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Laboratory...

THE BIGGEST
BLIZZARD N WISTORY THE SECOND Cowne

.J 7
YA e s /

THINGS THAT CouLD BE HAPPENING OUTSIDE THAT YOU WOULDN'T
KNOW ABOUT BECAUSE YOUR LAB/OFFICE HAS NO WINDOWS,
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Lab-on-Chip

Miniaturization and integration
of laboratory sample
preparation processes

Consists of microfluidic
channel, microsensors and
microacutators

L \

Reduce cost and waste of bio- ,
diagnostics /,/»/\9@@
. .. /f/f’o),
44
Personalized medicine and ~10-100 m v
healthcare

Section 1™
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Microfluidics

 The science and technology of manipulating and
controlling fluids, between 10°to 1012 L

 Networks of channels with dimensions from ~10-
100 pm

« The research field origins in 1990s and grow
dramatically due to development of analytical
chemistry and microelectronic fabrication
technologies.

7/ N

https://www.youtube.com/watch?v=BIXvgUlud_c&list=PL1C79B97B41C6FDA4C
https://www.youtube.com/watch?v=Al4kZzg825¢g&list=PL1C79B97B41C6FD4C&index=8
https://www.youtube.com/watch?v=hVAa41qTIlqg

https llwwwgutube .com/watch?v=BIXvgUlud_c&list=PL1C79B97B41C6FDA4C
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Microfluidics

 Microfluidics in the environment? lecalt o Lotus &ffect

* Microfluidics in the human body? , S G l/’x |

« Organs on Chip: design a whole body : XCRRARR
biomimetic device

http://wyss.harvard.edu/viewpage/240/
Bio-Optofluidic System Lab, NTU 5
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Innovation: A Blood Test on a Chip

Claros Diagnostics has created the mChip, which can produce a e test results from a single drop of blood in

ﬂ By Christine Lagorio-Chafkin Senior writer, Inc. W @Lagorio
]
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Get the hottest European Biotech News in
your inbox every Friday
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Find Inc. : ' - -»g;/ _—
on Facebook : Hioai poparias

ﬁ Li ke X & A Cure for Cancer? How CAR-T
Therapy is Revolutionizing

Oncology

o h I : i ly? bl What Happened to the Plans fora
Miniature human organ models made using microchips...really? Is that even possible SiatC e Tt Didetie7

\ g o (a0 533 and could this be the end of animal testing?
o ( YOVEN D (a0
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riv R —
Running the @ Qsphero MIM=TR=
— Toughost Team in the organ-on-a-chip company ) )
the NFL More News! Novartis Accused of
Corruption, Water-Cleaning
Bacteria & More

The First and Only Museum of
Microbes Captivates Amsterdam

Alab on a chip These organs-on-chips are considered “organs” because they contain perfused chambers of

Many laboratory blood tests take several days to process. A group of Harvard University TODAY'S MUST READS living cells. These are arranged so that they simulate living tissues and function at the organ
researchers has developed a device, the mChip, that produces accurate test results from a g:lei’nye'Sc*:,:‘::’:';‘n'L:::;‘;_’("?‘gh':‘::s':me level in their physiology. So far, organs which have been replicated to the 3D microchip level (E:}dIISPR{l(l:aShG: Clould;he:e;:
8 iecasa L : ) iting Technology be the Future
single drop of human blood in about 10 minutes. After blood is injected into the credit-card include the heart, liver, lungs, gut and also bone marrow, all made into microfluidic cell of Drug Discovery?
size cartridge, it interacts with antibodies housed in hairline channels. The cartridge is then ik Youlbiate s Coul Sic isiied This cuiture-dedices Bl
placed in a portable device that analyzes the results and displays them on a digital screen. $100 Million Company Founder I Also a
One mChip can test for up to 10 disease biomarkers, including those for hepatitis C and Boxing Manager llumina:
HIV. Claros Diagnostics, co-founded by Vincent Linder and Samuel Sia, two of the mChip's
5 Horrific (Yet True) Cover Letter
inventors, has received approval to market a version of the device for prostate cancer Mistakes, as Told by Recruiters
SRR AL MR AR | KASB AT ANIARGH 3 NS ORISR IR A All Posts Segments ~
*Alliance of Advanced a p— [
/5 BioMedical Engineering A et o
About  Biotech & Pharma ./ Key Technologies ./ Medical Devices . Publications ~Standards Events  Learning
by
e Lisa C. W,

