g ol 7hatsl A, A1354d, Al6 %
] Korean Soc Plast Reconstr Surg
Vol. 35, No. 6, 631 - 636, 2008

wlxe) T2 Ad mele] glo] A
el WA= Qe

512! - o] e! . AR 2! . E.uzEgl.

oL
Jo
Ay
N

631

ZIAE7T EElE e

Agdisha o Aot Je)sstad Al s Apa!, ghanto] o m=?

Effect of Murine Adipose Derived Stem Cell(ADSC)
on Bone Induction of Demineralized Bone
Matrix(DBM) in a Rat Calvarian Defect Model
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Purpose: Adipose tissue-derived stem cells(ADSC)
has an osteoconductive potential and demineralized
bone matrix(DBM) is an osteoinductive material. A com-
bination of DBM and ADSC wound probably create
osteoinductive properties. The purpose of this study is to
determine the effect of the combination of DBM and
ADSC mixture on healing of rat calvarial defect.

Methods: Thirty adult male Sprague-Dawley rats
were randomized into 3 groups(n=10) as 1) Control, 2)
DBM alone, 3) DBM with ADSC mixture. DBM with
ADSC mixture group has had a 3-day preculture of
ADSC from groin fat pad. An 6 mm critical size circular
calvarial defect was made in each rat. Defect was
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implanted with DBM alone or DBM with ADSC mixture.
Control defect was left unfilled. 6 and 12 weeks after the
implantation, the rats were sacrificed and the defects
were evaluated by histomorphometric and radiographical
studies.

Results: Histomorphometric analysis revealed that
DBM with ADSC mixture group showed significantly
higher bone formation than DBM alone group(p<0.05).
Although radiographs from DBM alone group and DBM
with ADSC group revealed similar diffuse radiopaque
spots dispersed throughout the defect. Densitometric
analysis of calvarial defect revealed DBM with ADSC
mixture group significantly higher bone formation than
DBM alone(p<0.05). There was correlation of densitometry
with new bone formation(Spearman's correlation of
coefficient=0.804, 6 weeks, 0.802, 12 weeks).

Conclusion: The DBM with ADSC mixture group
showed the best healing response and the osteoin-
ductive properties of DBM were accelerated with ADSC
mixture. It will be clinically applicable that DBM and
ADSC mixture in plastic and reconstructive surgery,
such as alveolar cleft and congenital facial deformities
that bone graft should be required.

Key Word: Adipose tissue-derived stem cells(ADSC), Deminer-
alized bone matrix(DBM), Bone induction
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Fig. 1. Representative section of critical size defects 6 weeks after the operation(Hematoxylin and eosin stain, x 40). Only
fibrous connective tissue bridge is observed in control group but the osteoblast in lacunae and osteoblast lining which is
related with bone induction capacity is more abundant in demineralized bone matrix(DBM) without adipose tissue-derived
stem cells(ADSC) and DBM with ADSC group. (Above, left) Control group in 6 weeks. (Above, center) DBM alone group
in 6 weeks. (Above, left) DBM with ADSC group in 6 weeks. (Below, left) Control group at 12 weeks. (Below, center) DBM
alone group in 12 weeks. (Below, right) DBM with ADSC group in 12 weeks.

Fig. 2. The histomorphometric
analysis of calvarium defect at 6 and
12 weeks postoperatively. Demine-
ralized bone matrix with adipose
tissue-derived stem cells(ADSC)
showed significantly higher bone
formation than DBM alone(p <
0.05). The data represent means *
standard deviations. (Left) 6 weeks
postoperatively. (Right) 12 weeks
poetoperatively.
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Fig. 3. Radiographic images of calvarium 6 week after the operation. The images show dynamics for bone formation in
demineralized bone matrix(DBM) with adipose derived stem cells(ADSC) and lack of radiopacity in the defect control group.
Although radiographs from DBM alone group and DBM with ADSC group revealed similar diffuse radiopaque spots dispersed
throughout the defect. But the densitometry itself showed significantly higher bone formation. (Above, left) DBM with ADSC
group at 6 weeks. (Above, center) DBM alone group in 6 weeks. (Above, right) Control group in 6 weeks. (Below, left) DBM
with ADSC group in 12 weeks. (Below, center) DBM alone group in 126 weeks. (Below, right) Control group in 12 weeks.

