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Amniotic membrane (AM) has been used in various medical application such as biomaterials and it has a biocompatibility and
wound healing effects. In this studies, we made AM sponge that was homogenized with AM and then lyophilized. And
osteoinduction efficacy of AM sponge was evaluated with collagen sponge by mesenchymal stem cell culture and implantation
in nude mouse. As a result of this study, adhesion and proliferation of MSC cells on AM sponge and collagen sponge were
not different, but AM sponge was more superior to collagen sponge for induction of collagen secretion and calcium adhesion
in matrix in vivo. Besides, AM sponges were more positive stained than collagen sponge about osteocalcin and osteonectin.
As a results of this study, there is possibility of doing that AM could increase ostecinduction.
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2¥ 29 A7t FUIE B AT &4EAIEC] F71
std, 1#gl ABE AYsEA AHRdE Bl £E HH
Z7ekn e FAoIth ojdd AFstE AlrRe B
gAY Fujsh AE PGS W BAFEE aFsa
et oleid 55 et 223 IEPHLS oln) HH
%—91 27 AAA 5 o) &HI glon 7l N
& ol tig Ay L] APz Qi 23
%:} =Y Azole AL AEE 202
te o) dshe W, A7l ME 4% AAE =9
223 AEE wdste ojXste WY § ot
P31 Yk
2 A FoA FH, slobFEL, 1B,
HAgstzd (SI15)5°] EANE 2AZE Az
ol 853 21001 deFoT P ARG AT 2
e (polylactic acid, PLA), |8 F4} (polyglycolic acid,
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PGA), E&gZ2|Z4F (Poly(lactic-co-glycolic acid), PLGA),
an EYUIIZEZE (polycarprolactone, P-CL) 59 A&
ol @7HAAL Qi olE2 #& JIAH B4 BAFH
A& Az Yo %7‘3 *b?mf’ni/‘i gt d7Ee] 18
Hi glou ?“ = AFLEARG Ajo]A AFuhe
]é o] Ak
AR5 %o BMP-2, PDGF, IGF-1,
TGF-B, Jx‘lhn bFGF 52 o83l 2¥A& S7le &+
Eo] FFYH L glon} 1vte vl 8o] Eojrte BAFC] ot
AL AR, A, aelx o]9IFn FGoA FH
A BaE sn 28 JAH FEE 278E B4R oy
JEPEY A2, 1228y F FE Féd
T BolAa Qld. 49 WE 71EE

ol &5 glont F9H 4 ule]ya 74
AtA19] we] o] 8qk FFo|HE o] fH ‘%l—c’—‘f}
o] ot wWehA| ofzigt *é‘zﬂ’ﬂa st 0‘3%
A3 2 AT ¢80 FALE
+ AL A5 7o) A3 Pasi
ALY 2RAEE 9TE 7)%':“011 AL
sjdstA] 2P Ay 5L 84 Ay 2
FPHE FAHl Atk
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%2 (amniotic membrane) Ejo}% (fetal membrane)F A Y
Zo e e E RA HogREY Z4F AE B HY
e F22RH HelE Bidhes $a3 AHIEE s,
FEHE gigen BEAA 7Hd2o]RoA gl ke 23
8402 @29 YYUAHE (amnion cell)® BFEHE (basement
membrane) 0.2 FAEO] Q13 uigete stojuzdE guy,
4% Z2}A (Type Veollagen), ABI & a6B4 Fo] E3HE 0]
et vt 2o Qle %W (stromal side)dle FE
& ulet A o)E (heparan sulfate), |2t A #H 0] E (keratan
sullfate), 8to]F-E4F (hyaluronic acid), A 1, 338 =M (Type I,
I collagen) 502 FA=o] gtk 1 Y% dotos A
A X992 EGPH), A&€d A AAAA (IGF), ERAEH
ARRAA (TGF)-a, ZHIE FAR1A HGP, BANIAAE 42}
1A} (VEGF), &3] &4AAl (TIMP-1, 2) 59 B A4
(growth factor) 2 A EAEZ ] R o] STkl 2). o3
TZH 5AF 74 AELZ sl =HHLZ AREA
5o dF 74, B 9uld 59 FAEAY &4 JA=
A ¥hE Ax # FF59 A7 4 At A, gHde
A4y ZehAl T VAT HES0] ol flo] AuAEe
olF 2 AduslE FANAZT

