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F¥)ea H ExE3%2001-2020 EARE minfEGE (BBET)

& FH <A 2001 2002 2005 2010 2015 2020
Biomedical/Gene Research 801 1118 3081 6820 14560 20090
Disease 27 52 234 1430 3640 6650
Treatment/Management
Pharmacogenomics 9 13 /8 660 1820 3690
Diagnostics/Testing 54 104 390 1760 4420 8200
Agricultural Biotechnology 0 0 39 110 260 410
Environmental Industries 9 13 39 220 520 820
Forensics & Military 0 0 39 110 520 410
Others 0 0 0 0 260 410
Total 900 1300 3900 11110 26000 40680

Source: Helmut Kaiser Consultancy
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aCGH (array Comparative Genomic Hybridization)
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Actual size of
GeneChip* array

Millions of DNA strands built up in each location

500,000 locations on each GeneChip* array

Actual strand = 25 base pairs
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RNA fragments with fluorescen t tags from sample to be tested

" RNA fragment hybridizes with DNA
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Shining a laser Ight GeneChip® array causes tagged DNA fragments that hybridized to glow
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Step 1 Patient Control Step 2
DNA DNA

Step 3

Step 4

Equal DNA DNA
hybridization dosage loss dosage gain

X

Array CGH: The Complete Process

Steps 1-3 Patlent and control DNA are labeled with fluorescent dyes
and applied to the microarray.

Patient and control DNA compete to attach, or hybridize,
to the microarray.

The microarray scanner measures the fluorescent signals.

Computer software analyzes the data and generates a plot

DNA dosage loss
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Lab-on-a-chip
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Multiplexed volumetric bar-chart chip
for point-of-care diagnostics

Yujun Song', Yuanging Zhang', Paul E. Bernard!, James M. Reuben?34, Naoto T. Ueno?3,
Ralph B. Arlinghauss, Youli Zu® & Lidong Qin'
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Microfluidic Chip for Molecular Amplification of
Influenza A RNA in Human Respiratory Specimens

Qingqging Cao'”, Madhumita Mahalanabis®*”, Jessie Chang? Brendan Carey?, Christopher Hsieh?,

Ahjegannie Stanley?, Christine A. Odell®, Patricia Mitchell?, James Feldman®, Nira R. Pollock?,

Catherine M. Klapperich™?*

1 Department of Mechanical Enginesrning, Boston University, Boston, Massachusetts, United States of Amernica, 2 Departrment of Biomedical Engineening, Boston University,
Boston, Masachusetts, United States of America, 3 Department of Pediatrics, Division of Pediatric Emergency Medicine, Boston Medical Center and Boston University
School of Medidne, Boston, Massachusetts, United States of Amernica, 4 Department of Emergency Medicine, Boston Medical Center and Boston University School of
Medicine, Boston, Massachusetts, United States of America, 5 Division of Infectious Diseases, Beth lrael Deaconess Medical Center, Harvard Medical School, Boston,
Mazzachusetts, United States of America
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Human gut-on-a-chip inhabited by microbial flora that experiences intestinal
peristalsis-like motions and flowy
Hyun Jung Kim.,” Dongeun Huh.” Geraldine Hamilton” and Donald E. Ingber*“”

Received 18th January 2012, Accepred Sth Maveh 2012
DOIL: 10.1039/¢21c4007 4i
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Reconstituting Organ-Level Lung
Functions on a Chip

Dongeun Huh,“* Benjamin D. Matthews, > Akiko Mammoto,® Martin Montoya-Zavala,**
Hong Yuan Hsin,® Donald E. Ingber™*"*

