffold structure did not affect the cell engraftment
properties. We will conduct further experiments using PCL material as a cell carrier and as based the
excellent results of this study.
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1. M2

PCL, Poly-co-Glycolic Acid (PLGA) 59| 182}
A4 &2 collagen, alginate 59 AA4A]7} o]4]
3 2AEE AR 85 e [1-5]. Felle
3D Yo g ANEEE HUsHA Alojsto] A&
2A 22 AAE #4718 7144 e 5 98
E/do] vigdE AHEEE ARt JoH6)

E7M 2= FAT E37t 7hsote, AR ELlo] A
sto] APEAE FESIL AT A= 7|chEof g
£ W 5o 7t B oy, At A £ ¢
o] NAAR] Aol et 477t mlnlsit) [7-9].
Argolit ool WA A AU 7N R= &4F
A= olF, A, 34, Eiete BE SAHE AAFA
E4E FER [7-9] E7MEAERES S7MEE
QR A Bligste] FASH] 2o E71MRSE 7%
2 ABRE AR AT QR A Hjksie] st
= E7IME7L ARl sl vl S35 Rk
E5] ALHH FAHES molr] el 7Py AsEE
FIFAY AS SUAE = SV AAeR
HA|7] ol SRR BEE AEe F9] F,
HAFA Hojd Ao Azteto] FFRTe A
gol Aot [10-121.

3D printinge 42} AFQE T EopolA 7Y A4
L7t HlES PAE EA9L, ofA7HA] AEStE T 7]
=70 @Al HEE3 Qieh £39] 3D Hio] Qg9
3% WHEA] AlEu 2&o] Holgls ZAA ZY"E
FYoHAY, Y T NEE FIAIACL 517 fi7e
Z700] FA| 7IthETh AREARA 7P} 46ttt o
27 Z2H19] % 3D printing Ho| 2 JAZ &85t
719l Hl&o] Y& HIRAL, 3D printing ¥ 34 4
o] "ozt [13].

PCL 249 ¢ g &9k ofvz}, ¥5% 3D
printer 2 ZHAEEY] AJ4lo] 7H5517] wigol] FA4
I YL SAlo) 7L 9o, 3D printing?] AR
Q1 Y 7 Y% feote] B9 EYFoE &4
H 2o g os AFT & S Byt ofut Al
£ 2L AF EARAE 7IAZ R AR sk Aol
7Fset MEX 28 o|ARE &go] Msdit [14-15].

SHA9F PCL2 printing & AIZE WdE 49 Al
9] BaFsgo] vl LA, A ZGA2A Y] 5&42 =
5] Yt} ol& WAst] fste] FEHl goly St
ul 2] 5 2 =23 fARE S ARSSto] Al gzt

2 IR ko] sl AztEo] Anht
MAEYEAE 20z ANSIAE kit [16].

2 A77e PCLY HHLS SASIEA el Az
59 sl olg 4A1Hog AN, 3D el
Yoz AT PCL AREES] HRE thesl A2
& AEs BHeln AEe] RAEL felslo] PCL A
ABeo] ARRAES sl 2AL Sgstol &
QA7) Hestit Gt

—[oln

&2 A= PCL &40l E71AZE st o14] 7h
S8 ANEE ARE BHE 2019 | 1 ol A=
ot S7IMZE Al 1 3] 717k 7 4= 7ot

Qb Xg=of 2019 W 4 H7kA] A=

BN

2.2 AEuH

2.2.1 MIZHH¥

Z7|MEE Promocell oA FHAEE7IAEZE 1)
sto] ARgetth A7 10cme] ¥F AlEsjFE Al
1X10° 7HS] Al=E 5% olAtslera, 37T, 100% H%&
Z7A0A jeFstel 3X10° AZE 4ol =2elw Adh uf
oFstgitt. At HieF Al 1X10° 7HQ] A2e St B
Eola ofi9 AxEE Ad wigetq AHEE 7
5X10* 719] AlzE 2k

Spheroid ¥igE & ARol= E7IAEE AdulE
gt wjoll, A=A Al 8710 1X10° 79 =S
295to] 48 AIZF Fof §%tO.2 spheroid7’t F44E A
< ERlst] AHEE o 5719 ARTAE 2H5te] A
Aol ArE-sHATt

i

2.2.2 PCL AHEC H|Z

2AMEE A2 Alg2E PCL (molecular weight
= 80,000; Sigma-Aldrich, St Louis, MO, USA)°] A}
|Eglon  HlE A AR
tissue/organ duilding system (MtoBS)2k= FDM
219] 3d printer°] AREE AT

