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Goals
e

1.
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Cancer models that recapitulate many aspects of the
genesis, progression, and clinical course of human
cancers are valuable resources to cancer researchers
engaged in a variety of basic, translational, clinical, and
epidemiological investigations.

To provide an application and infrastructure
sur)porting cancer models of diverse species to
help researchers understand the genesis,
progression, and clinical course of human cancer.

The NCI Mouse Models of Human Cancers Consortium
(MMHCC) is a collaborative program designed to derive
and characterize animal models, and to generate
resources, information, and innovative approaches to
the application of animal models in cancer research.

Provide a collaborative repository of internal and
publicly available cancer models data and images
supporting translational research.

Strive for a comprehensive knowledge source providing
a wealth of information on cancer models, some
pertinent aspects of which may never be available in a
publication.
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The cancer models database (caMOD) is a web-based resource that provides
information about animal models for human cancer to the public research

community



History
-

>

January 2000

- Prototype is presented during the Mouse Models of Human Cancers (MMHCC)
Steering Committee Meeting

- MMHCC adopts the Cancer Models Database (caMOD) as one of their initiatives

July 2000

- NCICB assumes responsibility for caMOD

Spring 2001

-~ caMOD 1.0 released (2-tier application)

2001 — 2005

- Based on user feedback the application is constantly updated and improved.

December 2005

- caMOD 2.0 released (n-tier application, based on caBIG compliance guidelines)



Cancer Models Database v2.0

Submission--Data in caMOD are extracted from
the public scientific literature by curators and
verified by the scientists who generated or worked =
with the models, or they are directly submitted by (GRG0 RH#s

scientists.

R i
it National Cancer Institute

- Search--Users can retrieve information about the
making of models, their genetic descriptions,
histopathology, derived cell lines, associated
images, carcinogenic interventions, microarray
data, and therapeutic trials in which the models
were used. caMOD provides links to PubMed for
associated publications and other resources such
as mouse repositories, detailed information about
altered gene, pathway affected, and information
about human clinical trials that utilize the same
compounds as the pre-clinical trials in the animal
models.

caMOoD
Cancer Models Database

Welcome to the Cancer Models Database LOGIN TO caMoD 2]

Search Madels - Query the Cancer Madels database for models submitted Hem e

by fellow researchers. Retrieve information about the making of models, theit  password

genetic description, histopathology, derived cell lines, associated images,

carcinogenic agents, and therapeutic trials. Links to associated publications FEEE! M
and other resources are provided.

% ¢ @ yiew What's New
recapitulate mary aspects of the genesis, progression, and clinical course of

human cancers and are valuable resources to cancer researchers engaged DID YOU KNOW?

in avariety of investigations

Subrrit bodels - Submit your model for human cancer here. Rodent models

caMoD 2.0 was released to
production on Dee 21st,

Release Notes

- System Function Administration--The Admin
function provides services for user registration,
review of submitted models and database
management.

{3
An Eimployee-Owned Campeny



Navigating the submission pages
-

Most parts contain multiple pages Multiple entries per category are possible
- e

SUBMIT & EDIT MODELS I SUBMIT & EDIT MODELS I
Editing Model MMTV-ret {transgenic Editing kodel MMTV-ret (transgenic
mice) { 184 ) mice) { 184}

View Model Status ( Edited-approved } View Model Status | Edited-approved }
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|u MODEL CHARACTERISTICS

|u GEHETIC DESCRIPTION

= Enter Engineered Transgene
-~ et
= Enter Assoc Expression
= Enter Genomic Segment
= Enter Targeted Modification
£ Enter Induced Mutation
E: Enter Spontaneous Mutation

|u CARCINOGEHIC INTERVEHTIONS

| pUBLICATIONS

|u HISTOPATHOLOGY

|u THERAPEUTIC APPROACHES

| CELL LnES

| IMAGES

| micrROARRAYS

|u MODEL AVAILABILITY

| XENOGRAFT

|u MODEL CHARACTERISTICS

|u GENETIC DESCRIPTION

|u CARCINOGEHNIC INTERVENTIONS

| puBLICATIONS

|u HISTOPATHOLOGY

5 Enter Histopathology
- Salivary Gland (MMHCC})
= Enter Assoc Metastasis
= Enter Clinical Marker
- Mammary Gland {MMHCC)
= Enter Assoc Metastasis
= Enter Clinical Marker

