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A Z3tE A EZ2 7] & (decellularized extracellular matrix, dECM) £ % slo]==Z 4 (hydrogel)S X3%s}

ufel o g3 24,

57—(], o = R —], 1 =
TEsgtosn dojA= AQl mlele dA 2=
7% 3

Aol delA, 7] SAEstE AEe] 71d EH2 0.05 WA 100me] A2 A71E 7HA= AR vlele 4=

oA, A7) X EsE AE 7d Boe AR & FTd tiste] 10 £ oslE TFEHE A
=

AL YolA, AE, AL WF, YABYEL D D o] Folzl oA AEE 1F o4 Itz F

AT% 8
A78kol doJA, AV AEE ZV|ME, FZAME(osteoblast), oA E(myoblast), A E(tenocyte), A7
olA| E (neuroblast), ArolA3E(fibroblast), AlZxolM¥E(glioblast), ®IAIE(germ cell), THAE

(hepatocyte), A AAMEZ(renal cell), AWWAHEZ(Sertoli cell), AZFAE(chondrocyte), A3 AME(epithelial
cell), AIHAAE, ZEME(keratinocyte), HET-A|¥E(smooth muscle cell), A&TA|E(cardiomyocyte),
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AANAE(glial cell), WI A E(endothelial cell), 22 EHAE, WAIGAE, #H44d A E(pancreatic
islet cell) ¥ AAA E(neuron) & o] Fo]A Fo| A AMElE o] i} o)Akl ZQl nlolo AT ZAE.

2L

1738kl QloA], A7) Ae@dEAe A3 AR (transforming growth factor-beta, TGF-), A-G-o}AE
44912 (fibroblast growth factor, FGF), & e @A (bone morphogenic protein, BMP), ¥y A
Zel Ak (vascular endothelial growth factor, VEGF), 33 A37<lx}(epidermal growth factor, EGF), <l<&#-
fAF A (insulin-like growth factor, IGF), dAi3-fa A& AH(platelet-derived growth factor,
PDGF), 217 A%A A (nerve growth factor, NGF), ZFAI3Z A<=} (hepatocyte growth factor, HGF), El¥E A
Zel#} (placental growth factor, PIGF), ¥+ F2Y A=< A (granulocyte colony stimulating factor,G-
CSF), 2 olx~zmEWo|E 2-FAH o] E(ascorbate 2-phosphate) @} S A|Z wjgd HIIER o] Fo|x Fo=

B e 1% o4 Egshs A<l nele 3 2R

A3 10

A7rel] ol A7) HA7AE B A (fibrinogen) W ZFE A EQ AQ nHlo]lo AT FAE,

A7 11
(a) stol=2 A (hydrogel)& AxstE ©HA;

(b) A=z AE=d =4S GAxstetal EEstete] 24

o
matrix, dECM) e A Zst= A,
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3D whole. =g g =o .
s B ovte]le EAE o] &ate] HFE tiARIE 3kl FxE Al
Nature Biotechnology, 2014; 32: 773-785). o] 7]&< ¥ %7 =
Lokl Al A ZHEs w3 vk, JAAE FAEE Y] FL 2L vUF Mxe Ax ¢ VES TS
AR AR FAE Ak & = drt. 3D Hole Y V|ES
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al., Expert Opinion on Drug Discovery, 2014; 9(4): 335-352). © Xy

A8 FAA Axe AEs dEYIY AEE B g Fas A ghon, a9 B4 4T AA
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Aoz Adso 9l
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'Hho] @ YA (bio-ink)'E AolglE Al

x5 vpole FAE xFel, Hiolo Y Y|Ed &3l e

3 FERES AT F de AAE TASE golo|tt. wekA wHlole A 3xd ThEs fe EEH A
A Ax7F 548 75S FHsA 3] fe BETH BAS AFst FoloF gt Hlole A= 4 §-
ek A HsMdS 7hAok gt J1F 2A 9 Y] ALY A= ZREE Axe] F2 3 sl frEg A
34 g7o] nlole JIARHYE FojAof st otk Y FAo| oA wo= JtEA] WA AEe
AEdd dasgh JFET Are] Fgo] A-D] o]Fojxof ghrf. wek XY HAA LAYS= EEF LEHY
22RE AXE ¥ 5 Qojof gttt 1 9o E wio]le A 3xd sfEY e wEA, B, =F9 ¢
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= . RA
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olglgh wiAstel A, 2 IHAEL 283 2 AETH 540 AR viole JAE RS A o8] AT =
g3t 43, vlo]laZnE(m) T 9A A7IE 7R gAlEstE M) 7] (decellularized extracellular
matrix, dECM) #% % 3lo]=2 A (hydrogel)S FEF3lE Hlo]o 3 FAE9 M (printability)o] dFAF
Har, Al gk A3 (cytocompatibility)el -, S AXE AEE(viability) R S (proliferation)e]
AASH S gl ozn, 2 IS st AUt
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(B3 23 0001) S3F=52E3 #410-1135709%

