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Tissue Engineering
• Recovery of Lost Body Parts or their functions
• Develop Biocompatible Artificial Tissues or Organs
(Artificial Bone, Artificial Skin, Artificial Vessel, Artificial Hearing)

• Necessary to understand the characteristics of the cell and tissue 
and to control their growth

Human ear grown on mouse
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Tissue Engineering
• How were scientists able to get a human ear on a mouse?

• The experiment in which a human ear was attached to a mouse's 
back was perfomed in the laboratory of Dr. Charles Vacanti at the 
University of Massachusetts. He was assisted by Dr Linda Griffith-
Cima from MIT. The study was done at the suggestion of a plastic 
surgeon who was interested in developing techniques for attaching 
ears in children who had external ear deformities or had lost ears in 
accidents. It was designed to serve as a model for tissue 
engineering. The mouse used for the study had a defective immune 
system so it was unable to reject the human tissue. The scientists 
created a ear-like scaffold of porous, biodegradable polyester fabric 
and then distributed human cartilage cells throughout this form. The 
entire construct was then implanted onto the back of the nude 
mouse. The mouse nourished the ear as the cartilage cells grew to 
replace the fiber. The mouse remained healthy and alive throughout. 
While the cartilage grew in the shape of an ear, it was not a 
functional ear since it lacked any connection to the nervous system 
or internal structure of the ear. 
http://www.madsci.org/posts/archives/2000-06/961007439.Ge.r.html
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Tissue Engineering

http://www.youtube.com/watch?v=0taE4F0Wkhg
CBS report on Tissue Engineering

http://www.youtube.com/watch?v=ulM0sSTwU9Q
Awarded Bob Langer

http://www.youtube.com/watch?v=0taE4F0Wkhg�
http://www.youtube.com/watch?v=ulM0sSTwU9Q�
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Objective



Intro. BME    



Intro. BME    

Two Methods for Artificial Organ 
Development
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The Lancet, 354 (1001):S32-S34 , 1999

Implantation 

Xenotransplantation (이종이식)
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Autotransplantation (자가이식) 
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Purposes of Cellular Engineering 

• To understand cellular dynamics
• To control cellular behavior
• To make cellular networks
• To develop artificial organs, tissue
• To enhance biocompatibility of implant   

material
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Tissue Dynamics

1. Cell replication-an increase in cell number

2. Cell differentiation-changes in gene expression  and the acquisition of a particular function

3.    Cell motility-the motion of a cell into a particular niche or location

4. Cell apoptosis (programmed death)- the controlled death of a cell

5. Cell adhesion-the physical binding of a cell to its immediate environment, which may be a 

neighboring cell, extracellular matrix, or an artificial surface.
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Current status and prospects for 
Cell Engineering 

: roles and applications of stem cell in 
cell-theraphy
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Objects

• Intractable disease treatment – the present ?
• Present and future in stem cell theraphy
• Economical efficiency of stem cell
• What is important ?
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Cell theraphy
• Cell theraphy

– Cell therapy is the transplantation and/or the enhancement 
of proliferation and differentiation of human or animal cells 
to replace or repair damaged organ, tissue, and/or cells. 

• The first cell theraphy
– German physicians attempted to treat children with 

hypothyroidism, or an underactive thyroid, with thyroid 
cells in 1912.

• Bone-marrow transplantation awarded a Nobel prize in 
1971 is a good example in cell theraphy. 
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Stem Cell

• In the case of 
Amphibia, it is 
reported that  severed 
limbs can be 
regenerated by  stem 
cells.
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Stem cell

• Stem cell acquisition methods
– Fetal stem cell : aborted fetus
– Adult stem cell : bone marrow, cord blood, tissue 
– Embryonic stem cell : fertilized egg, somatic cell nuclear transfer