*
. )

Mark Crawford

Quick and accurate measurement of circulating tumor cells (CTCs) in the bloodstream is a popular way to learn
if tumors are metastasizing in the body. Current CTC isolation techniques are mostly based on

immunomagnetic and microfluidic enrichment methods, both of which present accuracy issues with low yields
of CTCs.

000

This week, Illumina launched the - the first Illumina digital microfluidics
platform for automated preparation of sequencing libraries. Digital microfluidics uses electrical
voltage to manipulate nanoliter volume droplets through standard library prep chemistry, to
ultimately transform sheared DNA or total RNA into ready-to-sequence libraries. This
revolutionary technology enables 16 libraries to be prepared in parallel, with only 30 minutes of
initial hands-on time, freeing up vour schedule for other projects or planning vour next

To improve this situation, Balaji Panchapakesan, an associate professor of mechanical engineering and director
of the Small Systems Laboratory at Worcester Polytechnic Institute (WPI), has developed a liquid biopsy chip




Bio-sample preparation process using
microfluidics

* What is Bio-sample preparation process?
 Biofluid in Human System
* Blood
— Composition
— Non-Newtonian fluid
* Blood separation methods
— Blood cells
— Blood plasma
* Microfluidics for Whole Blood Processing
* Point-of-care (POC) biochips for sample process

fs)) NTUBIOS
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Biofluid in Human System

Blood (1))
Pleural and peritoneal fluid

(g = A1 e HE 7K)

Bronchoalveolar

Amniotic fluid(z7K) Lavage

Urine(FR %) __Pleural
Bone marrow aspiration(‘& i _Peritoneal
ga bl A i) =

Bronchoalveolar fluid (X5 Aministic Urine
R EELER)  BonelS cemen
Synovial fluid (BgE[7%) Synovial

l
Female Male
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Current Bio-Sample Process

« Sample process: multiple centrifugation, cell fixing, washing
and cytochemical staining

« Sample preparation process require most time

D

Sample Collection Sample Prepara Sample Analysis
ﬁ I
Obtain Storage & Aliquot & Cytologic  Cytochemical Cytologist
Sample Transportation Centrifuge Smear Stain Diagnosis

We should develop a platform to efficiently

perform sample preparation!!!
Bio-Optofluidic System Lab, NTU 9



Whole Blood

«  Whole blood: 54.3% plasma, 45% red « One of the most important bio-sample

blood cells, 0.7% white blood cells — Can be used for screening pathogenic
* Blood cell types bacteria infection, metabolic diseases or
« WBC: 4-10 x 106 cells/mL,12 ~ 20um diagnosis of cancer
« RBC: 4-6 x 10° cells/mL, 6 ~ 8um
* Platelet: 4-10 x 10° cells/mL, 2 ~ 3um Bacteria tra

* 4.7-5L in a health adult (7% of weight)
@ ..v‘v ‘
.02 ©0gS

% 5% °0%

/a I - )

Circulating tumor °
@ Redblood coll cell(CTC)

Secondary tumor °

Bio-Optofluidic System Lab, NTU 10
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Blood Plasma Composition

* Blood Plasma

— Water (~91%)

— Protein(~7%)

— Bacteria, Fungi and Micro-organisms(traces)

— Metabolites(traces)
« glucose, total cholesterol(Z2IEEIEZ), melanin(FZE %)
 urea(fRZX), Hormones(EW = A XR)

— Circulating Nucleic Acids(traces)

« Health patients: DNA (~1.8-35ng/mL), RNA(~2.5ng/mL)

« Depending on conditions

— Tumor DNA (cancer), Viral DNA(infection), Fetal DNA(pregnacy), Donor
DNA(transplantation)

