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« Background
—Mode of action in risk assessment
—How systems approaches can facilitate risk assessment

- Data management needs to enable systems approaches to
enhance risk assessment

- Office of Research and Development
National Health and Environmental Effects Research Laboratory
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Human Health Risk Assessment
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The 4 Step Risk Assessment Process

Hazard Dose-Respanse

Identification Assessment
What health problams ':LP.-.‘} What are the health |5
are caused by the problems at different

pollutant? exposures?

Risk
Characterization

What is the extra risk of
health problems in the
exposed population?

Exposure

Assessment
How much of the :Izullul:ant

are people exposed to during

a specific time period? How
many people are exposed?

- Office of Research and Development
National Health and Environmental Effects Research Laboratory

http://www.epa.gov/risk/health-risk.htm
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Mode of Action
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- Toxicity pathways

—NAS/NRC, “Toxicity Testing in
the 21st Century”, 2007

- Key Events
— Biomarkers (bioindicators)

- Apical endpoint
—Ii.e. Adverse outcome

Office of Research and Development
National Health and Environmental Effects Research Laboratory

Environmental Stressor
Environmental Perturbation
Toxicity Pathway

Adverse Outcome

Gallagher, et al., (2010) in “Biomarkers in Medicine,
Drug Discovery and Environmental Health”

Meek, ME, (2008) Environ. Mol. Mutagen. 49:110



EPA Systems biology & the MOA framework

Environmental Protection
Agency

@Cancer

{®Cardiovascular

@ Metabolic
Developmental
Endocrine

@ Hematological

| Immunological

@ Respiratory
@ Neurological

- Office of Research and Development
National Health and Environmental Effects Research Laboratory

Edwards & Preston (2008), Tox Sci, 106(2):312-318
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- Background

« Data management needs to enable systems approaches for
enhancing risk assessment

—Platform
—Underlying object model
—Action shots

- Office of Research and Development
National Health and Environmental Effects Research Laboratory
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- Must be easy to use
- Must be customizable
—Must capture a wide variety of study designs

—Must adapt to ever-changing experiments &
methods

» Must meet our IM/IT requirements
—Must keep long-term maintenance costs low
—Must interface with other Agency databases
—Must fit into Agency-wide data management system
—Must support users throughout the U.S.
- Want a single data source for power & casual users

- Office of Research and Development
National Health and Environmental Effects Research Laboratory
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The solution is...
e A system that is quickly constructed and easily revised
* A system that can handle many data types

* A modular and transparent system

* A Web-based system D
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http://www.bioteam.net/
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Traditional LIMS vs WikiLIMS

e Complex and unfamiliar interfaces  *®

* Proprietary languages *
* Commercial technology platforms
* Complex data schemas

* High cost

Traditional LIMS WikiLIMS

Simple user interface

Use any popular language
Open-source

Data is the schema

Low cost

http://www.bioteam.net/
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Architecture
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EPA Conceptual Model for Our WikiLIMS

Environmental Protection
Agency

has many
) (Biosample)
Serves as iosam
StUdy input for { _ P
=
has many
- / serves as
[OUtcomeJ input for
= -
has many
——h A can be
: derived from | Study Protocol |
{Operatlng]‘_ﬂ-—-—-—-‘ one or more
Protocols creates many
| o
may include [El‘ldell‘lt]
can be
[Stressors} Data
Integrated with existing QA procedures | serves asinput for
Links to other EPA databases [Analysis]

Associated with physical sample

- Office of Research and Development
National Health and Environmental Effects Research Laboratory
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WIK]

havigation

= hizin Page

m Comtmunity portal
= Current events
= Recent changes
= Random page

= Help

categoties

u People

= Projects
Studdies
Subjects
Documents
Protocols

Strezsors

Suppliers
= Controllec
Wocahularies

Tutarials

page dizcussion

Top Level Organization is via Projects

edit with form et histary delete move protect weatch refresh

Steve Air Genomics Test 1

Project Name
Project Lead

Participants

Readers
Multi-year Plan
Long-term Goal

Annual Performance
Goal

Annual Performance
Measure

Proposal

Studyf(ies)

Steve Air Genomics Test

Stephen Edvwards (NS
Susan Hester (Siwm®), Beena Yallanat (Seaiiel, Bill Van Etten (509, MNina Rountree (Easseiie), Geremy Knapp m Harriet
Asheroft e, ClarLynda Willams-Detane gy

Abdul Malek Khan s Lyle D. Burgoon divnlil)