AFHA FHE I AAHOE o] gAY BE AE]
HiY7|AR olgsitis A7 JySHL Jot ofF7kA] gt
o] FHA Z MM mAe FF I} AFE YA
mebx B AFoME FE EActe FHaEXE A
H FUHE7INEE dsta, TECIAE T8k AWeA
A= TS YrsA

g

ERRTE

T R 2 Eo\ME 22| ¥ X} uj
T E04EE714E (BM-MSC, bone marrow derived
mesenchymal stem cells)= A T SFstn &8
A93 FH7tE S A TR SFEREH EEEA
o 934 gALnE we Fule] MY FAVIZ FF (iliac
bone)ZHE] FF (bone marow)E HAFste SR okE A
2 AFs9en o]FA EI¥ YF £ Ficoll Histopaque
(1.077 g/md, Sigma) £43} 1:12 EF3F 5 2000 pme] £
2087 44 Fsigith 94 #9 & 349 HIIE
& 38t o]F PBSS @A thA] Tt dAE
AHE AEE gFste 10% TEoF @4 H7ME Low
Glucose Dulbecco’ Modified Eagle’s Medium (LG-DMEM;
Invitrogen) & ©]&-3kd 2x10° cellsfem’®] FE 2 Wi F& 7]
AESATh o8 28 FUFE7INEEL 39 7HOE
A& wA G, WEFEy) THY F 70% FAuY =9
ANl %F (subculture) S A A5

e Mk

40 o

M=z 7M™ &9 #Al

9=} e AE7F FHE ENAE NS 18] 98
Axo] ¥ 3HI7Al (Fluorescence activated cell sorting, FACS)
£ AP wigE AEE 025% ERA02% o|tiEldo]
(EDTA)E Hlojll & 0.5x10° cellsymls] FE& 2y o
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7¥A AR 2087 dH-SAIAT ol A3 A E anti-CDT3,
CD90, CD105 (PE, Bayport, MN, USA)E At&38t4t). 9ot
o] A%t §he3 MEEAE 2] Hu)9] PBSE MAHT oo
%38 &= (flow buffer; 1% paraformaldehyde, 0.1% sodium
azide, and 0.5% bovine serum albumin in PBS)E TAAZ ¥
o] HIXES flow cytometer (FACScan; BD Sciences)® &3
391, A3}3A] (datay= CELLQUEST software (BD Sciences)
oz BN

Fet AEX[9} 22 AZEX| O HE

1% (wfv) ot2ZZ g3 (ateolcollagen, bioland, Korea)
10 mg/mle] E=Z o8 HH|°|E (chodroitin-6-sulfate, Sigma)
£ 9:18 Y3 5 52 71239 AE 10 mme Z}al
2EAE AP Fe EHHA BE 2 ¥ 14,
human immunodeficiency virus (HIV) &3], venereal disease
research laboratory (VDRL) &40l HAA9 Ago] Q=
2783 AR ALANE T doj Hre g Ry £
staack eete 2 5E s AW F FAA (100 units/mL
HUAY, 100 pgml 2ERNErte]A, | pgml GEE A,
Invitrogen)E X318+ Dulbecco’s modified eagle medium (DMEM;
Invitrogen)sl A o] Ho} 4T HPHZ L4ts) opA b33}
e S ARRete] S Asidnh. 94 AAE A%
€9 (Phosphate buffer saline; PBS)©.2 53] A¥3lo] g =
o] o]BAE AAS 5 80T AT 5 WEAIZ 5 48R3
¢ 54 dxstd dxd g SHERt 283 53
UL 0.1% SFHIEAR 10 mgml FEE Bobr 24
10 mg/ml Z&}7 (bioland, Korea)¥} 1: 12 &33 5