|u THERAPEUTIC APPROACHES

| CELL LnES

| IMAGES

|.mIicROARRAYS

|u MODEL AVAILABILITY

| XENOGRAFT




Search Result Detail Pages
-

MODEL DETAILS HOME REGISTER | tCH MODELS SUBMIT MODELS

“iening Modsl C3{1SV40 Tag

Model Characteristics - Model: C3(1)/SV40 Tag

x» MODEL CHARACTERISTICS
4 GEHETIC DESCRIPTION Maodel Descriptor C3(1)5v40 Tag
4 CARCIHOGEHIC INTERVENTIONS
4 PUBLICATIONS Official o FWE/MN-TyMN{C3-1-TAg)c ey
u HISTOPATHOLOGY
4 THERAPEUTIC APPROACHES Nomenclamre
5 CELL LINES Caysvan T
u IMAGES . a9
= MICROARRAYS SAETC
4 TRANSPLANTXENOGRAFT
Species Mus musculus
u BACK TO SEARCH RESULTS
Strain FWBiM

A 4.5 kb fragment of the 5' flanking region of the rat C3(1) gene (highly expressed in the
rat ventral prostate) was used to drive the expression of the early region of the 540
Tag

Experimental
Design

S0 Tag is expressed in several tissues including the marmmary epithelium of females
and the prostate epitheliurn of male mice. 100% of fernale mice develop multifocal low
grade mamrary intraepithelial neoplasia (MIN) at about 8 weeks which progresses to
high grade MIN at about 12 weeks of age which resemble human DCIS. Invasive
adenocarcinamas develop at about 16 weeks of age leading to the formation of 1-3
grossly palpable lesions. Females are generally euthanized by 6 months of age due to
turnor burden. Approximately 15% of mice in the FVB/M background develop pulrmonary
metastases, whereas about 50% of mice in a mixed FYEBM x S%129 background
develop lung mets. Male mice develop low grade intraepithelial prostate neoplasia (PIN)
at about 3 months of age which progress to high grade PIM at about 5 months of age.
Invasive carcinomas appear after about 7 months of age, primarily in the ventral prostate.
Approximately 40% of males suriving to 9 months of age develop invasive carcinomas.
Metastases are rare. Other proliferative lesions in association with Tag expression are
seen in male and female mice including mixed tumor formation associated with
heterotopic bone formation in the sweat glands of the feet, lesions in the nasovomerous
glands, salivary glands, bulbouretheral and urethral glands.

Phenotype

Website for add.
info

Due to reduced life-span of females, breeding of heterozygotes is best achieved using
Breeding Notes males. Females should be bred prior to 4 months of age. Homozygous animals can be
bred together and are available.

Sex Distribution of

the Phenotype Bidth; Saxas
Submitted by Green, Jeff
Principal Grean. Jeff

Investigator / Lab

F__ /2! [
An Eimployee-Owned Campeny



caGRID Demo
S
» http://cagrid-browser.nci.nih.gov/

<caBIGXMLQuery name="my-query">
<Target name="gov.nih.nci.camod.domain.AnimalModel">
<Objects name="gov.nih.nci.camod.domain.AnimalModel">

<Property name="id" value="3" />

</Objects>

</Target>
</caBIGXMLQuery>




Interoperability

caMOD has been designed, architected and constructed to facilitate
interoperability with other systems, following caBIG guidelines.

>

Information Providers to caMOD:

caBIO to retrieve gene info and clinical trials info through remote API

EVS to provide concept codes and preferred descriptions for concepts through
caBlO EVS API

PubMED

Jackson Laboratory Resources

NCI’s Developmental Therapeutics Program
caArray to store microarray data

calMAGE server to store images

Information Consumers: caMOD provides information to other systems
- CMAP

- BioGopher

- Websites such as eMice references specific models in caMOD

- caELMIR (future)



Evolution to caBIG Compliance

Maturity Model

Legacy

Bronze

Silver

Gold

Programming and Messaging
Interfaces

- No programmatic interfaces to the

systemare available. Only local data files

in a custom format can be read

- Data transfer mechanisms implemented

only on an ad hoc basis

- Programmatic access to data from an external
resource is possible

- Well-described API’s approved by the caBIG
Architecture workspace provide access to data in
the form of data objects that are instances of
classes represented by a domain model

- Electronic data formats reviewed and approved by
the caBIG Architecture Workspace are supported
for both input to and output from the system

- Messaging protocols approved by the caBIG
Architecture Workspace are supported wherever
messaging is indicated by the use cases

caMOD_1.0
4

caMOD 2,9.*

- All features of Silver, plus:

- Service-oriented components
produce or use resources in the
form of grid services that use XML
as the primary interchange format.

