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A Brief, Pictorial Introduction 
to Nanotechnology



Bottom-up atomic 
assembly, IBM



Nanotubes & Buckeyballs



The Top-Down Approach to 
Nanotechnology  

 Key Enabling Technology: 
Photolithography

 MEMS = micro-electro-
mechanical systems:   
mechanics on-a-chip

 BioMEMS: Microfluidics 
(microTAS), biochips, 
biosensors,…                             
= miniaturized 
diagnostics



Microfluidics: 
Bioseparation-on-chip

 Capillary Electrophoresis (Manz & Harrison, 1991)



DNA Chip: Sequencing by 
Photolithochemistry 



Molecular biotechnology 
meets top-down silicon 
micro/nanotechnology

 The 3/3- heads 
were coupled to a Ni 
post through His-tags.

 Propellers were etched 
Si that were coated 
with Ni, then His-
biotin.

 The tip of  was 
biotinylated.

 The propellers and 
(both biotinylated) 
were attached through 
a streptavidin 
intermediate.

Soong et al., 2000; Science 290: 1555



Nanotechnology and 
Cancer

Highlights from extramural 
research programs currently 
funded by the NCI



Carbon nanotubes (CNT) exhibit  unique 
electronic and extraordinary mechanical 
properies.  Ames has grown CNT, only 1 
nm in diameter in the form of films and 
aligned bundles, and is currently making an 
effort to grow vertical tubes of controlled 
length for  sensor development.  The tip of 
the nanotubes can be functionalized with 
appropriate probe molecules for 
diagnostics, and permit detection of specific 
oligonucleotide sequences that serve as 
molecular signatures of cancer cells.

NASA AMES RESEARCH CENTER
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Multifunctional nano-devices based on 
dendritic polymer components are 
developed to target neoplastic cells and 
sense the earliest signatures of cancer.  
The dendritic nano-devices are designed 
to support the specific release of a 
therapeutic agent within a tumor, and 
analyze the effect of the therapeutic 
identifying evidence of residual disease.
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A novel multi-modal site-directed contrast agent 
for sensitive and specific detection and localized 
treatment of solid tumors. The agent is a patented 
ligand-targeted, lipid encapsulated, non-gaseous 
nanoparticulate (~200 nm diameter) 
perfluorocarbon emulsion that may be used with at 
least three common noninvasive imaging 
modalities: ultrasound (native particle), magnetic 
resonance (gadolinium conjugated), and nuclear 
imaging (radionuclide conjugated). The 
nanoparticles are targeted to tumors through 
targeting ligands specific for unique vascular 
growth factor receptors and ligands and 
formulated with chemotherapeutic agents to 
provide localized therapy of small tumors.
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Immunoliposomes for Tumor-targeted Delivery
Hermes Biosciences/ Keelung Hong PhD

Ab Discovery

Liposomal 
Therapeutics/Probe
• Doxorubicin
• Vinorelbine
• Taxane
• Gd
• Other

Phage Display scFv

ILs Screening (HPTS) for
Optimized Intracellular 

Delivery

ILs contain parallel nuclear and MRI 
capabilities for dual function reporting. 

ILs include anti-HER2 & other scFv 
directed towards RTKs using phage

antibody technologies. Finally ILs will 
contain probes and drugs within a single 

construct for a targeted imaging along
a  targeted therapeutic.



The Cancer 
Nanotechnology Plan

Extramural Projects Plan
Intramural Programs
Standardization and Regulatory Labs



Major Challenge Areas

 Prevention and Control
 Early Detection, Proteomics
 Imaging Diagnostics
 Multifunctional Therapeutics
 Nanosystems for Quality of Life
 Training, Training, Training

All Based on Rigorous Fundamental Science!



Challenge area # 1: 
Prevention
 Development and administration of 

bioengineered vaccines – eg 
polyepitopes

 “Smart” administration of 
– Cancer-preventing agents
– Nutraceuticals
– Directed agents against premalignant 

lesions



Enteric coating 
protects drug-
loaded particles in 
acidic stomach

Capsule 
dissolves in 
intestines 
releasing drug-
loaded 
particles

Particles adhere to 
intestinal wall and 
transport contents into 
the blood stream

Targeted Oral Delivery 
Nanotech  (Illustration)



Anatomy of Intestinal 
Epithelium



Vasculature

Intestinal 
epithelial 

cells

Intestinal 
mucin

Microfabricated Trans-Mucosal Patch
For Delivery of

Biologically Active Peptides and Proteins

Intestinal 
lumen
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1. Lectin mediates binding 
of particle to mucosa
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Vasculature

