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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

Robert Langer and Jay Vacanti, MIT, 1995
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TABLE 12.1 Incidence of Organ and Tissue Deficiencies, or the Number of
Surgical Procedures Related to These Deficiencies in the United States”

Indicator Procedure or Patients per Year
Sk
Burns® 2,150,000 ;
Prussure sores 130,000 implantation
Venous stasis aloers S00,000
DHabetic uleers A00,000 Skull Erﬂlﬂ
: e ar
Neuromusculzr disorders 200,000 Eye
Spinal cord and nervas 40,00 Temporomandibular
Bone Jaw
Joint replacement: 55%,200 Trachea Heart valve
Bone grafe 275,000 Aorta
Internal fxation AR0.000
Facial reconstruction 30,000 Chest wall Pulmonary artery
Cartilage
Patella resurfacing 216,000 Liver Heart muscle
Chondromalacia patelfae 103,400 g
Meniscal repair 250,000 Pancreas Spinal cord
Arthrtis (knes) 145,500
Arthritis (hip) 219,300 ;
Fingers and small joints 179,000 Intestine Skin
Osteachondritis dissecans 4,500
Tendom repair 33,000 Oeisk
Ligament repair 0,000 reter ;
Blood Vessels Finger
Heart 754,000
Large and small vessels B0, 000
Liver Urethra
Metabolic disorders F,000
Liver cirrhesis 175,000 — Knee
Liver cancer 25,000
Pancreas {diaberes) F2R 000
Intestine 0,00
Kidncy AU D00
Bladder 57200
Ureter k000
Urcthra F1.900
Hernia 290,000
Preast 2e1,000
Blood Transfusions 18,000,000
Denzal oI L
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'_’ Trom Langer and Vacant [1993).

" Approximately 150000 of these individuals are hospiralized and 10,000 die anoually.




Tow Methods for Artificial Organ
Development

Organ Transplantation Artificial Organs
(Z2]0]4l) (RIZ=])
= Homotransplantation(S =0/ 4!) 1 Mechanoelectric( & XD | H Al)
better performance - mechanical organ
limited supply - sensory organ
- size, biocompatibility
= Xenotransplantation(0|=0]4]) - power requirement
unlimited supply
unknown infection 0 Biomaterial(& X TH =)
ethical problem — tissue
- biocompatibility
= Autotransplantation( Xt 21 0] 4}) - longevity
ideal solution
ethical problem 0 Biological(& 25 =

- secretory organ
- biochemical organ
- longevity
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Xenotransplantation (0| & 0] 4))

Cells” Matrix T “Inwvitro® ¥ Implantation
cultivation P
— x\
s — @
@
® W At
®e iy
® T ve®

"' Cells may be tissue specific, stem cells, or embryonic stem cells.
They may be autologous or allogenic

T The matrix may be natural or synthetic. It may be fibrous, a foam,
a hydrogel, or capsules

¥ In-vitro culture may be in static, stirred, or dynamic flow conditions
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Autotransplantation (KFJt0|4))

\ Periosteal flap
VN taken from

. medial tibia |

5 . £

Periosteal flap
suturad over lesion

Lesion

Biopsy of healthy
cartilage : ,
/ Injection of
/ cuitured chondrocytes
| ' under flap into lesion
Enzymatic digestion d

l

L'Julitiw.rarion for11-21 days ——— Trypsintreatment ——=  Suspensicn of
(10-fold increase in number of cells) 2.6X105-5x10%calls

S ]
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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

* Tissue Function (homeostasis)
» Tissue Formation (developmental biology)
» Tissue Repair (wound healing)

Cellular Fate

Processes
o ¥
1. Cell Replication Em—
2. Cell Differentiation 2 3
3. Cell Death O b I
4. Cell Motion N~ o )=
5. Cell Adhesion T , i 4
v 5

Fig. 12.5 Tissue dynamics. The three dynamic states of tissues
and the underlying cellular fate processes.

