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Green synthesis 

Next generation: 

Multifunctional hybrid 

nanoparticles

Colloidal stability

Biological 

interactions

Passive targeting

Active (immuno) 

targeting

Synthesis Surface engineering

Biodistribution

Nanotechnology is a ñdisruptive technologyòwhich will drive a new generation of 

cancer diagnostic and therapeutic products, resulting in dramatically improved 

cancer outcomes

Dr. Piotr Grodzinski (National Cancer Institute)

Nanoparticles
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Microfluidic immune-capture of circulating tumor cells 

(CTCs): finding a needle in a haystack !

Ý Circulating Tumour Cells (CTCs): Present in blood of 

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

Ý CTCs: highly relevant to cancer 

progression/spreading/response to therapy

Ý Non-invasive source for molecular analysis of the captured 

circulating tumor cells (e.g. EGFR mutation)

Ý Current detection methods (e.g. immuno-beads) are highly 

inefficient and tedious



Ý Sensitivity and specificity levels 

about 2 orders of magnitude higher 

than previous methodologies (e.g. 

immuno-beads)

Microfluidic immune-capture of circulating cancer cells 

(Nature 2007;450, 1235-1239 and N EnglJ Med 2008;359:366-

77 Prof. M. Toner - Mass. Gen. Hosp.)

ÝHigh capture efficiency enabled correlation 

to tumour progression/regression
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Microfluidic immune-capture of circulating tumor cells 

(CTCs): finding a needle in a haystack !

Each post is 100 um



Microfluidic capture of rare cells from blood

¶Potential for a new generation of diagnostic devices ?

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

¶Pre-natal testing: Genetic analyses (e.g.  Thalassaemiafrom 
fetal nucleated red blood cells)

=> Integration of nanoparticles



Our Design

Materials: PDMS

¶ Much easier/faster to prepare than design proposed By M. Toner.

мύ /ŀǎǘ ƻƴ ǘƘŜ άƳŀǎǘŜǊέ нύ .ŀƪŜ оύ tŜŜƭ ƻŦŦ пύ tƭǳƎ ŀƴŘ Ǉƭŀȅ

¶ The whole device is very cheap ςa few dollars in materials. Completely disposable 

¶ => Real potential for point-of-care diagnostic (Detection ?)

¶ ¢ǊŀƴǎǇŀǊŜƴǘ ҐҔ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ άƻƴ ŎƘƛǇέ ƻōǎŜǊǾŀǘƛƻƴǎ όŜΦƎΦ CL{I Κύ

¶ Volume of the chamber : about 50 uL
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I- Plasma 

Functionalization 
(reactive epoxy)

II- ñInkingò

III- Bonding with glass 

slide to close the 
device

IV- Immobilization of the antibody onto the 

epoxy functionalities and cell capture



Functionalization ςIntroduction of reactive epoxy functionalities inside the device

Plasma polymerization of nanoscaled reactive thin 
films

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

¶ Plasma processes:Cheap, up-scalable, no waste, substrate-versatile, 
conformal (3D surfaces) ςSee work from Prof. H.J. Griesser (UniSA)

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

¶ Pulsed plasma polymerization of AllylGlycidylEther => Efficient introduction 
of reactive epoxy groups on a wide range of substrate (See Thierry B et al., 
Langmuir 2008)

Pulsed plasma 
polymerization of allyl 
glycidyl ether

Nucleophilic 
addition



Samples
% XPS elemental 

composition

C O N Si

PDMS-

Epoxy
67.1 26.5 - 6.3

EpCAM PBS 58.3 27.6 2.9 11.1

EpCAM 1M 61.5 26 4.3 8.1
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Antibody conjugation

Ý XPS confirmed immobilization of antibody (EpCAM) 

Ý Yield depend on experimental conditions (e.g. high 

salt increase hydrophobic interactions)

ÝDensity of epoxy / multi-point attachment / activity 

of immobilized proteins ? (CfNature Protocols 2007, 2, 

1022-1033)
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Immuno-capture of cells : Model studies

Model study ςEpCAMantibody and H69 small-cell lung cancer cells (EpCAM+) / Jurkatcells (EpCAM- ) 

ÝHighly specific capture of the EpCAM+ 

cells on the antibody immobilized substrate

Ý Validation of the chemical strategy 



In chip immune-specific capture 

Specific capture of breast cancer cells



In chip immune-specific capture 

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



In chip immune-specific capture 

Specific capture of breast cancer cells  - High flow rate (7.5 mL/h)



H69 cells / EpCAM functionalized chip (20 ug/mL; 200 uL=> 4 ugantibody) 106 cells / mL
Flow rate: 1 mL/ hour

In chip immune-specific capture ςCollaboration with Prof. M.P. Brown (RAH) 
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(A) Overlay fluorescenceimageof fluorescentlylabelledhumannon-small-cell lung cancerline NCI-

H69 (arrows)capturedin the microfabricateddeviceusing anti-EpCAM. (2000 cells/mL) (B) Capture

efficiency of the microfabricatedPDMS device: H69 cells at variousconcentrations(10̂ 2 cells per mL

to 10̂ 6 cells per mL) havebeeninjectedin the anti-EpCAM functionalizeddevice. Irrespectiveof the

cell concentration,80-90% cell recoverywasobtained. Theinsertshowstheinfluenceof theflow rateon

thecaptureefficiencyat clinically relevantCTC concentrations.

