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(57) Abstract: A modified-extracellular matrix-based hydrogel according to one example of the present invention comprises an extra-
cellular matrix-modified collagen complex formed by a Michael addition reaction between an extracellular matrix having an amine
group, and a modified collagen having an ethylenically unsaturated bond functional group introduced therein. The modified-extracel-
Iular matrix-based hydrogel according to the present invention exhibits enhanced mechanical properties (e.g. viscoelasticity). In addi-
tion, the preparation of a bio ink by encapsulating cells in the modified-extracellular matrix-based hydrogel according to the present
invention exhibits high cell viability. In addition, transplantable artificial biological tissues (e.g. artificial corneal tissues) fabricated
by 3-D printing the bio ink according to the present invention, when transplanted in a damaged cornea, can be sutured and have a
transparency similar to a real cornea, and due to enhanced mechanical properties, are capable of reconstructing corneal tissues without
other adverse side effects.
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T o7 stolEr g #5847 2%(w/v) Co-dECM dFo] =2 212 10

pm W 51 & F3l o Zalar 4°Col A Bakst Al o] F-9 Aol ALg3F3l T

to o
o M2
> M

)

[37]
[38] 2. ko] & 27} uk-&-(Michael addition reaction)2 ©]-&3 712 € Zhgt §-2)
A X3} Al X9 7] F(Co-dECM) 7] 5t Ffo] =2 A o] A =

[39] N sfol =2 Az 1

[40] H el Hd ol EstH —‘*5}74 (Methacrylated collagen, MAC) 0.05g-& 24} R-2l

A 23} A 97| A stol =24 10meol] F7Fshal 8 A (vortexing)-& -5

DA nREgE 2 4°Col| A 16 hr &<t BakshH A wigt o d o o] E31 4

Zbzl o 24k o G E 3 A Z L] 7] Abolol mhol & F-7F BE-g-(Michael

addition reaction)= -5 3}0] ZH) -3 EA| X3} A L] 7] A S A s T
o] %, sto] =& Ao 10N FASIHER § N2 H7Fstal 27l pHE oF

7.0~74% F3}eto] A E 2y ol @A A EQ 1A Tk stol 2 A S

of

N,

TS8Rt

[41]

[42] A stol =2 A A Zd) 2.

[43] W e} 7 H &l o] E 3} ¥l =&} 7l(Methacrylated collagen, MAC) 0.01g-2 24} -2
A 23} A E 78 Sto]l =2 A 10meell 747P6P g ALt A
stolE=2 A Az 19} T 27 @ FUg b o R sE e 24 R
A E 8t Az e 7| A 7| Rk sto| E 2 A4S 5385

[44]

[45] A slol =2 A A Zd) 3.

[46] W el 71 E 2 o] E3} ¥ Z 2} 7 (Methacrylated collagen, MAC) 0.1g2 23} f-2
A 235} Al e 7|4 stol =2 A 10meol] H7HeE A2 Al elstare A
stol=2 A Az 19} T 27 2 Fdg i oR E e 2 f-
A 8 Az L7 A 7|k stel =2 A S 55T

[47]

[48] 3. 7]]7\1 o}o]tg,_ﬁ/] EH L/jl

[49] (1) N4 stol == 2 2] 518} 4] W3} A

[50] A stol=m A Al zd 1 WA 3l A Az AHEE A e A 3]

1)
A7 7|k stol =m A o] 3182 WSS FT-IR ¥4 & 3l S48t
[51] L1 B o] Ao A Al g fAE A S g Al Ee] 7]
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[52]

[53]

[54]
[55]

[56]

[57]

[58]
[59]
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Al 8-°] "Co-dECM'&
E]_L‘H "MAC"J:

sto] =2 A 9] FT-IR +4 2 3& eyl Zlolt) & 1
L}
ol A go] "0.5SMACCO"+=
A
)

il
AAA ] Zhuk o el E 3} A E Q7] A o= AL
wetm Aol EstE FabaAS Uebdlth £k, 5 1o A
WA shol = Azl 1o] Azd ADR 2 fof SAE 8} A E ]2
714k stol =2 A& vEb L, 8o "0.IMACCO"E 7}
20| A A 23 A 2k EH EA| L3} A X N
e oL ]