Cell replication-an increase in cell number

Cell differentiation-changes in gene expression and the acquisition of a particular function
Cell motility-the motion of a cell into a particular niche or location

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

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

neighboring cell, extracellular matrix, or an artificial surface. 27 Intro. BME
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Hierarchy of Stem Cells
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Reproductive cloning
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Three aspects of modification in stem cell therapy

EX vivo expansion
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1 year follow up

6months follow up

Baseline
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Generation of hair cells by stepwise differentiation of

embryonic stem cells

Huawei Li, Graham Roblin*, Hong Liu, and Stefan Heller?

Department of Otolaryngology and Program in Neuroscience, Harvard Medical S5chool and Eatorn—Peabody Laboratory, Massachusetts Eve and Ear Infirmary,

Boston, MA 02114

Edited by A. James Hudspeth, The Rockefeller University, New Yark, NY, and approved September 17, 2003 (received for review July 17, 2003)

The increase in life expectancy is accompanied by the growing
burden of chronic diseases. Hearing loss is perhaps the most
prevalent of all chronic diseases. In addition to age-related hearing
loss, a substantial number of cases of audiological impairment are
either congenital in nature or acquired during childhood. The
permanence of hearing loss is mainly due to the inabilitv of the
cochlear sensory epithelium to replace lost mechanorecep

or hair cells. Generation of hair cells from a renewable s _ D
progenitors that can be transplanted into damaged inner |

ection
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factors that have been shown to mitogenically or trophically
promote inner ear progenitors, such as EGF, IGF-1, and basic
fibroblast growth factor (bFGF), could be used to selectively
enrich the cell population for inner ear progenitor cells. After
withdrawal of mitogenic supplements, these progenitors should
be able (o di%uaricmiarc without external factors (1. 4. 11. 12 into
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2005 2010 20159

Z7|ME 20 20 109
Al 5 10 23
S ] 69 232
Blood transfusion products 350
A Z7]9 AR 59
Encapsulated cell therapy 31
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2 32
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A Cell Motility Study
Guidance of Cellular Growth
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Direction of migratiag_

Migrating cell

"Frictional” _ "Propulsive”
tractions — = T Wiscous drag tractions

(fram culture medium) /

Elastic substrate

Adhesion molecules

Substrate tractions

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

(*rg Intro. BME
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Building Methods of Cellular Network

e Chemical cue
— Non-biological
— Biological proteins

e Topographical
cue

— Cliffs, grooves, spikes,
tubes, mesh and random
roughness

130 nm x I m -

(4] Intro. BME
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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.

(f’f’,j Intro. BME



Why Microelectrode Array?

» 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

Hippocampal neurons at 5 days after culture
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Mlcroelectrode Electrode




Reason to use patterned networks
Patterned

; le

(th channelm

0.1+

0.0+

noo0 0100 0200 0d0 0400 0A00 0600 0700 0E00 ;o0 C

13t channel -

0.0+

0.0-

.D.‘l_
000 0f00 0200 0300 0400 0500 080 0700 0800 0900 1c

Random

(th channelm

0o
0.0

UD_
000 000 0100 0180 020 00 030 00 0400 0450 0500 O8O

13t channel -
0.0

0.0

U‘l_
000 OO0 0100 0fE0 00 00 030 00 0400 0450 0500 OSE0

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.

Sy
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Fabrication of stamp master

Method 1
1) 15t Photo Lithography

2) Silicon RIE-dry etching

3) 2" Photo Lithography

4) Photo Resist Reflow

-
104m
y

and PR reflow(10um)

The supportive structure is needed for preventing the fine stamp pattern from
collapsing especially for the very fine pattern like several microns. 1=

Had
K3
.
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Microstamping Procedure

D SESSn P SR O™ ) Samping for 1 hr G0 o/cm)

stampmater

———  e——————. L ———

—— s

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

hr
. t W7+ WY

&
I EE—————————————

Line width = 2 Line width = 4um Line width = 6un

(f’j} Intro. BME



Aligner for Chemical Stamping

Rotational
manipulator
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Stamped Surface

Stamped pattern on the microelectrode array Hi | 5 g i |
(FITC-labeled Poly-L-lysine) ippocampal neurons at  days a ter culture

(4] Intro. BME



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)
» [or culturing neurons only
— Plating Cell density
« 100 cells/mr, 200 cells/mt, 400 cells/mnt

