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Biocompatibility

Mechanical property: crystalinity, elasticity
Durability: degradable, nondegradable
Scaffold structure: membranous, porous
Easy fabrication

Geometrical structure: porosity, pore size

Interaction between cells and scaffolds
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Biocompatibility & Biofunctionality

> Biocompatibility

To T To Do Do o I

o> Biofunctionality

T T T T To To T>



NANO

Mechanical Strength Corrosion

Duration

Processing
Biocompatibility Mechanical Strength
Compressive Processing Shape Keeping

Bioinert B I O m at e r I al S Degradation by time

ran

Brittleness Restoration

Restoration Fabrication

college of
nano Science & tech

Lab. of NanoBiomedi Eng



, wire, plate,

coll of
name?em;imce & tech

Lab. of NanoBiomedi Eng



Acetabular ——
Component
Porous Coating
\ Femoral Head O

Femoral Stem

:

Femoral Stem
Femur

Copyright MMG, Inc. 1996

Copyright MMG, Inc. 1996

NANO collegeof —
Www |ab. of NanoBiomedi Eng



J£FHE0] Q1A 22 - 9

(o N farm|

ol = I:H”‘ils (Joint replacements)

Total Joint > Total Hip Artificial Joint
Replacement ya

Www |ab. of NanoBiomedi Eng



(ceramic)

college of
NANOnano science & tech

Mechanical Corrosion
Strength
' Processing
Duration

Biocompatibility Mechanical Strength

Shape Keeping

B I Oonm ate rl al S Degradation by time

Compressive Processing

Bioinert

Brittleness Restoration

Restoration Fabrication

Lab. of NanoBiomedi Eng



(ceramic)

. Ca/P (Oxide), \

(Bio-inert)
(Bio-active)
NANO:z 2 o o _ _
Lab. of NanoBiomedi Eng




AT A HMAILH

Hydroxyapatite, ca,,(PO,),(OH), Tricalcium Phosphate, ca,(Po,),
. biocompatible, nontoxic, osteoconductive : biocompatible, nontoxic

& “v
a) Optical micrograph bf HA sphéres
{300um diameter)

SEM micrograph of porous TCP

M micrograph of HA sphere ,
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Cranial Repair
Bioactive Glasses
Keratoprostheses (Eye Lens)
A0z
Otolaryngological Impiants
Al203
HA
Bioactive Glasses
Bioactive Glass-Ceramics
Bioactive Composites
Maxillofacial Reconstruction
Al2O3
HA
HA-PLA Composite
Bioactve Glasses
Dental implants
AlpOg
HA, HA Coating
Bioacuve Glasses
Endodontic Sealing
Ca(OH)2
Bioactve Glasses
Aiveolar Ridge Augmentation
Al2O3
HA: TCP
HA-Autogenous Bone Composite
HA-PLA Composite
Bioactive Glasses
Periodontal Pocket Obliteration
HA
HA-PLA Composite
TCP
Calcium and Phosphate Salts
Bioacuve Glasses
Percutaneous Acces Devices
Bioactive Glass-Ceramics
Bioactive Glasses
HA
Pyrolytic Carbon Coating
Bioactive Composite
Artificial Heart Valves
Pyrolytic Carbon Coatings
Spinal Surgery
Bicactive Glass-Ceramic
HA
lliac Crest Repair
Bicactive Glass-Ceramic
Bone Space Fillers
TCP
Calcium and Phospahate Salts
Bioactive Glass Granules
Bioactive Glass-Ceramic Granules
Orthopedic Load-Bearing Applications
Al2O3
Zirconia
PE-HA Composite
HA Coating on Metal
Bioactive Glass-Ceramic Coatings on Metal
Orthopedic Fixation Devices
PLA-Carbon Fibers
PIA-Calcium Phosphate-Based Glass Fibers
Artificial Tendon and Ligament
Carbon-Fiber Composite . .
Joints HA Lab. of NanoBiomedi Eng
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2> Large

molecules
that are
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from much
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> MW:> 5,000
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Any material, natural or synthetic, which become a part
of the body either temporarily or permanently.

Their primary goal is to restore, augment, or replace
natural functions.

They can also be used in diagnostic and therapeutic
applications.

They are in contact with tissues, blood, and biological
fluids.

