Research Frontiers in Medical Cyber-Physical Systems
Washington, DC
6 February, 2014

Richard M. Satava, MD FACS

ig‘ﬁk Professor Emeritus of Surgery

! University of Washington




isruptive isions

“The Future 1s not what 1t used to be”




hat is a Visruptive "ision ?

ethinking 'ealthcare

b

. . . they would have said a faster horse .” HENRY FORD

“If | had asked people what they wanted . . .




Xpectations are high ...
. « « Challenges are 'igger
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Minimally Invasive
& Open Surgery
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Simulation & Training
Pre-operative Warmup

Pre-operative planning
Surgical Rehearsal

Intra-operative navigation Courtesy of Joel Jensen.
SRI International, Menlo Park, CA
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SRI International, Menlo Park, CA January, 2007
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ontrolling 'ntervention

Catch me
if you can!
i

j'\
| 13
i

STAUDACHER, Nov. 1998




irect ontrol of | 'uscles
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Joel Voldman MIT, John Hildebrand UA Thomas Daniels, Unv Washington, Se
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iomimetic icro-robot

Courtesy Danny Scott
Texas Southwestern
Dallas, TX

Capsule camera for gastrointestinal endoscopy

Courtesy Paul Swain, London, England
Courtesy D. Oleynkov, Univ Nebraska



internal Locomotion Actuators Currently Investigated

Walking robot with legs Submarine Vibratory locomotion

Source: M. Sfakiotakis et al., FORTH, Heraklion

Source : A Menciassi et al., CRIM, Scuola Sant‘Anna, Pisa “ V E CTO R

Courtesy Marc O. Schurr &
The VECTOR consortium - 2008

Supported by the European Union as an Integrated Project
Information Society Technologies - Contract Number 033970
www.vector-project.com



D:/Eigene_Daten/Videos&Bilder/Videos/Vector/magnetic_steering.mpg
D:/Eigene_Daten/Videos&Bilder/Videos/Vector/magnetic_steering.mpg

emtosecond _aser

(1 x 10 '° sec)

310 mJ/ cm
- — = — - 700 mliem’ .
1100 mJfem®

Signal Intensity (anm.)

Figure 1. a) Single-cell electroporation of p GFP iz »ive in the Xenopus tadpole brain.
SCE of CAl (b) and CA3 (c) pyramidal cels in organotypic rat hippocampal slices.
d) Enlargement of the CAl pyramidal cell showing spines, and axonal varicosities {e).

Time (msec).

Cellular opto-poration

Cold Spring Harbor Laboratory, Long Island, NY



urgical

Force feedback

onsole for Cellular “urgery

PHANToM

"AD | |ga Dynamic |
counter interaction| Force
DA Bus  Simulator information
DSP Board CPU
— Vision Fluorescent markers for
Force controller vision based tracking

Motion

l

Microgripper

Active controller for cell
manipulation

IMATROX board

3 DOF microrobot

Processor|
IMATROX board

Vision Processing system

3 DOF microrobot
for fine motion

for fine motion

Macro-positioning
system

Courtesy Prof Jaydev Desai, Drexel Univ, Philadelphia, PA 2005



urgical

onsole for Cellular “urgery

ADi ISA Dynamic
Force feedback counter interaction| _
DA Bus Simulator information
DSP Board CPU
Force 4— Vision
controller
PHANToM Motion

Commands

l

Force

Microgripper

Fluorescent markers for
vision based tracking

Active controller for cell
manipulation

IMATROX board

3 DOF microrobot

Processor|
IMATROX board

Vision Processing system

3 DOF microrobot
for fine motion

for fine motion

Macro-positioning
system

Courtesy Prof Jaydev Desai, Drexel Univ, Philadelphia, PA 2005
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emtosecond |_aser
Specific DNA targeting '

tomic "orce ''icroscopy
Sonoporation of an ion channel




adiology or - urgery?

ccuray
(Cyberknife)

Non-invasive tumor ablation for solid organs (0.3mm accuracy)
Surgeon should be part of planning and implementation team

Surgeons may want to ‘adopt’ implementation



ybrid 'perating ' oom
mage--uided 'ntervention




umamf)ird obhot
escue °perations

ARPA Challenge - ""escue-ot

In the Rescue Bot - DARPA Robotics
Challenge, robots will compete in a
variety of tasks, including the use of
tools to cut through a wall.

This is a concept of THOR, a
humanoid robot to be built by a Virginia
Tech—led team.



umanoid Robot - navigation

Courtesy Marc Raibert, Boston Dynamics, Boston MA 2012




The Information Age Is NOT the Future

The Information Age Is the Present ...