Fig. 4. The densitometric analysis
of calvarial defect at 6 and 12
weeks postoperatively. Deminer-
alized bone matrix(DBM) with
adipose tissue-derived stem cells
(ADSC) showed significantly higher
bone formation than DBM alone (p
<0.05). The data represent means
t+standard deviations. (Left) 6
weeks postoperatively. (Right) 12
weeks postoperatively.

L @eEA 24 WA G Z3S o243k A3 (n=5)2 1.08 £21.30]%]3L
=% 67 X (n=5)9 =dL=T Wi 38224895 A E7 A E e} WA &3S E3tste] o] A g A
(gray level)o]llom WA ©3]ag o] 2§ Al (n= A (n=4)> H1 107.92£19.93 ©] Ut} Kruskal-Wallis
5 Ha 92.89+8.23 ©]a AR =7 A} A HANA Zh Fezte] A A2 95% o] el
2333 Este] o)A AL (n=5) B 10213+ A 65 X 125 BT 7 7 ko] fold Aot A
1279014tk =5 850 ALfrefl=7] A E e} WA &3 o
3 3

A
b oxo
52
)
=
A
o
o
&
ox T
Qe
&

PAze] BAE 67N FHAST
E p<0.001, 1254 77157 (rho)



G s ALFUHETIAEL g3 /=

ol
2

=0.802, 2| &5 p=0.001= FHAAd =S & = 3

ATt

v, 1 &

AFAE7NEE AERE, F23, 252
37} 7hset A=fdt 22ste] da g 7t
Fe o Itk 53] FAA T2 A WA T}
o] o]} edfo] Qlar XA glo] A AT &
o] 7hedt Ao m Kol o5 o] &3t theket whHo
29| Aol 7}58 Aow HoltpXt A How g}
AL FAROE 3 vlo] A2 HE=E XA AR 3 2w

FAETIAE) 994 2
249 2 UARARA e syl A glom &
A &el FNAEE B
R R

T3 AAA ek =25}

2 o) &5 A E7) Aol het By wilel et
W Eo] APAETA Bad A AEdS 3 7
waste] 2A2PAY FF QA AMET 5 Q= A
A7 Ay Eg 2o SR v g3 Ry SR
oM AfrelEAEe] T B3} THo] e ALY
ketste] B Ui 7)) el dE F e 554
ol digk w4z A7 8 o= Al Ech

A FAE 7 A2 & 8ol 9lo] BMP-70] F%
oJEHoR FPAFE FTVMZIE Aol #HEA dn
BMP-2 geneoll ]3]l Wol®l ARl E7| e Al
950l o = F7HE 2ol Fa glen! BMP
2% F B3lo] Q&S v Xl BMP-72 GF 9| #3lo|
A JEE m L Ak Adatell A o] A e E 7]
AZS & A o] gadrts Burt glom® o
of £ AdeMe= ags Fulgslr] Yt FAE 4
& 9ol g3lFs AY 92 T AYFAETIAEL
AN S B JE R A5S Jagsiglon ofdf gt
A fMe] Hast Aoz A7y o))

F AEANY F AN ATFEol A 7Hg Al
Wilolt), ANk Ak H9)7F F A9 TR Adto]
ATh F AR AER B3T3 QB A4S 71A
3l gon IR 9 FAEY] EAS 7hX AL glon o]
£ g3 U dol Jd Zek, vEakA g,
BMPS] #Hg-ol ok lojm iy oz Aol F5
7 Hi= Ao glo] theFd AP oz g Ho

635
ATtk AT FA7E 7t F-Hole] d8sr)edle &
& fAHE 8ol Eojx F= FIE A& Y 29F
2 FEsE 2 AE B9 Aggn!

A g3 ZHAE 5EHE IRV A B2
B0l glo] gkuM A fFExF AYAYUS o] &3
g3 Fo] AMAE AdTES =ole 7lE ol /EE
o] At} FEIE Frd F57HEA X EI3F 41X
Aol EFEedE FEA7IH & A3 o] X
W E7|HME B3 23 F XA AAAE dA4 2
ZHEsdd dg fojst 495 & o &% AR
Z7NEE AE E3AA AAA O 3t 59 A
T7F Zaskeler Azt