3 0001) Murphy, SV et al., Nature Biotechnology, 2014; 32: 773-785

(M E3 &3 0002) Poliniab, A et al., Expert Opinion on Drug Discovery, 2014; 9(4): 335-352
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2 oA go] "M ¥ 7] & (extracellular matrix, ECM)"S AX2 9JF-& M A+ 7I122A, AES}
A AbolE zbAlEtaL glom, F2 gdwiAdy tgFaE o|Rozl WY FE2E I vt AlxEe] 71HEe e
orE Fed 9 defxwlyl 32 FLZEA(structural component), FH2UEl HIEZYE  glujd W@ gyl

4 @iy A= 2 ol'l(chondroitin sulfate)o]Vt 34ba| 9k (heparan sulfate) 18] Tz
2HY AAHe Z2EHFZ, @ gdIFFET o|Fozl s|EFEA LR FHESal ).

e

B dtioa] go] "gAE3(decellularization)"s= A XA A EITE AEY 7)E AES A AgYS
Eoto] EEEte HAHoR, AR HEH A& QAAE & M (Phosphate Buffered Saline, PBS)S.= A& 3}tar
A xzst gdof T MAEIE AAS MEL] 7R d A EA s,

¥3} gNe g LNM(lysis solution), A4 & (hypotonic solution), Uo]A
AAEAGA, Hlo]2d AWMEAA, RIS T A(Ribonuclease A, RNase A) B T]SA|E R
ol @A (Deoxyribonuclease I, DNase 1)Z o] Fod o 2HE A8d 15 oS X3dd 4 o,
53], & oA ARg&R 7] gAEst &4 1% SDS(sodium dodecyl sulfate) B 1% Triton X-100< -3+

A
0|

g E3LE AES] 7]A(decellularized extracellular matrix, dECM)"S <1zF, =X, &, E7, 7N, I,
x o

FREVE A%H 24 GALs oy dofd 5

>
N
BN
N,
lo
o

1o AREA ort, 2 24, AF 24, AT 24
=

2 A A3 ZZ (mucosal epithelial tissue), ¥® %27, &

A7) BAE3E FX e W, A& B9 Ott, H. C. et al., Nat. Med., 14: 213-221 (2008), Yang, Z. et
al., Tissue Eng. Part C Methods, 16: 865-876 (2010), Falguni Pati, et al., Nat Commun., 5: 3935 (2014)
ol MAE ErEst S ARgste] &2 otk WEste] Fad & .

Ao GAxste AES 7]AE, oo AFHAE Fou, FAAXS ] B dHE AT £ o,

BAE3tE MEY 712 BEe 0.05 WA 100mm, 0.1 WA 50mm, 0.5 WA 45um, 1 WA 40mm, 3 WA 35um,

5 WA 30mm, 7 WA 25mm, 10 WA 20im = 15 WA 18me] YA A7E 7HAE A F ATk E3, AV

gAzstd Mxe 71d B, o ASdEHAE oy, 2AE F FFol dsle 10 %% oI5k, 0.01 WA

8 %%, 0.5 WA 6 TH%, 0.7 WX 5 FF%, 1 WA 3 TF%= 2T += 2Y 5 At
=

o
A

2ol x) o] "alol =2 (hydrogel)" e BEA Aol 4Hael T
Aol A7 £AHAY A5 AUE W £He} 418 oA
o

o SolERAe £89 FIA L MEG 154
g

& AAY BAL M. oled Bame wi A EAD TR B4 o
9 oleld SolERAL WE S Qi AARE FE AEA} Wol AEHM, of LEAE 1 &4 7]

2l 29 ¢ gom, FAReR, ol ARHAL ¢
2 olForl FomNH AYHE 1F ool EFH A%

37 Avhe, AATEL, GiEY ¥ FoHIe R4S AAMEAR, 93 exe] uehd 7 gdo] uhy
wAolr], SRR Q3 BelHom SolmAS FYstu, e Wik metd BIF-3F AP nY &

47 2EASA sho] =22 30 WA 40TolA E(sol) AdEielw, 4 A 25TlA A(gel)st 2 4 Ut
[e=]
=

ol gol "E(sol)"& NAl el A AA7E BAEEO = Aolw, "A(gel)"e E& TF

= »
= o A E= vtaA el dAR dHE e AS o
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o] "nlo]Q 9 F(bio-ink)"E AolA+= =) B
2 3e FRES AFE F e AAE FH%H. vlole JaE 33 s f% &8

P ]

2)

4 715e A B

2 ox 2
)

)

i)
£ 8

A7 AEE, old AFEHAE Fou, ZFU|AME, ZT—/H]Lﬁ_(osteoblast), ZoFA E (myoblast), ZAAE

(tenocyte), AlZdo}A|E(neuroblast), A-frolxAlE(fibroblast), A7 o} E(glioblast), HlAE(germ cell),
A E(hepatocyte), A1&AE(renal cell), HthA*E(Sertoli cell), AZ A EZ(chondrocyte), AFAE
(epithelial cell), Ad#AAM:E, Z@AE(keratinocyte), HELAMEZ(smooth muscle cell), AALAE
(cardiomyocyte), AZAXAME(glial cell), WI A E(endothelial cell), TEE EHAE, HAAME, 34
A3 (pancreatic islet cell) ® A1ZAAZ(neuron) & o] Fo]7 oA A& L s ol & o

A7) AEE FPA FA"E o] Ao R wigkd g vk, AlE mig WS Al FAE daL, 4
= 59 £33 Cell & Tissue Culture: Laboratory Procedures; Freshney (1987), Culture of Animal Cells: A
Manual of Basic Techniques®l 7]€%o] ¢, A7) AKX tjd o]o Y&e Edo Hx ¢8FTh, dukA
EfsE AE W Vs, AEF, 2 R I 3 AR = e AlE g, AE g AlaE BT &
& Cell and Tissue Culture: Laboratory Procedures, Wiley (1998) 7]&=o] da, 7] HAHe] thgh o]
U8 2o i Q18¥).