There Is something else out there . . ..




urrent rend in ntervention

pén surgery

\

\

inimal invasive

\

ulti-invasive

All are currently in clinical practice



uture | irection o  ntervention

pen surgery raditional surgery

\

ndoluminal lexible endoscopy

\ \

xinimal invasive aparoscopic
ulti-invasive obotic

\ \

on-invasive irected energy

Each ‘niche’ will continue to change in proportion



ethinking 'ntervention

It 1S the flow of information that controls
energy which will guide the
Future of Interventions

. EXAMPLES



he "undamental “"hange

(From Industrial Age to the Information Age)

From tissue and instruments

(Tangible and physical structures and objects)

to
Information and energy*

(Intangible and non-visible functional effects)

*  “The Information Age is about changing

from objects and atoms to bits & bytes” ...  Nicholas Negroponte “Being Digital” - 1995
... to photons and electrons ! (2013)




t’s about xploiting

nergy - pectrum

nformation - pace



lecromagnetic - pectrum

Laong Yavelength
Low Fraquency
Low Enengy

Bircraft and
Shipping
Bands

amn
Fadia

Shortwawe
Fadio

T4 and
FM Radio

g,
Microwawes
Radar

Infrared
Light

Shart Wavelength
High Frequency
High Energy

Radio: Yes, this is the same kind of energy that radio stations
emit into the air for your boom box to capture and turn into
your favorite Mozart, Madonna, or Justin Timberlake tunes.
But radio waves are also emitted by other things ... such as
stars and gases in space. You may not be able to dance to
what these objects emit, but you can use it to learn what they
are made of.

Microwaves: They will cook your popcorn in just a few
minutes! Used by astronomers to learn about the structure of
nearby galaxies, and our own Milky Way!

Infrared Our skin emits infrared light, which is why we can be
seen in the dark by someone using night vision goggles. In
space, IR light maps the dust between stars.

Visible: Yes, this is the part that our eyes see. Visible
radiation is emitted by everything from fireflies to light bulbs
to stars ... also by fast-moving particles hitting other particles.
Ultraviolet: We know that the Sun is a source of ultraviolet
(or UV) radiation, because it is the UV rays that cause our
skin to burn! Stars and other "hot" objects in space emit UV
radiation.

X-rays Your doctor uses them to look at your bones and your
dentist to look at your teeth. Hot gases in the Universe also
emit X-rays .

Gamma-rays: Radioactive materials (some natural and
others made by man in things like nuclear power plants) can
emit gamma-rays. Big particle accelerators that scientists
use to help them understand what matter is made of can
sometimes generate gamma-rays. But the biggest gamma-
ray generator of all is the Universe! It makes gamma
radiation in all kinds of ways.

Gamma-ray

NERGY

X-ray Visible 1

Radio waves, visible light, X-rays, and all the
other parts of the electromagnetic spectrum
are fundamentally the same thing,

electromagnetic radiation.

Here are the different types of radiation in the EM spectrum, in order from the lowest to highest energy:

Retrieved from NASA website 12 September, 2012 http:

imagine.gsfc.nasa.gov/docs/science/know |1/emspectrum.html



lecromagnetic - pectrum = " NERGY

sh ortwrave
SAamIma / F AN

rays

104 10*
Wavelensth (imeters)

Wisible Light

Medical use of various forms of energy

« Gamma rays * Visible
« Xrays * Infrared
 Ultraviolet  Ultrasound

ealthcare 1s only using a
small % of the energy spectrum



irected-—-nergy ''eapons

120804-N-Z22999-001

The Laser Weapon Systlem (Laws) is a technology demonstralor

DUIN Dy the Naval Sea Systems Command trom commarcial tiber

sOld stale lasers, llilizing combination melhods developed al the

Naval Research Laboratory. LaWs can be directed onto largels

from he radar track oblained rom a MK 15 Phatanx Close-In

Waapon system or othar targeting source. Thae Office of Naval

Research's Sold State Laser (SSL) portlolio includes Laws

developmen! and upgrades providing a quick resction capabllity

1or the Tlee! with an afordable SSL weapon prototype . This

capability provides Navy ships a method lor Sallors 1o easily

daefeal small Doat threats and asnal largels without using bullets

This video lootage shows an exercise conducted by a lechnical

tleam from the Naval Surface Weapons Conter Dahigron Division

and managed & funded by ONR, Naval Sea Systems Commancd,

OSD's High Enorgy Lasor Joint Technology Ofmoe and supported

by LS. Fleet Forces Command (LS. Navy video/Relensed) 4 NEWS
S tom



nformation and

nergy

ornerstone of - ystems ntegration

Single instrument which

- performs both diagnosis & therapy

- In real time

- at point-of-care

- hand-held, portable, low power

- could be autonomous (closed-loop feedback)
- home-based consumer product

Power to the people?



