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A1l ol A,

A7) g7 713714d A= g3 atobd 7] d A (Demineralized Dentin Matrix Particle; DDMp) B ©3] 7]

|
2 )AF(Demineralized Bone Matrix Particle)$l Z<l,

EREDEN

A&l lojA,

A7) G181 Ak = 1% w/v WA 10% w/vel AL,

257271 A 3 (dental pulp stem cells, DPSC)E o 3E3sl= A,

A3 5

rlr
my)
N
5E

57131714 J A (Demineralized Matrix Particle)& 4|3}

A7) GRS dAet Sueed-Aete E3Ee Egee] JARYRE Axse wAS e,

"ol @ o] A=y .

AT 6
A5Ee] I A,
A7 g371313 A= 3ol A 7] A A (Demineralized Dentin Matrix Particle; DDMp) v+ E3]37]

|
A A (Demineralized Bone Matrix Particle)Ql #¢l,
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LR ECEES S

AT 7
A58l lo] A,

A7 dR18714 9y 5= 1 %w/v WA 10 %w/vel AQ,

A5l i,

A7) AR ET X5F7=7) A E(dental pulp stem cells, DPSC)E E3sl= dAS v x33)

fr
L
w2

2 odhg e wlo] o)Al #ek Ao R KU} AASHA A 2] A7), AE FJE(EY) 2 =2 AA
5% (regenerative capacity)s 2zt 3D X|oF Fx9] Al&to] 7hs3dk ulo] o) =] #3k Flojt},

g7 e

oA Aop EHS Amstr] fstel HIA=34 (non-biological) A& YEHEZL dwbzom o] gHT}.
ey, X 7-g AETES}; ARgre] Xolx2] xlolo] AEEA EA (physiological properties)®] Aol AZ2&
(alveolar bone) ©43 2F< (periodontal inflammation)s EWhelE AZHE F 9 (peri-implantitis)<
HRAAZITE, OF 64%7F Ao} AEHE F& o|F 271 o]lﬂoﬂ Az S48 dgste Aoz dEAn. ot
A, AA A (biomaterials)9} Xo} A3 (dental cells)E Algsle= AAFE 3D 224 Fx2= 71 F709Hd
(craniofacial)¥} o} ZZ(dental tissues)S AAYs=dl o] &Fojgrl. B2 AFAELS Ao} 27 AYL
Z7A Fst kAl (tissue engineering approaches)oll 9sfe] @Aler 4= Qltha B audkch. ey, oAHA 9
nE zh= g7), S Je(RY) 2 =& AT H (regenerative capacity)S ZtE 3D Xo} +ER= A 2E=

k=)

3x-9 who] @AY 714 (3D bioprinting technology)e] ofg] AFAE<] #4S EiL 3l
] Alol XY Ve vheke o] Aokl Mx, AAFEA(biomolecules) B AALANE o] &34
3D A AE FZ(3D freeform cellular constructs)E AZE = Ul o2 E3to], mlo|a =z AE
FolA gz wE Y 2 wjar 37] 59 AZFo] sleslt. w3, A71eA AAl(biofunctional material

s)of Aokl AEe= 24 AE Wdskes 7lEd ol8d = Sl
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regeneration. Biomaterials 2011, 32, 4525-4538.
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extracellular matrix and treated dentin matrix as substrates for tooth root regeneration. Biomaterials
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scaffolds for regenerative dentistry. Biofabrication 2018, 10, 024101.

gige] g
S dst = HA

o] HAL Qg on 3o 7], A8 JH(RY) L =2 A5 (regenerative capacity) S %t
3D o} Fz9 A|zZto] 7tk nlo| o AE AlFEE Aot

re ok

Ea, 2 oUye] ol i s 71&A HAlE ol delA AFH J1&H FAR ARHA or], AgHA @
E0e 71EE BAES oldld MAZRE 2 owge] &3 J1% Rkl B4e A4 s Aol Bt
S ol 4 e Aol

A9 sEd T
A7) BAE EAdshy] Hske, B ooy o
Matrix Particle); @ B -Agd T35

A

2

Jol wE nloledas EF7|gr|d JAH(Demineralized
Elgia=

| @571871d AAE 23]dold 7] d A (Demineralized Dentin Matrix Particle; DDMp) v ©3]&7]
A A (Demineralized Bone Matrix Particle)¥ < Ut}.

271 g7 E Ao sEe 1% w/v WA 10% w/ve S Sl

i
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H

Ay 7

A7) vpol 9 aE X 47+=7) A E (dental pulp stem cells, DPSC)S v E&T 4 Q).

wek, & wgel A AAde ‘I}
Particle) &

Azdh= GAS EFI

22718712 4=} (Demineralized Matrix

vhelegael Az
sjmelwea-dete E38e Edele] XS

A7) 85718712 A g3 Aold 7] A AF(Demineralized Dentin Matrix Particle; DDMp) Et& 23]&7]

(=
A ?}Z}(Demlnerallzed Bone Matrix Particle)¥ < Ut}.

A7) d5718714 42 sEE 1 %w/v WA 10 dw/ve S Ut

7] FBg -y £33ES SYgFEA S Agel JEeAs §AZ & FEAES FUF &3
ANA AzE= AL 4 dd

’F7] wpole o)A AXWHLE A7) JAXRHET AFAE7)MAE(dental pulp stem cells, DPSO)E 3t
HAE 9 gt Ad 4 dvk
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W A7) 8 FAF
o, B Wio] &3k s RoplA B ANS A Ak BolsA AT F AEF B Wy
A deel HAS BEIG. Te E wwe dd 4 gelw gHE TER + gosl oo

o3, ¥ Wl o AAlelo] we vt Yol thate] FAls MW B,

ool o AAdo] wE ulo|e g g7 7|4 A (Demineralized Matrix Particle); % 3B gx=2-

47) wtol e At AALARN AGE JARHTYL 5 9or], P ol Y] BRI QA
E gdela, 4] Mnewa-Asy GBS §ujd v,

o Eeujrﬂﬁ}ﬂél olxt= g3 abola 7)1 A A (Demineralized Dentin Matrix Particle; DDMp) HEE &3] &7
lized Bone Matrix Particle)d < lom, 7] ©@3]4dobadr1d AHDDMp) = Abghe] Ao}
2Ry 288 A9 4 gon, Bt FAFoR | AlEke] XolzZKE X3 (tooth periodontium) = X5 (pulp)

5 AAToRA BoE AY 5 9

A7) 251713718 dAke] FrE 1% w/v WA 10% w/ve = Jh. Bo FAFew ) 4] @R737]d AR
% A K3 1 alE VlEe® A7) gRv|s)d gxke g5Fel 10 UlAl 100 mgd 4

A7) mleole9)aE X=7tE7) A E(dental pulp stem cells, DPSC)E ¢ E3Het= AY 4= ).

