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—— Abstract

BONE REGENERATION WITH INJECTABLE MPEG-PCL DIBLOCK COPOLYMER AND
BONE MARROW MESENCHYMAL STEM CELL

You Min Jeong, Tai Hyung Lee, Jeong Kyun Park, Wonsuk Kim,
Joo Hee Shin, Eui Seok Lee, Jae-Suk Rim, Hyon-Seok Jang
Department of Oral and Maxillofacial Surgery, College of Medicine, Korea University

Aim of the study: As an injectable scaffold, MPEG-PCL diblock copolymer was applied in bone tissue engi-
neering. In vivo bone formation was evaluated by soft X-ray, histology based on the rat calvarial critical
size defect model.

Materials and methods: New bone formation was evaluated with MPEG-PCL diblock copolymer in rat cal-
varial critical size bone defect. No graft was served as control. 4, 8 weeks after implantation, gross evi-
dence of bone regeneration was evaluated by histology and soft X-ray analysis.

Results: The improved and effective bone regeneration was achieved with the BMP-2 and osteoblasts
loaded MPEG-PCL diblock copolymer.

Conclusion: It was confirmed that MPEG-PCL temperature sensitive hydrogels was useful as an
injectable scaffold in bone regeneration.
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T A8 sel=2Ad> G2 AEA G 23 4 th. ol ARE 5L e A e Ad 204
AAEEAM AF AFY 28A A28 59 743 de] @ T kg ARE o4 ATH AL Ut 59 E2™
THE EoF 39 oMOMI 250 g A2 A e} Az} Elo|= (PLA), EEj28Eglel= (PGA), HEfolE 27
T R7] 898 AMEEA 1 FEH oA 2k Wl Fglolz F5EA (PLGA), 18n FZ2dE
&l A ekEolt AESA A A2 S Thete 3EE (PCL)& Eejol~8] AE niAax Y 5434 4
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2 AFME 25 A3 dolzzAd s F ANE A%
AR AEA R §-83tnAt, AU MPEGY Ah54g0]
o R4 PCLE 749 MPEG-PCL £& 2534
£ AL, FEAGAA Y] Lo g o] S
AEHAT. & bone morphogenic protein (BMP)9)
MPEG-PCL €% Z&¢A 9] A% Bag /=
3t o7le] B4 STIA AN E3AT BEAEE EF
st} WA FAlEd] A% 3 &R FUs 233
g AR o9 AHgo] 7hedA] AT B staat st
o

R R

1. MPEG-PCL diblock copolymer2] =

DAY AR

MPEG (Aldrich, Mn: 750 g/mole), HCl (Aldrich,
1.0 M sol in dierhylether), €-caprolactone (CL,
Aldrich), CaH., CaCl, (IM HCLEt,0)Z Aldrich2%H
Tl FtERZHEL ZgstolseolediolA 67CY &
SoA 7t HASt 4A BEAA (Molecular sieve,
Junsei chemical Co., Ltd., Japan)olx @73 2o}
FEA T AT, dEdlazete]= (CH.ClL, MC,
Jin Chem. Pharm. Co. Ltd., Korea)& 9$302 44
Agdo|sg Zgsio|Tate|EatiA AAv|FeelA F
At ¥k 3 EAL] AAE A3 ity Bl &
A Fxo) & A3 GPC ¥4 9 o|BHoE ALY
o7l 22X EL IF HPLC 552 AM3I¥ GPC
A9 IF A EE2A Fe|2HAS AT

2) MPEG-PCLe] &4

MPEG-PCL £& 23Al= 934 &3 i se
Zf3l] MPEGY OHZIE 7/HANAZ 3k FlzzgiEe
NS Fdtod FdstArt. MPEG-PCL A%
3,150 g/moled] F5 A (HG-24)2) T4 $13ld] v
7 22 33 E Ao /HAAS MPEG 1.5 g (2
mmol) B EF4 80 mL& dx¥ 250 mL 2 g2
Ao Y3 g2 EFE o] g3l 130Tl 5AZE B
Y] FRIAGL. S/ F EFAE 2F AAS 24 7
# stellAl MPEGE A& (25C)22 W7l & vlg] 3
AQ FFZ2HE 4.5 mL (39.4 mmol) & FAE o] &3}
of Y2 & b4z A njg] FAE MC 30 mLE ¥
o8 5% 224 1M HCL Et.0% 4 mL 538k 24
A7t E]E AedA wuk AlFY whe F wke-ES 800
mLe] #itol] AA3] Wojme]mA A7) MCeol| HA
< 59 ASE)E AL F A TV E T3 &)
AA 2 Aol Al ARA A,