For about 2500 years

ca 490BC (Protagoras- Greek philosopher) “Man is the measure of al things”
80-15BC (Vitruvius - Greek architect) in architecture, man is the reference measurement

t’s about nteracting
on a ¢ ifferent =cale

From metersandcm . ...
... to microns and nanometers

From seconds and milliseconds
... to micro seconds and femtoseconds (1071°)

] Lenardo
From watts and Kilowatts DaVinci

Vitruvian Man

... to milhiwatts and microwatts ca 1490

We now can control molecules, electrons & photons



t’s about 'ntelligent - ystems

Energy
Provides Dx Information

Next cycle TN
Performs Therapy

Controls Generates
Diagnostic information
Activates energy devices Spectroscopy, fluorescence
Turns on/off systems Ultrasound, terahertz
Modulates energy or

Therapeutic effect
HIFU, Laser, plasma, etc

Closed-loop feedback
Enables intelligent control

Closed-loop
feedback

Information
Controls Energy




f the closed-loop feedback is
0 msec

heoretically
A physician can perform

in one second 20 complete procedures
in one minute 1,200 complete procedures
in ten minutes 12,000 complete procedures

therefore, operates at the cellular level



ntelligent

| nstruments

oint-of-care ''on-invasive | herapy

Mechanics to energy

Concentric HIFU around
central Doppler solves
registration problem

High Intensity Focused Ultrasound

for
Non-invasive Acoustic hemostasis

Courtesy Larry Crum, Univ Washington Applied Physics Lab



[A] Imaging
Probe

Catheter
\

J\, 3
Catheter Wound
Bleeding

Patent Vesse

After Treatment

T w ‘

Courtesy Larry Crum,
Univ Washington
Applied Physics Lab
2003



lasma 'edicine
terilization without “upplies

Treatment Target
- the Floating Electrode |

“nulm;i

FE-DBD Insulated Electrode

Painless

100% effective

S, (AN 30 sec, Continuous DBD, 8kHz
Insure safety of other cells and tissues Power: 0.8 W/cm?




lasma | edicine

4 The Science of Plasma Physics

Energy is released into a “cloud” by an “electrical discharge”

Cloud characteristics

1. charged particles
free electrons
2. freeions
reactive nitrogen species (RNS) NO-
reactive oxygen species (ROS)
ultraviolet (UV) and near infrared (NIR)
4. visible light
esp low level light (LLL)
5. high temperature
electromagnetic radiation (EM)
7. pressure pulse wave

o

o




The Science

lasma | edicine

Biological effects of plasma cloud

Selectively turn on-off specific molecules

1.

Prothrombin, cytokines, angiogenisis, VEGF

Induce specific epigenetic phenomenon
wound healing, activate coagulation

Sterilization and debridement
Surface etching and electroporation
Cell death (cancer)

Control cell motility, adhesion
integrin, cadherin etc

2.

charged particles
HEERS
UV, NIR and visible light (bio-photonics)

charged particles and free ions
UV, NIR and visible light (bio-photonics)
electromagnetic radiation (EM).

ultra violet (UV)
High temperature, ROS/RNS

UV light, high temperature

high temperature
Charged particles and free ions

electromagnetic radiation (EM)
UV, NIR, visible (Low Level Light — LLL)




lasma ''edicine
linically “elevant /“pplications

Sterilization & decontamination

Cutting, coagulation & ablation

Wound healing & regeneration
Molecular activation & inhibition control
Cancer & disease control/cure

Implant surface specificity to enhance/inhibit



ntelligent _aser “calpel

Mechanism of Action

Cutting/coagulation laser
Dissects tissues (ER:Yag laser)

Diagnostic laser
Detects blood vessels (660/910 nm)
Closed loop feedback

Turns off laser when blood vessel detected

T Cutting/coagulating laser for dissection

Hyperspectral analysis laser for diagnosis

Courtesy: Physical Optics, 2003
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Cancer-fighting laser born at Tennessee University
space institute

Ashley N. Rice,
October, 2012

TULLAHOMA, Tenn. — A new technique harnesses
the power of femtosecond lasers to seek, acutely map
and noninvasively destroy cancerous tumors, and it
could especially benefit brain cancer patients.

Developed by scientists at the Center for Laser
Applications at the University of Tennessee Space
Institute, the laser focuses on a specific region to find
and destroy tumors.

