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Nanotechnol ogy i s a nddi s rwlpdrive\aeaewtgenerhtiorodf o|g y
cancer diagnostic and therapeutic products, resulting in dramatically improved
cancer outcomes
Dr. Piotr Grodzinski (National Cancer Institute)

“ Green synthesis

“ Colloidal stability

“ Next generation: “ Biological

interactions

Nanoparticles

“ Passive targeting

% Active (immuno)
targeting

lan Wark Research Institute W‘
Australian Research Council Special Research Centre
UNiSA For Particle and Material Interfaces 4 /-‘ ™



Microfluidic immune-capture of circulating tumor cells
(CTCs): finding a needle in a haystack !

ﬁ(:irculating Tumour Cells (CTCs): Present in blood of \

patients at a very small number (10-1000 CTCs/mL blood)

Y CTCs: highly relevant to cancer
progression/spreading/response to therapy

Y Non-invasive source for molecular analysis of the captured
circulating tumor cells (e.g. EGFR mutation)

Ve

Y Current detection methods (e.g. immuno-beads) are highly
wficient and tedious /
lan Wark Research Institute ;/V‘

Australian Research Council Special Research Centre
UNiSA For Particle and Material Interfaces Qh ™




Microfluidic immunecapture of circulating cancer cell§ Y Sensitivity and specificity levels

(Nature 2007;450, 1238239 and NEnglJ Med 2008;359:366

77 Prof. M. Toner Mass. Gen. Hosp.)
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Y High capture efficiency enabled correlati

to tumour progression/regression



Microfluidic immune-capture of circulating tumor cells
(CTCs): finding a needle in a haystack !

Each post is 100 um
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Microfluidic capture of rare cells from blood

1 Potential for a new generation of diagnostic devices ?

1 Cancer: Detection of CTCRufmour
spreading/progression/regression) and molecular analysis of
tumour (e.g. HER2 in Breast Cancer)

1 Prenatal testing: Genetic analyses (eFhalassaemifrom
fetal nucleated red blood cells)

=> Integration of nanoparticles



[Our Design ]

Materials: PDMS
1 Much easier/faster to prepare than design proposed By M. Toner.
MO /lad 2y GKS aYFadSN¥ WO .11S o0 tSSt 27

The whole device is very cheqpa few dollars in materials. Completely disposable

=> Real potential for poirtf-care diagnostic (Detection ?)

CNF VALI NBYG I'p O2YLI GAGES 6A0K G2y OKALIE 2
Volume of the chamber : about 20
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I- Plasma -Al nki ng
Functionalization
(reactive epoxy)

[1l- Bonding with glass
IV- Immobilization of the antibody onto the slide to close the

epoxy functionalities and cell capture device




[Functionalizationc Introduction of reactive epoxy functionalities inside the device ]

Plasma polymerization of nanoscaled reactive thin
films

9 Epoxy chemistry is versatile.g.-NH2, -OH, -SH, -COOH), robust and stable
=> Chemistry of choice for preparation of surfaces for biotech assays

1 Plasma processe€heap, upscalable, no waste, substratersatile,
conformal (3D surfaceg)See work fronProf. H.J. Griesser (UniSA)

9 Introduction of epoxy functionalities by plasma: Very low yield due to loss ¢
the epoxy ring

9 Pulsed plasma polymerization Aflyl GlycidylEther => Efficient introduction ¢

()
of reactive epoxy groups on a wide range of substr&ee(Thierry B et al., 7
Langmuir 2008) Nucleophilic
addition
Pulsed plasma ,CH, CH, CH,
polymerization of allyl O, | 9 | 9 |
- CH CH CH

glycidyl ether 2 2 ~

PO - e



[Antibody conjugation
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Samples .
composition
C @) N Si
PDMS- 67.1 265 - 6.3
Epoxy
EpCAM PBS 58.3 27.6 2.9 11.1
EpCAM 1M 615 26 4.3 8.1

CNO GO/N GC/H

3__

Intensity (a.u.)