]1:;,_741 ;q]zoﬂ
gk stol =g A
401 "LLOMACCO"= /M4 slol =22 Az 304 A3k 7|2
R EH A E 8} Az L7 A 7] Rk stol =2 A4S VR T
EH ahr] 3 100 2 g of AAJo|ol| A A zg A E A Rl g g
A E )71 A dfo]l= g2l o] FT-IR ¥4 A3 5 C-c & A3t 2 C=C o] %
Agtol et v a9 ghS A

714 7

[3E1]

T MAC 1.OMACCO |0.SMACCO [0.IMACCO |Co-dECM
C=C 93 |-17.47 2.92 -2.40 -1.87 -1.46

&k

C-C ¥ =L 3k |-2.44 -5.81 -5.83 -5.42 -5.06

N stol =2 A zd 1 WA 30| A wElAH g ol Esle Fefzl ) 2hat f-2
EbA| 2 3} A ¥ 9] 7]°d 7] mlo] & H-7} HE-2-(Michael addition reaction) UF-5-3}

EREEEE TR

[HEetzZ g ol Esly el o) Zhut §-23 @A 23 Az 74 ke nlol &
7} W& (Michael addition reaction) 7| 2}]
//70\\\ //\ |
[l
AN
0 \ R—NH;, |
o NH Methacrylated /> + \amine group >\ NH,
~ N /\ \// ~
) _—

s
° e Mlcha,e_| 1 Addsion

T e N

.
NH 0
R/ \/Y

\R—NH

Methacrylated OR Collagen fibrils
collagen in the Co-dECM
pH7F ©F 3~421 242} - 2ff BhA| 3} A £ 274 sfol =24 ol A Zhef -2

A 3 971 el EA)sh= o} 7l 7] = vkg-Ad o] o 3Z 2 E(proton) S

3} A3
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A A Ha vetad e ol EstE Febalol] EAjsh= old A B3

[60]

[61]

[62]
[63]
[64]

H
A ZEE(proton) &2 F A2 2 A Frof @A ESE A EZ Q] 7AYo
A= ofl V| of vl A S-S F A "
24ur F-off BA 3} A 2] 7] 2 (Co-dECM) 3ol =2 20 of) W el - 2 o] E3} ¢
Z 2} 7l (Methacrylated collagen, MAC)E Z+Z} 0.1%(w/v), 0.5%(w/v) 2
1.0%(w/v)2] %o = H7Fstal npol & H-7} Hk-2-(Michael addition reaction)<
FEstH C-C 9 A3 9 C=C o]F A2 o]l Mgslitt. =1 2 3 194
Rol= vhe} o] wElaH g o] Esle #2}7)l(Methacrylated collagen, MAC)-
et E 7] & gfstal oA 7HE W2 C=C o] 5 A& 74 L 3l HHA,
7Lnl o] F/H Eb(ﬂ Q_ /(ﬂ ﬂﬂ ](CO dECM)*O‘ 7].21— s eRygg) o] == ﬁ%]—g
ZFAI 3L AT W el E g o] Eglel F 27l (Methacrylated collagen, MAC)©]
Z4ak -2 ehA| E 3} A 3 2] 7] A (Co-dECM)H HH-5-31H W el =12 g o] E 3¢
Z 2} 7l (Methacrylated collagen, MAC)3} H] 223} -8 w] C=C ©] % A g} o]
Fol 5 C-CHd AFo] oys= AHE 3l nhol & F7F w30
APE &8 & 4= T 0.IMACCO 3ol =2 A 9] 4 - Co-dECM
stolm2 A3} v v C-Cad A3 % C=Col5 Aol golvf= dE
H AT 0.5MACCO dto] =2 7 9] 7 - Co-dECM 3to] =2 A 7 v] 53w C-C
@ A 2 C=C o|F AT o] ot AHE K3 0.IMACCO
stolEE A3 v w5kl S W C-C @Y A% H C=C o] 5 AFo| 5ot
AE Bt ol 8§ A= 0.5MACCO sho] =24 2] 2 9-0.IMACCO
Stol =2 Ao ] 8] Co-dECM ¥ MAC 3F2] HE-g-o] t] Eo] A=) &S
LRt 3HE, .LOMACCO 8lo] =2 A o] 7 - CO dECM slol = 22 A 3} vl w et
T C-C &t A 2 C=C ol T 2 o] stz A5 B AR 0.5MACCO
stol =z A v skl S w+= C-C & A3l 74/] EAst ATt o) e &
A= 0.5MACCO sho] =2 Aol A wh-g-o] 744 F T X of] 7HaThe A&
LR T
2obg ol g B 1 E 19 AHEFE 7 f G2
A #2171 A (Co-dECM) stol =z 7 o] 7] 22 1§k vlet =1 Heo| B3t
Z 2} 7 (Methacrylated collagen, MAC)2] 5 %5= 0.5%(w/v)8l A o2 s}l ar,
ol F-9] uto] 2. =L (Bionink) E o] 4 & AF Az o] Az Aol H AE
stol=2 A Azl 104 Alxg AR 2t faff 23 Alxe]7]d 7]t
stol| =z AS AF-g-3 it