“Using ultrashort light pulses gives us the ability to
focus in a well-confined region and the ability for
intense radiation,” said Christian Parigger, an
associate professor of physics. “This allows us to
come in and leave a specific area quickly so we can
diagnose and attack tumorous cells fast.”

on-invasive - urgery

ight “eneftrates ° kull

The new technology can be especially useful for
treating brain cancer patients because it can
noninvasively permeate thin layers of bone, such as
the skull, and help define a targeted treatment strategy
for persistent cancer.

It overcomes the restrictions posed by radiation
treatments that damage portions of healthy brain
tissue, and also could overcome the limitations of
photodynamic therapy that have limited its acceptance
and replace surgical options that are unable to remove
all carcinogenic tissue.

“If you have a cancerous area such as in the brain, the
notion is if you see something and take care of it, it
won’t spread,” Parigger said. “This treatment
overcomes difficulties in treating brain cancer and
tumors. And it has the promise of application to other
areas as well.”

The team is working with the University of Tennessee
Research Foundation to bring the technology to market




Blosensors yperspectral Analysis
and
utomatic -ood nspection

 Laser scans chicken

« Hyperspectral analysis
detects bacteria, etc

« Scans 2.5 whole chickens/sec

Vi \ uto-analysis for infectious bioagents
PETA Supervisor

Hogan H. Improving the picture of Food Production. Photonics Spectra Nov 2010: 28-30



yperspectral
utomatic "Viilking Vlachine

« Hyper spectral identifies
udder and teats
 Near-infrared for geometry
 ToF for distance, position
 Closed loop control for
cup guidance
 Robotic arms for placement

nalysis and [Viotion Control

Hogan H. Improving the picture of Food Production. Photonics Spectra Nov 2010: 28-30
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4 “(What is radically new?
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isruptive Visions

“The Future is not what it used to be !'”’

- Yogl Eerra

http://depts.washington.edu/biointel
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echnologies
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Richard Andersen. CalTech. 2003



rain Machine Interface — Controlling motion with thoughts

Recorded activity for intended movement to a briefly
flashed target.

Amplitude (u V)

TARGET PLAN MOVEMENT

0 ; 1
Time
Courtesy Richard Andersen, Cal Tech, Pasadena, CA

Direct brain implant control of robot arm

Miguel Nicholai, Duke University, 2002



rain Machine Interface — Controlling motion with thoughts




rain Machine Interface — Controlling motion with thoughts

Courtesy University of Hawaii 2008 Emotiv Technologies, 2009



A Brain-to-Brain Interface for Real-Time

nature International weekly journal of science Sh G ri n 9 OF Se n SD I i m O’[O[ | n fOl'm Oﬁ O n

Migun| Pais-Vieira', Mikhail Lebedev'-, Carclina Kunicki®, Jing Wang'* & Migue| A L. Nicolelis' 345
SOTERIARE February 28, 2013

R E P ﬁ R T S DO I 10.038/Sr‘e po 1319 'Dep:lrl‘n'renra} MNewrobiology, Duke University, Durham, NC 27770, LSA, JDepurrmanl of Biomedical Engineering, Duke
2y

University, Durham, NC 2771 0, USA, *Deportment of Psychology and Meurcscience, Duke University, Dusham, MC 2771 0, USA,
“Divke Center for Meuroengineering, Duke University, Durham, NC 27710, USA, “Edmend and Lily Safra International nstitule for
Meuvrascience of Matal ([ELSAIMM), BN 59045060, Matal, Brazil.

A brain-to-brain interface (BTBI) cnabled a real-time transfer of behaviorally meaningful sensorimotor
information between the brains of two rats. In this BTEI, an “encoder” rat performed sensorimotor tasks
that required it to select from two choices of tactile or visual stimuli. While the encoder rat performed the
task, samples of its cortical activity were transmitted to matching cortical areas of a “decoder™ rat nsing
intracortical microstimulation (ICMS). The decoder rat learned to make similar behavioral selections,
guided solely by the information provided by the encoder rat’s brain. These results demonstrated that a
complex system was formed by coupling the animals’ brains, suggesting that BTBEIs can enable dyads or
networks of animal’s brains to exchange, process, and store information and, hence, serve as the basis for
studies of novel types of social interaction and for biological computing devices.

n his seminal study on information transfer between biological organisms, Ralph Hartley wrote that “in any

given communication the sender mentally selects a particular symbol and by some bodily motion, as his vocal

mechanism, causes the receiver to be direcied to that particular symbol™. Brain-machine interfaces (BMIs) have
emerged as a new paradigm that allows brain-derived information to control artificial actuators® and commun-
icate the subject’s motor intention to the outside world without the interference of the subject’s body. For the past
decade and a half, numerous studies have shown how brain-derived motor signals can be utilized to control the
movements of a variety of mechanical, electronic and even virtual external devices®™. Recently, intracortical
microstimulation (ICMS) has been added to the cassical BMI paradigm to allow artificial sensory feedback
signals™, generated by these brain-controlled actuators, to be delivered back to the subject’s brain simultaneously
with the extraction of cortical motor commands™'"".