it o

[
o

B
nEAY B Wi 7)1EA 89 0.03 wt%el HES
e A gH(TMS)S £33 CDCL (Merek, Germany)&
gu) 23t 'H NMR(Bruker 300, 500 MHz, USA)E
Eslo] 24819tk MPEG-PCL €& 5849 BAF
3 Bapg By 24& 9Jsto] F 49 P& 7k GPC
(Shodex RI-71 detector, Japan)& AH&3IiTh EFA
22 ZP2HUE o)8el] BF AT T o|BRoR ER
ZIEFZ o]4849 0.6 mL/ming FE22 40TAA 4
ANt &4 Aol £xd £4g 98t MPEG-PCL
o] L5 w2 Apdo| A4S #EE] Hst Hlo|g 7]
£ & ol &3t} FRFE ol 83t 4 mL vold
oA 3-20 wt%9 FEE Ze BEREAE 80TA &
3 T FLg a8 AL 8] 4CoA 15 Az %
B39k 1 ¥ FezdA 158tk 2¢H 71 A71E
A 10CHE 47 XM 1087 A F 18 g2t
o]gE 7lgo AN kA TE FelE BEA] &4 A
o] 22 ZAAdAY. 2xd BE I W=
Brookfieldd £A1E o|-&3l] 6CHH 70C7HA 2 &
7}2 0.05 rpme] 29 EE S35

ol

2. Mesenchymal stem cell isolation and
osteoblast culture

WA e] AZ2RE F4 Z7AEE el #Fetd
ok 5 Z7|HEE 35389 10% fetal bovine serum
(FBS)& £33 Dulbecco’s Modified Eagle’s Medium
(DMEM) 2.2 culture flaskolA Al Zujke Algstn Hj
FAE7F A9 confluentdAH 0.05% Trypsin/0.25
mM EDTAE o] &3lq Aviuls Algstidrt. 10%
FBS, penicillin/streptomycing ¥£&% DMEM¥ 0.1
M dexamethasone, 0.05 mM ascorbic acid-2-phos-
phate @ 10 mM B-glycerophosphate 5] osteogenic
induction medium< F713t] ERM TR F3E f

3hsith.

3. Alkaline phosphatase staining ¥ von Kossa
staining

24 well W7ol Z7|MEE 3F B st 7,
14, 2199 cold PBSE A E5< 23] AT £ ulF A
¥2E& ACP mix (acetone:citrate solution:37%
paraformaldehyde =65:25:8)& o] &3t 1381
Sigma Diagnostics ALP staining kitE ©]-8-34 alka-
line phosphatase activity® %83t von Kossa
staininge 941 7, 14, 2190 WA T5E 294 60



7t 4% paraformaldehyde® 48t n 2742 A3
YE A FEl2 1% (wt/vol) silver nitrite solu-
tiono 30%7t 243t Al B Zd FHFE AHI &
60&3t UV light® A9 919} 2+ alkaline phos-
phatase staining? von Kossa stainings Al33+ 24
well plateZ digital camera®d o838l #gsla A%
£ Scionic PC image analysis softwareZ o] &8t} &4

s,

e

AF 250-300 g el WA E ketamine hydrochlo-
ride (8 mg/kg body weight)$} xylazine hydrochloride
(1.15 mg/kg body weight)& 253t} & Algstn
T o] BEAe ENE 718t 8 mm trephine drillS
o] &3] 8 mm F719] critical size defect (CSD)E A
3 ok BN A STIATAA B3R 2R
9} MPEG-PCL scaffold::z &3t ol4sta 3-0 black
silkZ ol&sto] PRE BT (n=5). o}5d o4
AlYea] g 73‘-?—% Hx o2 3t MPEG-PCL &
OV‘?'& 3% (n= )9t ERAE MPEG-PCL scaffold®
2 T, 99719 2 mg] tThBMP-2& £33l
glsto] Ad-& Alsieict.
5. Histology and Image analysis