- Interoperable with caGrid data
grid architecture being developed
by caBIG Architecture Workspace-
Other features to be determined by
caBIG Architecture workspace

Vocabularies / Terminologies &
Ontologies

- Free text used throughout for data
collection

N

- Use of publicly accessible controlled vocabularies

as well as local terminologies

- Terminologies must include definitions of terms
that meet caBIG VCDE workspace guidelines

- Terminologies reviewed and validated by the caBIG
VCDE Workspace used for all appropriate data
collection fields and attributes of data objects

- Term definitions must meet VCDE Workspace

4

guidelines

- All features of Silver, plus:

- Full adoption of caBIG
terminology standards as
approved by the VCDE
workspace. Terminologies must
be available through a caGrid
service

Data Elements

- No Structured metadata is recorded

- Data element descriptions are maintained with
sufficient definitional depth to enable a subject
matter expert to unambiguously interpret the
contents of the resource without contacting the
original investigator

- Data elements are built using controlled

terminology - Metadata is stored and publicized

in an electronic format that is separate from the
resouirce that is being described
\

- Common Data Elements (CDEs) built from controlled
terminologies and according to practices validated
by the VCDE workspace are used throughout

- CDEs are registered as ISO/IEC 11179 metadata
components in the caBIG Context of the cancer
Data Standards Repository (caDSR)

~

~

- All features of Silver, plus:

- CDEs designated as caBIG
Standards by the VCDE
workspace are used

- Metadata is advertised and
discoverable via the caGrid
services registry

Information Models

- No model describing the system is
available in electronic format

- Diagrammatic representation of the information
model is available in electronic format

- Object-oriented domain information models are
expressed in UML as class diagrams and as XM/
files, and are reviewed and validated by the VCDE
Workspace

~

- All features of Silver, plus:

- Information models are
harmonized across the caBIG
Domain Workspaces
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Architecture

calMoOD API Architecture

HTTF Reguest/
Respanse

Registered in caDSR

Objesﬁniﬁnns

Application Servics g Glient Ty

Client AP
= Seralized XML, (Srid Query Ly
A ———

hAL

De-serialized
wWalidation

L
Data Type Definitions

SD
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caMOD APIs
e

» A read-only non-remote API exists for the retrieval of cancer
models called “eQBE” from the common-persistence package.
Extending the foundation of the concept of basic QBE in
Hibernate, eQBE provides a mechanism for object searching
based on example object graphs using the objects’ property
values as criteria for a query. Used internally in caMOD.

» Using the caCore SDK Toolkit, the external caMOD API Layer is
built upon the generated framework and domain objects (API
Domain Objects) along with the caCore Application Service
remote interface infrastructure.

» Integration of the caMOD application into the caGrid
infrastructure includes the deployment of the caMOD Grid Data
Service node and registration to the caBIG Index Service.

i
i
®
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Example of internal caMOD Java API
-

For the AnimalModel class defined in caMOD with eQBE we can
query properties of member objects as follows.

Person thePI = new Person|();
thePI.setFirstName (“Jane”) ;

thePI.setLastName (“Doe”) ;
AnimalModel theQBEModel = new AnimalModel () ;

theQBEModel .setPrincipalInvestigator (thePI) ;
List theMatchingModels = Search.query (theQBEModel) ;

The result List of animal models will include all AnimalModel objects
whose associated Person object (through the Principallnvestigator
link) has a firstName property value set to “Jane” and a lastName

property set to “Doe”.

By default, Search.query will apply an equals evaluation to the
property values.




Example of external caMOD remote Java API

For the AnimalModel class defined in caMOD we can query based on properties of the
object as follows.