400
c'?lls/ i
---_.r s s e BLL )

Intro. BME

100 cells/mn

4 hours after plating cells



Immunocytochemical
descriptions of cells in networks

Synaptophysin Nuclei

Overlapped image




SEM image

10pm EHT =12.20 kv Signal A=MPSE  Date :11 Mar 2005
Mag= 186 KX |—| WD= 7mm Photo No. = 5885 Time :13:36:48

1}:;?
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Evoked Action Potential

Stimulation electrode
Istim = 100/, 50ms Ch 22 Ch 20
I'Flllr 1 “'"i

Oth channelm

P I -
e e N e O S U SO P AP
|

Ch22

005 0030 o00F 0040 0045 0050 0055 0060 0OE5 0070 0075 0080 0085 00%0 0035 0100 0105 o4

1t channel -

0.3+

Ch20

0.0-
03— ] 1 1 ]
0.020 0025 0.030 0035 0040

011
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Pharmacological Study

« The spontaneous activities showed the dose—dependency to DNQX(6,7-
dinitroquinoxaline—2,3—-dione), AMPA receptor antagonist.

Before the treatment of DNQX
g
.“_M
I 0t 0 03 1000 110 120 13

DMNGX dose-dependent spontaneous activities

1uM DNQX ”
: n=80
..w i
a - T
EHII 14 .lf[l] ] u'-‘lIl IJ.E'II [-EIII ]".EI ]_ ]'*] ].1.-\. 143 ]51 L Ii'_ | o
oA
m
=
2uM DNQX £
4 n=
‘ i
2
n=80
11 1 1 1 ] ] ] ] i ] [ [ [ i i T
000 0100 020 I131]] 0420 IIHII E[[l I1?III 180 0500 100 1100 1A0 130 140 1RW 150 1YW 180 140 200 o T T
Initial Tubd DX Zubd DR

After washing out DNQX
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Topological Method for the Guidance of
Cellular Growth
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Surface Relief Grating Technique

Mirror

a
e,
LY

Photo polymer

v
...
e

»
»

L]
...
‘e
o

............... He—Ne |
- L] —
............. e—Ne laser
LT L A T
...
...
L]
....
T, AccV  Magn WD
.'.. 10.0 kW 36189x 21.4

Detector
{Optical SETUP>

* 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 <AFM Image>
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Photo-Responsive Polymer

_ Molecular Migration
| .

s '-_-.-';' - L .
|.":|'...!. __,J__. . h||| [-II . ::.‘f . I-\."-"‘-\. -:I"-'Fr'|
Y ., rotation .= Cohd Al
TN " " invarsion '~'.--a: — V::ﬁ'-“_.‘?lﬂ‘iﬁ_:
- ..::- -1"::. iJ |-.-._.!I -:.I"- _rt___' I' -
..‘---\-\I\--\'.-i‘:‘-\_...-d:lﬁl . .
Initial random ' Polarization
arientation Phaoto isomerization - - - -
£ i, G e T
SR i, T Y

t”

: s {Surface Relief Grating>
perpendicular orientation to

incident ight polarization

* Photo-Responsive Azo-dye benzene copolymer
* CpHyNy
o Cis-trans isomerization
— Aligned parallel to axis of beam polarization

* Molecular Migration by modulation of polarization |
(4] Intro. BME
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Reaction of Neuron to Grating

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

e Cultured neurons on polymer with Grating

« Extending neurites perpendicular to groove
direction

P
(2] Intro. BME



Contact Guidance of Neuron

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

(4] Intro. BME






Quantification of Cell Elongation

e On Surface Relief e On Smooth Surface

24\;“““= ~H’;3lgu
270
Frequencies of Neurites Orientation Frequencies of Neurites Orientation
B 120
120 = %
& = oo
E TEID o :
‘-; o] E\:‘ 20
B oal 8
20 20
C la
[u ] a0 1=0 270 n a0 180 270 FR0
gres Cragroa
Lengths of Neurites Vs Angle Lengths of Neurites Vs Angle ’
O Neurons show the best alignment on 1.4um wide, 450nm deep
grooves (4] Intro. BME



