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Technology, Quo Vadis?
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Preventive Personalized Medicine

_ 2 R Preventive
Tissue RIS Kinetic Model Personalized
Sample Empirical Analysis Fitting Medicine

* Rapid collection of large experimental data sets

* Intelligent consolidation of quantitative values



Preventive
Personalized
Precision Medicine

New
Medicine

Creative
Optics & D .
estruction
Microfluidics
Mobile - .
I t D °
Information Cn:ot‘ael;ece h %10)%
Technology onvers e
Nano- Bio-

Technology Technology

Simultaneous
Detections of DNA,
RNA, & Proteins




Preventive Personahzed
Precision Medicine

‘Requires

Mobile I :
RBOYaue ey
Information F e &
Convergence | ChEmistry
Technology,

Nano-
TedMdlok]

A 4

\ \




Role of Precision Manufacturing

Create jobs
Establish healthy economy and healthy mind

Create new sciences
— 2014 Nobel Prizes in Chemistry (Microscope)
— 2014 Nobel Prizes in Physics (LED)

Become the best defense mechanism against
global economic power

— Global trade is based on goods, not services.
— Services are dependent on manufactured goods.
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Innovative Additive Manufacturing for Personalized Medicine

BASICs for QB or not QB

Quantitative Biomedicine

Biologic
Application
Specific
Integrated
Circuits




Simplicity
s the Ultimate
Sophistication

Leonardo daVinci



Design Rule of BASICs

Sample/Fluidic
Interface

Electrical Interface

Fluidic Interface
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BASICs for Quantitative Biology

e
try (2006)

Gang L. Liu, et al., §
Nature Materials (20063

g.\

200000006
8. eeceeecoee

Lee et al., Biotechnology &
Bioengineering (2007)

Vel N
L LN Molecular Diaghostics
"?E)engmeermg (2007) &



Integrated Molecular
Diagnostics: iMDs
for Global Healthcare

Emphasis:
¢¢ I o
sample-to-answer’ devices

@ low cost



* HIV,TB,and many other infectious diseases are major
burden for global healthcare

* *HIV & TB have a synergistic'interaction

* Combined (HIV & TB only) kill about 5 million people

per year

Adult prevalence (%)
) 15.0% - 28.0%

5.0% - <15.0%
1.0% - <5.0%
0.5% -~ <1.0%
0.1% - <0.5%
<0.1%
No data available

Estimated HIV prevalence in new TB cases, 2006




IMDX: simultaneous Detection of
DNAs, RNAs, & Proteins

RNA and Protein
Detection

DNA Detection:

Ultrgfast PCR Array

Blood Separation




ASSURED iMDx

Affordable requires integrative multi-scale

. brecision manufacturing
Sensitive g

Specific
User-friendly
Robust/Rapid

Equipment-free

Deliverable
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' Self-powered Integrated
)! Microfluidic Blood Analysis

& System (SIMBAS)

. Suction
"Chambers



Self-digitization of Blood Plasma
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DNA Detection: On-chip RPA

Room temperature with
whole blood sample
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Normalized Fluorescence Intensity
(RFU)

1000 copies template DNA/ 11, 50 nl/well



Mobile Healthcare: POC Genomic
Diagnostic System for Global Healthcare

Microfluidic Cartridge

sample jpiee

Reaction \(« &, &\
Chambers { &« % *

Heater and
Real-time Fluorescence Detector

C Waveguide Blue LEDs

-

Microfluidic .
Cartridge s = o =
I = ITO Heater
™~ " 'y
Emission Filter
@ [oam Insulator

Phototransistor
Array

Rapid detection & identification
of ID pathogens

Genomic analysis of pathogen
infectivity and drug resistance
Battery-powered (3.7 V)

Blue LED (472 nm)
Phototransistors (515 nm)
Automation via microcontroller
& USB interface

SD Flash memory card reader
GSM cell phone module

GPS module

Myers et al., PLOS ONE 2013



Patient-Specific iPSCs-based

iMAPs

Integrative
Microphysiological
Analysis

Platforms



History of Organ on Chip

Side chambers

Dynamic cell
culture system

Liver-on-a-chip Lung-on-a-chip




History of Cell Culture

Julius Richard Petri (1852 — 1921)

German microbiologist who is credited
with inventing the Petri dish while working
as assistant to bacteriologist Robert Koch.

Robert Heinrich Herman Koch (1843-1910)
Considered to be the founder of modern
bacteriology.