A7) Az AR, old AgE A= oy, EASI= Ao Ajhe glole] wiAE XFd= AR, T
of AT A3e gdoje] wiREo] FX|H o] 9li, & Eo], MEM H|A], RPMI1640 ®§=], DMEM ®H=], IMDM w)
A TY ATk B, AT AlE wjgddls ol AFEAE Fovt, HER, A A, Apo]EISI, FA
54 so] 72 x3¢E F A

A7) BEEAAEAL, ol AgEHAE gov, AEE FAANIIAY Az 71E FHE FXIA717] $18Hd,
A AAAd A (transforming growth factor-beta, TGF-B), A-rolAlE A< A (fibroblast growth factor,
FGF), & 24 w¥d(bone morphogenic protein, BMP), E3au A< AH(vascular endothelial growth

factor, VEGF), ¥3 A3&<¢lx}(epidermal growth factor, EGF), <&#d-#AF A& A(insulin-like growth
factor, IGF), A% A&} (platelet-derived growth factor, PDGF), A7 A3&<elx}(nerve growth
factor, NGF), ZrA|3E A< #F(hepatocyte growth factor, HGF), ©Ej¥F AJZ<1x} (placental growth factor,
PIGF), ¥} F2Y =<} (granulocyte colony stimulating factor,G-CSF), % ofAFEH|O|E 2-F A3
o]E (ascorbate 2-phosphate)$} #& AE vHlUN HIEE o]Fo)jx FoZHE MUHHE 15 o)As Fdsts
Ad F Aot

A7 HA7MAIE, olo AFEA= oy, vH#Xx=A(fibrinogen) ¥ FYAEY 4 AY. A7) 'IEfxA
(fibrinogen)' & SR & &3l dwld=2 | Axe] Fz 9 fslo] A3het vA@AE 24T 5 Ao, A
7] 'SEAE S CGH(0H)s9] #2H2S 7Hl AWE 37F €389 3h=EA, Afole Y A &A] 93] A8
7 SHA B Bl 2AE A7 A AHEE g .

2 o] gAA]eol JojA, MEM HlF vixlol] AES v]Esto YT %1‘_, e, SYAFS Hrtst
o Axgt 2574 stol=2Ag Alxsta, E(sol) dHle 7] Atd 7Rk sto| =2 Ayt A EstE Al
9] 71A(EN) +8e E3ste], @alxzste Mz 71& 7a vlole I 2AES AFEem, 4] Ax
g 2 o] npole I 2AE AFolMEE &7t 3D HiolS XIYEQITE. 3D HlolS EHEH| &
(nozzle)e] =3l glo] Yol FU3HA o|Fojxlom, A7k S5 wat A7t A T2, & Z3Y
g B8 2Eds glo] X AEEC] 7S g1 F AAT(EAl 1 Ulx] HAle 3, = 6 A =

9).

T shpel ez, Boume a9 9AE EPSHE vlole 9 2R AW AFUch
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(a) 3Fo]l==ZA(hydrogel)S A Z3l= @HAl;

(b) A= HE® 2HS GAxgsta BEEstste] g@Aax3sy AxEe] 7]&(decellularized extracellular
matrix, dECM) ¢S A Zxsl= A,

(¢) &4 (a)olA doj slol=zAE 30 WA 40TolA Z(so0l)3} st whA; 2

(d) @A ()] Z=(sol) e sloj=2Ad] &7 (b)olA doj e E3tE MEQ 7|2 EHS wuksle] &
ghele o).

A7) GA ()9 stol=2A, ool AEHXE oy, 2ESA AAnEA Agd, | LFEA, 9drE
g 9 Feod o]Fofzl woRRE MUY HE 1% ool xFEH Alxd AY F dow, 30 WA 40Ce]
Al Z(sol) AEHjolw | 4 WA 25Col|A A(gel)st & 4 r}.
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juie)
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24, gAxstE Axe 71d 24 Az ¢ Q).
.05 WA 100m, 0.1 WA 50mm, 0.5 WA 45um, 1 WA 40um, 3 WA
| 20m B 15 WX 18me] JAF 2715 A= AL F 3l

o
£ o
N

]
35ﬂm, 5 LH;q SOﬂm, 7 WA 25um, 1

A7 @A (0)9] Slol=2AS F(so0l)d) sk ©@AE, oldd AdEA= oy, 30 A 40ToAA F3q== A
d QAo
A7 G (e E(sol) AE9 stel=2 Ay &M xstd MEe] 714 Fds uyeley & ,
olo AgE A= o, 30 WA 40TAAA FaEE AL = k. 7] @xxEstd Mxe] 71d FEe, o]
Z&f%i%,zﬂuf§swﬂ] ko] 10 =% <38}, 0.01 WA 8 ZF%, 0.5 WX 6 =%, 0