• classification of 
stem cell
– Embryonic stem 

cell : Pluripotent 
cells that can give 
rise to all tissue 
types

– Adult stem cell : 
Multipotent cells that 
have restrictions in 
differentiative 
potential
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Adult stem cells

• can be acquired at almost parts of body
– bone marrow, cord blood, brain, fat, bowel, 

epidermis, retina, pancreas and so on
• can avoid issues of immune rejection by 

autologous stem cell donation
• have restrictions in differentiative potential
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Embryonic stem cells

• Separated from blastocyte by Thomson in 1998 for the first time. 
• Ethical issues of the destruction of a human life  by usage of 

fertilized egg.
• Pluripotent stem cells that can give rise to all tissue types
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Comparison between adult stem cell 
and Embryonic stem cell

Embryonic stem cell Adult stem cell

Differentiative
potential

almost all cell types the limited number 
of cell types

Possibility of 
teratoma 

High Low

Life-span Unlimited. unlimited 
proliferation

Limited. limited 
proliferation

Ethical issues Holding Avoidable

Problems to be 
solved

Issues of immune rejection 
Guidance of differentiation 
into a desired cell type

Acquisition and 
proliferation of stem 
cells 
maintenance of cell 
properties
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Somatic cell nuclear transfer stem cells

• establishment of cell line with donor’s own genetic 
information by transferring a somatic cell nucleus of 
patient to a human ovum.
– no immune rejection, genetically matched to the donor organism.
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Examples of clinical applications



Intro. BME    

Three aspects of modification in stem cell therapy

Ex vivo expansion 

Mobilization Homing
골수

허혈심근

Cardiovascular regeneration using bone 
marrow stem cells 
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Direct injection of bone marrow stem cells 
into Cardiovascular system

• Recovery of heart palpitation of a myocardial 
infarction patient.

Baseline 6months follow up 1 year follow up
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Spinal cord injury

• Injection of cord blood stem 
cells into the spinal cord of a 
waistdown paralysis patient for 
19 years

• Reported the partial recovery of 
a sense

• Need additional researches on 
the stability and effectiveness
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Auditory sense injury

• Prospects of the recovery of auditory sense injury encouraged 
by success in generation of hair cells from embryonic stem 
cells by Harvard research group in 2003. 
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Problems in stem cell theraphy

• Mass proliferation of stem cells
• Guidance of differentiation into the desired cell 

type 
• Immune rejection 
• Positioning at the targeted location after injection
• Functional maintenance in patient body after the 

transplantation
• Development into teratoma (Ex. Cancer,…)
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Stem cell research status of countries 
of the world

• America
– Success in producing the world’s first cloned human embryo (1998).
– In 2002, success of differentiation to blood vessel tissue based on the human 

stem cell
– Take the lead of differentiation of stem cells
– Although embryonic stem cell research had not been actively produced in the 

early stage, California voters approved Proposition 71, a bond measure that will 
provide $3 billion per year to stem cell research from 2005.

• U.K.
– Success in producing Dolly, the world’ first cloned mammal (1997)
– In 2004, approval of stem cell research, including embryonic stem cell of cloning 

technology. 
– Establish stem cell bank for the first time in the world
– The stem cell research to be the one of the national policy with overriding priority. 

• Japan
– In therapeutic cloning, the embryonic stem cell research have been focused on 

the clinical applications
– In 2004, success of differentiation to blood vessels
– The stem cell research funds amounting to 10 billion won per year.
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Technological gap from 
developed countries 

• Low level (60~70 %) as 
compared with the 
developed countries

• Highest level of the 
acquisition of embryo stem 
cell and culture techniques 
in the world

• Hard to catch up with the 
developed countries in the 
biological engineering field 
due to the long-term 
investment and their 
accumulated skills

• Especially need to 
technical corporation for 
the cell differentiation 
study and animal 
experiments

- The Ministry of Science and Technology –
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Technology 2005 2010 2015