2> Y o

=
el
+4d Ax3td 10 mmo ¢ 2EAE AxIHHoH, Az
¥ 2EAE Jtukd-& AAEATE WA 0% (viv) dgE
20 miol 50 mM2] 2-morpholinoethane sulfonic acid (MES)
=9 F 2EA 50 mgE BT 3083 Ak 18n
40% (v/v) &% 20 mlol 50 mM9] MES$} 20 mM 1-ethyl-3-
(3-dimethyl aminopropyl)carbodiimide (EDC), 2|2 5§ mM
N-hydroxysuccinimide (NHS)S %<Q1§ 2E2] 23 AT
223 0.1 M NapHPO, 2 17 5F A|H g & 1 M NaCl
Z 1A, 2 M NaCIZ 6AI7HERE AA S 5 Zuldd & AHE
7AW BHSATh

IALH Bl ¥ SRR

FoHlE FHAEAC A4 STLEE7IAEE 10% FEo}
o] H71E low glucose Dulbecco’ Modified Eagle’s Medium
(LG-DMEM; Invitrogen)Z ©]8-3}o] 5x10° cells/7} o] F =2
HAEAUT o)A FEH FVHEVNEEL 39 HFHo=
HiAE wAEA, 7Y F ZESHEHA (100 M dexamethasone,
10 mM B-glycerophosphate, 0.05 mM ascorbic acid 2-phosphate,
282 10% 83o] €84 high glicose DMEMEZ LA 3P A
273t Wi

s=04

Fetdl 2 R ER Y 234 =SS Hasy] 98
rEnkp20] 5ol pockecd 22 olA3EY WA FE (Vb
Corp., Seoul, Kore)x} AEIY (Byer Korea Ltd., Korea)S 1:9
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HEZ He H o 40 ul% 274 FApste] oG § EHlE
o7 ARtk 281 7 7 2wy olden iz
oz FHl £AEAE ow stRen FAAE 793 2ol
Ao BEAAD oY F 4FA F& FHAE AASS 10%
Fadde uYstn 32 WEE mA HE €4 R
wegletdag Ak B2 Wde dAsAt

25 fif 24 2714 =9 22l ¥ LA oY

T 2o 2wk SNA9E7MEE, @vF #E 2%
A7gstn A4 Mxe FeHE FAT AUTHFigue 1)
5 15 miS o8l FUAZVINEE YAt oF 10
g, 1x10° cells®] FAHE7IANTE 45 & U HFE

AES fA AL FEE AT S-S #F T AT
wloke ¥/} FUAESNAEIASE 157 8] Ax 29
%9l FA} (Fluorescence activated cell sorter, FACS)E A g
A3}, FXF4E7IAE 9 Fo] A CD73, CDYO, CD105
E 72} 9.87%, 99.86%, 1)1 99.86% = LAt o]
HA e FNAETINELS ERAT + AN cH(Figure 1).
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Figure 1. Light microscopy of primary cultured human mesenchymal
stem cells (MSC) from bone marrow after 7 days (A) and FACS analysis
of MSC surface markers (B: CD73 (99.87%), C: CD90 (99.86%), D
CD105 (99.86%), bar=100 /m).

AIE=S M= H A e Hie

FeAAEA G} dAERAE 57 1.5 mm, AF 10 mmY
3R i Py AxHAen 9oz 2 zolrt
A% thFigure 2). 2t Al FREE7INEE 5%10° cellsS
Az 5 79 vk Ay ia}x% AEA|9} ofubAE2)o] ML
7b & Bastel F48ln S #AT £ dAoHF 49
I 2 zolE U HFigure 3).

Figure 2. Gross appearance of the amniotic membrane(AM) sponge
and collagen sponge (Diameter=10 mm).
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Figure 3. Histological comparison of the AM (A) sponge and collagen
sponge (B) after 14 days culture (A, B: H&E staining, Original
magnification: x40, Scale bar=200 um).

SE0[4

ol4 §FF Frrheag B BY, Fox
2o (AR FYALER o] i
HlE 9ygHow £ o AL 1‘;].91
4A). 18 AT A} FHLEA
EA (87t & ¥ 27t ZolR
Qor ot AU EajHd AR 2
o2 HehEth(Figure 4B).