1

E vhe shuel FHEA, B dEe vl wiE 2t 9% 24 Az we Agak

e

(@ % W3Sl vhele 93 24 % SAe 24 g AES s&a}oﬂ 3 Hlele. EYEG =
257
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(b) 271 ©A (a)ellM 12k 7kl A1) A2 Bl wpole. A A= 1 Tl gl 3D Hhole ZHHE FhET
AE o] gsted HAsh= dF 22E 3D vhole ZHS = @ B

(¢) 271 &4 (b)ollA] 3D vlole ZTHEHE ZA3}= QF FA o] EZWl(thrombin solution)S A #sta, 4 W
A 25T A 2xF 7}al(cross-linking) A7 ©hA.
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ﬂ AN FE9 AEE E3F vlole JAE 3D ZelEd ¥a, 3xk
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A7) AEE, old AEHA= Fo), =V|AME, i%lﬂi(osteoblast), o} A| E(myoblast), AAl
(tenocyte), A7 o}AM 3 (neuroblast), A-frolAE(fibroblast), A7 Lo} Z(glioblast), BIAEZ(germ cell),
A E (hepatocyte), A1&AE(renal cell), ]E]M]L(Sertoh cell), HAFAE(chondrocyte), Ay A
(epithelial cell), AEAAME, ZAAE(keratinocyte), HZZAHFE(smooth muscle cell), A=A
(cardiomyocyte), AlZdnA¥(glial cell), WA F(endothelial cell), ZTEE FEH|AX, HIAAME, HF
M3 (pancreatic islet cell) @ A AME(neuron)Z o] Fo]zl oA Hee o] 3} o]Ad 4 9l

[x
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8]—31, R uLuoﬂg] u].o]o mﬂT‘E Q= 71-%@ A

O°

JAE& AYm, 30 WA 40Tl E(sol) Fejolw, 4 A 2
A AlgeDst & 5 olh. whebr, 2AEstE Axe] 7A@ Y R SEEEA stolm2AL zdab
2 o) mlole Ak, ol AATAE eronk, 4 WA 25CHA 12 7hi A¥(cross-linking) A7 F

A

A7) W (b)e] 3D vhole EHe B el vlole 9 2HES AFe: dAgel 4% wde Azs
A sk Q1 249 27 2 A% Fol oa A4 5 Aok =W, AT 2AL Axs] 8] AgHE vhol
o g TFHE AT AFE AT FF, vl 9 2T LT AT PR FF S we}
248 & Qrh. E@ vole 93 2B EFHE AT FFE A P uet Azdug st A
x4 9] FHol wet MAY 5 Aok,

A7 A (0)9 22 Zhal(cross-linking)E, olo] AFEAE o}y, 7lu 2 ZvjLAoZA EEW
(thrombin solution)S A& MOD% 4 WA 25Col| A F7rR o=z 23 7kl A3 (cross-linking) A2 &
ATH. 7] 2zF Jtal ARE FEl, A5E vlole YA 2AFEC Ao gud FxRER ddE 5 T

A, 37 AF 24 Az PHE (O 7] 9F 242 WPl N Mste BAR e £9E 5 Ao

2 FERANE Zﬂ 5}0314(“"] d 4 9 = 10)
ggo] a7
2 o] ulole oJa AEL A (printability) ¥, T w2 EEH 2EdZo Ui AlxX A&
E(viability) 2 S %5 (proliferation) ¥, %Eﬁ%é(temperature responsive) E4d] W& W stwz
3

3 E3Ad 9 B84 2 AETH Edo] MAEAY] witoll, 3D wlele THAYSE o] &3 AF x4 Ee F
mdo] Az e FEIA AFEE £ dS ¥k o, %4 F 2N &E=(tissue-engineering
[e]

sk
scaffolds), M3E-7]qt AlA(cell-based sensors), <F&/w5A 2ATFd%E F831A 482 4 o,

a

=Y 2ud 49
= 1S B oago] e xstE AxEe 7138 7]6k vlo] Q@ A (decellularized extracellular matrix based bio-
£ o) &3te] AR FERAE AxsE FAHE MFHoR e BAZo|t

T 2v B U] dAA Ao wgt Hx] 7 2Ho 2R dojzl (A) HAY FZH(native tissue) 2 (B) EA
EZ3te AEe 7]Z(dECM) 2] H&E(haematoxylin & eosin) @A ZA¥E dAn|gdoz &H3to] Yelbdl Apdolt),

2 B ouwyel Ao uwhel Hx] 3k 2RoR2HRE ozl (A) EAxstE Axe Z]H(dE) 2
(powder)®] olm =] ALx, (B) dECM %9 SEM(Scanning Electron Microscope, 300x) ©o]u|x] Azl = (C)
dECM &% YA (particle)o] =7] E*(distribution) L ZE YeEld Zo|t},

T 47 B oy Ao wEt A1) 3F 2o RRE dojxl gAxEstE A 7H(E)Y st &
dS vERA 2EiZE, (A) DNA $F, (B) Fehal 9=, 2 (0) GAGs $%-S =73kl vebd 18jzelr).