Ela R % b B opde] o Axde] we woloqie] Axume] wAEelt,

% lag xsid, B dwe] A Ao mE vholeFe] AxH2 @5F737]1d YA (Demineralized
Matrix Particle)E &W|sh= ©AI(S100); 2 A7 25718714 dxte) dHgeA-Add 23HeS &35
%ﬂi@%ﬂﬂiﬂ%ﬂﬂ@%m52§ﬂq.

S10091 41, 371 5713714 dA+= &3)/dold 7|4 JA(Demineralized Dentin Matrix Particle; DDMp) E+&
231278 YA(Demineralized Bone Matrix Particle)d <= lom & 4= glow Ay] &3]4toldr|d A}
(DDMp) &= Abgre] Aotz HEE AY F Jdom, Hup FAXOR, Alge] Xol=FE  XF(tooth
periodontium) % X< (pulp)E AAToc=zH Egd AL 4 ).

S2000 A1, 7] dARAGEAA 7] @F71871d 4R FEE 1 Gw/v WX 10 %w/vel AY 5 ok 2
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Z3eheE 9AI(S300)E EFshE AY

4>
2
o

wek, Hoaol o AAdo] whE 3D(Three-Didemsional) Xo} %= B wkmo] o AAdo] ulE nvlo]o ol
2 AzH= Ad ¢ 9o, Hu AASAE A] vleleda B Z]JtE 2= (polycaprolactone; PCL)
o] &3te] AxHE AY F Jdon, Wt FAHeE, 3D ZHUY A|~H

S o] L3le] A7) Hlol el W ZgF)
Zz2hE(polycaprolactone; PCL) ] &5 1ol whet Alxv= AL = 2

o5, ANelE Fsle] X W@ woh AAS AWdch, B ANdE B oawe] ofsF 9% sl Ay

Az 1. 233etdrd 4Ae A=

3] 4ol @ 712 1Ak (Demineralized Dentin Matrix Particle; DDMp)E AMgHe] X|olE o] &3le] AxFH, F&
il AT+ 9193 (IRB; Institutional Review Board)(KNU 2017-78)¢] HE % 9l v dxjo] ule}
AzskH ek, B AR oR | AFEe] Hofol M XF(tooth periodontium) B X4 (pulp)E AASAL, Aold
(dentin)& 4 TCelA 4F FF dHAEHEL A A (Roche, Basel, Switzerland)E F3 0.5 M
EDTA(ethylenediaminetetraacetic acid) &< (pH 8.0)(Sigma, St. Louis, MO, USA)2.2 %3] (decalcified) 3}
ATk, olF, AoldE Tt Hold PAE Az, Adotd 4= 54 2 (Spex Industries,

Metuchen, NJ, USA)3taL 100 m 3= wWHAZ AASIAT.

AAE & 23doldrd JAOMp)E 70 % v/v o E-E(Samchun chemical, Seoul, Korea)(diluted in
distilled water(DW))= 2 AlZF &<t 4 CollA A stal o] (DI water)= 23] AHHTE. o]F, &3
dotA 71 SJAHDDMp) = o] leh&S A7 flsted A wiAel A (soak)dte], @3 AolErA A}
(DDMp) & FH] gt}

Azd 2. drg=A-dzd EFEY AZ

3| ¢F 24k (hyaluronic acid; HA)(Sigma, St. Louis, MO, USA) 3 mg/mL& W% EMEM(Eagle's minimal
essential medium)(Gibco, Waltham, MA, USA)S &35t 3S|&F2AF &AE& AxsqTE. olF, A
(gelatin)(Sigma, St. Louis, MO, USA) 27.5 mg/mL3} 3] B &]:=7l(fibrinogen)(Sigma, St. Louis, MO, USA) 5
mg/mL-E& S| LFEA & 3 mg/mLol &g $, = A E(glycerol)(Sigma, St. Louis, MO, USA) 4% v/vZ F
7t2 &3fste] FEgred-Aed £35S A XS

AzE Feded-Adete 52 W] (0.45 um filter; Millipore, Danvers, MA, USA)3}al, AF&A|71A]
=20 Colx sAst] AFs)ect. s49 B ed-Age £35S 37 C % EI0 tech, Dajeon, Korea)el

e 1. SR eA-Azdd EFEET TAE vole Y3
g7 Azl 2014 Axd B eA-AdE EfdEEst A" veleYdas St

A 1. DDMp 7]4F ulol2 T 9] A=

o,

}7] Az 14 A=
c3kste], A 1 nl 7]
TH| gk,

N

i ot
r_{

AAle] 2. DDMp 7|9+ vlo] @ g3 ¢] A=
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A7] AAd 13 B3 AAEE, AA 1l 71E 7] 23 dolE 1 E X (DDMp) 30 mgS 3§35, DDMp

EO
3% w/v =X vle]oaE FH|sit),

d7) AAlel 13 FDsHAl AAsHE, AA 1l 71 7] @3]deldz1d gAH(DDMp) 50 mgs

5% w/v X9 vle]oe)aE ZH|sit),

Flof

gratol, DDMp

Al 4, DDMp 7|vF Hlo]lR A A=

A7) AAd 13 FLsHA AAEHE, AA 1 al 715 7] @3delar)d AxH(DDMp) 100 mgS
10% w/v 559 ulo]2aE Fu|sht},

rlot
ot

Fsko], DDMp

g7) Blate] 1, AAle] 1 WA 4ol ubE mpe] o4 =10 DDMp S5 8] & 1ol Aelskslnt.