M

H

—_—

PN

{

o

(2) 14 ol =2 A o] HErA] W3} HA

NA stel=g2 A0 Wb wstE A 7] 98l 25m 2 74 o] E# o] Evt
--H] ¥ advanced hybrid rtheometer& A}-&35lo] F-¥ 84 EA4 S =Astoe). WA
Folm @2 Aol Aal Agk 2 HA1L ulo] © A4 Z(Biofabrication) &7 o

]

S
o)

kA 0 7 AL = &5 27191 4Co A st a FA A o2 Agd o
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RS S0 ER, ol =2 e A7l 49 B
[e]

W3k ol 2] Ak spol = Ale] A} 1ol A no] 2 37}
-5-(Michael addition reaction)®] &2} 7} Y-S o] 1| §H),

i} 2

vl-o] @ A ZH(Biofabrication) &7 ©] & AR&- ¥ &= &% Z71¢1 37°Col A
TSR FA A o7 A7 A Il w29 M A 9 53 REYHAGHE
SA4ATE 7] AR 29 WA stol R A o] gt o ahg sl ol
AREEITE & 25 g o] AAJol ol A Al g A E A fef] e 23]
A7 A stol =2 ] Hebd wslE Al e dajolr), 29 9%

T EE A A A9 FA Aol @ B I e AIRE 29 Aot
ESH 5 20 A £-0] "Co-dECM"-2 7|A A o] 74t f-2ff @M 38} M E o] 7] A
slo] =2 A& YERY a1, "0.5MACCO"= 7)2 Sto| =2 2 A 2 of 10 4] A %38
NARE 7t fo @A s Al 29714 7] Rk sto] 2 Al E LrERI T 1 29
A Ak 229 WA Aol A Hol&= uhef ol A o 7k {23}
Az 7]A stol = A I A 2o 10 A A2 A E e 7l g ES

A E 7] A 7|5k sto] =2 A2 25 el Sl(shear thinning) 542 7AW, F
4 o 7o g Apol= gl Ao ® Syt 1oy, 29 AlRE 2
WA Aol A Kol = upe) o] Az 1o A Al sl dE Zhe -2

A 28} A 2] 7] - 7]k sho] =R A oF 305 A1} o] F /) A A 9] Zhut £
EHA| E 3} A E 78 sto]l =2 A Bl sl of 78°l o] 4o & B3 a2 (G
i

E]_]_— O

4. v}o] 2 9 A (Bionink) R |4 & Qg2 o Az

ulo] @ = Az 1.