Clean Air Research

1 Reduce uncertainty in standard setting and air quality management decisions due to advances in air pollution science

B Evaluate the importance of key biologic pathways in explaining how air pollutants cause adverse health outcomes

22 Identify the mechanisms by which air pollutants cause adverse health effects

Air Test Project Proposal
Microarray Test, Microarray Test2, SWWE MNew Ozone, SWE Ozone Outcome 2, SWE Ozone Outcomes, Steve Ozone Test Add Study

This project is for testing WikiLIMS functionality by test loading a series of studies by Urmila Kodavanti. — Mechanisms of susceptibility to air pollutants:
Understanding the mechanisms and roles of genetic oxidative stress in susceptibility to ozone. (Unpublished) — One-Month Diesel Exhaust Inhalation Produces
Hypertensive Gene Expression Phenotype in Healthy Rats (Gottipolu et al. (2009) Environ Health Perspect. 117(1):38-46). — The Role of Particulate Matter Associated
Zinc in Cardiac Injury in Rats (Kodavanti et al. 2008 Erviron Health Perspect. 1T16(1):13-20)

Category: Projects

Office of Research and Development
National Health and Environmental Effects Research Laboratory
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United States A Study Corresponds to an Individual Experiment

Environmental Protection

Agency
page dizcussion edit with form edit hiztory delete miove priotect wwatch refresh
\A /vt SWE Ozone Outcome 2
VVIK
Study Variables | Study Design || Study Phase Study Outcome || Study Analyses || Groups | Subjects
navigation Project Steve Air Genomics Test 1
m Mzin Page

Start Date  2010/02/24 01:36:49 P

= Community portal

= Current events Individuals compromised with preexisting conditions, such as diseases, are likely more susceptible to environmental exposures, and often the
= Recert changes uncertainty factor employed in risk assessment may not be adequate to protect these individuals. Although diseases such as congestive heart failure,
= Random page atherosclerosis, Parkingon's and Alzheimer's diseases, diabetes, infertility, and cancer have diverse etiologies, they have one commaon element,
= Help namely the presence of oxidative stress. Often the disease pathology and oxidative stress are interdependent, such that alleviation of one improves the
categories other condition, and thus, the individual's susceptibility to ervironmental exposures may relate to each of these conditions. However, the complex
u People Introduction interactions between disease development and oxidative stress are not well understood but are likely linked to genetic abnormalities that underlie
= Projects individual susceptibility. To understand the mechanism of susceptibility, and the role of underlying oxidative stress as a common susceptibility
= Studies attribute, relevant animal models exhibiting genetic predisposition to oxidative stress can be employed. In this proposal, we hypothesize that rat
= Analyses models exhibiting phenotypic predisposition to oxidative stress and a variety of cardiovascular diseases (CWD) will be more susceptible to ozone-
= Subjects induced cardiopulmanary health effects. A number of rat straing phenotypically predisposed to a variety of diseases which are available through
= Documents Charles River will be tested for their susceptibility to air pollutants, and genetic expression profiles compared to understand oxidative stress-mediated
= Protocols mechanisms.
= Stressors Discipline  Exposure
= Suppliers
» Cortralled Duration
“ocahularies Duration Unit
= Tutorials Purpose  To understand the mechanisms and the roles of genetic oxidative stress in susceptibility to ozone.
forms Principal
. Stephen Edwards el
= Aodd Project Investigator P
® A Sty Design Type Factorial
m Aol Analysiz B .
= Acd Subject Subject Type Lab Animal
= Add Documert Time Type Study
= A Protocol Group Size &
m Add Stressor
IRP hy IRP

u Ao Supplisr
Publication{s) Mone: Add Publication

special

- Office of Research and Development
National Health and Environmental Effects Research Laboratory
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Study Variables — Data Input Form
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page dizcussion edit with form edit hiztary delete mowe parctect weatch refrazh

, = Edit Study: SWE Ozone QOutcome 2
WIKI !

Study Design | Study Phase

navigation
u Main Page name Values{multiple values separated by ,} unit
= Commurity portal [0zONE v|/00250510 pAm

= Current events

® Recert changes

u Random page
= Help

[ Add another Stregsar ]

categories

u People Gender. |none

® Projects

n Studies

= Subjects Strain: [none
n

u

Female

Documerts
Protocols

m Slressors

= Suppliers

u Controlled
YWocahulaties

u Tutorizls

forms Tirme: |[|,1;3 | hours

= Agdd Project

mAdd Study
= fodd Subject [ Create Study Design

u Ao Document
= Add Protocaol Surnmary: |
B Mo Sfressor

- Office of Research and Development
National Health and Environmental Effects Research Laboratory
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Study Design — Data Input Form