Here, we describe a biomimetic microsystem that reconstitutes the critical functional alveolar-
capillary interface of the human lung. This bisinspired microdevice reproduces complex integrated
organ-level responses to bacteria and inflammatory cytokines introduced into the alveolar space.
In nanotoxicology studies, this lung mimic revealed that cyclic mechanical strain accentuates toxic
and inflammatory responses of the lung to silica nanoparticles. Mechanical strain also enhances
epithelial and endothelial uptake of nanoparticulates and stimulates their transport into the
underlying microvascular channel. Similar effects of physiological breathing on nanoparticle
absorption are observed in whole mouse lung. Mechanically active “organ-on-a-chip” microdevices
that reconstitute tissue-tissue interfaces critical to organ function may therefore expand the
capabilities of cell culture models and provide low-cost alternatives to animal and clinical studies
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Lung-on-a-Chip Breathes New Life Into Drug Discovery

At first blush, the idea of growing facsimiles
of lungs, kidneys, or other human organs in
a bioreactor sounds vaguely diabolical. But
researchers have been cultivating combina-
tions of tissues for ycars in hopes that they
would imitate working organs, and thereby
serve as testing grounds for novel drugs to
treat a wide variety of discases. Now that
promise has come a big step closer to real-
ity. In this weeks issue of Science Transla-
tional Medicine (STM), a team of academic
and drug company researchers shows that
an engineered “lung-on-a-chip” can not only
faithfully model a serious respiratory ailment
known as pulmonary edema, but can also
accurately predict the toxicity of a compound
that causes the disease and the ability of a new
drug to prevent it

“This really pushes the field to the next
level,” says Shuichi Takayama, a biomedical
engineer at the University of Michigan, Ann
Arbor, who has helped pioneer the ficld with
his own lung-on-a-chip system. “People had
been asking whether these systems could pre-
dict disease. Now it looks promising and we
can ask ‘How can we do this in the best way?' ™

Efforts to incubate multiple cell types
together to make organ mimics date back
nearly 2 decades. In recent years, researchers
have combined cell-culturing advances with
microchip-patterning techniques to turn out
artificial livers, kidneys, guts, and even brain
tissue. Two vears ago, a team led by Donald
Ingber, a biomedical engincer at Harvard Uni-
versity, went so far as to make an artificial
lung device complete with a layer of human
capillary cells and lung cells on either side of
a porous membrane, together with blood flow
below the capillary layer and airflow above
the lung cells. This entire assemblage was
produced within a clear, flexible plastic mate-

rial about the size of a computer thumb drive
that could expand and contract, reproducing
the mechanical motions involved in breathing
(Science, 25 June 2010, p. 1662).

For their current study, Ingber and his col-
leagues used their lung-on-a-chip to model
pulmonary edema. This life-threatening con-

Disease mimic. In a lung-on-a-chip (above), IL-2 in the
blood causes fluid to flow (top, white arrows) into the airway.

dition often follows heart failure. because
fluid and bload-clotting proteins leak between
endothelial cells in capillaries that pass
through epithelial cells lining the lung and end
up in alveolar pockets in the airways. It's also
a common side effect among cancer patients
given the chemotherapy drug interleukin-2
(IL-2). To see if their device would reproduce
that effect, Ingber's team introduced IL-2 at a

clinically relevant concentration into the blood
flowing beneath capillary cells in their chip.
Not only did the IL-2 cause the fluid leakage
to occur, but this leakage increased fourfold
when the chip repeatedly flexed to simulate
the physical motions involved in breathing.

That success prompted Ingbers team to
use this edema stand-in (o screen drugs
that might treat the disease. Previous
work by other groups had shown that
mechanical strain, such as that caused
by breathing, can stimulate activ-
ity in TRPV4, a type of ion channel
in capillary endothelial cells. This in
turn can increase fluid leakage from
capillaries into alveoli, Researchers
at the pharmaceutical giant Glaxo-
SmithKline (GSK) had recently devel-
oped TRPV4-blocking drugs. Ingber’s
group partnered with Kevin Thorneloe
and Allen McAlexander at GSK, and
showed that the new TRPV4 blockers
do in fact prevent [L-2%s pulmonary
cdema side cffects. In a separate study
in the same issue of STM, the GSK
team documented similar beneficial
cffects of TRPV4 mhibition in mice
models of pulmonary edema caused
by heart failure.