= 2 odygol g xzstyE Mxe] 7|2 718k vlo]l 2 ) A (dECM based bio-ink)9] HE(viscosity)E =435}

£
iy
o
= 7
Mo
o,
v}

& B oago] gaxstE AMxe 712 7|4k vlo] 9 A I (dECM based bio-ink)e] ¢ Jﬂ”(prlntabll y) A
2 Bae A7E e 52 EH{]_,_@}Q AES] 714 719 wlo] e A= 3 (1 layer) T2 TA 79
5 layer) 2.2 Z~H|7](stacking) ¥ § &gt A4 A (M), ZHAEHHE A9 yn[(B) ¥ o] FF=HAF
S B35t e ojdl, TR DM EstE MEe 714 o] =2 A (dECM hydrogel) Wlo] Q. A
Aztel 719k vlo] @ ) F(gelatin based bio-ink)E AH&3SITE.

23 o kK
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= 7L in vitro 7oA, E dgol dAEsE Mxel 7@ 7dk wlo]lQ ¢JA(decellularized extracellular
matrix based bio—ink)¢] A3 tjdt 34 (cytocompatibility)S 718 A27E vebdl E2, (A) dECM &
= Wl NIH3T3 AlZe] 1d7¢] AEES vekdl @dvd AR, (B) dECM Y=L Wi NIH3T3 Al3Ee] 7d#9] YEES
veRd dujd AR, (O A7 (A R (B)e @wnlE ARzl NIH3T3 A2 BEES FAIster a#>=, 2 (D)
dECM =L Wi NIH3T3 Al32e] 1Y, 49 3 74A 9] Alx S4 &S FAI8kste] ek e zolt},

%= 8L in vitro AolA, ¥ o] BAEsE MESL] 7]F 7]k vle] Q2 A (decellularized extracellular
matrix based bio—ink)9] A Xl thdt A (cytocompatibility)S H718F A3E Yebdl =2, dECM U= W
HOVEC Al3ze] 1 3 7978 A2 AEES FAstete] el aejzolt}, ojuff, dixs oz SA sty Al
9] 714 dlo]l=Z A (dRCM hydrogel) u}o]Q =19} Azlel 7]k upo] 9 =l (gelatin based bio-ink)E AM&-3}
At

T 9= B whgo] gaxzslE AEe 1A 7)uk vlo]l @ o) A (dECM based bio—ink)e] €114 (printability) &
T g Zdge mE Ax AEES HUist 295 e 22, GAxstd Axe] 71F 7 blo]le 3 E
Ul Y F(4 layer) o2 =l (stacking) 3 3, AAA), FHEB 2L ) Q3 dAvAd A0 2, T3y &
ANE AEES B9 333 @A ARRD) S YERITE. e, gxzaro® AREgE Algd 7]k vio] e I E
vl A Feg 28 3 F, AAE) 2 FUE L 6) FJ3 du)F A 2 T T AL AEES E9
3 g3 dnd ARI(DS YeERISTE. 3, TR & 1949 AE AEES FAEEY T Z(DE YERY
ATt

T 102 B owhge] daA e wE A% 339 FRAS U B2 (A) tERFOR ALL3 ke )
19 JAE o] &3] Axe 33k FEA Q] dvlF Al 2, (B) & we] gAxstE Axe] 71d 7wk

vho] @ ¢JA(dECM based bio-ink)E o]&ale] Az 3k FxRAL] A ARxlelrt. =gk, (C) Agd 7]
18 4AFE o] &3t Az 3xd F2A AFE Fdste FJ dv|d A 9, (D) 2 dye] GAEs

® A 71 7Nk mlo] @ JAFE o] &3t A 3AA FE2A AF-E Fuste] Fg A Aol

PONAY
N

g QA7) fa A WE
olat, AAdE Baje] B wwel 14 W w¥E % A Agala @ ofF ANdE o= B uy
2 AN g% AL W, B wge] W97k o5 Arde] 8] EEE e ok,

AAd 1: 3x9 =YL gA¥sd MEY 712 78k nio]lQ Y (decellularized extracellular matrix
based bio-ink)¢] A=

A E3tE M2l 7] (decellularized extracellular matrix, dECM)S 7|Wko.2 &k <134 (printability)o©]
g 33 Y vlole A E Axstazr shglt.

AA e 1-1: Az} 78k vlo] 2 Y (gelatin based bio-ink)e] A=

Q4 (printability)o] B3, SAZsE AZS]) 1AEAD ZN dtole J=E Az Ash, WA A
SRR ESOER BT Y

TAAH o2, MEM(Menimum Essential Medium)oll 3mg/m¢e] 3] ¢F 24k hyaluronic acid)S 7k &, 37C &
(oven)ollA] ZE|oE](rotator) & ©]&3lo] QW }o]E(overnight) 59 k. &3] %9 3, 37.5mg/ml<]
At (geletin) ¥ 15mg/mée] I B Z]=Al(fibrinogen)S F7Fsta 2 (oven)ol A 3719k 2 WAoo = 37CY
X zAgA 2HOIEE o] &3dte] 1AI7F wt =Rtk o]F, 10%(v/v)e] A& (glycerol)S Yol 304
o Folil, 0.45m 7|13 A71¢ HH(filter)E o]&3te] Haadvt. dv &, HFTA o= vrEozl A
19k vlo] @ JAaE AREAIZEA] —20TColl A B33l