F1
T5 DDMp &= (%w/v)
H] o -
A 1 1
AAA e 2 3
Ao 3 5
A 4 10

Add 1. 2E2A 8 F7] 24

A7) Az 1914 Azxg 23aotd 7] A YAHDDMp) o] EE=ZA (morphology) ¥ 7| (size)E FAAA AN
(SEM) (S-4800; Hitachi High-Technologies, Tokyo, Japan)Z ©]-&3}e] #4135} t}t. DDMp: 7F o] (carbon
tape)oll A%, 2~¥E F¥7|(sputter coater)(E-1045; Hitachi High-Technologies Co., Tokyo, Japan)Z
o]-g3to] 50 Z(s) &<t 20 mAolA EZFEF (plutonium) &2 TR EH AT, SEM o]v] A& 5.0 kVellA w2 Qlo
o, BEE DDMpe] EEZA SEM o]mAE X 20 EASITHE 29] (a)i= DDMp EEZE=ZA SEM o|mA|oln | &
29] (b)+ = 29 ()9 Fd olnx](x50)°]t}). DDMpel ¥AF Z 71+ Image] software(NIH, Bethesda, MD,
USA)E o83kl SAatglon, S4€ 235 = 3o =AISGIH.

5 28 Fxsid, Alzxd 194 AzxzE DhMpe vwlolaAE A7) 39 B o4d d48 /A s &
A 4 gJom (& 29 (a) #=F), 2 WA 4 m FA9 oAl #(dentinal tubule) F+F2E FHoA & {23t
I PSS A 4= Jdu(Z 29 (b) FF).

= 39 xS, A7) Az 104 AzH Dpe] B 271 ek 48,13 m ol®, 20 WX 60 m 271
27F AA Y 62.73%S =}A St

iR

Ade 2. vlo]le YT EA &4
71 Blate] 1, 7] AAlel 1 WA 4ol AlzE vl el Wk 2SS4

7] AN 104 Az ol eae] i @vA oA 4o %
2w ARODIp)7E $HEA 3, FRA RxHe] AL HAT & Ak,

A7) vad 1, A7) AAle 1 WA 404 Az Ho]e o=l FHEHE (rheological) AL Aeh 29 B4
(shear sweep analysis)S %3l FAHsHom, A 29 E HAKE MARS III Rheometer (Thermo
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Scientific, Karlsruhe, Germany)olA 18 T<] 20 mm 274 S ZHOEE o] &3l 0.1 WA 100 s-14 3
Sk, o]& Eote] HXE(viscosity)E ZAHsIGloH, A AHRE & 5o ZAEIY. & bollA 7] Bl
1o W& npolo T = “0% w/v” , A7) Al 19 el A= “1% w/v” , 37 AAl 2] wE w}

=
oledaE “3% w/v' , 7] AA 3o] WE nlolodIdE “5% w/v' , A7) AAd 4o wE o] YTE
“10% w/v’ o= FABFYTH.

T 55 FxstH, A7) vlad 1, 7] AAld 1 WA 4olA] AlxE vlo] 2 A= DDMpe] %7t S71Ee] et
X (viscosity)w F7Ftlem, DDMp s%7F S7hsholl wel A& (shear rate)d S7ieta HEv HAshe
Akers) (shear-thinning) E4¢] 235 AT},

A7) wmlae 1, A7 AAG 1 WA 4olA AlxY dleledae  FEASG(compressive modulus)E
SAHsG e, 54 4905 & 69 ZAEAY. & 69 dEFASTE vloledA(mud 1, A 1 WX H)E
Qlste] 7Fnl(crosslink) @ ¥, BFo]¥-A] HA (biopsy punching)S E3F 27 5mm, ¥°] Immo 953 A&
(cylindrical samples)E W3 th. ZF vlo]e T2 58 A &5 HE HAE 7|7 (Instron Model 3342;
Illinois ToolWorks Inc., MA, USA)el HAXAIZI &, ] 1 mm/min® £E2 AQHo 2 =3da 19
$-3l= 3 (force) 74ﬂ(dlstance)§ 71=3FA ). M (strain-stress curve)S I1¥ 2. 10%
S (strain)& 7|30 7|&712 AAsle] o= A Att. = 6olA XF<9 “DDMp Concentraion”
o2, A7) vud 1o wE nlo]edaE “0%” | 1o w2 wlo]ledaE “1%”7 , A7) AA
of W& wlojo A “3%” , A7) AAld 3o u}E njo] “5%7 , &7] ARl 4o wE npo] Q.Y
dE “10%7 o2 FASH3IT.

i

i 010 Ji

Ll JE
e rE tm
ol off
o

N OB oo

ro AN oft 01
0%
N
o X
>
2

b

o2
H
rlr

£

T B(sr p < 0.01; #xx p < 0.001.)S Fx3W, DDMp FEo] tﬂrﬂ Hfo] @ o) 7.9 %L%—ﬂ?(compressive
modulus)E Z=7}8FH, 10% w/w DDMp vlo] A (A4 4)¢] dE=A4+ duged-Aatd Z3E(0% w/w) (1]
e 1)XTE oF 16.3 v} o] AT},

Fnld. X+73ZE7) A X (DPSC)

474271 A 3E (dental pulp stem cells, DPSC)(Lonza, Walkersville, MD, USA)E= A% ¥#iA] alpha
MEM(Welgene, Kyungsan, Korea)ollA] wjeks|glom  AEd Z7(37 T, 5% CO,) a4 10% Z2Ejold A (fetal

bovine serum)(Capricorn, Hesse, Germany)Z} 1% v/v S| HA-~E@Enjlo]Al(penicillin-streptomycin)(P/S;
Capricorn, Hesse, Germany)g X=3}9ch. A WA (medium) = 3¥€wvic} wAS9ict. DPSCE Tryple ™
Select (1X) (Gibco, Waltham, MA, USA)Z E&]% o] 70~80% E3}(confluency)7FA At &3F3ict.

Hlae] 2. DPSCE ¥3sle g -Azd EFE27 FTAH nlojed=a

71 Eulelol A migFE DPSCet 71 mlaLe] 1elAM Alz® mie] Y=
cells/ml) & FU3A 3t DPSCE ET3h= Hio| LY AE A Z33T).

AAle] 5. DPSCE FE &3t DDMp 7|9t viol e3¢ A=

A7)z ool A BjekE DPSCSF A7) AAle] 1614 AZE 1] 29 (3 X 10° cells/ml)E FA3HA] Eiato]
DPSCE X3+l DDMp 7]4F wlol IS A xst%iT).

