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caNanoLab Goal 

To provide a nanotechnology resource that 
facilitates data sharing in the research 

community to expedite and validate the use 
of nanomaterials in biomedicine 

•  Example questions informed through data sharing: 
–  What are the effects of nanomaterial size and shape on biodistribution? 
–  An existing drug used to target cancer causes significant side effects.  

Can nanomaterial-assisted targeted delivery increase efficacy and  
reduce side effects? 

–  Where can I access “high quality” and “complete” data sets in support of 
modeling and simulation of the effects of nanomaterial properties on 
toxicity? 



caNanoLab Overview 
•  caNanoLab provides support for the annotation of nanomaterials with composition 

information, and physico-chemical, in vitro, and in vivo characterizations  
•  caNanoLab provides access to protocols and publications from the NCI 

Nanotechnology Characterization Laboratory (NCL) and NCI Alliance for 
Nanotechnology in Cancer, respectively 

3 

Home	  Page	  



caNanoLab High-Level Concepts 
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Carbon Nanotube, Dendrimer , 
Emulsion, Fullerene, Liposome, Metal 
Particle, Polymer, Quantum Dot, … 

Therapeutic, Targeting, Diagnostic 
Imaging, … 

Attachment, Encapsulation, Entrapment, 
… 

Molecular Weight, Purity, Physical State, 
Relaxivity, Shape, Size, Solubility, 
Service, … 

Cytotoxicity, Immunotoxicity, Toxicity, … 

Pharmacokinetics, Toxicology, Imaging, 
Efficacy, … 

Physico-Chemical, In Vitro, In Vivo , 
Radiolabeling, Sample Preparation, 
Safety, … 



caNanoLab Workflow 
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Protocols 
•  caNanoLab supports the submission and retrieval of nanotechnology protocols for 

characterization, safety, radiolabeling, sample preparation, and other procedures 
•  caNanoLab provides access to standardized protocols from the NCL 
•  Protocols can be associated with characterization assays 
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Protocol	  Submission	  



Samples: Sample Composition 
•  caNanoLab supports the submission and retrieval of nanomaterial composition 

information including:  nanomaterial entities (e.g. dendrimer), functionalizing 
entities (e.g. small molecule), and chemical associations (e.g. covalent bond) 

•  caNanoLab supports the submission of complex particles (e.g. liposome 
encapsulated in a quantum dot) 

•  caNanoLab maintains different metadata to describe the composition of each 
particle type 

7 

Composi3on	  

Nanomaterial	  
En33es	  

Composing	  
Elements	  

Func3onalizing	  
En33es	  

Chemical	  
Associa3ons	  

Sample	  Composi3on	  



Example Particle-Specific Composition Metadata  

8 

Par3cle	  Type	   Metadata	  

Biopolymer	   Name,	  Type	  (e.g.	  DNA,	  Pep5de,	  RNA),	  Sequence	  

Carbon	  Nanotube	   Average	  Length,	  Chirality,	  Diameter,	  Wall	  Type	  (e.g.	  
DWNT,	  MWNT,	  SWNT)	  

Dendrimer	   Branch,	  Genera5on	  

Emulsion	   Is	  Polymerized,	  Polymer	  Name	  

Fullerene	   Average	  Diameter,	  Number	  of	  Carbons	  

Liposome	   Is	  Polymerized,	  Polymer	  Name	  

Polymer	   Ini5ator,	  Is	  Cross	  Linked,	  Cross	  Link	  Degree	  

…	   …	  



Samples: Characterization 
•  caNanoLab supports the submission and retrieval of nanomaterial 

characterizations including physico-chemical, in vitro, and in vivo 
•  Users can specify the protocol, instruments, and techniques used in the 

characterization assay 
•  Users can view and upload data and conditions as files and/or in a data matrix 
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Example Characterization Assay Metadata (1 of 2)  
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Characteriza3on	  
Type	  

