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= Brief Overview of Silicon-Based Nanotechnologies for
Cancer Diagnostics and Therapeutics

= Focus on Silicon-Based Nano- & Micro-Particulates

= Generalized Considerations on Characterization,
Standardization, and the Regulatory Issues on Nano- &
Micro-Particulates (“Nanovectors”)




Siliicon-BaseulNENOte cHol OUIEEHio);
Cancer DXxacndiRx

NCI Alliance for
Nanotechnology

in Cancer
= Diagnostics

— Micro/Nano-Arrays

— Micro/Nano-Fluidics

— Nanowires / FET Sensors

— Micro/Nano-Cantilevers

— Selective Molecular Enrichment Substrates
= Therapeutics

— Implants

— Transdermal Delivery Implements

- Inhalation Delivery Implements

— Micro/Nano-Particulates

- Oral Administration
ur el,e o
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. Mauro Ferrari has a financial interest in IMEDD, Inc of
Foster City, California

= IMEDD owns intellectual property on the fields
highlighted in the next slide
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— Nanowires / FET Sensors

— Micro/Nano-Cantilevers

— Selective Molecular Enrichment Substrates
= Therapeutics

— Implants

— Transdermal Delivery Implements

- Inhalation Delivery Implements

— Micro/Nano-Particulates

- Oral Administration

- Intravascular Deli\(erv
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= Non-Si Nanowires (InOx, USC: Mark Reed, Yale)
— Target: improved properties

= Carbon Nanotubes (Marcus Lab, Mike Biercuk, Harvard)

— Targets: improved properties, logic controls, innovative quantum
electronic concepts




Nanoscale Cantilevers

Cantilevers detect
biomarkers of cancer

Proteins @ @

Antibodies

NCI Alliance for

Cancer
cell

Binding events change
cantilever conductance

Arun Majumdar, University of California at Berkeley
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= What is micro today will be nano tomorrow
= Bridging micro and nano is natural
= Scale-up not an issue
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Kumetrix, Inc., 2000
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Planar Laminar Mixer Delivery
Interconnect
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Auxiliary

Diluent Interconnect
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,/"/ Reservoir

Nitride Shell
Cascade Bubble Pump

Cascade Bubble
Pump

Battery & Control

Circuit Diluent Reservoir

Dorian Liepmann & Albert Pisano

— ..!-..% NSC




IEN o2b Plasma Concentration

e.

NCI Alliance for
Nanotechnology

in Cancer

SC Injection

Overdose
Adverse Events
Drug Waste
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Sub therapeutic




ElectiiechemicalieontrellcdNiigNzE] FHES!

NCI Alliance for
Nanotechnology

in Cancer

= Circuitry controls local
electrochemical environment

— Gillcon

= Galvanic erosion of gold cap
releases drug
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Top and cross-sectional view of the
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the structural wafer



: 5]
3 . —e— 7 nm ! '
—8— 13 nm
‘é | 49 nm !
)
=3 1 4
0o+ 71 (e— —id
0 1 2 3 4
-1
[
Day
Animal # 2 (Insulinoma)
450 250
400 1240 5 -
© 350 2
S 300 | 1230 =
g 1—\3' 250 | 19220 g Blood GIl{cose
= E igg 1 1210 i —=— Body Weight
N =]
= 100 120 2
50 - + 190
0 T T T T T T T T T T T T T T 180
0123456 7891011121314
Days POD

produce insulin (or o
. therapeutic agent) ;3
¢ Nanochannel silicon ,,4:
membrane protects
transplanted cel Is fmm ; b
. 'lmmune étttack

NCI Alliance for
Nanotechnoloqy

Implaﬁt coniairnhﬁ't ‘-tg

e
* —

*’" -
. ’ 4 ' s
‘. y - " .‘J

Courtesy Prof. Tejal Desal
& IMEDD




NaleporoussValer Iimplantsy . e —

Nanotechnology

in Cancer

= Leigh Canham (x-DRA), principal scientist
= pSiMedica (UK): Drug-delivery
= pSlVida (Aus); Brachytherapy

= Nanoporosity renders material biodegradable with
kinetics that can be controlled from minutes to forever

= Also see work by Ulrich Goesele (Duke, Fraunhofer &
Max Plank Institutes)
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Silicon-Based Nano- & Micro-
Particulates

