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Fig. 1 Rotating wall vessel bioreactor (RWV ) culture system

I: €O, incubator; 2: Waste liquid vessel; 3: Filter; 4: Control panel; 5: Fresh media vessel; 6: Peristaltic pump; 7: Air pump; 8: Oxygenator;

9: Triplet; 10: Reactor; 17: Carriage; 12: Adjustable motor: /3: Laser counter; I4: Fan: I5: Heater; /6: Under plate; I7: Outer garment.
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Fig. 2 HE staining, ALP and von Kossa assay of osteoblasts cultured in RWY
Ca) HE staining ( » 100, Bright field): (b2 ALP ( %100, Brght field): (e¢) won Kossa
{ »100, Boght field); (d) Alizarin red 8 ( ¥ 100, Differential mterferencel.

Fig.3 Inverted microscope pictures of scaffolds seeded with different cell density of osteoblasts ( After three weeks )
(ad The full view of Vacant seaffold ( ¢ 1000, Ch) The pore view of Vacant scaffold ( % 1000, Cey d) Inoclated with high and low denaty of
ostecblasts m RWV ( » 1003, (e, £3 Inoculated with high and low dengty of ostechlasts m T-flasks ( #1003, (g, h) Inooulated with high and low
density of osteoblasts in Spinner flask € » 1000,
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Fig. 4 SEM micrographs of scaffolds cultured with different osteoblasts density in different culture fashions { Three weeks )
Ca, b) Ingeulated with high and low density of ostecblasts m RWV ( 1003, (¢, d) Inpenlated with high and low density of ostecblasts in T-flasks
C = 1002, (e, £) Inpoulated with high and low density of osteohlasts in Spmner flask ( %1000,
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Fig.5 Fluorescent images of osteoblasts double stained with AD and EB showing adhesion and growth of the cells onto the
scaffolds in different culture fashions
Ca, b) Inoeulated with high and low density of ostechlasts in RWVY ( %1000, (o, d) Inpmlated with high and low density of osteoblasts m T-flasks
Cx 1000, Cey £3 Inpculated with high and low density of osteoblasts in Spinmer flask ( 10023, after one week.
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Fig. 6 Imverted microscope pictures of osteoblasts stained with alizarin red S showing mineralized nodules of the cells
onto the scaffolds in different culture fashions
Cas bl Inoculated with high and low density of ostechblasts i BWV ( % 1000, Cey 40 Inoculated with high and low density of osteoblasts in T-flasks
Cx1000, Ce, £ Inpeulated with high and low density of ostechlasts in Spinmer flask ( %1000, after three weeks,
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Fig.7 Metabolism of glucose and lactic acid in different culture fashions

(a) Glucose; (b) Lactic acid. @——e: Static-low: &——a: Static-high: m——m: Spinner flask; 0—o0: RWV.
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Fig. 8 Comparison of media's pH and osmolarity in different culture fashions

(a) pH value; (b) Osmolarity. @——e: Static-low; a—a: Static-high; m——m: Spinner flask; O0—n: RWV.
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Fig. 9 Comparison of osteoblast's alkaline phosphatase
activity in different culture fashions
®—@: Static-low; aA——a: Static-high; m——m: Spinner flask:
O—0O: RWV.
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Three-dimensional Fabrication of Engineered Bone
in Rotating Wall Vessel Bioreactor *

SONG Ke-Dong™ , LIU Tian-Qing” ™, LI Xiang-Qin'’,
CUI Zhan-Feng” , GE Dan'’, SUN Xiang-Yu'’, MA Xue-Hu"
(D Stem Cell and Tissue Engineering Laboratory, State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024, China;
ZjJ'Je’;‘j:ua,rztmem of Engineering Science, Oxford University, Parks Road, Oxford OX1 3P], UKD

Abstract The osteoblasts were expanded in large-scale by microcarrier suspension culture in rotating wall vessel
bioreactor (RWV ), then the biological functions of the cells were detected by histomorphometry and the cells were
seeded at 2 x 10° cells/ml and 1 x 10° cells/ml onto scaffolds respectively to culture for 2 weeks. The biological
properties of the fabricated bone tissue were detected by inverted microscope. scanning electron microscope
(SEM . alkaline phosphatase ( ALP), von-Kossa staining on mineralized nodules and AOQ/EB fluorescence
staining. Meanwhile the cells’ metabolism of nutrients was monitored and analyzed during the whole culture
process. The bone tissue fabricated in RWV with two different seeded cell densities grew well. Osteoblasts in the
scaffolds secreted much collagen fibers and formed mineralized nodules and new osteoid tissue. It can be conclueled
that: With the stress stimulation inside the fluid in the RWYV, the active expression of ALP can be increased. the
formation of mineralized nodules can be accelerated. The rapid proliferation and differentiation of osteoblasts are

possible and the three-dimensional fabrication of engineered bone could be realized.

Key words engineered bone, osteoblasts, bioreactor, scaffold, cell culture
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