In the present study, we took the BMI approach to a new direction altogether and tested whether it could be
employed (o establish a new artificial communication channel between animals; one capable of transmitling
behaviorally relevant sensorimotor information in real-lime belween lwo brains that, for all purposes, would
from now on act together towards the fulfillment of a particular behavioral task. Previously, we have reported that
specific motor'" and sensory parameters'™' can be extracted from populations of cortical neurons using linear

Encoder rat or nonlinear decoders in real-time. Here, we lested the hypothesis thal a similar decoding performed by a
“recipient brain” was sufficient to guide behavioral responses in sensorimotor lasks, therefore constituting a
/ Brain-to-Brain Interface (BTBI)'* (Figure 1). To test this hypothesis, we conducted three experiments in which

— /jfn' different patterns of cortical sensorimotor signals, coding a particular behavioral response, were recorded in one
\ — rat {(heretofore named the “encoder” rat) and then transmitted directly to the brain of another animal (i.e. the
/ 'r “decoder” ratl), ¥ia intra-cortical microstimulation (ICMS). All BTBI experiments described below were con-
f ducted in awake, behaving rats chronically implanted with cortical microelectrode arrays capable of both neur-
onal ensemble recordings and intracortical microstimulation™. We demonstrated that pairs of rats could

cooperate through a BTBI to achieve a common behavioral goal.

Results

In our training paradigm, animals learned basic elements of the tasks prior to participating in any BTBI experi-
menls. First, prospective encoder rals were trained to respond to either tactile or visual stimuli until they reached
95% correct trials accuracy. Meanwhile, decoder rats were trained to become proficient while receiving ICMS as a
stimulus. A train of I[CMS pulses instructed the animal to select one of the levers/nose pokes, whereas a single
TCMS pulse instructed a response to the other option. Decoder rats reached a 78.77% = 2.1 correct trials




eplacing "'uman “ody “arts

Intelligent Prostheses Tissue Engineering

A
U

One less leg

but a complete Ranger

B—

Artificial Ear

o)
2) Rheo Bionic knee b C-leg Liver Scaffolding Artificial Blood Vessel
Ossuir, Otto Bock,

Reyknavik, Iceland Minneapolis, MN J. Vacanti, MD MGH  March, 2000



Frgans which have been grown synthetically

Dozens of hiolech companies and wiiver-
sify lahs are developing ways to replace
ar regenerale foiled body parts. Here are
a few qf the projects:

= BOMNE
Bona-growlh factors or stem

calls are inserled inlo a porous
matenal cut to a specilic

shape, crealing new jaws or
limbs. & product thal craale
shinbones 15 in clinical

COMPANIES: Creative Biomoalecules_ Jrgu
Sulzer Orthopedics Biologics, Genelics Insk
Csins Therapeulics, Reganaran.

SKIN
Organogenasis’ Ap
a human-skin 2q
lant, is the first
nesred body p
win FDA& app
initially for I
ulears, Other skins are
works Tor ool ulcers 2
burns.

COMPANIES: Crpanoger
Acd-vanced Tissue Sclence
Integra LileSciences, LifaCall] C

PANCREAS

Insulin-manufaciuring calls ara har-
vested [rom pigs, encapsulated in
membranes, and injected into the
abdamen. The method has bean
tested in animals and could be in
human trials in bwo years.

ntarmational.

COMPAMIES: SioHybrid Technologies, Neocrin, Cince
EBiomedical

Y

HEART VALVES, ARTERIES
AMD VEINS

A 10-year initiative to build a heart has
just started. Genetically enginesred pro
leins have been successlully used 1o
regrow blood vessals.

r COMPANIES: Crpanogenesis, Adva
Tigsue Sciences, Genelech, LifeCell, Reprogenasis.

OATA: BLEINESS 'WEER, DRI & MARKET CEVELDPRENT REPORTE

SALIVA

GLANDS

Proteins callad

/ aguaparins thal

allowr calls to
’A{ secrale waler are

usad o recreale
saliva glands damaged by diseasa
Il in meica.

Monge yel.