292 290 288 286 284 282
Binding energy (eV)

~

/Y XPS confirmed immobilization of antibodf£f CAM

Y Yield depend on experimental conditions (e.g. high
salt increase hydrophobic interactions)

Y Density of epoxy / multipoint attachment / activity
of immobilized proteins ?GfNature Protocols 2007, 2,

10221033)
\_ J




[Immunocapture of cells : Model studie%

Model studyc¢ EpCANMantibody and H69 smaitell lung cancer cellEpCAM) / Jurkatcells EpCAM )
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(. )
Y Highly specific capture of thepCAM

cells on the antibody immobilized substrate

Y Validation of the chemical strategy




In chip immunespecific capture

Specific capture of breast cancer cells

—




In chip immunespecific capture

Non-Specific interaction of breast cancer cells (1 ml/h)




In chip immunespecific capture

Specific capture of breast cancer celisligh flow rate (7.5mL/h)




[In chip immunespecific captureg Collaboration with Prof. M.P. Brown (RAH) ]

H69 cells / EpCAM functionalized chip (@0mL; 200uL=> 4ugantibody) 10 cells /mL
Flow rate: ImL/ hour
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(A) Overlay fluorescencamage of fluorescentlylabelled humannonsmalktcell lung cancerline NCI-
H69 (arrows) capturedin the microfabricateddevice using anttEpCAM. (2000 cellsimL) (B) Capture
efficiency of the microfabricatedPDMS device H69 cells at variousconcentrationg10™2 cells per mL
to 10"6 cells per mL) havebeeninjectedin the anttEpCAM functionalizeddevice Irrespectiveof the

cell concentration80-90% cell recoverywasobtained Theinsertshowsthe influenceof theflow rateon
the captureefficiencyat clinically relevantCTC concentrations



[Dzzﬁa odzi Xy 2iG LISNFSOI ]

Non-specific binding of blood cells: noise

Y Need to minimize (or eliminate) neapecific binding of blood cells (not easy)\

Y Need to develop detection/manipulation strategies to discriminate CTCs from

\blood cells: Nanoparticles )




[Nanoparticles for detection and manipulation of CTCs within microfluidic devices}

Superparamagnetic nanoparticles : Gold Nanorods:
& Detection (Staining) and magnetic sorting & Detection T light scattering

Ot her applications at tReéehwarkeéplications
& MRI probes & Photothermal therapy,

@ Magnetic drug targeting & Drug carrier for multimodal therapy,
& Fluorescence and Raman tags.

Control of nan-iotpréaces (i.e $pecsfico vsimonespecific
Interactions with biological entities such as proteins and cells) is
critical for their integration in diagnostic/therapeutic strategies



Bio-Interfaces: Optimal PEGylation on
Surfaces/Nanoparticles

Mushroom configuration Brush configuration
(critical grafting density)
3 ((—\% %
Y ok— 1/‘ &2 b > Y%

m:’oly(ethylene glycol) (PEG) coated surfaces are of major importance due to their uni@
fouling » properties. Hydrophilicity (bulk water at the interface)stericrepulsion (elastic and

osmotic) are involved but exact mechanism are still unclear

& Protein resistance of grafted PEG coatings varies substantially wittface density, chain
f SYyaakKzXx

¢ How much is enough ?

& Why ?¢ chain packing problent gaps between mushroomeg people had not produced brush

& Many reports of 7895 % reduction in fouling with grafted PEGs, but rarely > 95 % (excl PAM$

v

watings CfP.G. deGenng /




Bio-Interfaces: Optimal PEGylation on
Surfaces/Nanoparticles
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[SPR measurements of non-specific protein adsorption on standard and high PEGylation density:

About 5-10 % of a monolayer is detected on sub-optimal PEG layer

]




/EfficientPEGylatior(>95 % reductiD

iIn non-specific binding events) of
macroscopic surfacesan be achieved
butd a2t A RE Yy argrauchl NJI
Y2NE RATTAOdZA O £@s2
Need for dedicated and optimized

roedures /

Active targeting:

o e.g. monoclonal
Monocrystallineiron

antibody

oxide core: Optimal
Superparamagnetic
behavior

Dense PEG interface:
Minimize non-specific
adsorption events

Non-specific binding of fluorescent
nanoparticles to cellg effect of
PEG density

Standard PEG




Bio-Interfaces: Optimal PEGylation on
Surfaces/Nanoparticles i Active targeting

1257m Sal5-nanoparticles
@® 3B9-nanoparticles

75 J—— True specific binding

N Biologically

non-specific
binding (linear)

Binding (MFI)
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0 12 24 36 48 60 72 84nMmADb

4 )

PEGylated Magnetic nano-particles conjugated with either an active antibody (3B9)
or irrelevant one (Sal5) are targeted to apoptotic cells.