\

v H\

navigation

Main Page
Community partal
Current events
Recert changes
Random page
Help

categories

People
Praoject=
Studies
Subjects
Documents
Protocols
Stressors
Suppliers
Cantrolled
Yocabularies
Tutorialz

forms

Add Project
A Study
Addd Subject
Aeld Documerit
Add Protocol

rage dizcussion

edit with form edit

history

delete IO

Edit Study: SWE Ozone Outcome 2

Study

Create Group? [

Group Name
CageControl3D

Remove

Group Name
CageControlSHHF

Remove

Group Name

CageContralSHRSP

Remowve

Group Name
CageContral JCR

Remowve

Study “ariables

Study D

Size

Size

Size

Size

Study Phase

values combination

null kale

values combination

null hale

values combination

rull kale

values combination

rull kale

D

SHHF

SHRSP

JCR

protect

weatch refresh

18

18

1d

Office of Research and Development
National Health and Environmental Effects Research Laboratory
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navigation

Main Page
Community partal
Current events
Recent changes
Random page
Help

categories

People
Project=
Studies
Analyses

= Subjects
® Documents

Protocols
Stressars
Suppliers
Controlled
wWocabularies
Tutarialzs

Study Variables Table Summarizes the Overall
Design of the Experiment

page discusszion edit with form edit delete weatch refresh

SWE Ozone QOutcome 2

history move protect

study Design otudy Phase

Study Wariab

Study Outcome otudy Analyses Groups

M Study variable name

M Study variable value M Study variable unit

QIONE 00250510 ppm

gender hale nane
strain WY Wistar, SHR, FHH, JCR, SHRSP, SHHF, 50 none
time 018 hours

Please specify an Excel file of End Point data to upload:

Browse..

Upload Excel file

Category: Studies

Office of Research and Development
National Health and Environmental Effects Research Laboratory
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m Current events
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= Random page

= Help

categories

People

Projects

Studies
Analyses
Subjects
Dacuments
Protocal=
Stressors
Suppliers
Cantralled
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= Tutarialz

Study Design Page Explicitly Defines the Groups
Based on that Overall Design

page dizcussion edit with form edit history delete move protect weatch

SWE Ozone Outcome 2

Study Study Phase

Study “ariables Study Design Study Outcome Study Analyses

M Group size is [ Group value is

M Group name is

0 kale SHRSP O
0 Male SHRESF 18

00_Ghdale_SSHREP_TO
00_Ghale_SSHRSP_TI18

CageControlWistar 2 null kale Wistar 18
CageControlWWky 2 null Bale WY 18
CageContralZHR 2 null fale SHR 15
00_Ghlale SWWIKY _TO = 0 Male Wiy 0O
00_Ghlale_ =W _T18 =] 0 Male Wk 18
D0_GMale_=wWistar _TO o 0 Male Wistar O
D0_GMale SwWistar T18 g 0 Male Wistar 18
00_Ghale_SSHR_TO 8 0 Male SHR O
00_Ghale_SSHR_T18 =i 0 Male SHR 18
00_Ghale_SFHH_TO 8 0 Male FHH O
00_Ghale_SFHH_T18 8 O Male FHH 18
o0_Ghlale_SJCR_TO =] 0 Male JCRO
o0_Ghlale SJCR_T18 8 0 Male JCR 18

=

=]

- Office of Research and Development
National Health and Environmental Effects Research Laboratory
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navigation
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= Recent changes

= Random page

= Help
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Projects
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Documents
Protacals
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Suppliers
Contralled
“Yocabularies
Tutarialz

Study Phase Allows Different Time Units for
Different Phases of the Experiment

page

dizcussion

edit with form

SWE Ozone QOutcome 2

Study

M Name
Acclimation

Exposure

Fost-sac

Study “ariables

M Order
1
2

Fost-exposure 3

4

Study Design

[ Duration
14

=

19

eddit history

Duration Unit

days
hours

hours

delete

move

Study Outcome

protect

wratch

Study Analyses

Flease specify an Excel file of End Foint data to upload:

pload Excel file

Categaory: Studies

Office of Research and Development
National Health and Environmental Effects Research Laboratory
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Study Outcomes Segregate the Experiment into
Specific Units of Work

page dizcuszion edit with form et hiztory delete MIoe protect weatch

SWE Ozone Outcome 2

Study

Stud i Clutcome

otudy Yariables | Study Design | Study Phase otudy Analyses

SWE Ozone Outcome 2 Outcome Hushandry
SWWE Ozone Outcome 2 Outcome Exposure

SWWE Ozone Cutcome 2 Outcome Recovery

SYWE Ozone Cutcome 2 Outcome Necropsy

=WWE Ozone Outcome 2 Outcome Lung Measurements
=WWE Ozone Outcome 2 Outcome Blood Measurements
=WWE Ozone Outcome 2 Outcome Wicroarray

