£ 2 ' NCI Alliance for
%@E INGUT: Nanotechnology

Oepyeps® EEEEEE—— in Cancer

Driving the Future of Biomedical Applications
with Nanoelectronics

Larry Nagahara, Ph.D.
Nanotechnology Projects Manager
National Cancer Institute

Arizona Institute for Nanoelectronics Kickoff Meeting
il 4, 2008




Presentation@uiine

MNCI Alliance for
Nanotechnology

INn ancer

“In the middle of difficulty lies great opportunity”

— Albert Einstein
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Estimated Number of New Cancer Cases
in the United States from 1998 to 2007
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Crisis?

By courtesy of John Orloff, Novartis AG, Basel, CH ( N O VA RT I S

A fresh diagnosis of Big Pharma's R&D productivity crunch.
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Trend:
More patients and clinical trials required per NDA
(Development time by Pharma increasing)
(Development cost by Pharma increasing)
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Automated Personalized Lifetime treatment

systems healthcare

-symptomatic treatment

: CA-diagnosis '
Translational | ‘Molecular medicine

medicine

Information
correlation

Revolutionary technology

1st generation
diagnostics

iArtificial expert system

Episodic treatment Ebctronic health records

Nonspecific Organized Personalized
(treat symptoms) (error reduction) (disease prevention)

Evolutionary practices
’ Source: IBM Life Sciences Solutions n
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National Cancer Institute
National Institutes of Health
U.S. Department of Health and Human Services

Strategic Workshop on Cancer Nanotechnology:
In-vivo Diagnosis and Imaging

March 28, 2008

Bethesda Marriott
Bethesda, Maryland

1) Early detection

2) Diagnose tumor type
3) Define all metastases
4)  llluminate tumor

Jim Olson M.D., Ph.D. intraoperatively
Fred Hutchinson Cancer Research Center o) hodes & mets oo
Seattle Children’s Hospltal 6) Show therapydellvery




We Miist Accelerate Dreejrass Acjelins

Eay2biagnesiiEs ISTINEY,

Early Diagnostics Is Key
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Site All stages Local Regional Distant
Breast (female) 86.6 97.0 78.7 23.3
Colon and rectum 62.3 90.1 65.5 9.2
Liver 6.9 16.3 6.0 1.9
Lung and bronchus 14.9 48.7 16.0 2.1
Melanoma 89.6 96.7 60.1 13.8
Ovary 53.0 94.7 72.0 30.7
Pancreas 4.4 16.6 6.8 1.6
Prostate 97.5 100.0 -- 34.0
Testis 95.5 99.1 95.0 73.1

Source: American Cancer Society
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Risk Assessment
Decision Support

/N

Low risk High risk Early chronic Late chronic
(i.e., diabetes) (i.e., diabetes
with retinopathy)
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Years
< Personalized health plan >
Personal lifestyle plan Risk modification Disease management
Wellness education and Personalized screening Individual-focused:; integrated provider systems. Focus on
Internet and Health Provider program with tailored guality of life and palliation at appropriate late stages
guided planning for all lifestyle and medical

interventions |
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 Molecular imaging and
early detection
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Magneto-Nano Chips, Magnetic
Sifter/Sorter, and Multifunctional
NanO rObeS getonanochlp

» Quantitative, portable, inexpensive, and high throughput B
detection of trace amounts of protein tumor markers and o
relevant protein profiles present in serum or tissue for the
determination of appropriate therapies and to follow

treatment efficacy.
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 Pre-purification and concentration of serum derived
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analytes with a magnetic sifter and/or multiplexed
magnetic sorter.

» Multifunctional nanoprobes (spin-off)

* Protein targets are selectively bound to a magneto-nano
chip using specific probes above a spin valve sensor

e “Staining” protein targets with magnetic nanotags (~10-100
nm), which are then read out electronically

» The same magnetic nanotags are also exploited for
magnetic sample preparation and sorting




DNA Assay

DNA Sample Preparation Hybridization Capture of

_ ss-D
65C, 30min. —
98C, 15min. :

' . & gl DNA
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swab
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Electronic Readout
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Protein Assay: IFN-y as Model Analyte

Step 2: Antigen Capture

Positive Negative

\2 *
*
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MagArray4 Chip

Osterfeld and Wang, book chapter submitted,
Journal paper in preparation.




Protein Assay: IFN-y as Model Analyte

Step 4: Live Measurement During Nanoparticle Capture

Positive Negative
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Osterfeld and Wang, book chapter submitted,
Journal paper in preparation.
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] — = : Plasma [= Serum + Clotting Factors]
_ 91% Water

7% Blood Proteins (fibrinogens, albumin, globulin)

2% Nutrients (amino acids, sugars, lipids) Note: This in not
Hormones (erythropoietin, insulin, etc.) nM, LM or mm!1!
Plasma (55%) —— Electrolytes (sodium, potassium, calcium, etc)
Buffy Coat

White blood cells
and platelets (=1%)

- White Blood Cells (~7,000,000 — 9,000,000 per cc of hlood)
Platelets (~150,000,000 — 350,000,000 per cc of hlood)

Red blood cells (45%)
Red Blood Cells (~5,000,000,000 per cc of blood)

bout 10*11 cells produced every day!

