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« Scientific missions that explore the Earth and solar system return a
wealth of data

« Capturing and archiving these data are essential for preserving
these data and supporting research and analysis

« Federal research analysis programs at NASA require data be from
public archives
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NASA/JPL Big Data Research Area&y JP

Jet Propulsion Laboratory
California Institute of Technology
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Challenge #1: How do we triage massive data streams and archive the data?

Challenge #2: How do we quickly update observation plans in response to understanding of
newly acquired science data, especially for time-limited missions?

Challenge #3: How can we use advanced data science methods to systematically derive
scientific inferences from massive, distributed science measurements and models?

Science Team




NASA/JPL Informatics Center: JPL

Crossing Disciplines to Support Scientific ReSeareh™

chnology

= Development of an advanced
Knowledge System to capture, share
and support reproducible analysis from
the biomarker data results
= Supporting EDRN program since 2001
=  Supporting MCL program since 2015

* NASA-NCI partnership, leveraging
informatics and data science
technologies from planetary and Earth
science

» Reproducible, Big Data Systems for exploring
the universe

= 2011 NASA Group Award for “innovative use
of NASA software technologies to support
cancer research’



Creating Knowledge from Big Data: Exp
Mars Imaging Data with Mars Trek

Derived from about 800 TBs of Imaging Data in the NASA Planetary Data System




Informatics and Data Science

and Capabilities
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EDRN — Early Detection Research
Network e

Early Detection Research
Network (EDRN) is a network
of 40+ institutions all performing
research geared towards the
discovery of cancer biomarkers,

which are early indicators of - -
onset of disease Assay B Coorerics

NCI/NIH funded program Development
— Started in ~2000

— NCI’ s flagship program

Informatics efforts cited as a
model for biomarker research

Cross-disciplinary collaboration
(FHCRC, JPL, Dartmouth and
NCI)

Discovery

Validation

EDRN Organizational Structure
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MCL - Consortium for the Characterization of _,p

. Jmpvop.mmorm
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To conduct a comprehensive molecular and cellular characterization of
tumor tissue, cell, and microenvironment components to distinguish
screen-detected early lesions from interval and symptom-detected

cancers. (Funded 2015)



Key Informatics Accomplishments

C . &N JPL
in Life Sciences

Implemented a national, biomarker knowledge system re-using
advanced informatics technology developed for planetary data science

Pioneered the concept of providing access to information about
biospecimens across EDRN at a national level (2001)

Developed a repository for capturing scientific data sets; captured 90
data sets; integrated with the Canary Foundation infrastructure.
Developed a biomarker database for capturing and annotating EDRN
biomarkers; high-quality curation on more than 900 biomarkers

Developed a public portal that provides dissemination of EDRN
information as well as scientific data and results; over 2400 unique
visitors a month

Developing new tools for the Laboratories to support the processing,
capture, curation and sharing of data before publications

 Received NASA Award in 2011 for the “innovative use of NASA
software technologies to support cancer research” due to significant
reuse of capability

« Began leveraging the architecture across multiple NCI programs

Jet Propulsion Laboratory
California Institute of Technology



Cancer Biomarker Bioinformatics JPL
Workshop e

The NCI and NASA Jet Propulsion Laboratory held a workshop in
May 2013 at Caltech to address informatics and data-driven research
in cancer biomarkers

— http://edrn.nci.nih.gov/cancer-bioinformatics-workshop/cancer-biomarker-
bioinformatics-workshop-report-may-2013

— A major outcome focused on data usability, reproducibility of results,
methods and algorithms to systematize data analysis, and scalable
computing infrastructures.