EA o4
@ mEhel
& A h(Figure
of nlg) FetAs

% #32% + 3

110 12U

Figure 4. Optical microscopic photographs of the nude mouse. Cultured
sponges implanted subcutaneously into dorsal area of nude mouse as a
pocket type (A) and bioposy after 8 weeks of implantation (B). Dissected
AM sponge showed some hardness (arrow: AM sponge implanted area,
arrowhead: collagen sponge implanted area, circle: AM sponge, square:
collagen sponge).
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Zt2te) Alg & IAT § HE @48 AA% 23 gosE
Aot FeA 2EA BT Axst FEA 49 AN
U (Figure 5AB), F2EX A & 1 B N2& A
(BxAho] Wl RE HAT F UK Figure 5). BEHF
BEE els) %611 £} (von-kossa) B4 A3, FEHA

ERNNE ‘3—-_] % A& (@A)l BAHPLH MNEY
Z“—‘?’-f] €)] Zho] 5]7‘] ok (Figure 5D). ©°ll
Lk °ok‘“"% )01 ﬂ XL Aoz ZEdF @Rl ¢d
A APHIL Y-S T T Al‘}iﬂ}(Flgure 5C).

Figure 5. Hlstologlcal section of the transplant 8 weeks after surgery.
H&E stained paraffin sections (A, B) showing new secreted ECM. In
the AM sponges (A), thicker, dense new secreted collagen were observed
(stars), And the von-kossa staing show that calcification in sponge.
Positive von-kossa staining of the AM sponge graft (C) was more
uniformed than the collagen sponge graft (D). (circle: no stained area for
von-kossa). (A, C: AM sponge grafting; B, D: Collagen sponge grafting,
Original magnification: 40x, Scale bar: 200 ym).

Figure 6. Immunohistochemistry of paraffin sections with antibodies
against osteocalcin and osteonectin. The grafted AM sponges (A, C)
and collagen sponge (B, D) have been converted into bone like tissue
populated with MSCs and newly synthesized ECMs. AM sponges were
more positive stained than collagen sponge for osteocalcin (A, B) and
osteonectin (C, D) (stars: new secreted ECMs). (A, C: AM sponge
grafting; B, D: Collagen sponge grafting, Original magnification: A, B
400%; C, D 200%; Scale bar: A, B 100 ym; C, D 50 um).
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3 A¥TL BHlshe AXEY71dF 22H 2724 (osteocalcin)
S AN A FUAEA(Figure 6A)NA FTAXEA
(Figure 6B)ll Hl&] & v B QAg oA (EHA))o] uHd
H9lom, LAHLFEY (osteonectin® T A EA (Figure
D)l WE) FH2EA(Fgure 6C)01A F T AaHA EHHYA
_9.—04 3',}.7‘&‘8& _/.‘[:. Q) ﬂq_

oleigt Ao, Fe2EART FaE A
FE5) £ 9 kAol A8E 9T & Uitk

o #
AFFTL AFuPA 53 Zo] FANAZT 9N, £&
Sog og Arje 2AEL A8 A% REgALez
UE gtk Age 585 o888 AFIAH F WH A