AAld 6. DPSCE E3Fal DDMp 714 vleled= 9 A=

A7 Zuleo] A HjokE DPSCSF A7) AAd] 2014 AZE w2 A(3 X 10° cells/ml)E HA3HA E3tao]
DPSCE E 3= DDMp 7|9k wle] 0. A8 A x3hodct.

_10_



[0099]

[0100]

[0102]

[0103]

[0105]

[0106]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0116]

SIS 10-2023-0116244
AAle] 7. DPSCE FE 3t DDMp 7|9t Hpol e3¢ A=

A7) Zuleel A wjokE DPSCSF A7) AAle] 3ol A AlzE uo] 9= (3 X 100 cells/nl)E #UAs A Eatako]
DPSCE ¥3gHsli= DDMp 714t mlol e d A5 A =23t).

AAld 8. DPSCE E3Fal DDMp 7%k vlol2d= e AZE

A7 Znleol A HokE DPSCSF A7) AAe] 404 AZE w23 X 10° cells/ml)E HA3HA E3tato]
DPSCE 238l 74k DDMp Hlo] L. IS A 23T},

0

7] wlale] 2, Ao 5 WA ol wE mpe] =] DDp FEE

o]

t71 3% 200 Aeshslnt.

¥ 2
TE DDMp F %= (%w/v)
Hl o 2 -
Al 5 1
AA 6 3
2 7 5
A 8 10

A 3. DDMp Hlold =9l MEZAFA (cytocompatibility)

A7) vlate] 2, AAld 5 WA 82 mpo]le= W DPSCY MEES EAS7] 9ste], uloleae] AE/AME
9 (live and dead staining)(L3224, Thermo Fisher Scientific, Waltham, MA, USA)S 7Y <t $=3)3}9it).
A7) wlae] 2, AAld 5 X 89 HlelJAE FALMN(0.2% v/v calcein AM(ThermoFisher Scientific,
Waltham, MA, USA) and 0.05% v/v ethidium homodimer-1(ThermoFisher Scientific, Waltham, MA, USA) in
PBS)o. = 1 AIZF B9t Ao AME F 3 dv]H(Leica DM2500, Leica Microsystems AG, Wetzlar,
Germany) 2.2 o|mx|3} &lo], o|ux] A:}E % 7(scale bar: 200 mm)ol =AEFT. AE AEE(Cell
viability)> A& AE 2 APE AEel A4 AE F(total cell count)E FHAT F, HE AE 5 AA|
A s vro] Adteiglon, O AdE = 89 E=AISHIT.

T 794, A7) vlale] 290] wlo]Q A= “Gelatin mixture” , 7] AAld 5o wWE wlo]eddaE ‘1

Ww/v” , A7) AAld 6o WE mfoledITE “3 %w/v” , 7] AAd 7o wlE vloledI= Y5 ww/vT , 37
24 8ol wE nloloolaE “10 %w/v’ &= FEAETE.

2

T 8ol XZ<2 “DDMp Concentraion(% w/v)” 7|=Co2, A7) Hluld 20] W& npo] o=
o 1o wE wpoloaE “17, A7) AAd 20] g wleledTE= “37, A
=05 A AN 4ol g vleloaE 107 o® BAIS

[

5 78 Zxsd, AE/MAE a8 A= 79 2ol A DDMp 5] #AGo] DPSCY tii-o] BE uHlo]l oA

8& Fxatd, @A A Ax, BE aFNM AE AEE(cell viability)o] 95% o] A4S FHeld 5= 9

S & 7949 A AAld 8o wE Hlo] 2 A= (DDMp 10 %w/v) el 19xF(Day 1), 5¥xF(Day 5), 109=x}(Day
10)ol 2] Z}Z}e] 3Foln x| (scale bars: 20 mm)E & 9o ZAIFET. & 98 FFshd, nlole a9
DDMp(white dot lines) FWI} FWo|A] DPSC U7} A3 F7tsls AL gelst = ¢
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[0118]

[0119]

[0120]

[0122]

[0123]

[0125]

[0126]

[0127]

[0129]

ZIHSd 10-2023-0116244

7] vlatd] 2, 7] AAld 5 WA 8] upo] 9.l Wiell A DPSCO] T4 A (proliferation assay)s T3k
t}. ZF24 EX(proliferation assay)< AlamarBlue® Cell Viability Reagent (ThermoFisher Scientific,
Waltham, MA, USA)E ol&3te] 14, 3%, 59 2 7kl Falsigict. A7) wlald] 2, 7] Ao 5 U#] 89
vlo] 9 Q)= QlitwlolElol A A wixlel ofs) A H 10% v/v deputE BF A <k(alamar blue dye)ollA] 3
AlZE o wiksidth. 96-9 EFYolEe] 100 pul B4 £98 B (sampling)dt -, Z4Zre] FPA7]
(excitation: 544 nm/ emission: 599 nm)E mlo]TEZ X o|EZ ] (microplate reader) (Synergy NEO2 Hybrid
Multi-Mode Reader; Bio-Tek, Winooski, VI, USA)Z ZA3sItt. SAE dolHE 19x(Day Dol 8 A=
o] diolE|2 A rgtsiglon, F28A A3E = 100 =AI85T.

= 10014, 7] wlate] 26 wE wlo] )AL “Gelatin mixture” , 7] AAld 5o wE wlo] o YA= “1
ow/v" , &7] AAld 69 wWE wlele AT “3 Gw/v” , d7] AAld 79 wWE wle]eAE 5 w/v” , 37
AN gell W2 whole A “10 %w/v” &® FEAISIATH

T 10(k* p < 0.01; #%* p < 0.001)S FFsIH, RE plo]oelm 188 79 HoF kS X &5k, 1L,
DDMp 5Xx7} Z71&ol whel DPSC EH4tE (proliferation rate) ZAAsk3ith.