Key Recommendations

— Systematic approaches to the generation, capture, management of data
to enable reproducibility

— Increased emphasis on data curation to promote data reuse

— Automation of data process/analytics software pipelines

— Data integration and fusion of data from multiple platforms, studies

— Scalable data infrastructures and repositories

— Use of big data tools and bioinformatics techniques to scale data analysis
— Increased training of scientists in the use of computational tools/methods




Data and Computational Flow

JPLU

Jet Propulsion Laboratory
California Institute of Technology

, A
Overall Architecture + Curation of data — fEecimens
from studies, other &
science data, etc.
Local Laboratories {eoliaborators)
CBRG funded labs (EDRN, MCL, etc.) |
Laboratory v DI D_ita_
Biorepository Public Eapoution External
Instrument (LabCAS) Knowledge-base jertel Science
““op (eCAS) Community

Publish Data Sets
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Analysis Team

A ‘
Scientific Results @ K(j D,

Tnstrument Science Data + Local algorithmic Bioinformatics Bioinformatics
Operations | Processing processing Community Tools
b4 w A
& Automated pipelines Big Data - “
Big Data

¢ Complex workflows

# Scaleable algorithms
¢ Computational -omics
« Auto feature detection
+ Auto curation

# Scaleable computation
# Biology infrastructure
+ Cloud, HPC, etc.

¢ OODT+Tika+Hadoop+Solr
¢ On-demand algorithms

« Data fusion methods

¢ Machine-learning

JPL ¢ Dartmouth ¢ Caltech )




Common Data Elements and

. NN JPL
Information Models BT
« CDEs provide a common set
of data semantics to capture
P Descriptive Da’Fa
and share data Object
Metadata
— EDRN CDEs
— MCL CDEs
- Work with CBIIT to reuse — =
standard elements in caDSR =]
for consistency across NCI
 All archived data are = -
captured as information —
objects (same as planetary)

— Metadata described using = "
CDEs =S : = T =] '*
— Data captured and stored in lll \w
a data repository

| Patagant

Biomarker Ontology Information Model
12



LabCAS: Laboratory Catalog and Archive

Service

JP

JMonlenlabotxory

nsti

Provides investigators with a
secure, reliable means to capture
their pre-publication research
datasets

Provides integrated data
processing

Enables investigators and
collaborative groups/projects to
share data in a secure manner as
early as possible

Scales to support data intensive
projects

Facilitates repeatable data
processing pipelines

LabCAS is a new capability
under development

m National Cancer Institute U.S. National Institutes of Health | www.cancer.gov

6‘\% Early Detection Research Network

Biomarkers: The Key to Early Detection

‘,\\ Mv L

Lab

Laborator atalog and Archive Service

What is LabCAS More Information

EDRN LabCAS is a better way to catalog LabCAS is currently under active development. For more
and archive laboratory data files in a information, please send an email to: edrn-
way that facilitates later retrieval and proteome@jpl.nasa. gov.

dissemination among collaborators.

wlogy



Data Capture , Processing and

. JPL
Ingestion @ S

Dataset File File Pipeline Dataset
Registration Upload Curation Configuration Publication

Metadata update

Data transfer Workflow launch

Data Management v Processing Pipelines
| Staging Area J Workflow

ob communication| Resource
Manager(s) Manager(s)
Data discovery
[ Archival File Algorithm retrieval Job executidn
Crawler(s)
< ]] negerts) m( Analytic Virtual Machine(s)
. = A Pipeline(s)

Data exchange Data retrieval/archival
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eCAS: Capture and Sharing of Public

JPRPL
Data Sets
= EDRN has a warehouse of pubhc M? S O e N K e e D 555
biomarker data —_—

=

Science Data Warehouse

» Uses the CDEs to populate a
catalog describing the data sets

« Supports public release/access to
the data & s e

» Supports peer review of the data

by collaborative groups prior to
public release

* Integrated with the rest of the
knowledge system

» Supports reproducibility studies

AAAAAAAAAAAAA

= Provides a |Qng term and central J-Tf j.__ L: ]__T “”
capture of biomarker study
results for the broad community - - .. .. = Credit: Sam Hanash (Validation of
1 1 1 1ﬂ Protein Markers for Lung Cancer

Using CARET Sera and
Proteomics Techniques)

= Being extended to MCL
15



Virtual, Distributed Specimen System

Jet Propulsion Laboratory
California Institute of Technx y

H. Lee Moffitt Cancer Center
University of Texas, San Antonio

Creighton University
University of Colorado
University of Pittsburgh

University of Michigan/Dartmouth College
(Great Lakes New England Consortium)