(oot T
N

AA e 1-2: gMEsE MES 71FA(dEC) £T9 A=

A zstel AES] Z]A(END 7IEE \lele JAE AxsET] A, FARYD SAEstE AEe

(decellularized extracellular matrix, dECM) ¥%(powder)S #| %3},

N

14

TFAAR o= FH A (porcine) ZH(liver) FAL ¢k 2~3 mm FAZR ZA 20 &, AAEAA (detergent )l 1%
SDS(sodium dodecyl sulfate) ® 1% Triton X-100& o]&3to] &AM 3E(decellularization) AlZATH. EA|EZs}
%, ZZ(tissue)e 2AX+ehE89(Phosphate Buffered Saline, PBS)$} FF<=(distilled water, DW)E o]&-3}
o H& AUGAAE AASAT. AMGEAE A7 F, HAFHoR 53 GAxste Axe] 7HdE 44

S

_11_
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B , s 2Eq 7] (freezer mill)S o] &3to] wfo]a Z(micro) ©$le E22 EHAAY. EHYAZ 24 xS}
A AxEL 7] A (dECM) 8¢S EO(ethylene oxide) 2=7]S o] &8t A3ty t}.
HFHow Hitsle] 5%, SAxstd Axe] 71d Fe o R
3ol YERd wkel o], 4t 17.82 mm Y 9AF A71E UEREE 1l
AA Y 1-3: eMEstE AE9 71A(dEAD Y AsEE 54 Bt
7] A el 1-26 4 A xS GAEstE M2 71de] AsEH EAS Hristaak, S, MEE] 71Ee] gAx
3} =2 gstr] Y8, Pati. F. et.al., Nat. Commun., 5:3925, p.1~11 (2014)°] 7] = o] &= W] uwt
2}, DNA, Z2}4l(collagen) ¥ GAGs(glycosaminoglycans)2] & (content)S S43FST}.

k)
R
b=}
i
2
u
N
Ll
e
ol
S
e
i)
K
ofr
ol
N
F

TFAH o2, DNA %S Hoechst33258 assays Falsle] =Asdon, Fahal 32 QuickZyme collagen

assay kit(QuickZyme Biosciences B.V., Netherlands)Z AF&3}e] ZA3IAtt. &3k, GAG 332 Blyscan
GAGs assy kit(Biocolor Ltd. United Kingdom)E A}&3le] AT, olu, BE assays AZAMY] L

we s,

2 38} (decel lularization) ¥, 3}7] = 4o YERH wle} o], A& I+ ZZ(native liver tissue)I} H]
3176}01 DNAE ¢F 98.0%7} AAERCH, AZH ZZ(dried native tissue)? mg & 50.7 = 15 ng <A A

o7 oyt w3, ZbAl(collagen) % GAGs(glycosaminoglycans)i= ZHzb Az ¥ dECM(dried dECM)9] mg
T 343.7 £ 4.5 pg P 6.3 £ 2.1 pg EASHE Aoz EHNY. &, II¥ 3 A (native liver tissu
e)¥} vusle], %2 U EolA¢l F&}al(collagen) 2 GAGs(glycosaminoglycans): F=AdbH A ghA|x3}= 2+

ojFoFS & 4 U},
AX e 1-4: @A Axe 714 7]k vlo] e A A (dECM based bio-ink)9 AZF ¥ A=(viscosity) 4

A (printability)o] @d 3 ZUYE vlo]o JAE Axstaxl, 7] AAlel 1-1o4 Alx=gk Aee
714k mvlo] @ 9 (gelatin based bio-ink)2} 7] AAJd] 1-2014 A Z3 A E3E AE] 7] ZA(dECM) +2&
<3131l

FAHoR, HA -20Co B = AgE 78k vlo]lQ 9 (gelatin based bio-ink)E 37T L4 Z(water
bath)ol A <+A3s] FHolx, BMEsd Axe 7[F(EM TS Adztel 7w nvlo]e =3 3ml & 90mg (3%
w/v)S HUbste] oF 30% F EFSATE. olul, ZElo]H(rotator) ¥ FE HUE o] &3t E3tsIlon,
GA st A 7] A (E) 22T 23] folsteR 37CE AR5t E£&3Att.

Azl 719k vlo]l @ 9= (gelatin based bio-ink) et BAIESIE AES] 7]A(dECM) EHS Eg3to] A =3 &
A EZ3E AESL] 71E 7)9k vlo] e I (dECM based bio-ink)+: AFEAIZFA] -20Co| A R3S},

i, A2 BH, 5 dlole Jas ZIEE gigh Wed 2k 23190 18TolA v E (HAAKE MARS-II
Rheometer, Thermo Electron (Karlsruhe) G bH)E o] 838t A7) Az EAEstE MAEe 7]A 7 wlo]l
A (dECM based bio-ink)9 AEES FAH&] ¥ Ay, a7t A2 Ao IS W A& (share rate)d F7}l
w2l "= (viscosity) 7t #ATHE #al }9111} ojluf, tlxwoz Agd 7|9k wlo]Q ¢JF(gelatin based bio-
ink)s} gAlxsE Aol 717 o] =2 A (dECM hydrogel) wlolQ AAE AFE-3ISITE

=, A7) Az gAEstE Az 71Z 7)¥k #lo]e A (dECM based bio-ink)E A3 A A (shear-
thinning) 2A&S Uehlied, ol S8 ZAYA gA 23ty Axe] 71" 7k blo]Q oast Axr w2

15
dE A
(nozzle)s &4 W Nx7t e 2EH2E Y F 5S¢ F AJAHE 5).