Nobel Prize in Medicine (1905)




Recapitulating Physiology:

Physiologically Relevant u-Environment

- - e S

Tissue Microfluidic
Size (D) 100-300 pum 50-1000 pm
Circulatory Flow (c) 700 pm/s 80-4,000 um/s
Interstitial Flow (i) 0.1 ym/s 0.08-4 um/s

Extracellular Matrix Complex Surface Coating



Nanoliter Scale Microbioreactor Array
for Quantltatlve CeII Blology
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Lee et technology & Bioengin, 94 (1), 5-14 (2006)




Dynamic Cell
Culture Chip

Cell Growth (HelLa, 30 min/
frame, 38 hours)




Quantitative Characterizations

A 24 Well Plate
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Hela | Hela “tumor” NIH3T Fibroblast
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Needs for Precision Stem CeII Biology

v
@
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\\, ». Nerve Cell

HE
e Precision Biology & High

Throughput Experimentation

Known Stem Cell Modulators
Shear Stress
Growth Factors
Nutrient Content
ECM Contact
Surface Material
Oxygen Level
Electrical Signaling
Co-Culture
Temporal Modulation
Genetic Manipulation

Data Analysis and Optimization



PA LS BASIC #5

Physiologically-inspired
Artificial

Liver

Sinusoids

Lee & Hung et al., Biotechnology and Bioengineering (2007)



Physiologically Relevant Dynamic
Cell Culture for Precision Medicine

.0 A.A.A'A.A.A N R ) 0.0 A.A.A.
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transport