Humans with More Biomaterials than Natural Organs:
BIONIC MAN
EX) Six million dollar man
Bionic woman
ROBOCOP
Demolition man
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The latest study

Lancet 2008 Dec 13
372(9655):2023-30

Articles

Clinical transplantation of a tissue-engineered airway

FaoleMacchiorin, Philipp fungeblut b, Tetsuhilko G M Add ide Asnoghl, Lowisa £ fees, Triston A Cogon, Amondo Dodson,jaumeM artoral,
sthvio Balling Fer Poolo Parnigott, Sally C Duckinson, Anthony PHollander, Sana M onter, Mo Taresa Conconl, MartinA Brchall

Summary

Eackground The loss of a normal airway is devastating. Attempts to replace large airways have met with serious
problems. Prerequisites for a tissue-engineered replacement are a suitable matrix, cells, ideal mechanical properties,
and the absence of antigenicity. We aimed to bicenginesr tubular tracheal matrices, using a tissue-engineering
protocol. and to assess the application of this technology in a patient with end-stage airway disease.

Methods We removed cells and MHC antigens from a human donor trachea, which was then readily colonised by
epithelial cells and mesenchymal stem-cell-derived chondrocytes that had been cultured from cells taken from the
recipient (a 30+ ear old woman with end-stage bronchomalacia). This graftwas then used to replace the recipient’s left
main bronchus.,

Findings The graft immediately provided the recipient with a functional airway, improved her quality of life, and had
a normal appearance and mechanical properties at 4 months The patient had no anti-denor antibodies and was not
on immunosuppressive drugs,

Interpretation The results show that we can produce a cellular, tissue-engineerad airway with mechanical properties
that allow normal functioning, and which is free from the risks of rejection. The findings suggest that autologous
cells combined with appropriate bicmaterials might provide successful weatment for patients with serious clinical
disorders.

Funding Ministerio de Sanidad y Consume, Instituto de Salud Carlos 111, Fondo de Investigacion Sanitaria, 5pain:
Charles Gourtenay-Cowlin Fund, University of Bristol, UK Arthritis Research Campaign; and the James Tudor

Foundation.

Intreduction
large airway defects present a major problem for
clinicians because of the absence of effective methods of
treatment. Tracheal resection with primary repair is the
anly curative treatment in patients with several benign
or malignant processes.! However, the resectable length
i restricted to 30% of the tatal lengthin children or & cm
in adults, and replacement of kinger sections will only
be feasible if a safe, functional tracheal replacement can
be developed. Attempts to provide autologous or
synthetic grafts for human application have been
disappointing.™

Tissue bioengineering already has provided functional
human ocrgan  replacements elsewhere™  Previcus
preclinical airway experiments have been too langtly and
complex for wutine clinical application,” or melisd on
non-biclogical matrices* We have used mouse and pig
models to develop a streamlined process in which
autclogous epithelial and mesenchymal stem-cell-derived
chondmcytes are sesded onto a decellularised donor
wacheal scaffold and matured in a novel bioreactor
systermn. Encouraged by the invitm generation of short
but vital wachesl matrices’ and b the absence of an
immunological response to allografted and xencgrafted
macheal constructs in animals,” we aimed to bicengineer
tubular tracheal matrices longer than 6 cm, and to assess
the application of this technology in a patient with
end-stage airway dizease.

wewew thelancetoom Vol 372 December 13, 2008
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Methods

The recipient

A Wyearold woman presented in 2004 with dysphonia
and cough due to tuberculous infiltration of the cervical
trachea and entire left main bronchus A CT scan showed
a circumferential, nearccclusive 3 cm airway stenosis
starting 2 cm subglottically, and a hypoplastic left main
bronchns with expiratory collapse. The mycobacterial
infecticn was successfully treated over the next 6 months
but severe dyspnoea persisted.  Histology  showed
squarous metaplasia without residual infection, and we
made a diagnosis of posttuberculons chionic tracheitis
and secondary severe bronchomalacia of the left main
bronchus, Subsequently, the tracheal stencsis was
successfully treated with a subglottic esection with
primary end-to-end anastomosis, followed by placement
of a Dumen stent in the patient’s left main bronchus,
The stent was poorly tolerated and, despite multiple
endoscopic  toilet,  replacement  or  reposiioning
procedures, recurrent episcde of preumoniti= in her left
lower lobe, untreatable cough, and mucous retenton
occurred; therefore, weremoved the stent. In March, 2008,
the patient was admitted with severe dyspnoea that
rendered her unable to do simple domestic chores, We

did wirtual endoscopy using volume-rendering CT

ihgure 14 and 1B} to confirm a normal cervical aitway
bt there was a substantial reduction in the calibre of the
left main bronchus (residual diameter of 4 mm), a foed
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Introduction ¢ tissue engineering for t

A Importance of tissue engineering

Immediate
transplantation
¢ IS not

always
possible.

