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In Tissue Engineering, growth factors and
Cells are definite, but scaffold may be various
depending on design.




What 1s the best design?

* We believe that nature 1s the best designer
for organ development. What should we do
is just to follow Nature's design---Mimetic.

* In a specific tissue (bone, brain or liver)
repair by tissue engineering, the Natural
ECM of this tissue with hierarchical

structure and mechanical behavior should
be 1deal scatfold.



* Thus, our object is to manufacture the scaffold
with similarity to the special natural ECM, 1n
composition and hierarchical structure, as well as
in physiology.

* However, this object is not easy. In one hand, the
exact structure and fabrication process are still
obscure for many ECMs, from the opinion of
Materials Engineering. In another hand, the
available technology has not be able to fabricating
the known hierarchical structure of ECM.

e We had made our effort in biomimetic fabrication

of scaffold in bone, liver and brain. Here, is the
example of bone scaffold.



Scaffold in Bone Tissue Engineering



We learnt from five representative
stages of bone callus evolution
during bone self-healing after bone
facture



Structure model of natural bone on molecule level

Image removed for copyright reasons.

See:-

Landis, W. J., et. al. J. Structural Biology 110, no. 39
(2003).



* The formation of a two-dimensional array of
molecules as detailed by Hodge and Petruska

» A three-dimensional array leading to the creation
of extensive channels or gaps throughout the
assemblage.

* A number of cylindrically shaped molecules 300
nm 1n length and 1.23 nm in width aggregated in
parallel.



Biomimetic Fabrication of Artificial
Bone

@ The nano-HAp/collagen (nHAC) composite has been developed for
the first time by mineralizing the type I collagen in the solution of

calctum phosphate.
HA crystals and collagen molecules self-assembled into a hierarchical

structure through chemical interaction, which resembles the natural
process of mineralization of collagen fibers

Du chang et al, JBMR 1999
zhang wei et al, Chem Mater 2003



Image removed for copyright reasons.
See:-

Zhang, W., S. S. Liao, and F. Z. Cuu.
“Hierarchical Self-assembly of Nano-
fibrils in Mineralized Collagen.”[]
Chemistry of Materials 15, no. 16 (Aug soilieige s
12,2003): 3221-3226.

HRTEM of
mineralized



Image removed for copyright reasons.
See:-

Liao, S. S., F. Z. Cu1, W. Zhang, et. al.
"Hierarchically Biomimetic Bone
Scaffold Materials: Nano-
HA/collagen/PLA Composite."
Journal of Biomedical Materials

Research Part B: Applied Biomaterials
69B, no. 2 (May 15, 2004): 158-165.

SEM morphology of the

porous composite
nHAC/PLA.



Image removed for copyright reasons.

See:-

Liao, S. S., F. Z. Cui, W. Zhang, et. al.
"Hierarchically Biomimetic Bone Scaffold
Materials: Nano-HA/collagen/PLA Composite."
Journal of Biomedical Materials Research Part B:
Applied Biomaterials 69B, no. 2 (May 15, 2004):
158-165.

TEM micrographs of nHAC/PLA material; insert is selected
area of the electron pattern of the central part of the image.



* Firstly, the collagen molecules and nano(]

hydroxyapatite assembled into mineralized fibril
bundle.

* Secondly, the mineralized collagen fibril parallel
arranged. The fibril array patterns also show the
same pattern 1n bone. The cluster of the
mineralized collagen fibrils uniformly distributes
in the PLA matrix.

* The pore size of scaffold 1s above 100-300 1 m.
The high porosity (85-90%) of the scatfold make
interconnected pore in three-dimension
directions. This porous scaffold is similar to the
spongy bone 1n which is the high hierarchical
level of the bone.



Images removed for copyright reasons.

See:-

Liao, S. S., F. Z. Cui, and Y. Zhu. "Osteoblasts
Adherence and Migration through Three-dimensional
Porous Mineralized Collagen based Composite:
nHAC/PLA." Journal of Bioactive and Compatible
Polymers 19, no. 2 (March 2004): 117-130.

(c) Cells grow 1nto inner pores about
400um to the surface



Histologic results of the spinal fusion on rabbit model

(A) Group nHAC/PLA 4 weeks, (B) Group nHAC/PLA+rhBMP-2
200 X; 2 weeks, 200X ;

C means the scaffold of composite nHAC/PLA, the
black arrow means the gather of multi-nucleus cells.



7. Group nHAC/PLA+thBMP-2 4
2t weeks,

the new trabecular bone (TB)
distribute in the whole

fusion mass area, the mature
bone matrix were shown as
particle to block, 200 X and
100 X . The white arrows
refer to the osteoblast and
osteocyte around the new
trabecular bone.




Biomechanical Testing

Images removed for copyright reasons.

Diagram of rabbit vertabae and graph.

See:-

Liao, S. S., K. Guan, F. Z. Cui., et. al. "Lumbar Spinal
Fusion with a Mineralized Collagen Matrix and rhBMP-2
in a Rabbit Model."[Spine 28, no. 17 (Sept. 1, 2003):
1954-1960.

Six week, 65 & AKhHN J;












Climical trials
More than 500 patients of bone

defect vwere healed by using the
MNHAC/PLA scatfold.

SFDA approved the product in April,
2004



* From this study, we recognized that
g00d design for scaffold materials of
tissue engineering should be as close
as to the extracellular matrix of the
tissue both in composition and In
structure.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