AAd 1-5: gAIEstE AX 7] 7]4k vpo]lQ JA(dECM based bio-ink)9] QU4 (printability) H7}t

A7) AA G 1-494 Az3 DA EsE AFEQ 7]@ 79k Blo] 9 ) I(dECM based bio-ink) Al Q1A
(printability)& 94 B7letarzt, A7) wele A AEE AHEsA &L, 3-D Hpo]e ZHE(3-D
bioprinter, AAANZ)E ARgsto] 1S SA AT

TAHOR, 18C 2% ZAd oA 300um =Z(nozzle)S o]&3te] 8x8mm ¥l (pattern) &2 dECM 7|4k Hlo] o
A9 =AY HAE(printing test)E JYPsF3Tt. olu, 2T o2E A ESE AEL] 7]A slo|=2A
(dECM hydrogel) wlo]lQ =} @Alxsle Axe 7]d EUe T35 &2 Age 7k vlo]Q Ja 5 A&
A=
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gk e F(1 layer) T U 719 F(5 layer) o2 ~E|7 (stacking)d $ o[v|A & s 2 Ay}, 317]
T 69 Adl YERA RS} o], EHZ;OE AHEgE Aeel 9k A9 v kAR dECM 7]WE Blo]l o 9] ¢l
H4 (printability)e] ¢3S Qlapgivt. wuk ofyel, GAxste Axe] 7|4 sfo] == A (dECM hydrogel)
nho] @ )=t Hlulstod A= dECM 7]‘%’} vo] @ =9 Q14 (printability)e]l @43 ¢35 &Qlst3iTt.
3H, THY (printing) ©]% Image J(National Institutes of Health; NIH) T 213S o] &3le] 317] &= 69
B 2 Coll YeRA vke} Zo], 2kl(line)o] WH| R o]o] ZFHAE A8 2 A3, dxao 2 Age Aod
719k )= e} Hlalske] dECM 7wk vlol e = o] Aol Rl WH] TFEHAF gho]l Bes glEivh. ¥Rk oy
g, A zslE Axe] 7|2 sho]= 2 A (dECM hydrogel) BFolQ A9} HImE A& dECM 7]RF Blo]Q =9
2kl vH] EFAA gho] @A WEs gelskitt.
=, A7) AAd 1404 A xE M xstE Mxe] 718 7]RE vle] e o] A (dECM based bio-ink)& ZHEA] Of
Zroz ALge gA2stE Axe] 71F so]=ZA(dECM hydrogel) ®lo]lQ = 2 Azl 7)dk 79} Hw
st EA JAAEM, olE T3 BAEstE AEe 7|F 7|9 mlole A9 Ao FES & F
AT

AAe 2: gAxsd AHEe 71d 78k Hlo]Q AJA(AECM based bio-ink)e] AME dF FHIA
(cytocompatibility) H7}
A7) el 1-40A Azg GAEsE Axe] 7]A 719k vle] 2 A (dECM based bio-ink)] Ao tfdt 2
A (cytocompatibility)S  H7Fstarzab,  dECM  7]¥F  wlo]Q o] Ho 0.5%10’ cells/m¢2]  NIH3T3
MEFolE)S %3 (encapsulation) 3JFATE. ©]F, LIVE/DEAD® Viability/Cytotoxicity kit(Thermo
Fisher) 2 Alamar blue" assay kit(Thermo Fisher)Z A}&3&}o] dECM 7|4 ®lo] @ o= ) NIH3T3 AlE¢ A&
E(viability) ¥ Z2]&(proliferation)S A3} th. ojuf, A7 assays A FTAMS] Hl7do whe} =351
=
dECM 7]R/F wle] @ J3 ] NIH3T3 MXEZE Festelal 1943 744 NX AEES S48 & 29, 5]
A WA Col veERd nle} o], tjRyow AR Agtel 7Nk oJ3 e} Hlausle] dECM 7|HE wlele =
o= AlE AFE glo] ME AEE(90% o)l 43S Felalgitt.
TS, 1Y, 4, 7Y AA AE FA AEE A E Ay, 7] = 79 Dol vebd nRe} o], A
of whel AE7F dASHA SIS g1 en, 536, 74x Awl 7|9k J 3ol H|3 dECM 7]8F uwfo
Y A7 FEdAA SAES 4 ¢ ISl

A 1x10° cells/mé2] HUVEC(human umbilical vein denothelial cells) A¥Z dECM 7|®F ulo]Q &l Feof 7Y
#38lale], Mol et A (cytocompatibility)S ZE7Fxoz Hrls] Bk, o, ulZxstoz AgE 7k
Hlo] @ o= (gelatin based bio-ink)2} BAE3ZE AT 7|4 slo]=F A (dECM hydrogel) HFolQ A E A}
43kt