Ingber says the new results are
a proof of principle that organs on
chips can be a useful tool for research-
ers looking to screen new drugs and sort out
mechanisms involved in disease. Down the
road, that could limit the pharmaceutical
industrys reliance on testing new drugs on
animals. Of the candidate drugs that make
it through animal testing, only a paltry 10%
work in humans and make it to market. So any
improvement could make a big impact.

~ROBERT F. SERVICE

www.sciencemag.org SCIENCE VOL338 9 NOVEMBER 2012
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Lab on a Chip

ROYAL SOCETY
OF CHEMISTRY
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CrossMatk Multicolored silver nanoparticles for multiplexed
disease diagnostics: distinguishing dengue, yellow
Cite this: Lab Chip, 2015, 15. 1638 fever' and Ebola ViruseST

Received 15th January 2015,
Accepted 4th February 2015 Chun-Wan Yen,® Helena de Puig,® Justina O. Tam,*® José Gomez-Marquez,*

Irene Bosch,*® Kimberly Hamad-Schifferli*“® and Lee Gehrke*™
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@9959@ High-throughput screening of antibiotic-resistant

bacteria in picodroplets¥

X Liuw** R, E Painter,® K. Enesa® D. Holmes,®> G. Whyte,© C. G. Garlisi,”
F. J. Monsma Jr.® M. Rehak,® F. F, Craig® and C. A Smith*®
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CrossMark Towards microfluidic sperm refinement:

impedance-based analysis and sorting of sperm
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Driver Mutation in Cancer

Ligzyd
Mutation ¢ X L,
X )
X D
X )
X D
| C_X )
Kinase
Domain

P

D
Phospho-tyrosine
PLCy

D
D

GRB2 ITranslocation




Probability of progression-free survival

1.0

0.8

0.6

0.4

0.2

0.0

Hazard ratio 0.48 (95% confidence interval 0.36, 0.64)

p<0.001
No. of events gefitinib, 97 (73.5%)

No. of events C/P, 111 (86.0%)

*EE EE%#@ EI]I]F_DTKH\

Patients at risk:

Gefitinib
C/P

“\ = Gefitinib (n=132)
| .‘l“
T T T T T 1
0 4 8 12 16 20 24
Months
132 108 71 31 11 3 0
129 103 37 7 2 1 0

Probability of progression-free survival

Patients at risk:

Gefitinib
C/P

1.0

0.8

0.6

0.4

0.2

0.0

Hazard ratio 2.85 (95% confidence interval 2.05, 3.98)
p<0.001
No. of events gefitinib, 88 (96.7%)
No. of events C/P, 70 (82.4%)

-
w Gefitinib (n=91)
T
0 4 8 12 16 20 24
Months
91 21 4 2 1 0 0
85 58 14 1 0 0 0

N Engl J Med. 2009, Vol.361, 947-957



DNA Mutation Detection Process
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DNA Extraction — salt out method
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DNA Extraction — binding method
Sample + lysis buffer r \_\.:,Gentle Mixing

—
Discard

) B
; supernatant +

add wash buffer

Add Nanobind
+ isopropanol

Step 2 - Bind

Eluent with DNA

.~

Discard
supernatant +
add water

Step 3 - Wash Step 4 - Elute



DNA Extraction — column method




Biochemical Reaction - PCR
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Products analysis — SYBR green

8 8 8 8 8 8 Unbound sysr Green
8 W 8 88 8 Bound SYBR Green |




Products analysis — TagMan
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Products analysis — Scorpions ARMS
ARMS, Amplified Refractory Mutation System

ARMS

primer T
Mutant  T11 1. :5: LA ,0. . a.q » Amplified product
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Wild-Type P
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Products analysis — SNE
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lllumina (Fluorescent nucleotide)

4. FRAGMENTS BECOME DOUBLE 5. DENATURE THE DOUBLE-STRANDED 6. COMPLETE AMPLIRCATION
STRANDED MOLECULES

The enxyme incorporates nudeotides to Denaturation leaves single-stranded Seversal milion dense dusters of double-
bulld double-stranded bridges on the solid- templates anchored to the substrate. stranded DNA are generated in each channel
phase substrate. of the flow cell.