Computer-aided

multi-head

design/computer-aided

619



A7 &5tE] =74 #1204 A8ZE, 2019

manufacturing (CAD/CAM) system= ©|-83] 2l
= Xgsigict. AREEY 4L F
width® 300 pm, pore sizex 300 um °©]H &o]=
400 pm otk Z go]oj9] f== 47l Z} Fojoig]
= 100 pm olh. gololE 7He] B2 ARRY
£ olF1 Qlth

PCL AHEZEE A7l %A PCLE  steel
syringe®l 21l 85C = 4057t 71IAIA HAA =
U= & 550 kPa 4oz EEAA ARSI

7 5.5 mm line

2.2.3 E2t20t X2

Ezut HEle F AR APsiith A WARE
3D =AY = PCL scaffold&
parallel-plate chambero] ¥1 E& t7|¢< 760
torrol Al 25 49 0.08 torr7HA] Wi A3/dH 24
£ T=EA7|2 F HAE 100 scem (0.1 L/min) & F
FOog At 719 B7IE FYskaL 187 E=ut A

2|3t

stainless steel

224 244 3E

AL (FFUL FgTtstoA
type2 atelo collagene ARESFATE 36.8% HClS
107 N HCIZ 9H=7] 913] 100 ml Z52ro] 8.5l
HCLE 4] 3431310l o] 84 33.3 ml & AHA] &
49] At A2 & 4T o 24 A)ZF Bsto] Z2HAl
|94 (pH 4.00& W=t

43 2 &9 (pH 7.9 ©=7] o =2+ &
4 (pH 4.002 10X Dulbecco’s modified Eagle
medium (DMEM) solution¥} reconsitituted buffer
(2.2 g NaHCOs, 4.77 g HEPES, 0.2 g NaOH in 100
ml distilled water) & 8 : 1 : 19] Juju]2 Z3ls}0]
Azt

ZA5lE 24 89 2 ml & PCL AAE=0] B3
Sl 4204 60 & X5t ARAIFTE 1% & PBS
(Phosphate buffered saline) & 33] A3t & A ZHj
&F SHt

ArsE =3 97

(SR A W

o
-

2.3 2

2.3.1 ME4 &3

ciopslA] Hele A0 96-well A|= B} t]4]
<, HR2Z MRS AASH] f15te] 4A17F Aol

=HOo T
ECE A

ZrT L
=—1

Oﬂ o1 T
AN22 96-well A vigF TH= A7
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72A17F &l Dojindo AF9] Cell counting kit-8 test
£ B35t AZSE ERlstaTt

2.3.2 M OJ0|H

ANz J4Z o AEt 517] A8l 4',6-diamidno-2-
phenylindole (DAPI; D1306, Invitrogen, USA),
phalloidin Aelxa Fluor 488 (A12379, Invitrogen,
USA)E AH&sto] HogddaE Agstgict.

PCL AHEEE 4% paraformaldehyde (WAKO,
Japan)°ll 108 &<t &4 IHAIZ] & PBSE Aot
18H AHBEES 0.2% Triton-X 10022 1087 &
H EFASIAZ] kL, phalloidin ()3} DAPI (3
A LAHoR JA T oA A B F =

A @ue Agstel sl

2.3.3 EAIXzZ|

CCK-8 testS 53 H 5314 uhzstol
X L= HELE IR & IO E o HA+EEH
A2 AT A ZETHRI SPSS 18.09] H|24
EARQI one-way Kruskal Wallis®H&
It p value 7} 0.05 ©J3}] BAZHC=Z
Zog wsltt.

o
s

Fig. 1. Conceptual scheme. (A) Implantation of 3D
printed scaffold or Injection of stem cell.
Both strategies did not achieve the expected
therapeutic benefit. (B) Convergence strategy
of 3D printed scaffold and stem cell. The
combined strategy is expected to promote
recovery compared to each strategies.
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Fig. 2. Schematic diagram of PCL scaffolds. (A) The
scaffold’s pore structure was designed as a
lattice type (5.5mm in diameter and 0.4 mm
in height). (B) This scaffold is triangle type
(5.5 mm in diameter and 0.3 mm in height).
Both scaffolds have the same porosity (50%).

PCL 27f&=0) E7142E =9 % 35 E7AE
o] FAFe =Rt A AlES] 3.5 73% o &3
sto] 72 96.5% o] AlZ7F EAEE 7;& TEE AT

(&E]). TR AMIEES WS IFT FS 5
of weba] Alao] Fakgo] F7ksto] 3% FEHdlS At
|19 A 40+1.15% 9] M2} F2tE| o] A ZE2}
E0] o 1144 A=A, AEEHES 36.5% A
StETh (1).