of o] &HI Yo}, FEEF AES ¢ fz—%{lxﬂ & o
AE A77F AgF| Ut

F2EE Y AsYde AT )oY FFe)Fe
ol £HAL Yol o= E MAHUALY dFE AF
BT AleHA itk ArtEeldL ATy FEE AU
of 43 87t 8FH, FEolE FFY Ae] glen
AeteA g A3 Fe AXY o5y FANY vt =/
Sdo] git). ol TAN BHE ATEL YFE ZA,
solgA 7 EA 9] MEHA FduEAe} PLA, PLGA
Poly-carprolacion 59} AE#4 FALEAT) °J&5L 3
o, o7ld FH5EE F4FA717] 93] bFGF, TGF, 182
thBMP 5%} FEW AANANE =Yk AT7E0) AdHD Sk
Nakahara'5-& bFGF7} &8 ZAAEAE AT | 749
X %F (alveolar bone) BE2H ) 0|23 AT} bFGF7} 8+
H 2EA oM Z¥Ao| FXE RAE #EFANQ),
Oest5-2 BMP28} TGF-B37} T8 274t (alginate) & T34
PLDLAF|E =0 HEste 43027 i€ PLDLAIEE
2 A2 FH AY oY A& B4 o)AF A AR
FHER g PLDL"*7H1‘:H‘:} FAo] EHNEAL B
FATHY). 13T Lee 5L thBMP27} S48 PLLA/TCP-—
E79] FAF o] éﬂr ARARJNA7E FHEA G
Bo o B2 FAge] o] RS FAATHY). 01316&
thBMPE- ¢]-88 A7t th3-A Calcium phosphate (Ca-P) cement
£ o] g8 AFME AR ZHE FRIT & ARTHE).

gy oldt Aol o} A w4 HlEo] 1t
oli 0|2 T F Jdv & AR FFo] Bas. ol
AdAzgFshIel A ukszA (SIS small intestinal submucosa)
o] ZAAE A3 Mgz A7t Ax HAU =HAY SISk
o2 AYAARE g Fopd o]&Ho A=H, o= SIS
ZAd A 1, 4, 78 A, S A =2 YT, SoFEE,
3, Fr2olelduo|E Fof Axe] 7|AMy ohegt Hb
EAZ AR (FGF-2), A8 4412 (TGF-B) § thds
A4 AA} (growth facton)7t 5ol U7 WEItH7). o=
old witol SISt 7 2 ARl A=HUEH, e AE
HOZ SISE 7 o] A4ARe} A X718 X f4,
agn FHzAY J&& ol Woly dds F3std
el Aol & ol#RAE & F AATHE-11).
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ol# g thokdh sise] FHE o] 83t Suckow & SIS
E 99 F 4290l g4 TY Aol A AE F9l
3491, Douglas %= ©l¢ FAMS TE4AHE ZHE Bu
sttt Aol 9ME Khangs S PLGAY SISE Zo} &%
s g 2AZEE Axstd ¥ FIEE B3
39 Th12-14).

B Ao o]§8 ¥ T A8 oj&HY $x
SISSt AR ARIRIE ] FfrEo] Urh FHe YAF R
Hrgy, &3 aga AY 5o =44 2 %z
2 Fol AHEEAA 41, dFGGeMz 2 E-
Z5T e 97w ) 59 AfA 7RE =
o2 @] o]g5a Utk HIoe ABREY, T+
R N eANAE, a2y Zdu - Ee] wjF 7]AR o&

E d7s 393 AP=Hn dok 2 FE o] 838ty
7 (tendon)& AWAN7E = TEH 4Pl JYHL low
Aol A oFute] FHAFZT (T cel)B wiFst] P79
ZA43 Alo|EFRle HHIZF A EHe ZFAE Bo ¢
oy AR FdF AdE dFdle 9 Anx EiEET
alr:ms 30).

AT Asx et FHPYRT

r}}l o
= o -

L

g% SIS 7 71540l

9,1%% golg 4 JRen, Foe JUHaEA) Az F dob
e HPIAES BNFOEN FHIHE AR2MY 0%
Ns4e ARSE A7k AR ool sach
o Oof
-

& 22 olgHo] gon AP
g A7 ao] 948 Ao A gk E dFdM=
Fehe dot ‘%é%ﬂ% Azt FHFE7AELE Y

S Fote] FHALTASG vlaste
2ER=T EH%J ATE AN A AT AT ML
R AP ME F A87F FARIEL W, Aol o] #
A3 JryxFgM £ B B F ZH % Zgol
AAHASS At 21 WS Ey 2 234
A 828 e g oA eWRIol F o HEd AS

2928 £ 995 B gUe TRIREE $9IY 4
£ 7bsdel 982 ¢ 4 At
2z A

B A7e BAEXRY 244 7Y AY (0405-
BO01-0204-0006) 2.2 o] Folgomz o]d ZAt=y
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