A3 4. DDMp 7]%F vpo] Y43 W] DPSC] X PFA &S £4

DDMp 7]WF mlo]l 2 o) g oA o] DPSCe X & A #3}(0dontogenic Differentiation)E EA1&tct. X HAE3 4
S Sk, 7] vlae] 2, A7) Al 5 UX] 8ol whE wlo] e AE A|EEA o] g on, AEE 159 F
oF B3 x] (1% v/v P/SE 73+ StemMACs OsteoDiff media(Milteny Biotec, Bergisch Gladbach, Germany))
oA wigFEtH, FAlel LEAH #l=(alizarin red) et EZEiEAd QAR S AMP) A4S kT
olwf, o} &E|d(aprotinin) (Sigma, St. Louis, MO, USA)S 10 pg/mL == vjX|o] H7}ste] =3l Hlo]

e9)a wahE YA

gzt #HE S 9t A BEE 49 LEUUStol= {9 (formaldehyde solution (Junsei, Tokyo, Japan)
ol 15 4 Tt nAF I, 23 SF5(double distilled water)Z 2% w/v 34" LA @l=S(alizarin red
S (Sigma, St. Louis, MO, USA) &o= pH 4.3°14 20 # & FA=AgY. F71d A (mineral
deposition)& AZF33tr]  Qsle], FAE AFEE 10 mM AMUYEF  9E58M(sodium  phosphate
buffer)(Sigma, St. Louis, MO, USA) (pH 7.0)olA 10% AEdzdEgIZFEelo]=(cetylpyridinium
chloride)(Sigma, St. Louis, MO, USA) &Moo= Hhaj(overnight)(12 A174) gdstgitr. zF &= A2 (DPSC
7b ZghE DDMp whol e =)e] Fehdk(optical density)™ 550 nmoll A wlolAE Z#o|EE o] &3le] 43}

dth. gAF, ARE dAvigoz B

gAY HE AME AlS (7] Blae] 2, A7) AAle] 5 A 8ol wpE ulo]o.la)e] dnA o
bar: 500 pm)E %= 11¢] ZASHgIT. = 11¢0A], DDMp wHleleda=z A7) vlme 29
Gelatin mixture” , A7) AAld 5o W& vloleaE “1 %w/v” , A7) AAld 6o WE nlo]o ol “3
Gw/v" , A7) AAd 7ol WE wloledAE ‘5 Gw/v’ , A7) AAd 8o WE mlo]eAdAE “10

EREE =S

T 115 =38, Bright filed AFolA DDMp §%7t Z713te] ot F7]14 A4 (mineral nodules) A (%
11¢] 'white arrowhead' XA])o] &71eS YeEll+= AL g £ dow| o]#3 HeS Alizarin red
staining 274 ZZHch, DMp w57} Z718he] wal £712 H 2 (mineral deposition)o] Z7tsl= AL &

=1 =
gk 4= 9l

A dE GAE ARG vlae] 2, A7) AAle] 5 WA 8o wE vlo]le ) FIdE = =,
X 12(x p < 0.05; #x p < 0.01)o] ZEAEFHTE. & 120014 XZF9 “DDMp Concentraion(% w/v)” 7]&Fo=, A
7] Al 20 wE wpo]ledaE 07, AV AAle 5o wE mlole A= ‘17, Y] AAld 6o i vl
1993 “37 , A7) AAd 7o) WE mpe]ledIaE ‘57 A7) AAld 8o wWE mloledaE ‘10" o=

[
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[0131]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0142]

[0143]

ZIHSd 10-2023-0116244

EAB.

L 12 (x p<0.05; = p<0.0)F FxstH, FAE A 2, &7 AAld 5 WA 8ol wE nlo]
eda)o ARs Aae ol S 2ot s . %= 12914, DDMp &%=7F S7hskel whet
S 2748, 3%, 5% 2 106 w/w DDNp ol (AAle] 6 vIH] 8o] whE o] Q)i 31 wgl-
Agd & "% 1% (0% w/v concentration)(H]alel] 2¢] wE wle]edla) KT #AS w2 F7g
ion)& HojFu).

(mineraliza

g 5. DDp Hhol2d =) 2D AAA H7}

71 date] 1, AAjo] 1 WA 4¢] w2 vle] el H9] 2D A4 (printability)& 7. 2D A A8
, vl as A e vpole A A=®E AR A, Al A2HS EAH Ao (motion
control)Z $J3F 3% 2|0 X (three-axis stage); U¥d F7Fo Axo AALASES AL 4= o= dE] J1E
22 3 EE(multi-cartridge dispensing modules); ¥ &%, 5%, A& 93 A==2H (enclosure) = T+
A=

KeX
=

2D A4 A FolA, A el (line patterns)S 300 m =Z2 Q14 £%(5-320 mm/min )E galste] A5+
o, A F(width)® =] (height)E 733},

2D Q1A A& Ao thsk v (Leica Dml-1, Leica Microsystems AG, Wetzlar, Germany) ©|9]A|E % 13
o =AIETH. & 13914 Y9 “DDMp Concentraion(% w/v)” 7]Eo®, A7) vHlad 1o wE nlolealdE
‘07, 7] AAld 1o wE npo] “17, A7 AAld 20 W& wlo]edaE “37 , AV AAld 39
w2 wleleAE ‘57, A7l Al 4oﬂ wE nle] oA “10" o2 FAIET.

T 138 #HzEd, A4 £X(Printing speed)”’t S7FE4E Qldd AZe A H=

4 ATk, 53], DDMp wE7F S7HE 5, AE5AQ A dHle HAAoR Ao ® AT, FH e
Atel ZFE 28 (0% w/v DDMp; Bl 1) 160 mn/min 213 &% Folxl A& A8t o, 10% w/v
YA 2FE 320 mu/min A EZONME ALEH HE A8,

2D Q1A AlEelA, = 139 wleledae] ¥ AnA oW A2FH A H¥(line pattern)®] Fo
(heights)$®} #(widths)S Image] software (NIH, Bethesda, MD, USA)S o] &8l =A&ta, A wglel =3
(aspect ratios)+ °](height)& E(width)i o] Atetdon, o AE = 140 =5 4
A 7] vlale] 1o mE o]l eI 0 dw/v” , 7] AAle] 1o mE npole I 1 Gw/v7 ”’7] AA
o 20 W& wlo]leYAE= “3 %w/v” , A7) AAd] 3o W& wlolo A= Y5 %w/v) , 7] AAd 49 u}
Hhol ) A = “10 %w/v” 2.2 FEAISFSIY.