MM Lining of a - Plarelets
: blood vessel %




Human Plasma Proteome
>10 Orders of Magnitude in Abundance

The

in Cancer
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Classical Plasma Proteins
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Microfluidics as An Enabling Technology
for Cancer PET Imaging (Project 3)

Hsian-Rong Tseng
Assistant Professor
NCI NanoSystems Biology Cancer Center (Caltech/UCLA/ISB)
Department of Molecular and Medical Pharmacology

Crump Institute for Molecular Imaging
David Geffen School of Medicine at UCLA

Crump:- =

- Vision-Integrity-Passion Molecwlar B Imaging



Microfluidic Devices Facilitate
Syntheses, Discovery and Evaluation of New PET Probes

Synthesis of Discovery of In vitro Cancer signaling Kinase
PET probes PET probes probe imaging network assay
v 1 t.-’ [T

Development of PET Probes
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Anal. Chem. 2008, 78, 5543

http://labs.pharmacology.ucla.edu/ts




['®F]FDG Synthesis in PDMS Microchips

Diluted '8 )
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1000 Reactions in'Hand

— i R e .

-

_. : . B . - -.-!‘-ﬁ.- ™ i =
AQ G.Sui H.-R. Tseng “Reactions in Han C Instilule = 7 -
Nano Today, 2006, 1, 6-7. r U m for ": S

——
=
——

Molecwlar B Imaging




Implantable Diagnostic Device for Cancer Therapy

MWCO membranes

Reservoirs

\

Polymer substrate

Grace Y. Kim, Karen D. Daniel, Christophoros C. Vassiliou, Noel Elman, Illil-

Robert Langer, Michael J. Cima _ 5
Massachusetts Institute of Technology %

In collaboration with: Lee Josephson (CMIR-MGH), Ralph Weissleder (CMIR-MGH)@&';ER -
Tyler Jacks (CCR-MIT), Al Charest (Tufts, MIT) ﬁwg”m ResearcH
Funding: NCI Center for Cancer Nanotechnology Excellence grant e m
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Measuring Soluble Biomarkers In Vivo

Hypothesis:

Local biomarker levels are a more sensitive indicator of the
state of a solid tumor than systemic concentrations.

LESS
INVASIVE
Current Measurement Techniques
« BLOOD TEST (Organ function tests,
cancer biomarker concentration,
drug concentrations) Less invasive, faster
Periodic monitoring
« IMPLANT (Reporter of local Local drug concentrations
concentrations, minimally invasive) Efficacy of therapy
Progression of cancer
« TISSUE (Biopsy, surgical specimens Stratify patients for therapy
provide most specific information about Detect recurrence
MORE local state)
INVASIVE



Magnetic Relaxation Switch (MRS) Sensor

Goal: In vivo, local detection of soluble cancer biomarkers

| | Ag'gregat_ed_MRS-é T, change

Analyte molecules

Free analyte

Dispersed, High T, Aggregated, Low T,




Device-based Sensing ~ In vivo

 Developed tumor model in mice using xenograft tumor cells that secrete HCG
* Device:
— Polycarbonate membranes on HDPE substrate
— Low valency nanoparticles
— Implanted subcutaneously near tumor
* Image by MRI on days one and three after device implantation
 Explant device and read on auto-NMR

4 ".'ir’ ¥
R

Sample Mouse
(device implanted near tumor)

Control Mouse
(no tumor)
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Particle Replication in Non-wetting Templates
PRINT™ Particles

i '_-.;..;..,-, cif)s e Apply ll(]tlld
Form to be

Fluorocur™ molded

- mO‘d E )

Master Template made by
photolithography

Solidify Harvest
particles particles
into final

form

—

“Direct Fabrication and Harvesting of Monodisperse, Shape Specific Nano-Biomaterials”; Rolland, J. P.;
Maynor, B. W_; Euliss, L. E.; Exner, A. E.; Denison, G. M.; DeSimone, J. M J. Am. Chem. Soc. 2005, 127, 10096
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Nanotech Highlights

Biology of Breast Pre-Malignancies
[RO1)

RFA Number: RFA-CA-07-047
Receipt Date: November 14, 2007

gﬂ Annual Nanotechnology &

the Life Sciences Warkshop 2007
March 30-31, 2007

DELIVERING

today’s knowledge in
Nanotech Oncology

2007 NIH Director's New Innovator A

Manotech Mews [ wiew all ] RSS [ whatis RE57 ]

Evaluating Multiple Biomarkers With Quantum Dots May 22

MNanoparticles Delivery of "Suicide DNA” Kills Prostate Tumors May 22

Nanoparticle Self-Assembly Triggered by Tumor-Associated Enzvme
May 22

Quick Links

Manotechnology Characterization
Laboratory

Nanotechnology Teaming Site
Funding Opportunities
Scientific Biblisgraphy

Analyzing Nanoparticle L evels in Blood May 22

New Method Weighs Single Living Cells, Nanoparticles, Even Molecules
May 22

Researchers Identify Better Blood Test for Prostate Cancer (of special

interest) May 22

Sign-up Today Exploring Manotechnology

Enteryour email below to receive manthly

features, news, and notice of upcoming events

& Video Journey M e the latest
rid of 7 b %] =nima s
Manaotechnelogy in l_-".-l illustrating
Cancer % nanetechnalagy in
. cancer

Transforming the dlagnosis, prevention, treatment and clinical outcomes for cancer patients
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e More Information

Piotr Grodzinski, Ph.D.
Program Director

Larry A. Nagahara, Ph.D.
Nanotechnology Projects Manager
Office of the Director

National Cancer Institute

31 Center Drive

MSC 2580 Rm. 10A52

Bethesda, MD 20892-2580

Phone: (301) 496-1550

Fax: (301) 496-7807

Email: nagaharl@mail.nih.gov
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