v

Artificial tissues
& organs are
needed!!

recipient




Hot iIssue ¢ Tissue Engineeri

A Tissue Engineering 8 A Regenerative Medicine

i artificially making/creating tissues I therapeutic strategies for replacement,
or organs with cells and biomaterials repair, maintenance, and/or enhancement

of tissue function

: : _ Engineered Regenerated
tissue cell biomaterial tissues

epithelial cells collagen type |
skin keratinocytes fibronectin St
fibroblasts hyaluronic acid AP P Y
smooth muscle cells collagen type |
blood vessel _ _
endothelial cells elastin

apatite (CaP)

bone osteoblasts
collagen type |
glycosaminoglycan
cartilage chondrocytes collagen type Il

1 hyaluronic acid



Tissue engineeringt basic concept

A Typical Methods of Tissue Engineering

® > Scaffolds
< iy O
| D polymers
metals

Cells 08

Afibroblasts
Aosteoblasts

|
/
N
D
|
|4I_\' 4 'r‘l "I:.l:_'k
S v 'y
E
D
45
—_ =

Aendothelial cells (2 Paer—n.5 ceramics
Achondrocytes Q 20 = > 1 collagen

o —r— O - .
Ahepatocytes  CO S S TR O C | bone mineral
Aet c é T composite

) Tetc &
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SAACIINEIE s numidity, media,
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Regeneration of Tissues/Organs
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dense membrane SRRV
human epidermal

keratinocytes

Dermis

Subcutaneous
tissue

porous membrane human dermal

fibroblasts
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Bi-layered collagen membrane mimics
the epidermis/dermis layer of skin Artificial Skin

NANO sl o R ——ISD—————

R s Lab. of NanoBiomedi Eng



A -

D)
type | atelocollagen ; implantation
(extracellular matrix) { _
- — into nude mouse

extracted collagen

teatment
with triton -X100,
RNAse, DNAse

rabbit esophagus
epithelial cells

porous tubular L L
p0|yurethane scaffold AI’tIfICIa| ESODhaQUS ,fg;fl'fg‘
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implantation
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Tissuest artificial bone *

A Hybrid Membranous Composite as Artificial Bone

implantation into
rabbit calvaria

porous PLLA scaffold +

6 weeks after
implantation

N mcmranous bone
(PLLA+CAp)

implanted PLLA+CAp -AtCol
hybrid composite

membraneousArtificial Bone
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Tissuest applications of artificial cartilage, ear and nose

Artificial Ear

T made from biodegrad
polymer scaffold &
chondrocytes

- |

ADVENCED TISSUE SCIENCE, INC.

artificial ear implanted
into rabbit ear

Artificial Nose

T made from biodegrada
polymer scaffold &
chondrocytes

PRASAD SHASTRI AND IVAN MARTIN Musadosetts Institrte of Technology
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Cells ¢ cardiomyocytes

cardiac muscle

college of
NANOnano science & tech

Lab. of NanoBiomedi Eng



Tissuest artificial blood vessel

A Porous Tubular Scaffold as Artificial Vessel

Rabbit Esophagus 13 SN Dynamic culture
Sm_?;gt:hMu B / using bio-reactor

T / s ‘ : ) Macro-encapsulation
Rabbit Esophagus &
Skeletal Muscle Cell Implantation into
: - nude mouse

Rabbit Esophagus
Epithelial Cell

Porous tubular
polyurethane scaffold

Porous
polyurethane

Porous
poly-lactic-glycolic acid
| (PLGA)

‘mﬁé / Esophagul cell seeding

using self-designed plate
Type I collagen grafted o = g

double layered
porous tubular
polyurethane scaffold
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Hydrogel
_ Ca- alginate

— ’

(porous scaffold)
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Collagen, fibronectin , gelatin, chitosan, alginic acid, hyaluronic
acid
Collagen: RGD sequence

poly(lactic acid), poly(glycolic acid, PGA), poly(D,L - lactic - co-
glycolic acid, PLGA) , poly( - caprolactone ),
polyanhydrides , polyorthoesters



Fluorocarbons

Hydrogel

Polyacetal

Polyamides

Polyamide elastomer

Polyester

Polyester elastomer
Poly(methylmethacrylate)
Polyolefins

High crystallinity polyolefin films
Polysulfones

Polyurethanes

Poly(vinyl chloride)

Silicones

Ultra high molecular weight polyethylene

, wound dressing
, angioplasty balloons

Bone cement,
, angioplasty balloons
Angioplasty balloons

, , wound dressings

poppets, wound dressing
(acetabular cup),