Metadata	  

Physico-‐Chemical	   •  Molecular	  Weight	  
•  Physical	  State	  (Type=Solid-‐Powder…)	  
•  Relaxivity	  (R1,	  T1,	  R2,	  T2)	  
•  Shape	  (Type=2D-‐Circle…)	  
•  Size	  (Aspect	  Ra=o,	  Diameter	  [Avg,	  Min,	  Max],	  Intensity,	  Size	  [Avg,	  Min,	  Max],	  

Volume,	  PDI)	  
•  Solubility	  (Solvent,	  Cri5cal	  Concentra5on,	  Is	  Soluble)	  
•  Surface	  (isHydrophobic)	  
•  Zeta	  Poten3al	  

In	  Vitro	   •  Blood	  Contact	  (Plasma	  Protein	  Binding,	  Hemolysis,	  Platelet	  Aggrega=on,	  
Coagula=on,	  Complement	  Ac=va=on)	  

•  Cytotoxicity	  (Cell	  Line,	  Cell	  Viability,	  IC50,	  Caspase	  3	  Apoptosis,	  Prolifera=on,	  
Mitochondrial	  Membrane	  Poten=al,	  Mitochondrial	  Func=on,	  Gene	  Expression)	  

•  Enzyme	  Induc3on	  (Enzyme	  Name,	  Enzyme	  Induc=on/Suppression) 	  	  
•  Immune	  Cell	  Func3on	  (CFU-‐GM,	  Leukocyte	  Prolifera=on,	  Phagocytosis,	  

Cytokine	  Induc=on,	  Chemotaxis,	  Oxida=ve	  Burst,	  Cytotoxic	  Ac=vity	  of	  NK	  Cells)	  
•  Metabolic	  Stability	  
•  Oxida3ve	  Stress	  (SH	  Homeostasis,	  Lipid	  Peroxida=on,	  ROS	  Genera=on)	  
•  Sterility	  (Endotoxin,	  Bacterial/Yeast/Mold,	  Mycoplasma)	  
•  Targe3ng	  (Cell	  Binding/Internaliza=on,	  Gene	  Expression)	   	  	  
•  Transfec3on	  (Cell	  Line)	  



Characteriza3on	  
Type	  

Metadata	  

In	  Vivo	   •  Pharmacokine3cs	  (AUC,	  Clearance,	  Clearance	  at	  Time	  O,	  Clearance	  Route,	  
Clearance	  Timepoint,	  cMax,	  Elimina=on	  Rate	  Constant,	  Elimina=on	  Half	  Life,	  
Elimina=on	  Rate,	  Half	  Life,	  tMax,	  Volume	  of	  Distribu=on)	  	  

•  Toxicology	  (Histopathology	  Finding,	  Organ/Tissue,	  Lesion	  Type,	  Clinical	  
Observa=on,	  Organ	  Weight	  Measurement,	  Body	  Weight	  Measurement,	  
Toxicology	  Measurement	  [ED50,	  ID50,	  LC50,	  LD50,	  TD50],	  Survival	  Time,	  
Developmental	  Toxicology,	  Behavior	  Toxicology)	  

•  Imaging	  (Type,	  Image,	  Region	  of	  Interest,	  Image	  Contrast	  Agent	  Name,	  Image	  
Contrast	  Agent	  Localiza=on,	  Calibra=on	  Protocol)	  

Ex	  Vivo	   •  Histology	  (Organ/Tissue,	  Sample	  Prepara=on	  Protocol)	  
•  Imaging	  (Organ/Tissue,	  Cell	  Viability)	  

Example Characterization Assay Metadata (2 of 2)  
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Publications 
•  caNanoLab supports the submission and retrieval of Publications and other reports 
•  caNanoLab provides access to 1000+ abstracts published by the NCI Alliance for 

Nanotechnology in Cancer  and the broader nanotechnology community 
•  Auto-completion has been implemented for PubMed articles leveraging PubMed’s 