—

£ = o

>

, =149 (a)(* p < 0.5; ##x p < 0.001)%= ']i
$9 4 Aoty Andxd A4 TTE(C2A 1
=

(Min. line width)& A3 A=,
—8— 360 wmoel™, 10% w/v DDMp Hv}o]$.
= 10% w/v DDMp Hfe]e.ol=

2 1
)
Eg £
o =
é‘éﬁ
:7
lﬂi
th
2 fo
=
cc“n’
:'N)
o
3%
\12
N
m
e [
z
:%
ot
09,_1>
HJ O,
= o
ﬂQ_ELL
ity
o
=
mlo
10
rshmﬁ
g

[«

149] ()&= A" A =o](Line height)E A

(b)= Ad4¥ A Z(Line width)S B3 Ao,
1o} A A4 57t S

=
T 149 (b)eF & 149 (o)A, SHE A Z3 A Fo
A BT, DDMp X7t 2718kl whel 1w %
= 149 (d)olA] =31 (aspect ration)e] A A3ES AHylsid o,
S7Hgl whe Rl MEFS Ao M o gole FUbeke S AEeld

Lol A, 10% DDMp Hho]l L= (AAd 4)o] FZn]= 0.70701W, I H ] %7-
= 0.32690% ost 4 9lu).

=]
=]
-
=)
o]
rg

>
e

o el Fu

g 6. DDp Hhol.2.J 9] 3D A4 H7}

71 wlate] 1, Aaje] 1 WA 4o mE whole =19l 3D Q1A (printability)& B7Fskit. 3D A Al

, ol dAE AT 5 Qe wpole QI A2ElE AR AlAste], Qla Al=ER B Ao (motion
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[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0151]

[0152]

[0153]

[0154]

[0156]

SIS 10-2023-0116244

control)& $3 3% Z~Ho]X (three-axis stage); UFs T/ MEL} AALANE AET = = U JIE
YA T3 EE(multi-cartridge dispensing modules); % <%, ¥%, HAS 9% A1FZ A (enclosure) & T+
A=),

o 539 AT HEEE sl on DDMp 7|W vle]ledae] A5 HEEE 9lg
< (layer-by-layer) 342> 400 pm 33 150 wm F79 22 s{ES v

A AlE AEE omAglet &, A5 AT Fol Imagel softwared ©]-&3f

of ZA4stt. QA ElAECA, DDMp HFo]l £ A= 300 im =ES Fdto] 34.3 pl/min HEZ HEEH AT

3D QA Alge digk dul7d oJulX|(scale bar: 5 mm)E X 159 E=A]EAT. = 1594 YO “DDMp

Concentraion(% w/v)” 7]=o. 2, 7] vlaud 1o mE vlo]e A= “07 , A7 AAld

= 17, A7 Al 29 fﬂr% Hlol e I E  “37 |, A7) AA]d 30 WE nlo]oYHaE “57 *(}7] él’\]flﬂ

% 158 Az, 4% FAE RE 2FdA 43 3o 47 35S dsdon Tolkee AL Al
S vk, E=9, DDipE AEH A Gge mA. b FE} FAA5E T T A 29T ¢
oh;}
AT

3D QA AlFelA DDMp 719k wpoled=a(Hlare] 1, AA 1 WX 4)9 #F 25 (Number of stacked
layers)oll m& HZF Fol& FAst] & 169 =AHT. & 16004 7] vl 1o W& npole YIS “0
Ww/v” , A7) AAl 1o WE npol e IE ‘1 %w/v” , 7] AAld 20 wE vloleAdTA= “3 Gw/vT , A7
AN 3o wWE wlole A= 5 Gw/v” , A7) AAA 4o wWE uloledIE “10 dw/v’ O& FEABIIT.

Iy

il

T 16(xx p < 0.01; #x+ p < 0.001) ZZeH, FBg]wA-Aey EF2(0% w/v)(Wad D7 1% w/v DDMp
Hlo] @ A (A e D2 @A zfolE BolA] F3kort, 3% w/w DDMp ol (AAlel 2 WA 4)ol 4= DhMp &%=

o}
5 —_—
7 FNEER 45 ol A4 Frkshs A% U & Avh,

i

w3k, % 17(scale bar: 10 mm)oll A9} 2& A A= (printing) S o] &staL, A7) AAd 4o wE nlo]od=
£ o]&3dte] v A5H stel=mAd F 25 Alxsdv. vs A5 (layer-by-layer) 5482 2 cm ol9k 150
m FAL Rolreke] thEAd HElE o] &t FaAgi o, FPAAE EAg & 18(scale bar: 10 mm)& 3
zatd, QIHE stel=rA FxE 2039 A5 AANAE B glol 7T (pores)s HASM FAGL U=
7

Zg#. 3D Xo} §Are) nlol A4

A7) AAd 82 Hlo] A (DPSC7F E38HE DDMp 714t BFo] 29 =1)(10 w/v DDMp) & PCLE FE<IHE E3}o]
=HE= 3D Ao FF AE FEE AT

3D Ao} FAF ME G2 3D-CAD B2 A} 9y Yo 2= AHHESE HAAGHAG, =
AR AFEH A Al 2ZEol9) 3D-CAD REE FH|HUct, B 2273 nlo] QTR

cells/mL) (A A4 8) Z/%E+= PCL(polycaprolactone)S ©]-&3te] T 150 me #@olo] (layer) S AFA
WaoR EatA o2 FUkshe Awshd A4S B3 Akt wheledae] Q1= 300 m =EFS ]
0.5735 uL/s® #AME S (dispensing rate)®t 50 mm/mine] QIEEZ 3 EJct. PCLe A= 300 m ==
< o]&3Fe 200 Kpa, 85 TelA F3t). nlo] YA (AL 1E 3me Fol2% FAH 1, Hlo|o YA
/PCL slolBE = F2E 2 o 2015 7HAT. A AN A AdFZA (enclosure)= 18 TE FAHTE, o] Fo
TFERELS o)A 458 9 EFR(thrombin) (10 U/mL)E =} 7kl A3 (crosslinked) %31, 157w o] Ef o] A
H Sk T}
T 2004k o], PCL QIS F3ted 2 em #el9] 3D ¢}
vho] e A (A d 8)& 2AEE U ] A3, A=
3L [e]

T 208 #FE3shH, PCL 2AZ= Y5ol 212 DDMp Hfol

al
19014 BAw=E Fhxste], 3D AES] 3= DPSCZF EFhE DDMp 71Wb whe] 2 =(10% w/v, 3 X 10

e

&



[0157]

[0158]

[0159]

[0161]

[0162]

[0164]

[0165]

[0167]

SIHS31 10-2023-0116244

7]

2

ol Q¥ 3D Xo} A AFE FER(EAZSZ) YR VH DPSCe] A& (viability)S B7latale
o], tiZ+*(control group) 24 DPSC7} ¥3+% JJEE] Al Z3E (e 2)& o] gste &
sk wkalo 2 e 3D Xof g AE FR(EANEZ) EHOHHJ— AEES HItsslt.

