Bone Tissue Engineering by Bioreactor
Katsuko S Fruukawa, Takashi Ushida, Du Dajlang

Department of Mechanical Engineering, Department of Bioengineering

School of Engineering University of tokyo
http://www.furukawa.t.u-tokyo.ac.jp/

furukawa@mech.t.u-tokyo.ac.|p

"D sty rﬂy o y flow charnber

Q: clinical relevant?

Q: clinical relevant? Dorne regeneration in
Grafts for bone defect Substitutes Vitro
ﬂ I— Bl &
h = Intracellular calcium
PRI 7" Matrix releaset IP; 1, cAMP?
Tissue engineering bone '7{'s,¥< X,\\’ ,\‘)(,‘;\}(i:{{ N COX-ZT,, Erk-17/2 )
Golden StanV A’%’*‘K’j& _}{2\1&% - G proteinst .
F ‘ ,7‘/{,7{(7{/ %,(1{(& = PGE, 1, PGl T, NO1
=\ = Bone R s i = Fluid forces>—
’ | /' Tissue engineering bone « ALP activW
~ # -y *% 0 l osteocalcin?
= Osteopontint(2
Growth factors Pharmaceutic % dyn/C mp2) T(
= Mineralized matrix
deposition
. . Q: what new?
Hydrodynamic Bioreactor 3D culture sys.  Seeding Proliferation Culture PUrDORS
Uniformity Uniformity Volume Safety LIrDOsSE

Seeding, viiility, i’u&

Adaptation

Oscillatory flow
- Loading induced flow profile in vivo

NG)W BioreaClor requAFQd Develop a hydrodynamic bioreactor :

Compact
=7 Safe
Easy operation
In-line seeding with high efficiency
Small culture volume < - large culture volume

&

Safety, cost, convenient,
" evaluation prior transplantation
Clinical Application

Spacial Distribution of Cell

Oscillatory Perfusion . il
Svstem Methods of Seeding and Culture Viability
= @ . . .
: | DNA Content § — Calce|n'AM/‘P| Sta|n|ng
B-TCP Scaffold — a MTT: Staining 3 - Lbper Mg
(¢10W Xh mrrﬁ : 'DNA Content -2
I . ]
Cap Top Dropping Static 7
! ) | ALP Activity -
Seeding ring MC 3T3-E1l % | % 24 hrs |5 days §
_ Osteoblast-like cells | : | \ MTT Staining : Middl
1.5x10°/ 1004l : | o e
H _ Oscillatory  Flow rate Hoechst/ Pl o o Living cells
Mixing ' 0.5ml/ min . = d
Staining 5 Lowe
After 2 hrs o : Dead cells
f_ +1600 ul Media _
A  ctean bench ALP Activit Evaluation of Flow Rate
n incubator ~Inclean benc ctivi
ALP Stainin y e P 202fOrM
Satic Culture PerfUiO Culture (0.5ml/min)  ——— Early Osteogenic M arker (m“ﬂ) (.) (Hz) (dyn/cm?)
- \ wo N el 4 ) " Static " Static 0.00 . . .
s " Perfusion " Perfusion
0.05 0.5 1/1200 0.004
el 0a2 [ R R BT T £
Q@ E 0.2 < 010 12.00 0.2 1/2 0.96 =1.0 %
g : 5 010 | 5 0.08 24.00 0.4 1/2 1.92 =2.0 ‘g
S v _ 62 Y S, 4. R £ 008 §§ ' 2
Upper 8 os | % 0.06 T The difference in
TRESDTN by P Bott Middle £ oot | [ <E 004 Probe flow rate among the
cga PREES. $ o 4 %4 ottomower < 002 < o002 +silicon 6 wells:5.81%+0.6
- . - ‘ % a
< 0.00 ‘ 0.00 _.I.I.“Ih (n=3)
Static Perfusion Static Perfusion } = |
 Eua i - —_— 4
O Total differentiation per scaffold: Average differentiation per cell: - M.l - M.
§ _ Perfusion > Static (p<0.05) Perfusion > Static (p<0.1)
il ; 8 ; AL'P : ; Q: what new? Conclusion
Spacial Distribution of Cell Cornparison Seeding  Proliferation  Culture  gypery R
niformity  Uniformity Volume
Vlablllty Tissue engineering bone with clinical relevant
— Calcein-AM/PI Staining size could be cultured uniformly in only 1.5m|
media by the oscillatory perfusion system.
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Oscillatory perfusion system:
Compact, efficient seeding & culture, safe, etc.
The only bioreactor - uniform 3D culture
0.5ml/min-> optimized
Cassette design - internal flow+ external flow
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Strategy of 3D culture of customized tissue
engineering bone was established - first study