URINARY
TRACT
Cartilage cells are
taken from the
palient, packead
inle a Ly malrie,
and injected into
Ikened ureler, whers
ulk up the tissue
s o prawvent urinary
:kup and inconli-
The method
n late-phase
ical tri-

PAMIES:
aSciences.
DDER
Doctors at Chil-
dran's Hospital in
Boston have grown
bladders [rom skin

L tham in sheap.
~ They are aboul to try the same
process on a palient

COMPAMIES: Heprogenasis.

CARTILAGE

A product is already
an the markat

thal regrows knes
cartilage. A chest
has been grown lor
a boy and a human

BAr on a mouse.

COMPANIES: Genesyme Tissue,
Biomalnx, Integra LifeSciences,
Advanced Tissue Sciences, ReGen
Biclogics, Osiris Therapaulics

calls and implanted

TEETH

Enams| malrix
proleins ar

used ta fill cavi-
lies. 1L works in
dogs; human
lrials are a Tew
YEAFS AWaEY.
EREAST

In preclinical
shudies, several
companies hawe
baan abla o

J [T creale a cosmael-
] i ic nipple by
imsarling a ball ol cartilaga.
Ressarchers are now Lrying lo
grow a whole cosmelic breast.

COMPANIES: Heprogenasis,
Integra LileSciances.

LIVER

# A spangy merrm-

Brane 15 built
up and then
saeded with liver
cells, Organs tha
size of a dimea
have baen grown, bul a lull-siza
liver could take 10 years due o
its complexily.

COMPAMNIES: Advanced Tissue
Sciences, Human Organ Sci-
ences, Organcgeness.

SPINAL
CORD
NERVES
Seientislts are
in-vasligating
nerve-growth
lactors, inject-
ing them al the site of darmage 1o
ancourage regeneration or seeding
them along biodegradable lila-
menls and implanting tham. Rals
have bean madea bo wall again.

COMPANIES: Acorda. Regen-

aron, CyloTherapaulics, Guillord
Pharrmaceulicals.




issue-engineered "rinary " ladder

Pediatric patients n=12 10 year follow up
End of year 1 all 12 survived, no rejection (no meds)
11/12 spontaneous return bladder control
End of year 2 All had complete bladder control
End of year 10  All remained normal & healthy - no rejections

Atala A, Bauer SB, Soker S, Yoo JJ, Retik AB. Tissue-engineered autologous bladders for patients
needing cystoplasty. Lancet. 2006 Apr 15;367(9518):1241-6.
Atala A. Br Med Bull 2011;97:81-104

Courtesy: Anthony Atala, MD Wake Forest Institute of Regenerative Medicine, 2013


http://www.ncbi.nlm.nih.gov/pubmed?term=Atala A[Author]&cauthor=true&cauthor_uid=16631879
http://www.ncbi.nlm.nih.gov/pubmed?term=Bauer SB[Author]&cauthor=true&cauthor_uid=16631879
http://www.ncbi.nlm.nih.gov/pubmed?term=Soker S[Author]&cauthor=true&cauthor_uid=16631879
http://www.ncbi.nlm.nih.gov/pubmed?term=Yoo JJ[Author]&cauthor=true&cauthor_uid=16631879
http://www.ncbi.nlm.nih.gov/pubmed?term=Retik AB[Author]&cauthor=true&cauthor_uid=16631879
http://www.ncbi.nlm.nih.gov/pubmed/16631879

=D “rinting (- tereo-lithography)
he "uture of “urgery




=D “rinting (° tereo-lithography)

Parts for the FRS psychomotor skills

CAD/CAM model Parts for Dome



enetically ‘e-engineering 'ood & "'rugs

Posted on: 27 Jun 2011, 08:43 PM
Test tube-burger coming soon

London: Coming soon, the world's first test-tube
hamburger, say scientists. A team at Maastricht
University in the Netherlands claims that the first such
laboratory-made burger could be a year away. It will
have meat grown from stem cells, paving the way for
eating meat without animals being slaughtered.

The Scientists are currently developing the burger
which will be grown from 10,000 stem cells extracted
from cattle, which are then multiply more than a billion
times to produce muscle tissue similar to beef. The
product is called "in vitro" meat

Prof Mark Post, who is leading the team, was quoted
as saying, "l don't see any way you could rely on old-
fashioned livestock in the coming decades. In vitro meat
will be the only choice left.”

A colleague of Prof Post said, "When we are eatlng a
hamburger we don't think, 'I'm eating a dead cow'. And
when people are already far from what they eat, it's not

Tobacco Plants Make HIV Antibody
For the first time, a plant-produced antibody gets the
green light for clinical trials in the United Kingdom.

By Cristina Luiggi | July 21, 2011

Last month, a monoclonal antibody produced in the leaves
of tobacco plants entered phase I clinical trials in the United
Kingdom. The antibody, known as P2G12, recognizes an
HIV surface protein and is expected to help stop the
transmission of the virus, although it has never been tested
in humans.

