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Microfluidic Devices for CTC detection
Cell Chip

ACS Nano, 2010; PLoS One, 2012.

Cancer Invasion Chip
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MicroTAS, 2012.

Euglena Chip

[

MicroTAS, 2012.

miRNA/Exosome Chip

Nature Biotech., 2004;
Nano Lett., 2013;
ACS Nano, 2013; ACS Nano, 201



Separation of CTC by Euglena

* Unicellular protists

(Less than 100 pm)
* Both plant and animal features

Move by using a large flagellum

Photosynthesis

= Phototaxis

http://www.keng.net/ill/index.html —

EROEEbLIHE 30 um 100-150 Um/s

Eu g lena (eu=beautiful + glena=eye) are the organisms that

Dutch microscope pioneer Anton van Leeuwenhoek saw in
1674 in a sample of pond water. They have chlorophyll to

produce food from sunlight, for instance, and also can ingest
food. They have a primitive “eye” and a long tail or flagellum
that moves like a whip to propel them through the water.
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Cytokeratin
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Analytical Challenges for Cancer Diagnosis

5-100 CTCs in
10 mL Blood

miRNA
100 k clones/mL

Methylated DNA

30-180 ng/mL Blood

Exosomes

Metabolites

108/mL Blood [|ng-fg/mL Blood

IHR(LE 20135382



dNOoporec-iNanopiiiar ntegratlon

Nanopore

Single Molecular Genome, miRNA, Proteins, and
Other Biomolecules Sequencing and Quantitation
Nature Biotech. 2004; Nano Lett., 2013; ACS Nano, 2013; ACS Nano, 2011







Nanopore DNA Sequencing (3.6 Gbp/h)
Collaboration with Prof. Kawai

e

T¥=>

T. Kawai, Nature Nanotech, 2010, Nature Commun., 2010



1G Nanopillar Based Separation of DNA
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Molecular Sieving in Nanostructure

Inp =1Inpy - cATN
wu,= f =exp [ -nl’ (r+Rg)? x 10-4] <Rg?>=(1/3)pL[1-p/L+(p/L)exp(-L/p)]

L'=TI"'x 102  T: gel concentration <Rg 2 >3 (1/3)pL=AN
In w/py= - In t/ty = -nl’ (r+Rg)?T x 10-16

Rg: radius of gyration
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Nanowire Array Device

h|
Microchanngd
) ) ? Y\

1. Deposition of Cr layer 2. Phololithography 3. Microchannal eiching 4. Deposition of Crlayer 5. Coating EB resist

%W

6. Nanowere position 7, Deposion of Ay 8, LIl off Cr layer 9. VLS nanowire growth 10, Cover and seul
patteming by lithogeaphy  catalysts

Sn02 /‘:a. ,

nanowire
10nm

ACS Nano, 2013




Single Molecule DNA
Long-Term Fluorescent Observation
PADase
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Single Molecule Imaging of
Ag Nanoparticle Binding DNA

Whilte light

Dark fm=ld
nangnsﬂr

Covar *_-'.Ii

E.Elr'n"-h:'r

*
4 =l
Lbjective Slida
glass

elastic scattered light of AgNPs

Over 7 min (420 s)

Nano Lett., 2013.



DNA
(luorescent)

| AgNP
(dark-field) | - Nano Lett.,

2013.



Single Cell Nanoimaging and in vivo Imaging

Quantum Dots

III'r

Nature Biotech., 2004; Nano Lett.,
2004; JACS, 2006; ACS Nano, 2010.

In vivo Imaging

Biomaterial, 2010; Biomaterial, 2012.

Carbon Nanotubes

Nano Lett., 2012; ACS Nano, 2011; .
ACS Nano, 201.

Biomaterial, 2011; Mol. Ther., 201.




Selective Detection of Cancer Cell by

QD conjugated with Lectin

Quantum dot-
lectin conjugates

-

Glycoproteins and

glycolipids
Polysaccharide | ; :

4

chains S
Extracellular

Intracellular

Specific binding to
sugar recognition sites

Nano Lett., 2004, 4, 1567-1573. Nature Biotech., 2004, 22, 1360-1361.



Selective Detection of Cancer Cell by
QD conjugated with Lectin

Normal
Cell

Cancer
Cell

B. Normal lymphocytes + QD-SBA
c - b

C. Leukemia cells (Jurkat) + FITC-SBA D. Nomal lymphocytes + QD-WGA
D C b

Nano Lett., 2004, 4, 1567-1573.  Nature Biotech., 2004, 22, 1360-1361.



Integration of Diagnosis and Therapy by QD

Non- +UV +QD +QD+TF
treated +UV PZ+UV
) Cell
normal |92+4 [86+7 |[88+6 |89 +4
NP |cukemia |84 + 11|72 + 12 [ :
Microscopy

UV light

Fiber Scope

| Detected Cancer Cells

Nature Biotech., 2004, 22, 1360-1361




Capping Molecule-Based Control for Size and
Stabilization of CdSe Qdot preparing in

ACS Nano,
2010, 4, 121.

Aqueous Solution at Room Temperature

mThe capping molecules should have
at least one functional group with
strong nucleophilicity as well as
another free, charged group.

mMonodentate ligands were more
effective than bidentate ligands for
restricting size of the Qdots smaller,
whereas less effective for getting a
narrow size distribution

s The capping molecules having a
relatively compact outermost spatial
geometry led to Qdots with excellent
long-term stability.



Optical/MR Imaging for Stem Cell Therapy

Acute Liver Failure Therapy of

Mogqs.e Acute Liver Failure
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Stem cells with Survival rate: 100%
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»
ACS Nano, 2010, Biomaterials, 2010, Biomaterials 2012. | JF N



Trafficking of CNT-cllulase inside a cell

Cellular uptake and distribution of SWCNTs

COOH CONH-Cellulase

HN-Cellulase ;E
—_——-

Red Channel Combined Channel

RSC Adv., 2013
Y5EF 544690595 Int. Biol., 2012



Trafficking and Subcellular Localization of CNT in Cells

Delayed endocytosis

}

Endosomes

Cell membrane

O©

S0Pixel Cell Vacuole

US 61/470,173 ACS Nano, 2011, 5, 493-499.



Spatiotemporal Visualization of
Subcellular Dynamics of Carbon Nanotubes

I __Diffusion coefficient (um/s) _
Subcellular
location |
| FITC | 0354005 | 0.082001
"SWONT-FITC | 0,13£0.02 | 0.09:0.03

wm'/s

Nucleoplasm Nucleolus

Nano Lett., 2012, 12, 6145-6151.



Functional Platform Controlled
Subcellular Distribution of CNT

a Outside the cell s In\'idc the cell m———————  ()ytside the cell
as Vacuole Cytoplasm

> Red Channel
(SW-F) (FM4-64)

Bright field

US 61/470,173 ACS Nano, 2011, 5, 9264-9270.
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