(B)



DƻƻŘ ōǳǘΧƴƻǘ ǇŜǊŦŜŎǘ

Non-specific binding of blood cells: noise

ÝNeed to minimize (or eliminate) non-specific binding of blood cells (not easy)

ÝNeed to develop detection/manipulation strategies to discriminate CTCs from 

blood cells: Nanoparticles



Superparamagnetic nanoparticles :

Detection (Staining) and magnetic sorting

Other applications at the Warké

MRI probes 

Magnetic drug targeting

Gold Nanorods: 

Detection ïlight scattering 

Other applications at the Warké

Photothermal therapy, 

Drug carrier for multimodal therapy,

Fluorescence and Raman tags.

Nanoparticles for detection and manipulation of CTCs within microfluidic devices

Control of nanoparticlesô bio-interfaces (i.e. specific vs non-specific 

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 

Poly(ethylene glycol) (PEG) coated surfaces are of major importance due to their unique  «non-

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 with surface density, chain 

ƭŜƴƎǘƘΣΧ

Many reports of 70-95 % reduction in fouling with grafted PEGs, but rarely > 95 % (excl SAMs) 

ςHow much is enough ?

Why ? ςchain packing problem ςgaps between mushrooms ςpeople had not produced brush 

coatings (CfP.G. de Genne)

Mushroom configuration

(critical grafting density)

Brush configuration

*̀= 1/ R̄e
2 >̀ ̀ *

Re



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 

ñStandardò PEG density (mushroom)High PEG density (brush)

Before Serum
After Serum Before Serum

After Serum

Bio-Interfaces: Optimal PEGylation on 

Surfaces/Nanoparticles 



Efficient PEGylation(>95 % reduction 

in non-specific binding events) of 

macroscopic surfaces can be achieved 

but άǎƻƭƛŘέ ƴŀƴƻǇŀǊǘƛŎƭŜǎ are much 

ƳƻǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ άǎǳǊŦŀŎŜ ŜƴƎƛƴŜŜǊέ =>

Need for dedicated and optimized 

procedures

Active targeting: 

e.g. monoclonal 

antibody

Dense PEG interface: 

Minimize non-specific 

adsorption events

Monocrystalline iron 

oxide core: Optimal 

Superparamagnetic 

behavior

Non-specific binding of fluorescent 
nanoparticles to cells ςeffect of 
PEG density



PEGylated Magnetic nano-particles conjugated with either an active antibody (3B9) 

or irrelevant one (Sal5) are targeted to apoptotic cells. 

ÝSpecific vs non-specific binding

(Thierry B et al., Advanced Materials ïCollaboration with RAH)
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Bio-Interfaces: Optimal PEGylation on 

Surfaces/Nanoparticles ïActive targeting



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

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

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

Magnetic nanoparticles/prussian blue combination offers 

efficient detection of cancer cells => application in our 

microfluidic CTC capture device
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ñOthersò magnetic nanoparticles research activities:

Nanoparticulate contrast agents for MRI imaging:

Intratumoral apoptosis (A/P. Michael Brown ïNHMRC project grant)

Prostate Cancer detection (Prof. Pam Russell and Dr. Aparajita Khatri ï

Prostate Cancer Foundation grant)

Combination therapy

Stem cell labelling

Gadolinium oxide nanoparticles (T1 MRI positive contrast agents)

Ad.CMV.GFP

Fe3O4 core
Self-assembled 

PAH/PAA shell



Why gold nanorods for the detection of CTCs ?

ÝVery high scattering properties of plasmonic 

nanoparticles => Facile detection of CTCs in 

microfluidic devices

Ý Other applications under investigation: 

Photothermal therapy 

Gold Nanorods

Image of a cancer cell illuminated by gold nanorods bound to 

anti-EGFR. (Prof. Mostafa El-Sayed, Georgia Tech.



Gold nanoparticles are more precious than pretty gold !?

(M. El-Sayed, Chemical Society reviews 2006)

Nanotechnology...a new 

science ?!

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)

Gold Nanorods
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Extinction Spectra of Different Aspect 

Ratio Au Nanorods

Huang X et al, Photochem. Photobiol., Vol. 82, 

412-417 (2006)

Gold nanorods & Photothermal therapy (PTT)

LSP can be tuned (aspect ratio of the nanorods)

Light illumination at the LSP => localized heat

LSP easily tuned in the NIR => Tissue penetration



Stern J.M. et al., The Journal of Urology, Vol. 179, 748-753 (2008)

Photothermal ablation of tumour by plasmonic gold nanoparticles

=> 14/15 tumour eradicated upon 1 laser illumination (810 nm, 4 W/cm2, 3 min)  



Surface engineering of gold nanorods is 
problematic: Presence of CTAB bilayer

¶CTAB required for the synthesis of gold nanorods

¶Toxicity

¶Challenging to displace (e.g. alkanethiol ligands) 

without aggregation of the nanorods 

Novel process: Steric protection with PEG-SH is used for a ñUniversalò 

ligand exchange procedure

Thierry B et al., Chem. Comm. 2009