CoD Ej,.a a MU
Q2 0° nruBlos

4
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Disease Diagnosis from Blood Cells

 Blood Cells

— Complete blood count (CBC)
 Leukemia: abnormal increase of immature white blood cells
e HIV: count CD4+ T-cells

« Malaria: the level of parasitemia (volume of blood occupied by
malaria parasite)

— Rare cell counting
 Circulating tumor cells (CTC): cancer relapse or mutation states
» Fetal cells: determine the health of developing fetus
— Long term cell culture
« Monitor immune cell conditions
« Search for bacteria, virus

s‘/fa D :i,_’ ! zi
Q2 3° nrulos
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Current Bio-Sample Process Problem

« Sample preparation: centrifugation, cell fixing, washing and
cytochemical staining

« The quality of biomarker detection will be affected by sample
preparation

D

Sample Collection Sample Prepara Sample Analysis
|| |
ﬁe \ﬂ* iy
Qo
=
Flow
Obtain Storage& Aliquot & Cytologic  Cytochemical Cytologist

Sample Transportation Centrifuge Smear Stain Diagnosis

A platform to efficiently perform sample preparation

and in-situ analyte detection!!!

QL) JJ NTUBIOS Bio-Optofluidic System Lab, NTU 13



Blood Separation Methods

= |
Label-free
ey PLASMA- 5% o otalBood Voume No external field
| 2% Nldrks o s el Micro-scale filters

Homrones (erythropaietin, insulin, etc) . . .
Hleciryles fsodium polassium caldum elc Hydrodynamic filtration

st | SRR GNP IR i e e Deterministic lateral displacement

ewdityeﬁl Cells (7000-9000 per A3 of blood Inertlal

{ Platelets (250,000 per nmA3 of blood

Red Blood Cells (RBCs) >
Abaut 5,000,000 per A3 of blood n
Blood I

B Gravity and sedimentation
| Aqueous two-phase systems

' With external field Other format
y Acoustophoresis e CD

collect biood sarple loave the blood for partficn for
30 1o 60 mnutes

Magnetophoresis « Paper

Labeled

Fluorescence-activated cell sorting
Magnetic-activated cell sorting

Bio-Optofluidic System Lab, NTU 14

* Cell Separation

_ Optical
* Plasma Separation ‘ Dielectrophoresis
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Difference between Plasma and Serum

2. Plasma vs. serum

*Plasma is the Serum is the liquid
liquid, cell-free part of blood AFTER
part of blood, that coagulation, therfore
has been treated devoid of clotting
with anti- factors as fibrinogen.
coagulants.

Anticoagulated Clotted

Yoil 2 &=

Eserum

*serum= plasma - fibrinogen

t blood clot
-/ -

http://www.microbiologynotes.com/differences-between-serum-and-plasma/

u‘-‘
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Blood Separation Method

« Centrifuge « Platelet-Rich Plasma (PRP)
treatment

PRPHI| A HE{E Kobe {hak#lasti
2016055125 (X3 OCER o

(EFE &8 2E] PRPEEEES
platelet-rich-plasma » EE2Em/Mimit e
B S BMNEESRE G EREE e
R - OESERIRTEREZ(Tiger
Woods) - E485k 2472/ (Rafael Nadal) L
FAEHIENBAE RATKobe(Kobe
Bryant) -
PRPEEZEEFERAEEEINMK - Bk
OB/ MR BEHZR - B/ M ESTE
ZEEAL - RIZEEIEEE - FieEE1/ N
SERK « EMREAKMITRYE - BIUERFPOM/IMRER - BHER
EF - (REFTEEKEETEE -
EREEI—HEEERAERERE  BRUUERERE - 9T
BT AR - EEEDEESTA » KobefE2011458F - 5t E2IER
e EE(TPRPISHE - EEELETPRPAE  ERGEI1EE2E T -

Second Spin |
vv S S FERSRRE  HES2013EE TR © thuEs
- SHIEE LHEFTPRP - EEIIEES -

Homogenize platelet pellets by
thoroughly mixing into lower
1/3" volume of plasma,
discarding upper 2/3'%,