O|AR-E 9o HFEE T 4, 85 HBFES
st A3 ste] 238 27 (H&E staining,
Masson’s trichrome staining) % soft X-ray® #93stxn
Tame Pro-plus 6.3 (version 6.3.0.512) Z21:& o] &
st} AAE P& BAEY AMF d49 BAL
SPSS 10.0 =238 o] &3le 72+ #3719 vnE
Oneway ANOVAS} Tukey testS o] &3 t}5H| 2 E A

Fig.1. SEM finging of MPEG-PCL (A:sol, B:gel}(x500).

4= BIMEL FAS MPEG-PCL diblock copolymers 0/23 &85 ZAM

sl a 2t 98 HWE Student t-testE ©]E3l] EA
A& APttt

I o7 2z

1. MPEG-PCL diblock copolymer2| &4 4l
SEM &

MPEG-PCL €% F58A Y $&4 Ao Fui&
A7) 8 &3 A e 1EAE SEME B3 4
AT (Fig. 1). ZEAS] 789 o9 2o & &
I Aol YL LA BEo nERY S ot 4
ot} & gHld N nEAL ¢H Fite] Aoyt Fig.
2A°ﬂ*121%’§ 74 95 Al 29 AFsl FH= 54 7
g o|FH nEA et FAdET 22 A “ﬂH %
—"roﬂ £ 25 o it AslEol g5 WE + 4
$3d g g 8 2} ? AR, ©] Ei?ﬂ A7 E 56}04
A ol LA dofut A3} Aol

9 & %%% o] He d' A=A

2. 'H NMR of MPEG-PCL diblock copolymer

%€ MPEG-PCL £5% 33849 54 #57]d of
3 EAFEE 'H NMRE B34 2489t} Fig. 2914
A% MPEGY #WHEEE CH,9 protone 6=3.65 ppm
(Al A go1gd 4= i, 2eke] methoxy protone 0=
3.38 ppm (b)ollA 18ttt PCLY #4449 A5 ()&
=231, 1.63, 1.39, el 4.07 ppmold BA5sT
T3 PCLY T¥ OH proton (j)& 0=3.70 ppmelA] #
a9 Ze —S‘% TFEPAE A5 bst de A
A7} Z gs] 3:29) v &5 JERdE Esteitt.
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Fig. 2. 'H NMR spectrum of MPEG-PCL diblock copolymer
(HG-24) in CDCls.
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Temperature {°C)
&

Concentration {wit)

Fig. 3. Sol-gel-sol transition curve of MPEG-PCL diblock
copolymer.

8 R £k sl e -4 o] AL

& FellM e & AolA LTt S71EW Ao Joz
a3 OuS 2ot S7HEE UA &9 Ay ddolE
veRrlo] 20 wt% 5899 AS- AedME & Hejol
t} oF 31ColA Ao doz Hg e g9 471 it
(Fig. 8, 4).

4. ALP staining % von Kossa staining

F4 E7IME ostegenic induction medium& F7}
3o wjksle SRAERY 2315 2359 alkaline
phosphatase stainingA] AlZto] AUmA gMo] S}
A BZ 5ol glo] ZRAEZRY B8 HAFu g%n
B FAE) g Von Kossa GAANE 35 addA
mineralization®] FHA T2 1 YAt (Fig. 5).

5 =33 ad

1) BMP-27} 3¢ MPEG-PCLE o} & 740 & o}
29 o4 AleiA] gL A B Ue 9E 2 94

2 3EE 7 UUY (Fig. 6, 7).

2) BMP-271 849 MPEG-PCLo &4 E7|A4FA
T3 FRAXE Zo] o)Ae 79 A-Lde 4F 234
A Ngge 271349 F55< scaffold’t Uehgt A
E2 U2 BAHR] 43 JYF ot 8FM F GAjol A%
3] z13) 5ol H<H lamella boneo] FFHI YY1 7|1&E
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Fig. 4. Viscosity versus temperature curve for MPEG-PCL
diblock copolymer solution at 20 wt%.

Fig.5. ALP staining & von Kossa staining.

F3} fAR Z PAo] BEH T YA 4F 279 vt
bone area’} F7Fol Ui AF9 A& AR=A &
3 9% (Rig. 8, 9).