SWWE Ozone Outcome 2 Outcome gPCR - 10001 gk

add Qutcome

- Office of Research and Development
National Health and Environmental Effects Research Laboratory
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Outcomes Are Made Up of Protocols
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SWE Ozone Outcome 2 Necropsy

hiztory delete moveE protect

WIKI

Surmrmary Input Endpaints Fesults
navigation . q
d i Protocol M Phase Group Timepoint Comment
= hiain Page .
= Community portsl Anesthesia Fost-exposure 18
= Current events Aorta Collection Post-exposure 19
= Recent changes Blood Collection Post-exposure 19
= Random page .
Fad Heart Collection Fost-exposure 19
= Help
Lung Caollection Post-exposure 19
categories
Lung Lavage Fost-exposure 19
m People
= Projects Sample Disposition Protocal  Post-exposure 19
= Studies Gross Obszervation Protocol  Post-exposure 19
= Subjects Anesthesia Fost-exposure 1
= Documents )
= Frotocols Aorta Collection Fost-exposure 1
= Stresszors Blood Callection Paost-exposure 1
= Suppliers Heart Collection Post-exposure 1
u Cortrolled .
\ocakularies Lung Collection Fost-exposure 1
= Tutorisls Lung Lavage Fost-exposure 1
Fa— Sample Disposition Protocal  Post-exposure 1
® Add Project Gross Observation Protocol  Post-exposure 1
m A Shudy
= Add Subject

Office of Research and Development
National Health and Environmental Effects Research Laboratory
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WIKI SWE Ozone Outcome 2 Necropsy
sSummary | Input || Protocal Rezults
nangafion H names
8 Main Page
u Community portal Lung D )
m Current everts BALF ID
= Recert changes Elood ID >_ Blosamples
® Random page
Aorta 1D
u Help
Heart ID _J
categories i ) i ) ) ) ) ) ) ) )
Body Weight, Aorta Weight, Calendar Time Date, GSI, H3l, Heart Weight, Liver Weight, Lung Weight, Gonad Weight, Whole Brain YWeight, Brian
" Peorie Weight No Pitutary, Pitutary Weight, Kidney Waight
" Projects eight No Pitutary, Prtuitary Weight, Kidney Weig
n Studies
n Subjects
n Documerts
® Protocols Category: Qutcame
§ Stressors
u Suppliers
u Controlled
Yocabularies
u Tutarialz

- Office of Research and Development
National Health and Environmental Effects Research Laboratory
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WIKI SWE Ozone Outcome 2 Necropsy
/ 1IN

Sumrmary Input Protocol Endpaints
havigation 1. Protocol: Anesthesia ?EIABC Mercury_Project
® Main Page Time/Groups: Post-exposure:19; 105 ach 11
= Community portal Results: Anesthesia_Post-exposure_19 15 M4 OTd,
: g:::::;:;;zg Fesults Directory & =l |y Steve_air_Genomics_Test_1
+ | ) Microarray_Tesk
= Random page Comments: )
- Help + | ) Microarray_TestZ
_ + | ) Steve_Czone_Test

categories 2. Protocaol: Anesthesia ) [(5) SWE_Mew_Ozone
- People Time/Groups: Post-expaosure: 1, = [C5) SWE_(zone_Oukcome_2
= Projects Results: Anesthesia_Fost-exposure 1 + () SWE_Czone_Cukcorme_2_Cukcomne_1
s Studies Results Directory &9 + [ ) SWE_CQzone_Cutcome_2_Cutcome_Z2
= Subjects Comments: # ) SWE_Czone_Cutcome_2_Cwukcome_3
[ T p— : =l ) SWE_CQzone_Outcome_2_Oukcome_4
= Protocols + | ) Anesthesia_Post-exposure_1
» Siressors 3. Protocol: Aorta Collection + | ) Anesthesia_Post-exposure_19
u Suppliers Time/Groups: Post-exposure: 19, + | sorta_Callection_Paost-exposure_1
w Cortrolled Results: Aarta Collection_Post-exposure_19 * ) Aorta_Collection_Post-exposure_19

Yocabularies Fesults Directory & # () Blood_Collection_Post-exposure_1
= Tutorials + [} Blood_tCollection_Post-exposure_19