Ready to use 5ml of
homogenized PRP

Platelet rich plasma centrifuge

Collection of around 34ml
(8.5ml each x 4 tubes) of whole
blood (WB) in anticoagulated

S EEREHT o

M oigamEm 370 % mEAK

Bio-Optofluidic System Lab, NTU 16
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Labeled Cell Separation Methods

* Fluorescence-activated cell sorting(FACS)

(VVV\NV.inVitrOgen.Com) Electronics and computer
system .
Fluidics system "
ics : ‘ {
~J

Fluorescence
 signal PMT
y, >
, o~ — A
- r e
e Light sca

\
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Labeled Cell Separation Methods

« Magnetic-activated cell sortlng(I\/IACS)

— Magnetlc bead Iabellng Magnetic labeling Magnetic separation Elution of the labeled cells
— Magnetic column ~ w ]U[
® Oo d o 0
— Cell analyzer 00a i 0
P @
® o 2

http://www.proten.com.tw/pr
oducts-3.htm

https://www.miltenyibiotec.com/

: NTUBIOS Bio-Optofluidic System Lab, NTU 18



https://www.youtube.com/watch?v=vEaYuZIx2sg
https://www.youtube.com/watch?v=vEaYuZIx2sg
https://www.youtube.com/watch?v=l5u5aG7v-ZQ
https://www.youtube.com/watch?v=l5u5aG7v-ZQ

Challenges of Whole Blood Process

High cellularity of samples

Cell components aggregation

— EDTA: prevent platelet activation

— Dilution factors

— Red blood cell lysis: remove 99% of cellular contents

Large blood volume process
Long sample culture time

Can we do a simpler whole blood process in

a resource limited environment?

Section 3~
Bio-Optofluidic System Lab, NTU 19
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Three formats for Whole Blood Process

= 4@

Microfluidic Chip
Format

CD Format Paper Format

Multifunctional
Flow rate control

El\///}
’\P?; NTUBIOS

1L
wh

Fast response Power-free

Easy of integration Easy to discard
Bio-Optofluidic System Lab, NTU 20




Microfluidics for Whole Blood Process

* Why microfluidics for whole blood process?
— Cost-effective, portable, disposable
— Low sample volume
— Fast response
— Multi-functional

* Four important parameters:
. C)6 asma
— Dilution ratio ¢ _.(E!mcuon

e

— Throughput

— Purity

— Yield
[}) A./]/In. L. Lee Group at UC Berkeley
N2 40 NTUBIOS Bio-Optofluidic System Lab, NTU 21




Label-free Blood Separation Methods

WITHOUT external field I WITH external field |

Sedimentation Micro-filtrgtioq Cell deviation Asaiistie
Dead-end filtration Obstacles <

:%Q O Electric F

Cross-flow filtration * Straight channels o~ i ~ z.

olo® 74 e —
Curved channels ﬂ

'. Red blood cells %

Do we want blood plasma or blood cells?
Bio-Optofluidic System Lab, NTU 22
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Blood Cell Separation

. Micro scale filters (Size deformability)

Weir-type Pillar-type
Flow 8 8
@ @ L5
Flow Rs
R,>R,>R,
« Hydrodynamic ™
filtration (size, shape) ™ R
« Deterministic lateral ... & = |3 -
displacement (size) 53 I, s
il el
ZTh O Tt
MM%M' L
Pl

n)ﬂ‘ 'Qw by é %
{t’; NTUBIOS

Methods

Cross-flow

UDPGQDODQQ
HooBees t

f O o\\o ¢
J0|q 000
:,: 371 Migra "/D\ O

/Flw ~Angle

Bio-Optofluidic System Lab, NTU 23



Sedimentation Method

WITHOUT external field

st « Based on gravity

Acoustic

icro-filtration Cell deviation
Od-end filtration Obstacles

N e L « Blood cell separation
R e Pey May not be suitable

el [ =V - Blood plasma separation
The easiest method

Sedimentation

Py XY {a

A - Sedimentation with B - Sedimentation with

Cross-Flow Filtration Back-Facing Step C - Sedimentation in a Plug D- Sedimentation in Trenches
ay 0y 9 RBCS pigsma—s | Whole biood
i RBCs [ e— : ) i Plasma Extraction
<@ . RBCs t..) ~14L blood -
i” 3 ~_Plasma
’, Blood i Disposable tubing

e : riinn
\ L %] Blood

\Eu_ter Trench

Dilution ratio: None Dilution ratio: 1:5 Dilution ratio: 1:5 Dilution ratio: None