6. Soft X-ray &7

4% 8% AT F9| gofy X-ray BN 2H2A7 &
AVHA AIEE o] A3l v F A& F Aol Bol A
5ol 9190 BMPE 2o o]dg A% 85X Z A4
o] A9 gtgslo] JdE Aeg A2 U (Fig. 10).

7. Image 24

Soft X-ray?) image ¥4 ZAHGME AX, BMPE %
Aol olalst & AAE] density?t AAPISA F71
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BI|MTL FAIE MPEG-PCL diblock copolymerE ]88t ZHZ8E X4

MPEG-PCL graft

Fig. 6. Histologic findings of control group (no graft).

MPEG-PCL + osteoblast

Fig. 7. Histologic findings of MPEG-PCL graft.

MPEG-PCL + osteablast + BMP-2

H&E MT
Fig. 8. Histologic findings of MPEG-PCL + osteoblast graft.

MPEG-PCL+
osteoblast+ BMP

MPEG-PCL+
osteoblast

MPEG-PCL

Control

Fig. 10. Soft X-ray findings.
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Fig. 9. Histologic findings of MPEG-PCL + osteoblast +
BMP-2 graft.
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Fig. 11. Result of Image analysis.

Sol gkt AhEE T Y o o] gou,
o4 B9 A9 AGERY HE A8, S U o}
P& Fez AA7} s ou}, Felsle B9l

22 Tl %A}q

A, AR 27 & £ FE
M F ALl A3Ed, AEY AP, & F B
Azel AA ok FAY A%d & 717 5o @]
UTHO 2T W o|FHL XA FEFUL HQ glo] WE
St 38717t BT o] Aol vlsle A#3 v &
59 Aol ot A7LEol vlgte] oF 28} H L9 2R
7}, 23} AR A B 3 Fot RS, FA4E 2
ZZo| £x] gu WYL F= el A T vy
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o] vt FAF2 hydroxyapatite, tricalcium phos-
phate, calcium aluminate 9] E2& M5 glEH)
FE5Z oA Aol vlste] FPNS-& doT)A) g Aol
o}, olaA) gto g F giol & HX gu, 7dY 9
A B3, oA w2, B4 € AT BAC e
o, A7t27 T A AREN 71 go) AeY
AR, 57t el HW AN gt Hu e =
Aol /WA AAE EeiA H7E 9 gadHes wE

g i 598 HolA| Rtz sink. B, o]d & o¥A
g2 F gy 342 fAA Rdtn HEHe B
AE 7T k. ol o2 & A S AT 22T
A 7S A 88l 2%, 234 2 FAEE 98 o]
AR ARA L] el B A7 o FojA gheh e
ol LRAF FA Tl oste] wige g3k
$H08 By BASAcR Whee Fo BAUAE
ol REAZ GFAFORE pH, o] ¥ gALE Fe
o e Askeh Aso] gled ex W, A7% a7