Repeated denaturation and extension results in localized amplification of single
molecules in millions of unique locations across the flow cell surface. This process occurs
in what is referred to as lllumina's "cluster station", an automated flow cell processor.



lllumina (Fluorescent nucleotide)

7. DETERMINE FIRST BASE 8. IMAGE FIRST BASE 9. DETERMINE SECOND BASE

First chemistry cyde: to initiate the fimt After lsser exditation, capture the image of Second chemistry cyde: to initiate the

sequend ng cyde, add all four label ed reversible emitted fluorescencs from sach duster on the next sequendng cyde, add all four labeled
terminators, primers and DNA polymerase flow cell. Record the identity of the fint base reversible terminators end enzyme to the

enzyme to the flow cell for sach duster. flow cell.
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Detection of Mutations in EGFR
in Circulating Lung-Cancer Cells

Shyamala Maheswaran, Ph.D., Lecia V. Sequist, M.D., M.P.H.,
Sunitha Nagrath, Ph.D., Lindsey Ulkus, B.S., Brian Brannigan, B.A.,
Chey V. Collura, M.S., Elizabeth Inserra, B.S., Sven Diederichs, Ph.D.,

A. John lafrate, M.D., Ph.D., Daphne W. Bell, Ph.D., Subba Digumarthy, M.D.,
Alona Muzikansky, M.S., Daniel Irimia, Ph.D., Jeffrey Settleman, Ph.D.,
Ronald G. Tompkins, M.D., Thomas J. Lynch, M.D., Mehmet Toner, Ph.D.,
and Daniel A. Haber, M.D., Ph.D.
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PROTOCOL

Microfluidic, marker-free isolation of circulating

tumor cells from blood samples Whole blood

Nezihi Murat Karabacak!' 4, Philipp S Spuhler! 4, Fabio Fachin!, Eugene J Lim!, Vincent Pai', Emre Ozkumur!, Magnetic beads (CD45: CDGSD)

Joseph M Martel!, Nikola Kojic!, Kyle Smith?, Pin-i Chen', Jennifer Yang', Henry Hwang!, Bailev Morgan’?,
Julie Trautwein?, Thomas A Barber!, Shannon L Stott!?, Shyamala Maheswaran?, Ravi Kapur!, Daniel A Haber®®

& Mehmet Toner! o:o
Module 1: — =
CTC-iChip1 ST
(deterministic lateral ey ) RBCs

displacement) - T _ PLTs
) Free beads

a4

Module 2:
CTC-iChip2

(inertial focusing and
magnetophoresis)
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Lab on a Chip

View Article Oniine
PAPER View journal | View Issue

@grlgggnqggg Circulating tumor cell detection using a parallel
flow micro-aperture chip systemf

Cite this: Lab Chip, 2015, 15, 1677
Chun-Li Chang,®® Wanfeng Huang,?” Shadia |. Jalal.® Bin-Da Chan,?®
Aamer Mahmood,® Safi Shahda,” Bert H. O'Neil,¥ Daniela E. Matei®
and Cagri A. Savran*®>
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Microfluidic Chip

Composite Composite

Fluorescence
Magnetic coil Microscope

Lab Chip, 2015, 15, 2090-2101
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Global Liquid Biopsy Market Value
By Disease Indication, 2017 (USS Mn)

@

(US$ Mn)
Lung XXX XXX XX. X XX, X
Breast Colorectal Prostate Gastrointestingl XXX XXX

Cancer cancer Cancer Cancer Caoncer Leukemia  Others

Global liguid biopsy market:

| ' USS$ 456 M, 2017
' ' '  Estimated market at 2027:
US$ 3,130.7 M

Source: Future Market insights, 2017

(£20Z-£102)
%9 0¢ #° dSVO
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Epithelial-Mesenchymal
Transition