Flow rate: 0.1 pL/min Flow rate: 15 pL/min Flow rate: 0.5 pL/min Flow rate: 0.83 pL/min
Purity: N/A Purity: 99% (Hematocytometer) | Purity: 100% (Image Analysis) Purity: 100% (Image Analysis)
Yield: 20% Yield: 66% Yield: 60% Yield: N/A

Bio-Optofluidic System Lab, NTU 24
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Micro-Filtration Method

WITHOUT external field WITH external field | L]
y y . ([ ]
Micro-filtration Cell deviation Aco
r— ustic
Dead-end filtration Obstacles | N

> —,,ﬁ * White blood cell separation

Py XY 1Y

Magnetic

. Curved channels ﬂ
'. Red blood cells | Qi

« Blood plasma separation

A - Dead-end Filtration with B - Dead-end Filtration with Membrane
Packed Beads and Capillary Actuation Filters and Magnetic Actuation
Deposited Microbead Blood IN
Whole Blood Plug (DMBP)

Plasma
a. Plastic casing e. Biochip

Capillary | b- Permanent magnet f. Extemal Control Magnet

Pump c. Filter membrane m.a.: Magnetic Actuation
d. Double-sided tape

Dilution: None Dilution: None . . .
Flow rate: 0.02 uL/min Flow rate: 50 uL/min K . u rabayas hl G rou p . U M |Ch |g an
Purity: ~100% (Microscopy) Purity: ~100% (Hemacytometer)
Yield: ~2% Yield: 14%

Bio-Optofluidic System Lab, NTU 25
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Cell Deviation Method

WITHOUT external field I WITH external field | u
Sedimentation Micro-filtration Cell deviation Acoustic . B O O C ‘ ! : ; ‘ ! p a r at I O n
./ s - ~ -

Dead-end filtration Obstacles * N

%0 |g,% 06399

Cross-flow filtratf

Straight channels
$hu

Curved channels

=

Streamlines

WEC WRBC+CT( \ 2
QQ o0
X
? ' WHCs focused
CTCs focused near oules wall
Outer Outlet  [mner Outlet Sample [n ecar mner wall

Collection Collectxn

« The balance of shear gradient and wall effect
life force 2

by >

4 P
moen ‘ Illll ‘ IIII
o T
= s g Cerhge s Op "

tomated celsae sl

'53' NTUBIOS

RSCPublishing
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Acoustic Field Separation

B Blood Plasma Separation Solutions In Microfluidic Chip Format

WITHOUT external field I WITH external field

* Blood plasma separation

Sedimentation Micro-filtration
Dead-end filtration stac
® o\
ey e
.
Cross-flow filtration @ Straight channels : <
......... g = - 2 .‘
A P4 TN

Based on cell size, density
and compressibility

Can be used as acoustic

flow cytometry:
https://www.youtube.com/watch?v=b2ilHE

nugEQ A. Lenshof, A. Ahmad-Tajudin, K. Jaras, A.-M. Sward-
Nilsson, L. Aberg, G. r. Marko-Varga, J. Malm, H. Lilja and
T. Laurell, Anal. Chem., 2009, 81, 6030-6037.