Y Specific vs non-specific binding

\(Thierry B et al., Advanced Materials i Collaboration with RAH) j




C Numerous procedures for the surface engineering of iron \

oxide nanoparticles
@ Our design: Hydrophobic nanoparticles are used as solid
template for the self-assembly of micelle like structures

\l Test: Specific binding (J591) to prostate cancer cells (LN3) J

MNP-PEG MNP-PEG-J591 J591 Cell control
L eal:
Prussian . 3 '{(g w
Blue ' f\ ,“!4.;& ,\-,&,
X40 £~_ £ 4%
'ﬁ;_‘q..' ;g‘
o Vel

Magnetic nanoparticles/prussian blue combination offers
efficient detection of cancer cells => application in our
microfluidic CTC capture device

Collaboration with Prof. Pam Russell and Dr. Aparajita Khatri (Prince of Wales Hosp.)



NnOt herso magnetic nanoparticles research

Nanoparticulate contrast agents for MRI imaging:

& Intratumoral apoptosis (A/P. Michael Brown i NHMRC project grant)

& Prostate Cancer detection (Prof. Pam Russell and Dr. Aparajita Khatri i
Prostate Cancer Foundation grant)

& Combination therapy

& Stem cell labelling
& Gadolinium oxide nanoparticles (T1 MRI positive contrast agents)

Ad.CMV.GFP

Fe,O,core PAH/PAA shell

Australian Research Council Special Research Centre
For Particle and Material Interfaces

lan Wark Research Institute

UniSA



Why gold nanorods for the detection of CTCs ?

[Gold Nanorods ]
Y Very high scattering properties of plasmonic
nanoparticles => Facile detection of CTCs In

microfluidic devices

p Y Other applications under investigation:
50 nm Photothermal therapy

Image of a cancer cell illuminated by gold nanorods bound to
anti-EGFR. (Prof. Mostafa El-Sayed, Georgia Tech.



[Gold Nanorods ]

Gold nanoparticles are more precious than pretty gold !?
(M. El-Sayed, Chemical Society reviews 2006)

Electromagnetic wave

The Roman Lycurgus Cup Colored glass on the

has been dated at the fourth windows of St.

century AD. Mark’s Lutheran
Church

Why ?

At the right wavelength, light triggers
localized surface plasmons (LSP) :

& Collective excitations of free electrons
confined to a finite volume

@ Depend on size and shape

@ For gold (and silver), LSP interacts
with visible light => colour (and heat)

(See Prof. M. Cortie publications)

Nanotechnology...a new
science ?!



[Gold nanorods & Photothermal therapy (PTT) ]
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@ LSP can be tuned (aspect ratio of the nanorods)
Incident Laser Power (mW)

Huang X et al, Photochem. Photobiol., Vol. 82,
@ LSP easily tuned in the NIR => Tissue penetration) 412-417 (2006)

@ Lightillumination at the LSP => localized heat




Photothermal ablation of tumour by plasmonic gold nanoparticles
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Stern J.M. et al., The Journal of Urology, Vol. 179, 748-753 (2008)

=> 14/15 tumour eradicated upon 1 laser illumination (810 nm, 4 W/cm?, 3 min)



B surce erncrn of gt s

problematic: Presence of CTAB bilayer
1 CTAB required for the synthesis of gold nanorods
1 Toxicity
1 Challenging to displace (e.g. alkanethiol ligands)
without aggregation of the nanorods

(" )

Novel process: Steric protection with PEG-SHisusedforan Uni ver pal 0

ligand exchange procedure

Thierry B et al., Chem. Comm. 2009 y