3k Zbak 7] A M| 5 (Keratocyte) S Al 2 d 100 4] Al 23k 72 € 2t 72
A 3} A 2| 7] 2 T4k stol =2 A o) A 3lshe] viol @ A E A2kl

3t A7 DAL E o3 2ol 1] 8 THPark MN, Kim B, Kim H, Park
SH, Lim MH, Choi YJ, Yi HG, Jang J, Kim SW and Cho DW 2017 Human
turbinate-derived mesenchymal stem cells differentiated into keratocyte progenitor
cells J. Clin. Exp. Ophthalmol. 8 627 ZZ]. 913 v &2 3+
< 7| M| 3 (Human turbinate derived mesenchymal stem cells, hTMSCs; Catholic
University of Korea, St.Mary's Hospital ol A 9} =3H & 10%(v/v) AHol&d > 2
1%(viv) A YA -/ A E - Eulo] A8 E3H31= A4 DMEM(Dulbecco's Modified
Eagle's Medium)©ll ¥ 3L 7F5¥ 5% o] AFsterA #9171 B 37°Ce] &5 Z 7ol A
ok al ATt o] T 2 A Aol A A A} vl A = 10 ng/m¢ KGF/EGFZ ¥ 8131+
WSPl A 2 WA sFAL 1Y &9t vl YFsto] sl e 7] A A 3 (differentiated
keratocytes)E =58 AT}, o -, Al o] 104 A7t | d 2 7
EA 3} A E L7 Ve Stol =g A 2 A = 3 A At 2 2
2}t A A 52 5106 cells/ml o] 55 2 A4 8hake] Al E7 A4 58 2
B4 52 3} A 3 91 7] 2 (Co-dBCM) o] =24 o] uho] 2.9 55 A ek glet,
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[70]
[71]
[72]

[73]
[74]
[75]

[76]
[77]
[78]

[79]

47| AE S e el A S E Ak EE, 33k A 2y
A 22812 ol g3ko] 447] o] @) L2 A7 dmn, 3] 200me]
AF 72 & A sk glnt

2
M| 3E (Keratocyte) S 7| A 2 o] Zhu}t f-2f &AM £ &)
=315 Ao Al 9lstal= vlol 2 A Azl 13 &
OO] =

'é'
Azt Q1F A2 S A %A

W
v

Ho=R = ;} Ayfolt}, &t 30 A ﬂo{ "O.SMACCO”% HM ol 3 Az

ol & vheh a1, 8] "Co-dECM"E 1l o] 2.9l =1 A % 4

PDAE UrEMiE}. 52300 A Rol=nte) o] A EE

st7] gk stol mm A= Az 104 Az 7| dE 29 foff A 23}
ce2As Ak A 2 HE ALY A fo gA 23]

S =1
14 shol =22 A8 3hiz 49 BT 95% o Jol HE AEEL

[\
o2 9
2
é
N
QL
jus)

T x x odg
¥ WO xS

6. A A WY (In-vivo) H 7}

upo] @ ) =1 Azl 104 A Zgk Qlg2hwrz=2] of A f A9 7]'57‘474 o] 4|
o] F A E 3] & =2 BEsl7] 98] Ophthalmic and Vision Research®| &
AL-g-ell T ARVO A g A ol 2] A3}o] Daegu-Gyeongbuk Advanced Medical
Industry Promotion Foundation(DGMIF, the approval number of protocol:
DGMIF-17080801-00)°1 4 &= 2 &-& =33ttt 8vhe] o] 317
Hl =457, 855, H o 55 A1+= & 4kg)& 30 mg/mé A B (ketamine) 2 10
mg/mé lTﬂ(rurnpun)% Abgsto] ukH Al 7] AL, A A E Yol & AFG3Ho] Smn
273 ] 3-AE &3 A E Aztetdnt. o] %, Ao S & HH=A S 54
e 2 Ao dol 2708 1502 yEaL, 54 thxatl &