“ o1

Al o]

= 5 oox
off
m9‘01:0

s}

Z}Zke] AB (A 89 W gxat) o AE/AFE A (live and dead staining) (L3224, Thermo Fisher Scientific,
Waltham, MA, USA)S 7¢ &< FYqrt. AlEE A8 N(0.2% v/v calcein AM(ThermoFisher Scientific,
Waltham, MA, USA) and 0.05% v/v ethidium homodimer—1(ThermoFisher Scientific, Waltham, MA, USA) in
PBSYSZ 1 AIZF FoF Ad2ox dME & &g dvulH(Leica DM2500, Leica Microsystems AG, Wetzlar
Germany) &2 o]u|x]|3} s}l o, ojux] AI}E X 22(scale bar: 500 mm)oll =AY,

off

T 225 Fzehd, iR DPSCE yrHw=A-AgEl = ("Fibrinogen-gelatin mixture")(0% w/v DDMp;
e 2)3} DDMp HFe] 2. A ("DDMp bio-ink")(10 %w/v; Ao 8)o] F 1§ HFolA AEFASS Foldd &
o, o & 79 Ayl X3},

AF) 8. 3D Xo} & AE T= W) DPSCe| AJA £33} £4

A71 AgdelA 1dlE 3D Hot FF ME FER(EAEE) WFAY DPSCY AFA w3} (odontogenic
differentiation)E H7}slRom, SAlo), thx(control group) &4 DPSC7} & vBgx=A-Aete &
FEM e 2)S o] gt A& T WAoR AME 3D Hot A AE FER(EMED) YEIAE X
g 35 Pkt

Z}7ro] A8 (AL 9 xT)E 159 T B3R (1% v/v P/SE &3 StemMACs OsteoDiff media(Milteny
Biotec, Bergisch Gladbach, Germany))ollA #j%ksiH, FAlo]l <Al #=(alizarin red) LAE
F3skginl. olm, oFZZE|d(aprotinin)(Sigma, St. Louis, MO, USA)& 10 pg/mL FEZ ujx|o] H7}a}o]
HEg Hioloa wIE WHIGT. LA HE dAs fEte AREE 4% EFgHEel= &
(formaldehyde solution (Junsei, Tokyo, Japan)o] 15 ¥ ©¢F mAE I, pH 4.39]4] 20 & F<t 23} =75
(double distilled water)® 2% w/v 3% L&#J#A# #@=S(alizarin red S (Sigma, St. Louis, MO, USA) &9
oz AU, F714 FZF(mineral deposition) S AZslelr] 98k, d4E A|l5E 10 mi HEF 2
Z& 9N (sodium phosphate buffer)(Sigma, St. Louis, MO, USA) (pH 7.0)olA 10% A€ vgF EE}O]
(cetylpyridinium chloride)(Sigma, St. Louis, MO, USA) &< o = HMAl(overnight)(12 A3t @&, &4
gody A5 FIUE (optical density)E 550 nmellA] mlo]aE ZHO|EE o] &3le] AT, 29UF ) A
52 dArnjFow B3},

g2zt #d=(alizarin red) 94 A3E = 239 Z=AIEITH. = 238 Fxshd, dE=A-AZd S35
("Fibrinogen-gelatin mixture")(0% w/v DDMp; W]xlof| 2)® T} DPSC7} ¥3tE DDMp 714t wlo] 2= ("DDMp bio-
ink") (10 %w/v; AAld 8)ollA s H& F7]|3k(mineralization)E HojFEt), olgfst Ay= = 89 Ao}
SRR a=

8 A B3}l Eo] FA(specific markers)®, DSPP(dentin sialo-phosphoprotein) % DMP-1(dentin matrix
acidic phosphoproteinl) W& FF& RI-qPCRES T3l FAST. ZH279 AlE(dEd 2 dz=hHE
bioMasher-11(Optima, Tokyo, Japan)E& ©|&38}o #3 = itt. Z+2te] A|E+= Trisure (Bioline, London, UK)Z
10 S<F Agska, RNAE ZEst7] flste] 30x &t EEYEalth. 2 RNA A1E(sample)ol] w3k cDNAE
helixcript# Thermo Reversed Transcriptase (Nanohelix, Daejeon, South Korea)E ©]&38lo] 3Alstgith.
Biometra Professional TRIO Thermo-cycler (Analytik Jena AG, Jena, Germany)Z ©]&3}o] cDNAZS
gAstdrt. o]%, oW (Primer)(E 3)9F Z3 ¥ cDNAE Roche SYBR Light Cycler 480 SYBR Green I
Master (Roche Diagnostics Gmbh, Mannheim, Germany)ollA light cycler 480 II (Roche Diagnostics Gmbh,
Mannheim, Germany)E ©]&3ld SZA|ZTE. DSPPSF DMP-19] %‘Tﬂ—r—i—% DDCtH (DDCt  method)ol] wa}h
GAPDH(glyceraldehyde 3-phosphate dehydrogenase)® A 3tE 4 glom, A<%3k RT-gPCT #A L 33 A8}
Rom, RI-gPCR AFE = 240 EAISFATE.