EHA9] FEt F71g wEt Al °l =]
ROt 3% ol EFeHdl FkolA= *ﬂ +Eo] A
AR okgkth AEC O] TH Ea‘ri% Xi?%o& %

Aol BIZL 232+1.62% £ tFFo| H|FIo
6.6 i /M=o, 3% S=HA i‘%‘i‘:}—‘:— F2E
MASHA] Eshqiet (1). é?H%E #H| E=h=vt
AEgl o]F, 3%9 FEHlo=R IHENS e
53.7+4.51% o RAES Ho] iRy HT} oF 154H] &
7H A& HojEt (1), ol & P Aejet Zapl
TS o] MYt Ao A5 APt e AL 9]

i wo 12 Ho

AIREEL] fL27F B2 JFZ PIFHEAE &1
5171 95te] 22 50%2] porositys 7HAH 2 44
2 A&E TNR mesh A7FEEC] AZ2E FaFofo] v
6}04 EOH:]- (3%2). 3719] AdolA 7P 945 22
TES HW E920 Ay £ 3% S 29 S
Ho]"ﬂ_i ARE P2 A3t ANEEY T2 AR
9] R2Eof| FOJ3t AJolg HolA| STt (#1).

2 Aol 33w AARE EEsto] A2

AE 25U W] M29] FEE BT A2
TAE 29 W= IA 7P F2lago] =39d &2
Zut A2 7 3% Il R ANESE ARSI
MIEEE 50% 9 porosityE  7FRAl Qo
posorityS 431 U= pore?] 2732 300 pum ©]
th. AZZAE 1X10* A9 AlZR A= o] 2Ao] ¥
42100 o4 500 ©f o]2x=H], 2 AFtolAe AlZA
PA A7HS 48 A7t B FHE3] 4 300 D49 Al
ZAAE 25, Mz AEZFAF Gl Foid A=

9} B3l 116+2.71% o 224 HATH (F1).

F[‘

Table 1. Cell attachment rate. Depending on various conditions such as collagen concentration, plasma
treatment, and cell culture methods, showed different rate of cell attachment. Plasma treatment and
collagen coating were synergistic. Spheroid culture method showed increased attachment rate in all

groups.

Collagen (%) Plasma Sacffold Structure Cell culture method Cell attachment (%)
0.00 X Fig. 2.A Single cell 353 + 1.73
0.05 X Fig. 2.A Single cell 12.61 + 0.21
0.10 X Fig. 2.A Single cell 14.65 + 4.56
1.00 X Fig. 2.A Single cell 23.76 + 1.45
3.00 X Fig. 2.A Single cell 40.06 = 1.15
0.00 O Fig. 2.A Single cell 23.18 £ 1.62
3.00 (0] Fig. 2.A Single cell 53.67 + 4.51
3.00 O Fig. 2.B Single cell 53.75 £ 5.12
3.00 (0] Fig. 2.B Spheroid 116.04 + 2.71
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Plasma + Collagen 3%

TNR mesh Structure
Plasma + Collagen 3%

]
£%

o
w

Collagen 1%

Control Collagen 0.05% Collagen 0.1%

Collagen 3%

Control Plasma Plasma + Collagen 3%

. Stem cell attachment on a PCL scaffold

surface (A-I). Scale bar 100um. Stained
stem cells on collagen coated scaffolds.
Blue as DAPI for nuclei staining. Green as
F-actin for cytosol staining. (A-E) A
collagen coating seems to increase the
cell-engraftment proportion to relative
collagen concentration. A, 1]
Furthermore, plasma treatment of scaffold
surface also increased the
cell-engraftment rate. (G) Collagen coating
after plasma treatment is more effective.
(G, H) The structure of the scaffold did
not affect the cell-engraftment rate. (H', I)
The cell engraftment rate was maximized
when the 3D spheroid culture was used.
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40 60 80 100
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F|93 A B

Percentage of Cell attachment (%)

Fig. 4. Quantitative analysis of stem cell attachment.
In all experimental group showed improved
adhesion rates compared to control. p<0.05
was chosen for statistical analysis and marker

as asterisk.