Silicon/silica in > 20 primary micro/nanoparticle types
for targeted delivery applications, from literature
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Nanoshells kill tumor
cells selectively

Jennifer West, Rice University
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Capsule

dissolves in

intestines

releasing drug- Enteric coating

loaded - protects drug-

particles loaded particles in
acidic stomach

Particles adhere to
intestinal wall and
transport contents into
the blood stream
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Biologically Active Peptides and Proteins

1. Lectin mediates binding
of particle to mucosa
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2. Thru-particle hydration
releases drug + enhancer
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Intestinal
epithelial
cells
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(“Nanovectors”

Generalized Considerations
on Nano- & Micro-Particulates
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= Providing preferential, effective concentrations of
therapeutic agents and imaging enhancers at lesion
sites, by a combination of

— Multimodal targeting, such as affinity-based + size &
shape + surface properties + remote activation...
(probabilities of localization are additive)

— Overcoming of biological barriers, such as endothelial,
epithelial, increased osmotic pressure, macrophage
uptake, .... (probabilities of reaching lesion are
multiplicative)

— Providing co-localized combination therapy
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= Regulatory pathway for multifunctional, multicomponent
nanovectors????

— “Multicomponent” is the transforming advantage

- Immediate need: “Master file approach” to nanovectored Rx
- Immediate need: Clarity on Device vs. Drug vs. Biological

- Immediate need: Guidance document from FDA

— General need: Mechanisms for further communications
FDA/applicant

= Lack of clear guidance induces:
- Dormancy/skepticism of private sector / pharma
- The “low-hanging fruit approach”, not in the public’s best interest
—~ The “avoid the nano-word” syndrome
— Diminished enthusiasm by funding agencies
- Expanded latitude for general misinformation / unfounded fears
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= Liposomes, Micelles,
Solid Lipid,
Micro/nanobubbles

= Dendrimers,
Dendrisomes

= Lipid-encapsulated PFC
emulsions

= |ron-oxide, drugable
entities

= Nanoshells

"= Q-Dots
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Silicon, SiO2
micro/nanoparticles

Biodegradable
micro/nanospheres

Leashed polications
DNA-based constructs
Engineered viral particles
Buckeyballs
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. Toxicology: Special needs?

= Characterization methodologies for properties that
determine efficacy: Special needs, yes.
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= Requlatory pathway for multi-
component nanovectors ?

= Standardization — how to compare ?
= How to handle combinatorial numbers?
= |ntegration of mathematical models!

= Novel characterization methods required ?
— Integrated NCL & community efforts
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*" Nano.Cancer.gov

= Ferrar.5@ osu.edu
" Ferrarma@ mail.nih.gov




	Silicon-Based Biomedical NanotechnologiesASTM-NCI-FDA-NIST Workshop Reno NV, May 18 2005
	Outline
	Silicon-Based Nanotechnologies for Cancer Dx and Rx
	Disclosure
	Silicon-Based Nanotechnologies for Cancer Dx and Rx
	Surface nanopatterning for molecular ID & diagnostics
	Silicon-based environments embedding:
	Nanotech detects multiple molecular signatures
	In general, for silicon:
	Microneedles for Painless Injections/Extractions
	Better Yet, Arrays of Microneedles
	THE PERSONAL RECONSTITUTION & DELIVERY SYSTEM
	Electrochemical Controlled Drug Release
	iMEDD IP: NanoGATE & Bulk Nanochannel Membrane and Assembled Prototype Implant
	Nanoporous “Wafer’ Implants
	Silicon-Based Nano- & Micro-Particulates
	Nanotech enables targeted delivery of therapeutics
	
	Targeted Oral Delivery Nanotech  (Illustration)
	Anatomy of Intestinal Epithelium
	Generalized Considerations on Nano- & Micro-Particulates (“Nanovectors”)
	Multifunctionality IS the defining  advantage in nanovector delivery
	Mauro Ferrari “Cancer Nanotechnology: Opportunities and Challenges”, Nature Reviews Cancer, vol.5, n. 3, 161-171 March 2005
	Nanovectors: Multifunctionality
	Central issue
	Issue #2: Standardization – how to compare
	Issue # 3: How to handle combinatorial numbers / approaches?
	Issue # 4: Integration of mathematical models
	Underlying Issue: Characterization
	Summary: Key Issues
	Discussion and Contacts