[¢) PN

dECM 7]4¥F nulo]Q 9l=o] HUVEC AEZE AE33 & 193 747 LIVE/DEAD® Viability/Cytotoxicity
kit(Thermo Fisher)Z& AFg3}e] dECM 7|WF ulo] Q. &)= W) HUVEC AM¥9] AEE(viability)S S 2 23,
3t7] &= 8ol YERH wpe} o], tixaoR AMES gAxEstE Axe] 713 sto] =2 A (dECM hydrogel) whe] e
Y43 9 Atel 7)dk oJF9 vluste] 194 dECM 718k vlolQ J o] Aol ME AEE% o/d)e] 539
S Zsilon, 7dAdE AlE ARE glo] AAAo R AETF S & AT

AN 3. @AEFE HES 712 7|9 vlo] YA (dECM based bio-ink)e] AMA(printability) ¥ Z#H
o mE AT AEE& Bt

A7 AAd 140 A Az GAEstE Axe] 7]d 7] wlo]lQ ) (dECM based bio-ink)9] <14
(printability) % ZHEo] W& AX AEES HUstarxl, 3-D vlol 9 EHE(3-D bioprinter, AA|AZH)E
Abgate] Qe ZAeta, xelg I LIVE/DEAD. Viability/Cytotoxicity kit(Thermo Fisher)E A}-&-aho]
A AEE(viability) S48t olwf, Holde MEE HA(green) FFS UEHUHY, & Alxe 94
(red) ¥3S e

TFAH R, 18C =& ZF73slolA 250mm x=Z(nozzle)S ©]-83Fo] 8x4mn & (pattern) &2 dECM 7]¥F vlo] Q.

oft

o 1

_13_



[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

ZIHSd 10-2018-0125776

Q=9 TAY BAE(printing test) S AAFAT, ofw], prront GMEE MEe A B B
3 e Aebel 7wk oo AAE AT

dl 7He] Z(4 layer) &= 2®}Z(stacking)d F oW =2 &els) B A}, 3l7] = 9o YEbA HEg}F o], o
ZTo 2 AgE Agd 7 (= 99 E WA 6} U}xmx]i dECM 7149k mlo] @ A (& 99 A WA O)<
1314 (printability)e] ¢3S gQlsigint. Wnt oble}, Zdd 5 17 dECM 7|%Fk who] @ &)= uf NIH3T3
Azl AEE(viability)S 48 & Az, Agd 7wk bpo]Q Ak nluste] Ty I AE AEEH
(viability)o] $8& gl (= 99 1).

A7) ddo] AnE s, B o] A Estd AZEL 7@ 7] vlo]Q A (decellularized extracellular
matrix(dECM) based bio-ink)+= <44 (printability)o] - ¥xlk oluzl, ZTHE| wE AEHAE FH4
slete] ZE g Fo|E AE AFEE] dA3] ¢S & AU

AAd 4: 32 FEA S A=

Ao 714 7|H Hpol o O‘i(dECM based bio-ink)F 1x10° cells/ml
o] NIH3T3 A¥Z &33 5, THEHE 7tEYA (cartridge)d FYaATH. 250 e 7udss A7)7] 9
3, 7] @AdxstE Az 71" 7|dk blo] 2 @) A(dECM based bio-ink) <} /‘1] 7F FUHY d= FHEYAS
AS-(ice) Aol oF 1087F Eol¥Fa 14 7FulA S (cross-linking) AlZATE. 3D vlo]2 EZHE](3D bioprinter,
AAA ) FFEHAE FEetar ARSI 33k FRAE AZSGITE. o)W, 3D wio]le Z-E] YFE AV
Aol M2 1xF tuAde] A EA FES 2EE WA FAAFC. ZAY(printing) F, 3AYE Fx
10 U/mée] EEH £ (thrombin solution)& A staL, A(room temperature, RT)IA oF 30 A= F
b Zbn A A Z T oW, tjETe R Aetel Nk nlo] o JAF AFE-SSiT).
A" (printing) ¥, 32k FEA L oMAE Q3] & A, 7] = 109 YERA HReF o], fixToR
| (£ 109 A % O)9F v7EAIZ dECM 718k vlo]lQ YJ=A(XE 109 B % D)E °] &3+ 3

=
A9 TRAE AT & 98-S BARA.
2

ﬂﬂ

71 A el 1-4ol M A 27 DA 3}

rE Obo

JFU

I
2

Q2 2

AR
HE Fal, B odge] dECM 7Nk wpole JAE o] &sto] A A AuHe oI 7xe V)HEs
o)

=g
E8]
Decellularized extracellular dECM powder based
matrix(dECM) powder bio-ink

3D printing

_14_



k1
N2
[N\

1
g
HN

@) - ®)
3000

2000-

ng/mg

1000-

Collagen

600+

0
'

S—__.

= 7

B3 ok

Oy
Particle size (um)

_15_

ZIHSd 10-2018-0125776



EWS

Haake MARS I - ORM Package
Plate: 20mm
Shear sweep: 0.1~100s-1

o  GECM powder bio-ink
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