Plasma

%

2° NTUBIOS Bio-Optofluidic System Lab, NTU 27



https://www.youtube.com/watch?v=b2ilHEnugE0

Electrical Field Separation

a b
* Blood Cells Separation » 8|
O00 E
FDEP e
Q ., (C 0000000
0000000 -
|
 Positive DEP Negatwe DEP
n-DEP
* Dielectrophoresis (DEP) Fow Somm o 4
e %o o0
— The force applied to the °°) R ek <
dielectric particle when subject @, Selective DEP o33
to an non-uniform electrical field Trapping DEP
— Particles did not have to be
charged 2

(Fpep) = 2rre, Re {i} \% Erms

g* 4+ et

— The DEP force depends on
particle size, shape, freq. of E
fi:I:ed

o° NTUBIOS

https://www.youtube.com/watch?v=HfOsen7bJ6A
Bio-Optofluidic System Lab, NTU 28



https://www.youtube.com/watch?v=Hf0sen7bJ6A

Magnetic Field Separation

. Blood CeIIs Separatlon

« C.albicans fungi:

— a leading cause of
sepsis-related deaths_,

A Multiplex Channels

Contaminatod Blood Cloansed Blood

Micromagnetic—microfluidic blood cleansing
device Lab Chip, 2009,9, 1171-1177

Bio-Optofluidic System Lab, NTU 29
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Challenges of Microfluidics
for Whole Blood Process

Easy-of-use: automating multi-step sample preparation
Yield: Preparing samples with high cellularity

Purity: achieving high purity cell populations
Throughput: concentrating rare cells from large volumes

Multiplexity: preparing small volume sample for multiple
assays

Section 4~

5 -
A @
e %:é' A
L S

2” NTUBlOS

Bio-Optofluidic System Lab, NTU 30



Three formats for Whole Blood Process

CD Format Paper Format

Microfluidic Chip
Format

El\///}
’\P?; NTUBIOS

Bio-Optofluidic System Lab, NTU 31



Blood Plasma Separation by CD

LabCD™ reader

« Use centrifugal force |
« Advantages: _ @

— Cost-effective
— High throughput /s
T an uidics manifo!
— Fast response N @
* Problems: % e
— Not easy to adjust flow rate -,
. Inlet Vent
— Require valves

Plasma
Interface ’
Overflow channel M
— Tubing is difficult
S poc b
interiace
| | Y

RBCs
'Metering' Drain Decantation

%

2” NTUBIOS
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https://www.youtube.com/watch?v=iXUtVtpP6Q8

Paper-based Microfluidics

* Low cost
« Easy of fabrication
* Long term storage

P. Yager Group, U Washington

G. Whiteside Group, Harvard

:]“.;
5 5 :‘:3 Aj]/h. Bio-Optofluidic System Lab, NTU 33
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https://www.youtube.com/watch?v=8Jp-TSyrgqA
https://www.youtube.com/watch?v=8Jp-TSyrgqA

Blood Plasma Separation by Paper

« Use capillary force to draw liquid
— RBC aggregation helps plasma separation

(a) (a) Assay reagents (P) Whole blood
e ®¢9 5 ©
- = = .

elhele o
whole blood

Control
Agglutinating antibodies

Plasma
\

(©) Color change (d)

RBC aggregates

RBC aggregates  0-9¢m

X. Yang, O. Forouzan, T. P. Brown and S. S. Shevkoplyas,
Lab Chip, 2012, 12, 274-280

Bio-Optofluidic System Lab, NTU 34



Power-free Blood Separation Microfluidics

* Fluid is driven by vacuumed PDMS

Lab ona Chlp

RSCPublishing %ammmugﬂmmnmmm

E;:racted
L. Lee Group at ; /
UC Berkeley ".\ e -
B N Treneh

El\///}
{f’ NTUBIOS

A 0\oo6 Plasma

Extraction ~

Suction

6 (¢ Blood Plasma
L e N e
[: ‘ Suction Chamber

|

Bio-Optofluidic System Lab, NTU 35



Point-of-care (POC) System

Bio-Optofluidic System Lab, NTU 36



Point-of-care (POC) System

1. Blood is obtained from the
patient’s finger

- ‘ 3. The biochip is placed
“A inside the data analysis
i device  for  blood
P analysis.
T
- . T—21cm — | e |
! B > == G & o
' 7 T -
2, The sample is ~10cm E“‘“::;' e
Lab-on-chip being processed
System by the biochip