1o %8
|
e
= o0
By
iz
£ %
e o
= £
o o
i
Jur)
£
o
off
Au
omé
-|~_>|:r
Te
o
W
> v

2
=
e
re
-
>
o
=
ol
o
&
(3
—
ol
o
2
L

REFERENCES

1. Leupold JA, Barfield WR, An YH, Hartsock LA: A
comparison of ProOsteon, DBX, and collagraft in a
rabbit model. | Biomed Mater Res B Appl Biomater 79:
292, 2006

2. Weinzierl K, Hemprich A, Frerich B: Bone engineering
with adipose tissue derived stromal cells. ] Cranio-
maxillofac Surg 34: 466, 2006

3. Huang JI, Beanes SR, Zhu M, Lorenz HP, Hedrick
MH, Benhaim P: Rat extramedullary adipose tissue as
a source of osteochondrogenic progenitor cells. Plast
Reconstr Surg 109: 1033, 2002

4. Zuk PA, Zhu M, Mizuno H, Huang ], Futrell JW, Katz
AJ, Benhaim P, Lorenz HP, Hedrick MH: Multilineage
cells from human adipose tissue: implications for
cell-based therapies. Tissue Eng 7: 211, 2001

5. Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang ]I,
Mizuno H, Alfonso ZC, Fraser JK, Benhaim P, Hedrick
MH: Human adipose tissue is a source of multipotent
stem cells. Mol Biol Cell 13: 4279, 2002

6. Zheng B, Cao B, Li G, Huard J: Mouse adipose-



636

10.

11.

derived stem cells undergo multilineage differentiation
in vitro but primarily osteogenic and chondrogenic
differentiation in vivo. Tissue Eng 12: 1891, 2006

. Rubin JP, Bennett JM, Doctor ]S, Tebbets BM, Marra

KG: Collagenous microbeads as a scaffold for tissue
engineering with adipose-derived stem cells. Plast
Reconstr Surg 120: 414, 2007

. Conejero JA, Lee JA, Parrett BM, Terry M, Wear-

Maggitti K, Grant RT, Breitbart AS: Repair of palatal
bone defects using osteogenically differentiated fat-
derived stem cells. Plast Reconstr Surg 117: 857, 2006

. Yoon E, Dhar S, Chun DE, Gharibjanian NA, Evans

GR: In vivo osteogenic potential of human adipose-
derived stem cells/poly lactide-co-glycolic acid con-
structs for bone regeneration in a rat critical-sized
calvarial defect model. Tissue Eng 2007 13: 619, 2007
Peptan IA, Hong L, Mao JJ: Comparison of osteogenic
potentials of visceral and subcutaneous adipose-derived
cells of rabbits. Plast Reconstr Surg 117: 1462, 2006

Li H, Dai K, Tang T, Zhang X, Yan M, Lou J: Bone

12.

13.

14.

15.

Vol. 35, No. 6, 2008

regeneration by implantation of adipose-derived stromal
cells expressing BMP-2. Biochem Biophys Res Commun
356: 836, 2007

Knippenberg M, Helder MN, Zandieh Doulabi B,
Wuisman PI, Klein-Nulend ]: Osteogenesis versus
chondrogenesis by BMP-2 and BMP-7 in adipose stem
cells. Biochem Biophys Res Commun 342: 902, 2006
Malladi P, Xu Y, Chiou M, Giaccia AJ, Longaker MT:
Effect of reduced oxygen tension on chondrogenesis
and osteogenesis in adipose-derived mesenchymal cells.
Am ] Physiol Cell Physiol 290: C1139, 2006

Han B, Tang B, Nimni ME: Combined effects of
phosphatidylcholine and demineralized bone matrix
on bone induction. Connect Tissue Res 44: 160, 2003
Ranly DM, McMillan ], Keller T, Lohmann CH,
Meunch T, Cochran DL, Schwartz Z, Boyan BD:
Platelet-derived growth factor inhibits demineralized
bone matrix-induced intramuscular cartilage and bone
formation. A study of immunocompromised mice. |
Bone Joint Surg Am 87: 2052, 2005