€
offt

o] B3 AFo| gt} B APdXE & 4
lolzzag o838l FzaFdog o]& 7FsAE
ted 2% 2489 del=zd L 7] &) glo] 4
&+ 93, Fo A gt o =3 47 A2
) B9 BES AT § 7] WEd Fa9 24
€ 7R e AeR dEiA L e o8 A2
to] 2159241 PEGS 294 olw ARa)4e PCL
2 PEG-PCL ¥53A& FAsdx, +4d44l
Ao gxof w2 A o] A AESGE H 2o A
AzA AL scaffold2 slo]z=2Ao] Be HA S H=
olftT AA W AYEAZR o|Fold F2E tjiio
Foso] 93, slolmgAle FA| 58 Algeld wmA
ZHe AT @711 A FYE F 7] dEolt), o]
g slo|=2Ael AL ook FeEe 9T F Q)
& $ae] 357, 1%, v & FANE £ 9E
ACE 7lqEr}. e slo|med dEC 2 5o B
o] Zgdhs Rollv AT & gl @Ho] Slol HYH}
BN e 2 AL ojeigo) BET
2 dFodMe F4E 18R] & W) n2 &4
o] AsS B Y5t nBAE SRl Tk
FEE £ T URY 52 250 A A vo]gE
1€ o2 vlold Ue] FEdo] 3EA gk A& &-
A el err AN 2 Ado) AL ¥k H3)
of el x| §Hr2 Fig, 3¢ 413} 83t} Fig. 394
Hol AXNY Azte] FxdA 249 FAolE 4L e
dre £ oA 27} U A Jog Jgn
Hu S &27 S7HE gl &9 39 4del s yehd S
TS 7} ) 20 wt% 899 A AdAE &
of Fejou} o 31TollA Ae] Aoz Wald e AU 5
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7} g eH Hus 220t Frketo o 52tk S7tet
AE A ] 52 A4S BYS #FS 571 UG
I DEA FEH9] FEE TAAAS AE Ao &
7F Jehde F4o] Fold g A& 71 et ol 72
o] & A upg} &-A-& Adole] WYt Fopdl A
S A YL AT 274 FEe| F& A9 7% Ao
2 37 20 wt% FEAE 2% S vk Ae W
3} #28 AAjsle] 2 AHE Fig. 40) YeRiT), 284
FEALE 32C olFIME 09 AEE VERZ oY 32T
ol FlME Hxrt F7kete] o 46T F2olA Hole A
T3 (80000 Pas)S eIz 1 & F4& I 24
7F #EE% 3, 55T F2oiAM oAl 09 A=E YERY
t}, o] A3 o] AEAT} A LxA A7 WA 7153
A& vehl= Aoltt,

FHE ¥R % Wild nE &4 FHo] A%E
gQlsl7] st n@AE FEEE FHT $3HA0 £
e & 229 HHoA vlo|¢E 7)&U S ZA o]
& Welld 28584 & 53 &4 PigE Flsisied
PCL9 #A}zko] 1,100 g/mole & RSN 254 &
o] 7] ol FHl e A &3 S Holn| &
A AFL HolA ggton, v PCLY Ex}&F]
3,000 g/mole ¥ WollE &4 Fio] 7] Wi 57
o] faf=A] ghol dHlo] AsS EUE F gt 18
U PCLe Ex#e] 1,600 g/moleslA 2,400 g/mole]
oM s 259 so w2} At He g9l 45CE
FAoE A Yol & AT & UJ

2 AT 27 20 wt% FEgo] FoAe £ dolm
32-55C HSlolMe A azlx A €9 Ao] grke A
< #EF 71 d9ed ol && 484 dol=EAS
o] &3l SlolA Fol Ao A e S fA8tn Fo
F A 2zoM &2 A3 WSl 5T = Slof 4%
2 Ago] frEld e AU glo] B AT 4 Az
H HG-24 20 wt% T89& A LxoA A& 4
T e BE 2EANS 31 § 71 9ok AlxE 20
wt% 89 £x Wgle) mE &9 PP AP ¥
& &k g A% YR AlnHed, € A
A EAE g Bato] dolut gd e I A ¥
ef7F FAEAT A Ao 3 ord FE aE8APt $
Felo} A deolM e g B4lol FUsHA Lot dgl
el Autee] ofg W& g o] He Aoz 44w
t}. ol¥l AAE F3lo] MPEG-PCL % 2584 3lo|
=24% o] 83l 27| WAE §lo] BMP £ 9E9 5%
24& B9 Ak 717 By dBY MUEE o8 &
A3, Thegst i e] qWElE ol & ¢ & Aol di
Hol o] o] 43 2AFEH F AN FE8 Ago] 7}
satelet AZErt
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FAoln] JENA PCLE 74
# %_‘E e 3}°]E§ﬂlo] MPEG-PCL &= 3534
E dola, 84N 2ol W& o] dE
HAEZ ¥ bone morphogenic protein (BMP)¢
MPEG-PCL ‘513- “‘o"'?@'ﬂ] ool qd s (=
atal 7)ol B4 S7|A LA A7 ZRAEE EF
gho] WA <] T7H"‘°“ AT T AL FYslo They
2e ARS AR}

Ew ST e —

1. §49€ MPEG-PCL 3lo|=24-& 31T ]3] £&9

(8]

ol M éﬂri MPEG-PCL 25 2584
H& 7k gpol =2 A 2] BMP-2
2AMY 7t E AT F Slof 24
o] 7Fsdte] et Az
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