Brigham and Womens Hospital

MD Anderson

New York University
UCSD

Center for Disease Control
Johns Hopkins

Duke University

Fred Hutchinson Cancer Research Center
Fox Chase Cancer Research Center

6523

12956
555
51002
17618

336

0 51002 - Blood

H 336 - Bone Marrow

H 17618 - Tissue

O 555 - Bronchial Washings
W 12956 - Sputum

W 6523 - Urine

National Data Sharing Infrastructure
Supporting Collaboration In Biomedical Research For EDRN

Fred Hutchinson

UT Health Science
Center, San Antonio Center, Tanpa
(CEC)
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Go To: Home > JNCI > Archive > Vol. 95, No. 3 > 'l‘cncnbuum.pp. l6- 187.

Journal of the
National
Cancer
Institute

Journal of the National Cancer Institute, Vol. 95, No. 3, 186-187, February 5, 2003

© 2003 Oxford University Press » Similar articles found in: PubMed
S = » PubMed Citation
NEWS » Search Medline for articles by:

Tenenbaum, D.
> Alert me when:
new articles cite this article

Sel'Ving Up Specimens: NASA-NCI Project » Download to Citation Manager

: ¥ Get Related:
Links Databases Across the Country JINCI Articles
-Journal Articles
David Tenenbaum -PDQ Summaries/Trials

NIND DL PGPS o V9N P » D YRR




Enrichment with Biological Database

References and Information

JPL

Laboratory
California Institute of Technology
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Biomarkers: the key to early detection

Home About EDRN Biomarkers

Protocols Science Data Specimens

You are here: Home — Biomarkers

Secuwre Ste
Biomarkers

Pubic, Patients,

Advocates

- Cancer biomarkers currently being evaluated by the EDRN.

ng

Opportunities The EDRN is involved in researching hundreds of biomarkers. The following is a partial
list of biomarkers and associated results that are currently available for access and

Sites viewing. The bioinformatics team at EDRN is currently working with EDRN

collaborative groups to capture, curate, review, and post the results as it is available.
P EDRN also provides secure access to additional biomarker information not available to
the public that is currently under review by EDRN research groups. If you have access
to this information, please ensure that you are logged in. If you are unsure or would

\\é‘ Early Detection Research Network

like access, please contact the operator for more information.

Committees
Blomarker
iormatics Contents
Standards
Title
Dwision of Cancer 14-3-3 theta
Preventon
4DELF
Cancer Bomarxers AAT
Research Group
AFP
Booksheif AFP-L3
AFPIC
AGRN
AKAP12
AMACR
AMBP

Type
Protein

Proteomic
Protein
Protein
Protein
Protein
Protein
Genomic
Protein

Protein

Organ(s)
Lung
Colon
Liver

Liver

Liver

Liver
Ovary
Esophagus
Prostate

Ovary

DC

U.S. National Institutes of H

Division of
Cancer Prevention

Announcement 01/13/2011

The 22nd EDRN Steerng

from T.»sday T"u'sday March

8-10, 2011,

n Los Angees, CA.

Information about th's event,
such as meeting reg'stration,

agendas, and hote!

accommodatons can be found

Announcement 11/20/2010

Tne Amercan Colege of
Radoogy Imagng Network
{ACRIN) 's pieased to announce
the ava'ab/ty of the Natona
Lung Screening Tral (NLST)
ACRIN Borepos tory for research
opportuntes. Cicx

Facilitates capture and
sharing of ‘omics annotations

Provides connection to the

following:

* Protocol

» Scientific Data

* Publications

« Additional Biomarker
Resources

Secure Ste

| Pubic, Patenss,
Advocates

Fundng
Opporintes

Stes

Memoers

Ee 5 E

Bomarcer

Q3

Preverton

\\é‘ Early Detection Research Network

Biomarkers: the key to eary detection

Home About EDRN Biomarkers Protocols Science Data Specimens

Dvision of Gancer

U.s. National Institutes of He|

You are here: Home — Biomarkers — 14-3-3 theta

14-3-3 theta

Basics | Organs | Studies | Publications | Resources

ATTRIBUTES
s also kno O Acox
State: Aot
14-3.3 protein T-col, Protain HS1, 14-3-3 protein theta, tyrosine 3
o 5 ation protein, theta. e flProisty
po. YWHAQ, 14-3-3 protein tau, Short e
Name:

Description...