Blood vessel
e 1C¢_~,’:ﬁ
- &
e =
Needle Dyngieef Circulating Cell free
biopsy tumour cell DNA
Blopsy CTC cfDNA
Invasive + - -
All patients eligible - + +
Instrumentation required + + =
WGA required - + i
RNA profiling + + =
Research applicability +++ ++ +

Transl Cancer Res 2015; 4(3): 280-290
Biomarker applicability - ++ +++
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0%

Tumor burden

+——¢ Patient A: 63y/o female, non-smoker, gefitinib treatment
®---@ Patient B: 31y/o female, current smoker, gefitinib treatment

Best response: PR
PFS 11.1m

Best response: PR
PFS 4.8m

| Plasma cfDNA EGFR mutation status
O (-
@--@-----3 Patient B

I

@ Patient A

1 1 I I 1

1 2 3 4 5 6 7 8 9 10 11 12

Time (months)
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STEP 2. Binding

ERR 2R

A

Kl FHom
e

DMA & DNA

STEP 1. Pre-Mix

Complex

NH,*Crr

STEP 3. Washin

STEP 4. Elution

Lab Chip, 2014, 14, 359-368
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DNA Extraction Chamber

Hamilton MVP Valve

r =

2-lane Microdevice

____________ in a Manifold I\Aﬂw’ i M [ ‘f\’\ﬂ

oy ”A W"M\ﬂ\fﬁ Ju

Lab Chip, 2014, 14, 3719-3728




BEAMing (Beads, Emulsion, Amplification, Magnetics)
aAlZREDNASR 2

K o
Biotinylated D Te\mp;; s @
Oligos ,
. Bind ¥ ® rom

Streptavidin- 3
Coated ~ Oligos 4 Micro-
Magnetic  to Beads emulsions
Beads

Magnetically
Purify Beads

DOy
Sequence

Differentiation
rZ *
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e Load samples and oil into disposable , N [
droplet generator cartridge

PCR= *hrignt ¥ 1
A e
= .
Oil —] Q) |
é.;i. P «l'v:.y(ax
Sample —‘ () ‘1 o
Droplets =" 110 B ) S

PCR
Amplification

12,000
__ 1o01Positive events

(. 'y, '.-' S oM g - .“"'." e :z,'-:
oo PR e

Identify & Count
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O Transfer droplets to 96-well PCR plate

"\\

.

s0004 CuUtoff : 3317
2000 . '

@ Thermal cycle to end-point

G Read droplet fluorescence

Post PCR Droplets Fluorescence Detection

.INegative events "
© § § § §

Spacer Oil Event Number

12,000
14,0001
16,000

10,000
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Tean tegens JI‘L:S—Q L /
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oil ()—_ ﬁ_ & Emulsion
Collection

EMULS|FY TH Ekﬂo crc.t.f REINIECT

Collection
2 -

b Out tubing In tubing Out tubing In tubing
(Emulsion) 3 - (Oil) Theymo(y(linq [OII) — 7 (Emulslon)
Z.
/
/ / Tubecap ~ |y
|
POMS plug ~ POMS plug ~ | PDMS plug ~~
Water-in-oil "4 Water-in-oil Water-in-oil s
emulsion emulsion emulsion

Droplet Spacing

-
Droplet / .
Production £ —

L]
DNA and
TagMan reagents

o | e men §48

~1_ =] Oil
Fluorescence Detection

Droplet
re-injection

| Detection Point

Lab Chip, 2011, 11, 2156-2166
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probes clamp for

o _ / NI m

/\/\ T~ /\amo&\/ /v\/\mm/
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PNA clamps hybridize to the perfectly

Mutant type
ctDNA are denatured at DNA clutch probes
t iati matched wild type, mutant target ctDNA
PO I0 Tormm aeina preveno'r::;:;: — remains single-stranded

probe p >—<
8 ¥ |
23 Target @ w=f> -
\ A binding -0.15 V@ E 6
-1 — —— -
3
ctDNA, DNA Electrochemical
Nanostructured microelectrode C¢/Ufch probes, readout ol DR
and PNA clamps 01 02 03

Potential (V)