4, 7% Y A
e % tA1717] $15ted PCL 274

ek Wy, Sekzol A

sl= Hhy, PCL A7fEES %L 5 o= v, Alatey
FIHE v WY 471X E F8A1A Borh o2 <

FoIAE AFIBEC] AEARES S7HI717] $stel
4719) PR Argslgont aT 4149 vng
Eajo] Ao it AAEYEA ANSA Blch
3,16]. & ATOIHE ALES Z7HA71E W 84
o wet HeksiA Aol AEgol Pt HFEAS
SAH oz gelsel, o] o] Bk st

PCL A7)BEC] 271M%E 2RSS A4S 24412
o B} 3.5+1.73%2) AR H2hE7] W] (1),
ol AEEAZ BElole AERAEgo] X35
we Aoz wrkEr EahAe e wl8o] a7EY|
uho] 9ot 2ol Bpel 3D ZUY Uwe
8371l AAKo] BEsiT. SAE PCL ARBE
of IS THse] ALY A AR 4P
PCL A7)BE0] & 4 kg Buk ohje} Arjos 4
ke A8s)7] uho] AXAS 2A AsfelA] eker.
98 Zehle] SEL 307 AERaseo] 27}
FLOLHA0£1.15%), L ol4Fe] BrolAE Alm 2k
2o Jj4do] HolA] ok} PCL AZJBES] BHS
dzle AYSRe  A4¢ Az
232+1.62%%2 R (3.5+1.73%)°] H|5ko]
AL BT 5 At (&1, 193).
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Aol F2Eo] 154 S7oto Setxnie} Fepis
A AMgokE Ao A QdS ERlstgirt. ARk A
ZE9] porosity7F 50% °]7] Wze] o]E2 o0& A|129
F2E2 50% 71 A Y Zolch. wehA, 29E Al
7} 7hEhQko A AAAZEE HHof| B2 fjiEo] Raty
T Rt Z45t] 50%E QR 2Ifehs A7 U2 A
o7 FgHTt (&1).

2NEE0] Fejof wet Axo] Batag visks w3
5171 glote] 22 AE AZE UL porosityZt &Yt
o, ofn] 2§ F&/doA AEEl= EllgHElo] @ AL
porosity7} 543 TNR meshE AMS3IHE 3%, Al
IE BHE0] Ajol7h TEEA] okt

Al o] viekiol mhe F2HE9] Aol I
7129 ABHQ Az 29 ¥ vigrd AxZE EY
Aejeto] gAMzEE 2egt F Az vof F
AlA 29oks Wolqiet. & AollAl= Al
WS BoiA o= TS Al 8 olF = Al
LHTAE A GH Holl F-3A1A 295t o]
of AFESt ATNEEE EtRnt A & 3% FEHdlo
A& ARgotYLh CCK-8S B3l XS =
SFS W, 116+2.74%2 A7t 29 2 gl
319} WiYE Spheroide S9to 2 WadE ez 5
717k AAB], 29 & AIREES] £ ARR|E spheroid
7b F=olA| ob REEo] FUIEIYE ¥ ok
spheroid’l B4=E 2% B¢t A2 ¥7t S4I5)
o, A7REE] B2 spheroid HA| GF FAloto] &2
Jg AEFE 2ok AE gl I A=
Halt},

A5HQA SVME A73&e g E7|HEE e
Al A4t A muforoiol] F8-A1A AR FYsh= w4l
o]ltt. Thestal SHAISH WHAlo|A|uh, FQlE EV|A=E

£ O do

o Hu
kU
o,
rOlA

% S8 AxEto] YAl W AHRIo] Yol M2
2 BHEIoN AREY Bk ok [12], HE $9
o

AR Ao o5 YV, LA R HL
Aol oJ5t Wolvks: 5 = sfof & EAKo] Hrk. ol
£ 28] gistel TRt AZEAL AE T glom,
17 Agkgo] 9iet (17]. AA] Axo) o] 71 77t
gepo) A4S 7t ke Bele, P A4S
det ¥lgo] 4uET, tow 3p ZAY F A
Aeho] AL SAS7F olel9), AFSI7F hckact
ol 58249 ARIVAS A8 4971 9
o, FAR] tso] T Bt ohfet A%}

N

2 Ho d

ol 295 H8LE FEHd} fAIT g Yol EQ]
739, AgsHAE 3D Y & FARA7F A Al
ZR3HEo] a1 Ao o]AF 4= gl @l AUtk
PCL2 3D Z3go] $9-HA, A W o]4] A] Mg
HolElo] T Axrt 22 SES 7] SRS
7IAH R BsE Hat oplet AR E HarE vt
ek A7]of olu] 7]<%E TNR mesho] 49 2 A9
A8 PCL A2 AR S48 Z220 Q184
AAZA olA=lo] Eafld wi7tA] g JAIZ A A6}
£ SAlOl AW A=7t 5dTS g3t qhoF
TNR mesh & 22 AEE & A7oAe} Zo] A58
E7INEE DAt AHEE A9 &

EC 29 752 EE, AR ARE o] BHR o)A
olgsHA] oFe XA &M
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