Discussion:
Why point-of-care systems? Where and when do we need it?

advantages and challenges?
- +

33 SV

2” NTUBlOS
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https://www.youtube.com/watch?v=iMMYbzizu8c
https://www.youtube.com/watch?v=iMMYbzizu8c

Guidelines of POC system

« World Health Organization (WHQO)'s ASSURED
challenge

— Affordable by those at risk of infection

— Sensitive (few false-negatives)

— Specific (few false-positives)

— User-friendly (simple to perform and require minimal
training)

— Rapid treatment at first visit, and Robust, with no
need for special storage

— Equipment-free

— Delivered to those who need it

Q2 3° nrulos

4

Bio-Optofluidic System Lab, NTU 38



Current medical problems in Taiwan

« Aging society
 Uneven medical resources distribution

RREREET] S

R RERIR o
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o E Fesus
54—+ f-

= DEREH opyex

—— 1B
| ——F AR %
—— A

—o— 5
—f

.(@
1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060%
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Personalized healthcare system for point-of-care testing
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A Personalized Healthcare System

The core of the personalized healthcare system is “patients” not “doctors”

or “hospitals”
Portable medical devices market worth $20 Billion by 2018
Doctr o - Pepper Robot
o) 8 )
> O; € l

o
& i:[-ﬁ[.

\ \
i o« §

jo-

. . Baymax Robot

Mobile \\\ Reader
o \ "
St \\ J BI am
. aymax
oo :
Q0 & O your personal
' healthcare

Glucometer Blisters Blood Pressure Monitor

¢ companion”



IMG_8503.mp4
IMG_8503.mp4

Examples of Personalized Healthcare Device
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Cell-phone based Microscope

FLUORESCENT CELL PHONE
Matchbox size MICROSCOPE

10z

Microscope ¢an handle a
field-of-view two orders of
magnitude bigger than
conventional microscope.

Cells displayed on front of
cellphone at micron scale.

This is good for examining

different cell types in blood,
or looking at Lens
contaminated water.

Cell phone
camera lens

A fluorescent marker
is added to tag the features
to be examined

k=)

A. Ozcan Group at UCLA

Bio-Optofluidic System Lab, NTU 42




* Problems to solve...

When Microfluidics meet
Electronics or Optics...

Bonding of different materials
Buffer conditions

Leakages

Packaging

Optical alignment

Standard fabrication protocols

LabonaChlp LabonaChip

(Ref: Sandia lab)

%
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How to move research toward to clinical
applications

« Hardware development
— Develop new devices

— Expand the functionalities of existing
devices, such as smart phone, smart
watch

« Software development
— Personalized App
— Big data analysis

Discussions:
1. What is the current limitations of biomedical researches?
2. What are potential disease applications?



https://www.youtube.com/watch?v=lYC6riNxmis
https://www.youtube.com/watch?v=lYC6riNxmis

Microfluidics Integrating Nanowire Sensors

* Microfluidics + nanowires: on-chip whole blood processing and analytes
detection
* Three-dimensional microchannel: blood cells trapping and plasma dilution
« Programmable piezoelectric pumps: automatic fluidic control
« CMOS nanowire sensors: label-free and dynamic detection of analytes
R —

« Total assay time: <30 minutes | =4 i
* Required blood volume: 5 pL
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Microfluidic platform for Heart Failure
Diagnosis
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Microfluidic platform for Heart Failure
Diagnosis
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Periodontal Bacterial LQTS Blood
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Microfluidic

Chip adaptor chip

Microfluidic
control system

(Huang et. al., Microfluid. and (Kuan et. al., Scientific
Nanofluid., 2018) Report, 2018)
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Conclusions

Bio-sample preparation is one of the most important
steps to achieve successful bioassay analysis

Blood is a complex body fluid since its compositions, but
contain most valuable information in human body

Microfluidics can
cost-effective ano

potentially provide a multi-functional,
disposable platform for point-of-care

applications with
reaction time

ow sample consumption and fast

Developing lab-on-chip devices for point-of-care
applications is still challenging
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