Cell/Matrix
T interaction

~~~~~~

In vio " “ Cultured Cells

|. Understand physiologically relevant microenvironments
2. Use precision microengineering to create better cell environments
3. Precision biological perturbations, real time and continuous monitoring



Physiologically-inspired
Liver Architecture on Chip

Cell Inlet

Endothelial S ‘ Nutrient/Drug
Cell Barrier ) B Flow
Microfluidic
. > g Endothelial
i P Barrier
Branch O_f .' DO 3 Z ‘ Hepatocytes - .
Portal Vein .II - -

N ' : Endothelial
\[ Cell Barrier

Sinusoid Space

Cell Culture Transport

Branch of Area Channel

Hepatic Artery From Hepafic Artery
& Portal Vein

* Sinusoid space transports blood to hepatocytes
 Lined with fenestrated endothelial barrier

* Hepatocytes form extensive cell-cell contact



Physiologically-inspired
Artificial Liver Sinusoid

Cetmea  endotrels Precision Control of
Hepatocyte Loadi

Cell Area

Endothelial
\ Barrier

¢ h = B
Flow Channel 2d +2h

e Microfluidic endothelial barrier
* High density hepatocyte culture

* Continuous flow mass transport



Physiologically-inspired
Liver Architecture on Chlp
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BASIC #14

Patient-Specific iPSCs-based Integrative
Microphysiological Analysis Platforms
(|M APS) Mas_s" Spe(;trometl;y

- - B
Optical Microscopy i % i
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.. Pulmonary
vein
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Pulmonar}}
artery

Real Time Sampling

Electrical Measurement
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iMAPs for Personalized Medicine

[- . . Patient- ‘

iPSCs Brain Blood- bram barrier Retina Myelin

Bon Muscle Lung !
Liver Heart Kidney Sp

= M uman iMAPs
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AgriCUIturaI Soil Monitoring
Monitorin g Plant Monitoring

Medlcal
Innovatlons

Ubiquitous
iMDx & iMAPs

Yo "

e Environmental
Water Pollution Monitoring
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Chl&for DRx Lab Automation
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Harvesting



Nanoscale Additive
Precision Manufacturing

for Nano-Satellites Z)
o Whw

Exploring the Living Cells:

Cellular Galaxy



Can We Capture e-motions
in Living Cells?

Need for Satellite Read out e-motions:
Nanoscopes Electronic states

d/ibration states
v

g ‘

* Monitoring & Regulating Cellular Signaling Pathways
* Understanding Electron Transfer Mechanism in Living State
* Observation of In Vivo Electron-Transport Dynamics




Satellite Telescope

CALIPSO . CloudSat ,
5l
PARASOL f——‘%ﬁ—\ :

15sec p=, J0sec - -




Nanoscale Satellite

Capturing electron transfer dynamics and molecular i lmagmg in Ilvmg cells

Quantum Nanoscope




Bioinspired Nanocoral

with Decoupled Cellular Targeting and
Sensing Functionality




NanoSateIIites in

L. Wu et al., (Small ZOIO)MW

Largeting
Sensing

Gene
Delvery

Gene
Regulation

Drug
Delvery







Bioinspired NanoSatellites

(@ (b) (€)™,

Y Anti-HER-2 5]5567’ /0
Largeting
Cancer Cells




Surface Plasmon Polariton

* Longitudinal coherent charge oscillation
localized to a metal/dielectric boundary.

* Surface plasmon associated with evanescent
electromagnetic mode.

Dielectric

e q = ()

&m <0

Metal

2
/< /\/\/\ Strong local field

S !

°g
Note: This is a TM wave




Nanoplasmonic Optics

Advantages:

Nano-focusing of Light
Strong Optical Cross Section
Metamaterial Nano-Optics
Directional Control of Light
— Optical antennas
Transformational Optics

Precision Temperature Control



Nanocrescents: NanoSatellites

Firar
1 uxc!

Y. Lu et al., (Nano Letters 2005)



Exploring

by Nanoscale Satellites

llar Galaxy

es, & Wireless Communication

External f
Optical /
Signals o -
vergence of

Cell Biology
_» Chemistry
Quantum
Mechanics

Molecular
Engineering

‘ L\lanotechnology

“Cell” Phone Optical Antennas

Molecular Spectroscopic Imaging of ' ‘b e -
Electronic & Vibration States
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Eu-virus

for Targeting, Detection, Gene Delivery,
& Regulation in Living Cell:
Exploration of Cellular Galaxy

“eu’”” means good, true, brave, noble, or advantageous



Multifunctional Eu-virus

Chemical G MNETAPEUNC
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availability on AL}; v ‘ Added antibody on Au
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enhancement




Optical Enhancement of Eu-virus
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Euvirus Optical Antennas

Belladonna Mottle Virus Brome mosaic virus

>
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Cow pea mosaic virus

Tomato bushy stuntvirus
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Molecular Imaging via Eu-virus

- Gold virus scattering
PRET scattering

¥ Enhanced E-field
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Photonic Gene Circuit to Control
NF- # B Transcription Factors

which are persistently active in a number of disease states

Cell Cell
Transformation Inflammation
Cancer

\ / Infectious Diseases

: Neurodegenerative
Invasion NE- .
& Diseases
KB

Migration Cardiovascular Diseases

Inflammatory Diseases

/

Angiogenesis

NF- £ B: Nuclear Factor kappa-light-chain-
enhancer of activated B cells



Photonic Gene Circuits

Two NF-kB requlated genes: IP-10 & RANTES

Output
IP-10
early gene

Output
RANTES
late gene

i o ON
785 nm A
AN

OFF 4, ,ON.  OFF 4, ,ONg

& ; () —(((9)  c—
DU 1= 1 A t=t A 50 nm

SN LIAN L
ON
A
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-

Z;=1P-10
Z; = RANTES

0 2 4 6 8 10
Time (hours)

Lee et al., (ACS Nano 2012)
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Quantized Nanoplasmonic Dip
Spectroscopy by PRET _-

Quantum Nanoscope

o AW @Donor

Quantized Resonance
Quenching Dips

Modified
Scattering

Scattering



Monitoring Dynamics of Intracellular
Ab Induced Apoptosis in AD*

o

Single Prq;ez'fg Imaging in Living Cells

"~ 4 Internalized GNPs .

*AD: Alzheimer Disease



Real-Time Observation
of Intracellular Cyt c

-

t=0 min

Release /Induced by AGO

Incubated with ABO (2.5 uM) for 3 hours
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Unparallel View of Cellular Galaxy
in Living Cells via Nanosatellites

Observations of cellular galaxy can reveal secrets about how cell
die, how they disperse molecular dust into the cell, how they
transfer electrons in proteins, and the dynamics of life.




Obstacles of Creativity

Rigid structures of

* Educational boundary
* Social boundary

* Political boundary

* Cultural boundary

“Der Vogel kéimpft sich aus dem Ei. Das Ei ist die Welt.
Wer geboren werden will, mufS eine Welt zerstéren.”

The bird struggles out of the egg. The egg is the world.
Whoever wants to be born, must destroy a world.

HERMANNMHESSE

SN e e e



Conclusions

Integrated molecular diagnostic systems (iMDx), integrative
microphysiological analysis platforms (iMAPs), and nanoscale
satellites are developed for precision personalized medicine.

Precision manufacturing for new medicine will creates
healthy economy and new sciences.

Creative convergence of integrative art, culture, technology,
and science (IACTS) can generate healing ecosystem.

Innovative scale-up manufacturing through the convergence
of life science, engineering, and medicine is the solution for
global healthcare and healthy economy.



Knowing is not enough;
We must apply.

Willing is not enough;
We must do.

In the realm of ideas
Everything depend on enthusiasm...
In the real world

All rests on perseverance.

Johann Wolfgang von Goethe
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