Stem cell 20 20 109

Cord blood 5 10 23

Tissue engineering 69 135 232

Blood transfusion products 128 224 350

Gene -therapy based on cell 15 30 59

Encapsulated cell therapy 4 19 31

Cancer vaccine based on cell 9 16 29

Xenotransplantation (이종이식) 6 19 32

Elementary technology(세포주, 세포배양액, 세포운반체) 20 57 98

Total 266 562 963

Unit: hundred million dollars

A Jain PharmaBiotech Report 2005

Cell Theraphy Market
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Industrial prospects

• Rising market of cell therapy
– The number of transplantation performance is increased  from 

50,000 (2002) to 159,000 (2007). (Triple growth in five years)
– Many experts expected stem cell market to grow from 7.5 % (2 

billion dollar) to 18.5% within 10 years in the total cell therapy 
field.

• Business Environment
– Because of massive investments in R&D, the biotechnology field  

of cell therapy is starting to M&A, joint ventures. Finally global  
pharmaceutical companies would lead the market.

– Except the cell therapy, stem cell expected to play an important 
role in testing the toxicity of pharmaceutical candidates. (billion 
dollar market per year)



Intro. BME    

Present business status
• International business status

– 85 cell therapy companies are competed in the world
– Stem cell based clinical test began in global companies: Aastrom, 

Stem-cell, Osiris Therapeutics, Lexion Therapeuticals
– Many global drug and medical device companies took part in the 

market: Baxter, Novartis, Johnson & Johnson, Smith and Nephew, 
Boston Scientific, Medtronic, Wyeth, Schering, Becton Dickinson, 
Stryker, Genzyme

– Investment problems induced closing (Advanced Tissue Sciences, 
Artecel, StemRon), asset sale (Nexell Therapeurtics), merger (Diacrin 
and GenVec), and acquisition (Neurotech acquired StemCell ).

• Domestic business status
– The intellectual property rights (지적재산권) were highly deficient.
– Lack of the research corporation: in the cell therapy market, our share 

of collaboration working was only 2.6 % (The Industrial Property 
Office, ’05. 5)

– Experts are insufficient in the field of molecular genetics, marker and 
antibody development, cytogenetics, bio-molecules, and bioinformatics

– Lack of infrastructure: for instance, stem cell line bank, cord blood( 제
대혈) network, preclinical and clinical experiments

– Structural vulnerability of our investment of stem cell industries
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Where are we?
1st,2nd,3rd industry in stem cell

Mass Production
of SC

Primary 
Industry

Secondary 
Industry

Tertiary
Industry

Differentiation
Homing 

Clinical Therapy

SJK2005
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CAN WE MAKE MONEY?

• Patents on the treatments are not possible
• However, it is possible to impose an engineering fee to 

the treatments using commercial technologies
• Patents on the stem cell line are possible
• Guaranteed during 20 years: commercializing term + 

possibility of advent of similar technique
• Patents on the devices are possible
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Provide an 
institutional  and 
legal strategy

Biotech Economist 
group

Biotech Legal Advice 
group

Biotech Ethics 
monitoring group

Assess 
economical value
Analyze 

industrial model
Industrial 

supporting

Draw a social 
agreement
Civic and 

religious groups

Be Wise

SJK 2005
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A Cell Motility Study
Guidance of Cellular Growth
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• Tan J. et. al., Proc Natl Acad Sci. (2003)
• The tractions can be calculated from the recorded deflection of the posts  
• Ability to control the compliance of the substrate geometrically instead of chemically 
• No need for recording the unstressed state of the substrate, because the posts were manufactured with sufficient precision  
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Building Methods of Cellular Network 

• Chemical cue
– Non-biological
– Biological proteins

• Topographical 
cue
– Cliffs, grooves, spikes, 

tubes, mesh and random 
roughness



Intro. BME    

Research Goal

• Patterning neuronal network with the small number of cells
– Previous studies on patterned neuronal network have focused 

on high density of cells and the collective characteristics such as 
firing rates from lots of cells.