14-3-3 theta belongs to the 14-3-3 family of proteins
‘which mediate signal transduction by binding to
phosphoserine-containing proteins. This highly conserved
protein family is found in both plants and mammals, and this
protein is 99% identical to the mouse and rat orthologs. The
14-3-3 proteins have a wide range of ligands, are involved in a
variety of biological pathways, and are known to be

Announcement 1172072010

Researcn Growo

Bookshe

in lung cancers, suggesting that
they may play arole n tumorigenesis. 14-3-3 thetais an
adapter protein implicated in the regulation of a large spectrum
of both general and specialized signaling pathway. It binds to a
large number of partners, usually by recognition of a
phosphoserine or phosphothreonine motif. Binding generally
results in the modulation of the activity of the binding partner.
14-3-3 theta antigens have been found to be targets of
autoantibodies in subjects newly diagnosed with lung cancer.

Send this — Print this




Portal: Dissemination and Access to P
Knowledge System Data S

aANNn Welcome to EDRN — EDRN Public Portal

Early Detection Research Network DCP 2 e " Gateway to information

‘e K Resoarch and evelopment of Déomaniers and 1echnosogies for the CINVON ADONCAtON of eary CaNOer Ceecion SYane)ies

» [nformation managed both
e Bt = = within and outside the

Welcome to EDRN Anacencement GTNS/E010

— knowledge system

The Early Detection

) Furding Research Network (EDRN), ' e ngn H H
— T e cewe== | |nitial starting point for
el e —— community to access
:‘ — accelenate the transiation of e y

Diomarker information inmo

research data

clirical appications and %0

Smartr evalate new ways of

e :;:::;:;... » Google-like search to
5 gmsmme o et o o o e access the wealth of data

= | = Multi-level Security
ez protects pre-publication
and sensitive data

http://cancer.gov/edrn
http://mcl.jpl.nasa.qov
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Navigating the Knowledge System: Data

Semantically Linked

JeL
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it National Cancer Institute
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es% Early

ann Science Data — EDRN Public Portal

National Cancer Institute

Oision of

ﬁé’ Early Detection Research Network DC

o
Home About EDRN Biomarkers Protocols Science Data Publicatons. ources. Home 'About EDRN [re—— Protocols Science Data Publications [—
You are here: Home — Profocols — Validation of Protein Markers for Lung Cancer Using [Bearch Site A, Search You are here: Home ~ Science Data. Search Site. on
| e\ nemrm, | e Proseomcs Techicues o= s =
vocues &y rovian .
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Crnenrnes Techniques Wedresday 1y At o The EDRN i involved i researching hundreds of bomarkers. The folowing s & vomedresco e At
15,2010, kvt . 11,2010, skt M.
Abbreviated Name:  Lung CARET Information sbout the evet. such -
Joyoren o l;l::ctswmw s g ot o
regevaton, s sgecdes canbe . astis soemmwiatrn oy
Description: Load Investigator: o - valabie, roson o i o o
PURPOSE: We have implemeted a Noh tvoughout  Henash, Sanic — Fisd M publc oy ityou
pla v Eikihison Carcer Raseach have access to this nformaton, pisase ensuro that you are logged i I you are
Blamarker autoantibodies which we have spplied 1o lung cancer Certer Announcement 08/18/2010 — unsure or would like access, please contact the operator for more information. Announcement 08/1/2010
St fordiscovery of novel antgens, and for validation n R R ER s
< Sandards pre-diagnostic sera of autoantibodies to antigens SAC Fredenck and < Snderds Contents SAC-Froderck and NCI anvcunce:
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All Results
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Other Documents
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Welcome to EDRN

s2ages andfor cancer rek.