This is the first plant-produced antibody to be cleared for
clinical trials by the Medicines and Healthcare Products
Agency Producing the antibody using tobacco plants grown
in a greenhouse in Germany is 10 to 100 times cheaper than
using conventional methods employing bacteria or
mammalian cells, Smart Planet reports

“Monoclonal antibodies can be made in plants to the
same quality as those made using existing conventional
production systems,” Professor Julian Ma from St George’s
University, London and joint coordinator of the project,

“That is something many people did not believe could
be achieved.”

Floss DM, Sack M, Stadlmann J, Rademacher T, Scheller J, Stéger E, Fischer
R, Conrad U.. Biochemical and functional characterization of anti-HIV

) ) ) antibody-ELP fusion proteins from transgenic plants.. Plant Biotechnol J.
Prof. Mark Post, Maastricht University Netherlands, 2011 2008 May:6(4):379-91.

too hard to see them



http://www.ncbi.nlm.nih.gov/pubmed/18312505
http://www.guardian.co.uk/science/2011/jul/19/anti-hiv-drug-gm-plants
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) ... make evidence-based decisions
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In Science and Discovery,
there Is always Risk . . .



“Ze careful of

unintended
consequences

EXxperience is the name everyone
gives to their mistakes - Oscar wilde

The only thing more dangerous
than trying too hard and failing .
... 1s not trying hard enoug

and succeeding ! wichelangelo 1503




he ' oral 'iIlemma

Technology is Neutral - it Is neither good or evil

It IS up to us to breathe the moral and ethical life
Into these technologies

And then apply them with empathy and compassion
for each and every patient



echnologies "'ill “"hange the "uture

« The rate of new discovery is accelerating exponentially
» The changes raise profound fundamental issues

« Moral and ethical solutions will take decades to resolve
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Differing responses to scientific discovery by various sectors
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Chinese Cloning Control Required
Tuesday 16 April, 2002, 10:41 GMT 11:41 UK

Strict ethical guidelines are needed in China to
calm public fears about new cell technologies such
as cloning, the country's leading scientist said.

Professor Ching-Li Hu, the former deputy
director of the World Health Organization, was
speaking at the Seventh Human Genome Meeting
in Shanghai. His call follows recent reports that
Chinese scientists are making fast progress in
these research fields.

group in we vertrai ooutrl v
gsa is said to be producing hu
nbryo clones, while another team from the Sun
Yat-sen University of Medical Sciences in
Guangzhou is reported to have fused human and
rabbit cells to make tissues for research.

S —— Human embryos
the Scientist y
P cloned

(=g
\( « /
February 12, 2004
South Korean team demonstrates

cloning efficiency for humans similar
to pigs, cattle | Thersa Tamkins

After outlandish claims, a few media circuses,
and some near misses by legitimate
researchers, m of South Korean
hers reports the production

ed human embry The findings, were
released Wednesday (Science, DOI:10.1126
/science.1094515, February 12, 2004).Wook
Suk Hwang and Shin Yong Moon of Seoul
National University used somatic cell nuclear
transfer to produce 30 human blastocysts and
a single embryonic stem cell line; SCNT-hES-
1. Using 242 oocytes and cumulus cells from
16 unpaid donors, the group achieved a
cloning efficiency of 19 to 29%, on par with
that seen in cattle (25%) and pigs (26%).




Jeffery Steinberg, MD
Fertility Institutes of Los Angeles

Preimplantation Genetic Screening
General Science: May 13, 2006

A British woman has become the first in th
country to conceive a ""designer baby"" sele
specifically to avoid an inherited cancer,

The woman, who was not identified, used |
controversial genetic screening to
she does not pass on to her child the conditid
retinoblastoma, an hereditary form of eye ca
from which she suffers.

Doctors tested embryos created by the wo
her partner using in-vitro fertilisation (IVF)
for the cancer gene. Only unaffected embryq
implanted in her womb, the newspaper said.

It suggested the woman's pregnancy woul
increase controversy over the procedure -- p
implantation genetic diagnosis (PGD) -- bec
critics say it involves destroying otherwise h
embryos whose conditions are treatable.

enetically “designed”

hild

The Scientist
g -

M%E:;.

Five ""designer babies™
created for stem cell

PESS  harvest
Five healthy babies have been born to provide stem
cells for siblings with serious non-heritable conditions.