Hl Aol = o X5 5H4] ki, A3l &
71 npol =L Aol 1M Al 27 gz
Hlo] @ ol A A Z o] 204 ZA 3 ¢l F7hup =
Axt A7 H7F Bghol A& B

ol 2, A7 TH 10-0 ethilon nylond ©. 2 B-3}3FaL %5 W2 &5 olymyxin

(e}

harm. Co., Ltd,

o T

B, neomycin % dexamethasone< 3 35l 4 9+ (Forus, Samil
Korea) 0. &2 25 &<t sFFof 1'H A &5l

A3 F= ol thall o] A 5245 FF £ o] AIZF HA © 2 545 (slit lamp)
AAFZ OCT AALE X5kl ek, A3 F& tis) o] 2] & 5571 7 18t
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T4

713 1] olRIV|E 7HA = /‘ﬂ:“lﬂﬂﬂ RodAg B3t A A5V = H
HA ekl k2] vlol & H-7) HE-8-(Michael addition reaction)©l] 2] &
A A EL] 7] A-HA] ﬁg].;q HetA 5 Lakat=, A" A E A

1 sl =2

(713 2] Al1grell sl A, 7] Al 71 AL g A 35} Al 9] 7] A9l A&
S P

773 3] A2kl Qo A, 7] A 3} A e 7] A2 Zb ek f-ef GA £ 3}
ML 71 AN AL 5 o= b=, /I 2E AL 7|4 7wk sfol =24,

(713 4] A1kl dofA, 7] e ald B33t A 57 vl d 7], ol 7]
T vEA oM MelE = A& S o= of+=, /fAH A EV]E

9735 Alrgel] oA, ”7] A el v et H o] Bk
=2} 70 (Methacrylated collagen) 5= o} =1 gl o] E 3} ¥ & 2} 7l (Acrylated
collagen)ol| 4] MEIE = & 53 0 2 sh=, 7|2 d A 22|74 74k
Stolu g A

(713} 6] A1kl Qhof A, 7] stol =22 e e-frE AlZL 7] A o §A
Fehlo FHE 1:0.05 WA 1:08%0 A& 5 o2 ot 4+
Al 71d 7Rk sto| =2 A4,
713 7] olRIZIZ 7HA = A E L7 A & A &9 ol &3] AIA pH7} 2~5¢]
Al 971 stol =2 A2 FHl st WA
A7 AEL]VA Stol =2 A /Al B3 A AV 7 = H
A & Hrbstal ddshA EFAIZ1 F ahol & -7} HE-3(Michael
addition reaction)& - 5=3F0] M2V A A FebA ATAE A sh=

oA 2

A2
e8] ATl AoAM, 7] A7 AL At -l EA 3 Al e 7] A2

7
A EA SR sh=, A" Al 7|4 7|6k sto] =2 A o] A Wy,
(713 9] A7l oM, 7] WA el Weta Y ol Estd
=2} Al (Methacrylated collagen) H=5= o} =13 7] 9] E?ﬂrlﬂ Z 27l (Acrylated
collagen)ol| 4] MEIE = & 53 0 2 sh=, 7|2 d A 22|74 74k
shol=m o] Al 2R,
(7@ 101 ATZel QoA &7 A FepAdle] HIbEE stol =2 A |
Al 2217174 100 577 thr] 5~80 TF7F9 sle 542
A2} 71 d 7Rk stol =2 A of Al =W,
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g3 111 A73del doA, 7] MEL] 7 E stolmxd ] M7 3
1~4% (wiv)Ql A& EA o7 st /A A EL7]A 7|4k sfo] =
;(ﬂltﬂ—lﬂq

dra 121 AlE 2 AN
]]

ke

o
2

i

il 3,;}91 MEE A7 714k

478 13] A28l
WA 1x107 cells/ml Q] A& &3 02 8= vlo] 2.9l =

978141 A28l gLl A, A7) Ml E= 2 el A2 AL S 0w B
ko] .9 1.

-3 15]  3-DEZHE ] o8] #|128}9] vlo] Q. AZFE A3 S o] 28
o]i/\g;z]z;d

(78 16] A15Fe] oA, A7 AFAA 222 JAFA4NZ2AA AL EHoR

shi, o4 & Q1 F A2
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