– In order to investigate the interaction between neurons in the 
network, patterning the small number of neurons is necessary.

– The electrical connectivity should be maintained.

• What are the challenges?
– Patterning polylysine on the electrode with very small dimension
– Maintaining small number of neurons for long time.
– Analysis of the patterned network in the respect of a single cell.
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Culture neurons for the long term

Measuring neuronal responses 

simultaneously over a long period of 

time

Precise Control of the environmental   

conditions around the neurons 

Direct visualization

Why Microelectrode Array?

Hippocampal neurons at 5 days after culture
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Patterned                                   Random 

Patterned neuronal culture

Plating cell density: 200 cells/㎟

Unpatterned neuronal culture

Plating cell density: 800 cells/㎟

In order to get action potential from randomly cultured neurons, much more neurons 
should be plated than patterned neurons. Patterning neurons enhances activities of 
the network.

Reason to use patterned networks
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Fabrication of stamp master
Method 1

1) 1st Photo Lithography

2) Silicon RIE-dry etching

3) 2nd Photo 
Lithography

4) Photo Resist Reflow

The supportive structure is needed for preventing the fine stamp pattern from 
collapsing especially for the very fine pattern like several microns.

2㎛

10㎛

Shallow Si etch(3um) 
and PR reflow(10um)



Intro. BME    

Microstamping Procedure
2) PDMS stamp molding with 
stampmater

3) Poly- L- lysine (diluted in BBS)  Inking for 
2 hr

4) Stamping for 1 hr (50 g/cm2 )

Plasma treated surface

Line width = 2㎛ Line width = 4㎛ Line width = 6㎛

1) Sonication in 50% ethanol for 10 min
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Neuronal Culture conditions
• Hippocampal neuron culture

– Collected from 18-day gestation Sprague-Dawley rat embryos

– Cultured in serum-free B27/neurobasal medium (25mM L-glutamine)

• For culturing neurons only

– Plating Cell density

• 100 cells/㎟, 200 cells/㎟, 400 cells/㎟

4 hours after plating cells

100 cells/㎟ 200 cells/㎟ 400 cells/㎟
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Immunocytochemical descriptions of 
cells in networks

Synaptophysin

MAP-2

Nuclei

Overlapped image

Ch-20
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SEM image 
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Topological Method for the Guidance of 
Cellular Growth
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Surface Relief Grating Technique

• Phase Interference by Lloyd’s mirror 
setup 

• Forming regular sinusoidal grooves
– SRG (Surface Relief Grating)

• Control of depth and width 
– Depth : Time of Beam Irradiation
– Width : Incident angle of Beam

Ar Laser 488nm

He-Ne laser

Mirror

Detector

Photo polymer

<Optical SETUP>
<SEM Image>

<AFM Image>
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Photo-Responsive Polymer

Polarization

Molecular Migration

<Surface Relief Grating>

• Photo-Responsive Azo-dye benzene copolymer
• C12H10N2

• Cis-trans isomerization
– Aligned parallel to axis of beam polarization

• Molecular Migration by modulation of polarization
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Reaction of Neuron to Grating

• Cultured neurons on polymer with Grating
• Extending neurites perpendicular to groove 

direction

< Hippocampal neuronal cells On polymer with Grating > < On polymer without grating>

50㎛
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Contact Guidance of Neuron

• Random growth on smooth surface
• Perpendicular growth on the grooved surface
• Turning neurites on grating

50㎛



Intro. BME    



Intro. BME    

Quantification of Cell Elongation

• On Surface Relief 
Grating

Frequencies of Neurites Orientation Frequencies of Neurites Orientation

Lengths of Neurites Vs Angle

• On Smooth Surface

Lengths of Neurites Vs Angle

 Neurons show the best alignment on 1.4um wide, 450nm deep 
grooves
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