HTTP API for retrieving publication information in XML format 
•  A bi-directional interface between a publication vendor and caNanoLab leveraging 

the publication DOI has been implemented 
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Publica3on	  Search	   Publica3on	  Interface	  



caNanoLab Releases 
•  caNanoLab 2.0 is now available and 

includes the following new features: 
–  Usability enhancements from feedback 

obtained via the caNanoLab survey  

–  myWorkspace feature to allow users to 
view submitted samples, protocols, and 
publications and their submission status  

–  Integration with a publication vendor via 
a DOI-based programmatic interface 
and retrieval of sample information by 
publication 

•  caNanoLab 2.1 will be deployed to 
production later in 2015 and will include 
usability enhancements, performance 
enhancements, and other features 

•  Future plans include support for ISA-
TAB-Nano and other usability 
enhancements 
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MyWorkspace	  

DOI-‐Based	  Query	  



caNanoLab Community 
•  caNanoLab is supported by the NCI’s Office of Cancer Nanotechnology 

Research (OCNR) which aims to: 
–  Rapidly advance new nanotechnology discoveries into cancer clinical practice by 

fostering multi-disciplinary approaches 
–  Aid nanoparticle characterization and standardization of characterization 

methods and develop the next-generation of cancer nanotechnology researchers 
•  Data submission in caNanoLab is a term and condition of award for the 

NCI Alliance Phase III 
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Centers of Cancer 
Nanotechnology 

Excellence (CCNEs) 
U54 Cooperative Agr. 

Cancer 
Nanotechnology 

Platform Partnerships 
U01 Cooperative Agr. 

Multi-disciplinary Training 
K99/R00 Awards, R25 

Awards 

Nanotechnology 
Characterization 
Laboratory (NCL) 

NCI Alliance Phase II 

Serves as national resource to 
aid regulatory review of cancer 

nanotechnologies 

•  Phase I:  2005 – 2010 
•  Phase II: 2010 – 2015 
•  Phase III launch September 2015 

•  Alliance’s development model—most 
promising strategies handed off to 
for-profit partners for effective 
translation and commercialization 

http://www.nano.cancer.gov/ 



caNanoLab Design 

June 2015 



caNanoLab Architecture 
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caNanoLab Code Sharing 
•  caNanoLab software is open source and available for download 

on the NCIP GitHub site: https://github.com/NCIP/cananolab 
•  The latest release is: caNanoLab 2.0 
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NCIP	  caNanoLab	  GitHub	  

Code	  contribu5ons	  are	  welcomed!	  



Sharing Common Data Elements (CDEs) 
•  caNanoLab uses concepts from the Nanoparticle Ontology (NPO) 

and is listed as an available resource in BioPortal 
•  Definitions for caNanoLab concepts are maintained in the NCI 

Enterprise Vocabulary Services (EVS) 
•  The caNanoLab domain model class names and attributes are 

maintained in the NCI cancer Data Standards Repository (caDSR) 
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NCI	  caDSR	  –	  CDE	  Browser	   NCI	  EVS	  –	  NCI	  Thesaurus	  



caNanoLab Domain Model: Nanoparticle Sample 
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caNanoLab Domain Model: Composition 
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caNanoLab Domain Model: Nanomaterial Entity 
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caNanoLab Domain Model: Functionalizing Entity 
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caNanoLab Domain Model: Characterization 
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caNanoLab Domain Model:  
Physico-Chemical Characterization 
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caNanoLab Domain Model:  
In Vitro Characterization 
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Resources 
•  caNanoLab Portal 

–  Production: https://cananolab.nci.nih.gov 
•  caNanoLab Wiki 

–  https://wiki.nci.nih.gov/display/caNanoLab/caNanoLab
+Wiki+Home+Page 

•  caNanoLab Usability Group 
–  https://nciphub.org/groups/cananolab_usability/ 
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