Comments: # ) aross_Observation_Assay_Post-exposure_1
+ | ) Gross_Observation_fssay_Post-exposure_19

- Office of Research and Development
National Health and Environmental Effects Research Laboratory
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navigaon M Protocol M Phase Group [ Timepoint [ Comment
= flzin Page i
= Community portal RMA CQuality Check FPost-sac 1.2
® Current events RMA Cluantity Check Post-sac 1273
= Recent changes REA Isolation Post-sac 1
= Random page . .
hed CRMA Amplification Fost-sac 1
m Help
CRMA Fragmentation Fost-sac 1
categories . e
Affymetrix Hybridization  Post-sac 1
= People
® Projects Affymetrix Scanning Fost-sac 1
= Studies Affymetrix Quality Check  Post-sac 1
= Subjects
. Documents
m Protocols
= Siressors Category: Outcome
u Suppliers
m Cortrolled
Wocabularies
n Tutarials

- Office of Research and Development
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Return to Outcame page: SWE_Ozone_Outcome 2 Outcome_Microarray#tab=Results

Contents [show]

navigation

v Results from Affymetrix Gene Expression Study

feammunity portal Diata Directory &
Current everts

Recert changes QA Results
Random page

Help QC_repart.pdf B

categories Cel Files
People

. Single zip file for batch download &
Projects

Studies Individual files i@

Analyses
Subjects Gene Pattern Data

Documents Perforrm Analysis in GenePattern &2

Pratocals
Stessors GenePattern Files &
Suppliers
Cantrollzd
Yocabularies
Tutarials

R esets
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Name Last modified S1ize Description

a Parent Directory -
E}MFHESI 01-Apr-2010 0%:.07 -
EﬁuditFilesf -
ﬂ CelFiles Name Last modified  Size Description

elFiles. mip E—

CelFies/

& : _ES aParent Directory -
E}DatFﬂesf _ _
E CleneDatterm) 1Al ﬁ _elFiles mip O1-Apr-2010 0907 6158

enel atte -

. #| affy rma.clm O01-Apr-2010 0905 1.2K

E}I}gggﬂesf 071-4] ﬁ
% OC reportpdf 1Al @ affy rrma cls 01-Apr-2010 0%:05 85
ﬁ Aff7 rma eset RData E affy rma gct 01-Apr-2010 0908 140

=) listing tt 01-

- Office of Research and Development
National Health and Environmental Effects Research Laboratory
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Current everts

Fecent changes
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== GenePattern

Modules & Pipelines Suites Job Results RESOUrCES Downloads Administration Help

Modules & Pipelines
wWelcome to GenePattern
@ category O suite O all

open all | close all

Analyzing genomic data in GenePattern

- Recenty Usead
ComparativeMarkerSelection .
ConsensusClustering comments/suggestions
ExpressionFileCreataor
nnotaton
Genelruiser

1
b- X ]

what do you want to do?

HierarchicalZlustaring
KMeansClustering
MMFConsensus
SoMClustering

SubMap Protocols for running common analyses in GenePattern:

« Click a protocol to run an analysis. GenePattern guides you step by step.
e Click Quick Start for instructions on how to run any module in GenePattern.

EEEEEENDE

* Data Format Conversion
= GctToPcl
s PclTodck

- Gene List Selecton
= ClassMeighbors

Run an Analysis in GenePattern
Learn how to run an analvsis in GenePattern by preprocessing gene
expression data and wisualizing the resulting data as a heat map.

s ComparativeMarkerSelaection

= ExtractCornparativeMarkerResults

= GeneMeighbors Differential Expression Analysis

= SSES Find genes that are significantly differentially expressed between classes of
= SelectFesturesColurmns sarmples.

s SelectFeaturesRows

- Image Creators
= HeatMapImage [ Clustering
= HierarchicalClusteringlmage | Sroup genes andsor samples by similar expression profiles,
[10]1

 Missing Yalue Imputaton
= ImmputeMissingWalueskKMR
- Pathway Analysis

T ] =] Prediction
= MIMDY

] Create a model, also referred to as a classifier or class predictor, that
. CART - correctly classifies unlabeled samples into known classes.
CARTEWalidation

E:mx\falidation ‘ ]) SHNP Copy Mumber and Loss of Heterozygosity Estimation

Compute SMNP copy number (CHY and loss of heterozygosity (LOH) based on

MearestTemplatePrediction i E 2
I affyrnetriz SMP chip data for paired target/normal samples.

S

weightedwoting
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