C

., 2016, 138 (34), pp 11009-11016
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'\, Valve control

DAPI EGFR [INVISHEEa

( ) (b)
Mai Cell lysis Neutrafization MDA DNA
:hmw':el k::t‘;:::;:o d-ni»e: C‘:’lmk‘l‘ "":I'am‘::b" B g
chamber T r
(c)
sive  Vaive  Valve Valve Vaive DAPI EGFR Merged
No, 1 No.2 NO3 NO.4 No.5
(c)
Valve control H
channel IhZ g
Valve H
membrane h ihs E
cell boed I b
e i | I — - - . L
(e) PBS Lysis Neutralition Amplification
Semi-open Full-close reagent buffer reagent
—— |y N N B B O
O ..... - Valve
I | Full-open Semi-open Full-close membrane act
| HH | ] as mixer
G ¥ i ) O
Before mixing H 1" valve open 1" valve close 10 times of mixing 3
%. 7~ i ‘ 7 EGFR-expressed  EGFR-unexpressed
5 i I s cell cell
| ‘: = p— — (&) (h)
0] 1] (k) i

LabChip,2018,18,723-734
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On-site fully automated cfDNA purification

2 -»ﬁ -»« \ ) (} -»_9_

Cancer Sample Lab-on-a-dlsc cfDNA Analysus
_ patients collection (< 30 min) (e.g. Digital PCR) )

(~ days)
Multlple steps only in a central Iabs/

f’:—_b,w

Transport Centrlfugation cfDNA Purification

Lab Chip, 2018, 18, 1320-1329
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c c2 c3

Linéar stage motor Prot_e}i'nase K Lysis buffer T
——Blood - Plasma separation
€7-C9 Binding Lysing samples
Washing ‘ Buffer
Buffer & | cpfsl | - Mixing with binding buffer
| c6
A /' Waste  Binding cfDNA on silica beads
C5 >0 A g Washing X 3
Main motor Touch screen - A &P‘ E;"::O"
beads C11 - Elution of ¢fDNA
Valve El
Linear stage motor uent :
actuator - Fully automated, < 30 min
housing Electro magnet
Valve d .
adaptor Permanent magnet r . . Silica beads (100 um)
Push pin ‘ t 70 um
_ Elastomer @ Proteins, lipids
. as CFDNA
- Binding cfDNA on silica beads Elution of cfDNA

OPEN CLOSED Lab Chip, 2018, 18, 1320-1329
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a. Plasma separation b. Lysing samples
Proteinase K

~ Lysis buffer

Binding
Blood &

Washing
buffers

Elution
buffer

Lab Chip, 2018, 18, 1320-1329
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Native liver DLM DLM cubes Ultraﬁltratlon tube |Ih )|6h )| 6.5h 7h 9h)I
Perfusion with PBS I Perfusion with 0.1% SDS ll’crfusio Il’ﬂ'fll*iol I Perfusion with PBS
B () Top microchannel (”) (I") with 1% with 80 U/mL  containing 2% penicillin-
Triton X-100 DNaseplus S streptomycin and 2.5
PDMS top layer U/mL RNase  pg/ml amphotericin B
Outlet '
™~ \5‘0 205 mm - ' (13
PET membrane -\\:"{‘ : 4 _f—¥f"' L o }( - - !
2.5m || o & \
|/ PDMS top layer DLM Lyophilized DLM DLM cubes DLM solution Concentrated DLM
g solution
PDMS bottom layer wmm Mimsn b I Day 1 l Day 2 I Day 3 I Day 4
Bottem microchannel 0.1% SDS+1% Triton ILvophlllzauon I Cut into cubes IO.S mg pepsin/0.1 M IAmicon Ultr-15 3K
X-100 (24h) HCI (24h) [DLM centrifugal filters
Img/mL] (6000 rpm, 1h)

C ‘ DLM solution : sliap Collagen T\
C GelMA

PET
(32
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PDMS Pump
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Tumor-on-a-chip

Lab Chlp, 2018, 14, 359- 368