This is the first time ""savoir siblings"" have been
created to treat children whose condition is not genetic,
says the medical team.The five babies were born after
a technique called preimplantation genetic diagnosis
(PGD) was used to test embryos for a tissue type match
to the ailing siblings, reports the team, led by Anver
Kuliev at the Reproductive Genetics Institute in
Chicago, US.The aim in these cases was to provide
stem cells for transplantation to children who are

suffering from leukaemia ‘Unlawful and
unethical® However, the use of this technology to

& i AX

e

ock

Gregory St

Science Vol 315: 1723-25, Mar 2007

Emergence of Novel Color Vision in Mice Engineered
to Express Human Cone Photo-pigment

Changes in the genes encoding sensory recptor proteins are an essential step in

the evolution of new sensory capacities“new sensory capacities' . In primates, tri-
chromatic color vision evolved aftre changes in x chromosome linked photopigment genes.
Heteronous mouse females — \yhose retinas contained both mouse pigment and
human L pigments shuweu eninanceu 10ny-wavelenyui sensiuvity dand Cironiauc
discrimination. An Inherent plasticity in the mammalian visual system thus permits emergence

Verlinsky Y, Rechitsky S, Sharapova T, Morris R, Taranissi M and Kuliev A. Preimplantation HLA Testing. JAMA (2004) 29: 2079


http://www.physorg.com/news66717645.html

Xtending ongevity

A strain of mice that have lived . ..

... more than three normal lifespans

Should humans live 200 years?

April 14, 2004

Life extension

Life extension consists of attempts to extend

human life beyond the natural lifespan. So far
none has been proven successful in humans.
Several aging mechanisms are known, and anti-
aging therapies aim to correct one or more of
these:
Dr. Leonard Hayflick discovered that mammalian
cells divide only a fixed number of times. This
"Hayflick limit" was later proven to be caused by
telomeres on the ends of chromosomes that
shorten with each cell-division. When the
telomeres are gone, the DNA can no longer be
copied, and cell division ceases. In 2001,
experimenters at Geron Corp. lengthened the
telomeres of senescent mammalian cells by
introducing telomerase to them. They then
became youthful cells. Sex and some stem cells
regenerate the telomeres by two mechanisms:
Telomerase, and ALT (alternative lengthening of
telomeres). At least one form of progeria (atypical
accelerated aging) is caused by premature
telomeric shortening. In 2001, research showed
that naturally occurring stem cells must
sometimes extend their telomeres, because some
stem cells in middle-aged humans had
anomalously long telomeres.




rowing ‘uman "rains: ' he irst - teps

Cerebral organoids model human brain
development and microcephaly

Lancaster MA, Renner M, Vartin CA, Wenzel D Bicknell L
Hurles M, Homfray T, Penninger JM, Jackson A ,Knoblich J

University of Vienna, Austria
August 29, 2013

Abstract

The complexity of the human brain has made it difficult to
study many brain disorders in model organisms, highlighting the
need for an in vitro model of human brain develonment. Here we
have developed a human pluripotent stem cell-derived three-
dimensional organoid culture system, termed cerebral organoids, that
develop various discrete, although Interdependent, brain regions.
These include a cerebral cortex containing progenitor populations
that organize and produce mature cortical neuron subtypes.

Furthermore, cerebral organoids are shown to recapitulate
features of human cortical development, namely characteristic
progenitor zone organization with abundant outer radial glial stem
cells.

Finally, we use RNA interference and patient-specific induced
pluripotent stem cells to model microcephaly, a disorder that has
been difficult to recapitulate in mice.

We demonstrate premature neuronal differentiation in patient
organoids, a defect that could help to explain the disease phenotype.
Together, these data show that three-dimensional organoids can
recapitulate development and disease even in this most complex
human tissue.
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Artificial organs
Smart Prostheses
Genetic engineering

Regeneration

If | replace 95%
of my body . ..

... Am I still “human”?

Should there be replacement
“parts” for astronauts?




oral and “thical 'ssues

Raised by Technological Success
will take DECADES of debate

Summary of Examples

Should we do research in areas we may not be able to control?
(eg, genetics, cloning, nanobots, intelligent machines?)

Will prolonging life result in more disease in the overall population
Can we change medicine from treatment to prevention of disease

In defeating diseases, will technology change a human into a combination
of man and machine - what does it mean to be “human”

How will we decide who gets the technology, especially in 3rd World




he 'Itimate _thical ‘'uestion?

For the first time in history,
there walks upon this planet,
a species so powerful,

that it can control its own evolution, OUR POSTHUMAN FUTURE

at 1its own time of choosing ...

... homo sapiens.

FRANCIS FUKUYAMA

Who will be the next “created” species?



Planet Earth
Represented as a 4-D structure

Do Robots Dream "

http://depts.washington.edu/biointel