Getting Started...

poner > For Pubic, Patirss, Advocates

> Cotaboratie Opooriunses (how 1o foin EDRN) b For Rasaarchers

Linked through
Public Portal

Biomarker Data Results ‘

USS. Natons nsttut

sg) Early Detection Research Network DCP 2

Research and develooment of biomarkers and technoloaies for the ciinical application of earty cancer detection strateaies Notlogged in. Log in
Home / Protocol Dataset: FHCRCHanashAmnexinLame EDRN CATALOG & ARCHIVE SERVICE

Autoantibody Biomarkers

Dataset Metadata: s indormath 1-7 of 7 Products Associated With This
Dataset:

Protocol  Validation of Protein Markers for Lung Cancer Using CARET Sera and = o

Name Proteomics Techniques =00

(By Batch)14-3-3.0df
CARET lung cancer.xls

Protocol 1D 138

ou We have implemented a high throughput platform for quantitative analysis
Abstract o serum autoantibodies, which we have appied to lung cancer for PIDI-1 odf
iscovery of novel antigens and for validation in prediagnostic sera of
autoantbodies to antigens previously defined based on analysis of sera | (i BAICHILAMRL pdf
collected at the time of diagnosis. RESULTS: We present evidence for the | (5, 5u1ch)pGro.5 o
occurrence i lung cancer sera of autoantibodies to annexin |, 14-3-3 e
theta, and a novel lung cancer antigen, LAMRL, which precede onsetof |  annexinslamrle 14-3-3.0df
symptoms and diagnosis.
Dataser ; ResultPage 1
Daael  pusoantibody Bomarkers
principal .
Investigator S Hanash
Site Name  Fred Hutchinson Cancer Research Center (Bomarker Developmental
Laboratories)
oata
Custodian /' A

Data
Custodian  jiqu@fhcrc.org
Email

Organ site  Lung

Organ
Collaborative Lung and Upper Aerodigestive
Groups.

Method ___ Proteins from human lung 1l line AS49 lysates were.

Access to download data




A Virtual, National Integration
’ SJPL
Biomarkers Knowledge System @ B e

Canary
Foundation /
Genol.ogics

Swiss-Prot

—

— Protocol
' Database ‘
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\ , — - Science Data
- Reference Sets
- EDRN Resources
- S.0.P Documents

Publications

(PubMed, Olhers)
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Moving towards data-driven
: : nasa i | = I
discovery for cancer biomarkers BT

“‘LabCAS”
Instrument Laborafory Public Distei?)tjtion External
Biorepository Biorepository Science
. Communit
Publish Data Sets y
(S il
“eCAS” =
Results
Bioinformatics
Tools
= At_;_alysis [EE—
< .j eam
@\ * Local algorithms >

Instrument processin .

Operations Science » On-demand algorithms

Data - Algorithms
Processing - Data fusion methods

+ Automated pipelines « Machine learning techniques ==
+ Complex Workflows Bioinformatics
» Scalable Computational Algorithms « Scalable Computational ’g' .
* (genomic, proteomic) Biology Infrastructures ommunity
« Automated feature detection (cloud, HPC, etc
+ Automated curation 22

-Cross-cutting Data/Information Architectures -



Application of Machine
- - JPL
Learning Techniques e
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®° win - 1

“;— :}:E‘l’;: é m‘ n — 2000 N08-8a2 2 a 0

Estimate the Staining Detect nuclei on a Classify single nuclei into
on a whole spot whole spot tumor, non-tumor and
stained, not-stained

Feature/Object Detection

Automated Classification
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Teresa Wang

« Ontologies, Common Data Elements, etc.
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Early Detection Research Network

f ‘Jnformatzcs

The JPL Informatics Center would like to collaborate with the

ITCR Program to explore how data, tools, and methods can

be shared to expand the knowledge system and support the
EDRN and MCL Programs and other NCI research.

‘ . . http://www.facebook.com/
http://twitter.com/edrn ic oroup.php?gid=56938589930 i I