Intestinal 
epithelial 

cells

Intestinal 
mucin

Microfabricated Trans-Mucosal Patch
For Delivery of

Biologically Active Peptides and Proteins

Intestinal 
lumen

2. Thru-particle hydration 
releases drug + enhancer
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Vasculature

Intestinal 
epithelial 

cells

Intestinal 
mucin

Microfabricated Trans-Mucosal Patch
For Delivery of

Biologically Active Peptides and Proteins

Intestinal 
lumen 3. High local 

concentration of 
enhancer + drug
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4. Enhancer opens 
tight junctions
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Vasculature
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5. Drug passes 
between cells 
and enters 
blood stream
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For Delivery of
Biologically Active Peptides and Proteins



The Advantages of 
Nanotechnology

 Nanotech offers opportunity to interface 
with biology at multiple scales: molecular 
to cellular, tissue, organ, system

 Integration of bio-recognition, barrier 
avoidance,  and therapeutics on a single 
platform – with possible 
diagnostic/monitoring extension

 Competitive advantage:                              
Multiple functionalities in small volumes!



Challenge Area # 2: EARLY 
DETECTION, SCREENING 
& MONITORING

 Proteomic Nanotechnology
– Selective Biomolecular Harvesting 

Nanotech
– Substrates for Mass Spec

 Higher yield targets
 Spatially-addressable substrates: “2D 

separations”

- Protein chips & BioFET arrays

 Implantable Biosensors (+ telemetry)
 Molecular Amplification Implants



Challenge Area # 2: EARLY 
DETECTION, SCREENING 
& MONITORING

 Implantable Biosensors (with 
telemetry)
–Key issue: Biofouling. Can going 

nano help?
–Biofouling-indifferent biophysical 

disease markers
–“Architectural”, multiscale sensors



Challenge Area # 2: EARLY 
DETECTION, SCREENING 
& MONITORING

 Molecular Amplification Implants
– Concept: biochemical transducers, turning a 

small amount of soluble A into detectable 
amount of soluble A or B or both 

– Enzyme-based (short-term) – requires 
enzyme protection

– Cell-based (long-term) - requires 
immunoisolation



Challenge Area #3: 
Imaging Diagnostics

 “Smart”, injectable targeted contrast 
agents - Beyond selective contrast:
– Biomolecular expression information, in 

addition to size/shape/location/physical 
determinants

– Addressing biological and evolutionary 
diversity of neoplasm within single 
individual (multiplicity of nanoparticles with 
different ligands and different “visibilities”)

– Integration of therapeutics+diagnostics on  
a single platform



Challenge # 4: 
Multifunctional Therapeutics

 “SMART” = one or more of:
– Spatial / Temporal release control
– Monitorable release
– Preprogrammable / remotely activated (2-way 

telemetry) / self-regulated therapeutic action
– Avoidance of bio/physical barriers
– Addressing diversity (patient and/or population) 
– Implanted “stealth” cell bioreactors
– Coordination among therapeutic agents



Smart Therapeutics

 Applicable to nanoparticulates, or 
larger systems (oral, inhalable, subQ 
implants….) with nanotech 
components

 Of course, the smaller the space, the 
less tech, at this time… a case for 
basic nanotech development?

 Similar, but different, considerations 
for chronic symptom management
required (fundamental challenge # 5)  



Strategic Plans

 In-depth consultation with thought 
leaders, extramural and intramural, on 
both strategic areas and funding 
modalities

 Mix of current and vigorously innovative 
“match-making” funding modes

 Intramural program & facilities as 
catalysts

 Training, training, training 



Extramural Developments

 Established Cancer Nanotechnology 
Extramural Working Group

 Seeking Broad Community Input: 
– “Roadshows”: 4-6 in Spring 2004
– Thematic Workshops, Spring/Summer ’04

 Nano & Imaging
 Nano & Proteomics/Early Detection
 Nano & Therapeutics  



Intramural Programs

 Objectives:
– Breakthrough Science & Translation
– Rapid, High-Visibility, High-Impact 

Validation for Nanotech in Oncology
 Current and Expected Collaborations 

include:
– Drs. Mark Bednarski, Norm Coleman, 

Howard Fine, King Li, Lance Liotta, Steve 
Libutti, Ira Pastan, Tom Walsh



Standardization and 
Regulatory Efforts
 Plan to establish the Nanotechnology 

Standardization Laboratory (NSL) at 
NCI

 Objectives of the NSL:
– Create ideal environment for the 

confluence of nanotech (physics, 
chemistry, engineering, mathematics…), 
with biosciences, biotechnology, pharma, 
experimental therapeutics  



Further Objectives, NSL

 Develop multi-station protocols for 
validation, comparison, objective 
indication

 In collaboration with FDA, develop a 
rigorous, accelerated pathway towards 
clinical translation  

 Synergistic engagement of the private 
sector
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