_15_



[0168]

[0169]

[0171]

[0172]

[0173]

[0174]

[0176]

[0177]

SISl 10-2023-0116244

#£ 3
Genes Primer Sequences
GAPDH Forward (5' — 3") GAA-GGT-GAA-GGT-CGG—AGT
Reverse (3' — 5") GAA-GAT-GGT-GAT-GGG-ATT-TC
DMP-1 Forward (5' — 3") CAA-GAC-AGT-GCC—-CAA-GAT-AC
Reverse (3' — 5") TTC-CCT-CAT-CGT-CCA-ACT
DSPP Forward (5' — 3") CTG-GTG-CAT-GAA-GGT-GAT-AG
Reverse (3' — 5") CCC-TCT-TCG-TTT-GCT-AAT-GT

% 24((exx p < 0.00DE FEePW, AgeolA AME 3D Ao} P AE FECDDMp bio-ink")(10 %w/vi 2
Ald 8)& thxwEU DSPP W&ol 22.86 Wi, DMP-1 wdeo] 59.768) =& A& e = 9lon, ol FTAF
f9]4d (Statistical significance) HEg ¥2= AT},

Z}z7be] A g (HEd 2 gz2a)S 159 5ok B3uA (1% v/v P/SE g3k StemMACs OsteoDiff media(Milteny
Biotec, Bergisch Gladbach, Germany))ollA ®joksln], FAlo] It AA7FFEEH 4 (AP) M-S 35}
Stt. olul, o}~ ZE|d (aprotinin)(Sigma, St. Louis, MO, USA)S 10 pg/mL == ujX|e] H7lsle] =3t
nlo] 2ol EaE HX3tk. AP A8 REPROCELL Stemgent ®Alkaline Phosphatase (AP) Staining Kit II
(Stemgent, Cambridge, MA, USA)E o]&3sle] A|ZALe] AHS we} 335 e, 53], A&+ 2~5 F(min) &
oF iASaL, 5 WA 15 F(min) &<k A9 A (dark)olA AP 14 ooz M GIct. o] %, A|ZE PBS
2 23] AHsT. 988 RS drdoR o] &ste] o|nX|glatgitt

DSPP(dentin sialo-phosphoprotein)®] ™A (immunostaining)S 33T, AR (HE#H)E 159 &9 #
SHIA (1% v/v P/SE -3t StemMACs OsteoDiff media(Milteny Biotec, Bergisch Gladbach, Germany))el A
wjeksle] | wiekE A5 1Y B<t 4% PFAR AP, A|BE 5 B F9F PBS(Sigma, St. Louis, MO, USA)olA
0.1% Triton X-100(Sigma, St. Louis, MO, USA)E HFIHglow, 1 At &< 5% AP AHLF T (bovine serum
albumin)(Sigma, St. Louis, PA, USA)o.& 2te+E e}, Al B+ ¥4 (overnight) 4 C DSPP &4 &< (dilution
ratio 1:500; SantaCruz Biotechnology, Dallas, TX, USA)ell A wl=ATt. A&+ 4 C, A (overnight) PBS
2 AFFEJL. 22+ A, Goat Anti-mouse 1gG (HL) Alexa Fluor 488 (Thermofisher Scientific,Waltham,
MA, USA), PBS(1:1000)= 3]A&m, F&elA 1 AlZF St A=E wgsisivt. Alss PBSE 33 AHE 5,
1:1000%2 2121 % Hoechst 33258 (Sigma, St. Louis, MO, USA) ellA] 3% &<t vF= AT, o], ANEE 34
H & o]&ate] HASIGUTE.

AP 9421 =l DSPPe] MY AN HFANE = 250 EAIEAT.

% 25(Scale bars: 100 pum)E F=xsbA, AP (% 259 (a))¢} DSPP W& (% 259 (b))o] HFolo = U
DDM A} FHoA =& AL g 4= .

Add 9. 3D Ao} A AE T2 B £

ZY 7222 = (PCL) (s; MW 43000; Polysciences Inc, Warrington, FL, USA)3} DPSC”} ¥3t%l DDMp 7]%F w}o]

2 (AA ] 8)F TE AMete] AEF 5x 5 x 5 m 9 3D Fo|HIE TERE ARE G, WL HAE |
Al(Instron Model 3342; Illinois ToolWorks Inc., MA, USA)ol IXAIZ] ¥, Z+ AJ&E 1 mm/min®] S22 F
AA o7 g=stm 1o ALstE 3 (force)d 74E](dlstance)E 71&sth. SE-HEE I (strain-stress
curve) S 1™ F, 10% WHE(strain) S 7|F2R 7eV|E ALl & AFE SA3QIT. gixToRA,

DPSC7} 3H¥l DDMp 7]9F Hho] .= (A A6 8)=ut <lzfake] A% 5 x 5 x 5 mn 9] dFo]==A T2 ("DDlip

bio-ink"), PCLEZR®F das}e] A %%+ 5 x 5 x 5 mm 94 PCL =7/ Z=("PCL only")ol] WA= L3 wlHo =z

& ASE Z4sA
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[0179]
[0180]

ZIHSd 10-2023-0116244

o)
2% 749 o

PCL-DDMp Hlel2 = stelBel= F2("PCL-DDMp bio-ink") ©i=F 30 MPa<]
. WA, DDMp wfe]
, °l& shelBrEl= -3 ("PCL-DDMp
=70 T

SHAAE £ 260 ZAESIT
T 26(xxx p < 0.001)E =z, L4 3
A& AFE Ve RS HolFy, PCL ~AZ=("PCL only") ¢} FA sk}
o=z F2("DDMp bio-ink")E ek 25 KPagl & AFE 7MX&= HolH
bio-ink")ell H]&le] 1165u] W& Holt}, o|elst A= 3D x|o} B AE Fx9 7AH EAo] F= PCL T
Zo| g3 A= ALS BAFZY
[0182] o] Aol A . wbwol uigtA s AAjdo] thate] FAEA eI 2 gl A ol IAHHE A
2 ol thgo] AHFHdA AHojsta Y& Ao i Jge o] &3 It o Wy 9 JiE F
T 2 odbgo] FEE el &3k Folt).
=9
Ed]a
S8 7]317| " AUXE FH|sH= TH| $100
SI27|317|E YRIQL W H | L H-HatE| STELS SN YATMES MEsH= Al $200
RN
EtB 7|57 URHE FH[stE Al $100
Et27|317|H QUxtet mlea| e A-MalEl ESEES S8sl0] YATHES Mo T $200
AT HED} X +ZS7|MEDPSC)E Edtst= THY $300
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Human Demineralized dentin DDM particle
dentin matrix (DDM) (DDMp)

RN

Fibrinogen-
gelatin mixture

Dental pulp stem cell DPSC-laden Hybrid bioprinting for regeneration of
(DPSC) DDMp bio-ink patient specific-shaped 3D dental tissues
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