ApplicationService appService = ApplicationServiceProvider.getApplicationService();

try {
AnimalModel theAnimalModel = new AnimalModelImpl () ;

theAnimalModel.setModelDescriptor ("ARF+/-Emu-myc") ;

List theAnimalModels = appService.search (AnimalModel.class, theAnimalModel) ;

for (Iterator thelterator = theAnimalModels.iterator(); theAnimalModels.hasNext();)

{
AnimalModel theAnimalModel = (AnimalModel) thelterator.next ();

System.out.println ("Id: " + theAnimalModel.getId() + "\n" + "\tType:" +
theAnimalModel.getModelDescriptor () + "\n");

}
}

catch (Exception e) {
e.printStackTrace () ;

}

The result List of animal models will include all AnimalModel objects whose
modelDescriptor property is equal to “ARF+/-Emi-mvc”.
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caMOD Grid Node
e

» The caMOD Grid Data Service node is generated using the caGrid
Toolkit.

» The Data Type Definitions extracted from the caDSR registered
caMOD model are used to build an XML schema or XSD that is
used to define the input and output data types of the Grid services.

» The XSD is registered in the Global Model Exchange (GME) and
used to describe the contract of the grid service and to validate the
XML serialization of the APl Domain Objects during data requests.

» Applications communicate with the caMOD Grid Data Service node
following the caGrid services protocol.

» The caMOD API domain objects are serialized/deserialized by the
caMOD Grid Data Service to and from XML adhering to the XML
Schema (XSD) that is registered in the Global Model Exchange
(GME)

i
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®
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UML Model

LR e L

domain::Species
fleaf}

id: Long

soientificMame: String
soientific Mame Unctrivbeab:  String
commonMame: String
commonMame Unctriocab: String
abbreviation:  String 0.1
conceptCode: String

+donorSpecies
e

+ o+ ++ A+

dornain::Snimal Model
fleaf}

+ ur: String
+ isToolhbousze: Boolean

Collection

+part

daornain::ContactInfo
id: Long
city: String

state: String D +contact Info Collection
addresz: String
zip: String
faw: String
lab: String
phore: String
email: String
institute:  String

+ 4+ttt o+

+principalImvestigatar

e |
+submitter

dormnain: fbstract Cancer Model

id: Long
madelDescriptor:  String 0.7
experiment Design:  String
state: String 0.4

+publica

+ 4+ + +

get Stater) : String
et State) : woid

+ +

+availability | +

wenograftMame:  String
genetichanipulation:  String 1
modification Descrption:  String
parental CelllineMame:  String dorain::
atocMumber: String ‘YeastModel

il
do
domain::denograft
fleat}

o+t +

0.7

string Jeaf}
growth Perod:  String
graftType: String
graftTypeUnctrivbeab: String
administrativeSite:  String
admin Site Uncti®ocab:  String

s

B-EH-o%h g p

B DE’H Wigws

El Use Case Yiew
Dynarmic View

Logical Yigw

= ] Logical Maodel

EE Lagical Model
- ] DIAGRAMS

caMoD: : Animaliodel

caMOD: :CancerModel

caMOob:Comments & Logging
]

cal0D:  InvivoModel {Xenograft)
CaMoD;::YeastModel

8- 1 qov
= 3 nih
E| [:l nci
= [Z] camod
= (=1 domain
#-- B MbstrackCancerMadel
agent
AgentTarget
Animaldwvailability
AnimalDistribukor
AnimalModel
Aveailability
BiologicalProcess
CarcinogenExposure
CellLine
ChemicalClass
Clinicaltarker
Corments
Conditionality
ConkackInfo

=2

O] [T T T[T T[S T T ST e[ e
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UML Model
e

» 76 Domain objects Categorized T ——

File Edit Mawigate Search Project MyEclipse Run  Tomcatk  Window Help
under [ @2 A9 | REBE|a- 0y |
C— Sl oGl o6

C a M O D An | m al M O d el F‘J"'ugarsgjijev [chincvsZ.nei.nih.goy] -]

B[y >docs
Bl >sre

caMOD::CancerModel Sey e

EIE& Fnci

caMOD::InVivoModel (Xenograft)
caMOD::YeastModel

cactus.properties 1.1 (ASCIT -kkw)
=camod.properties 1.19 (ASCIT -kkw)

» Application specific classes under B e ot 14 g1 )
- caMOD::Comments & Logging
- caMOD::Admin r— T J@@@J%E;giié
— caMOD::Preferences T

» EVSTree utilizes caBIO 3.1 API

gy =il
Fl gy =webtres

[y =WEB-INF

B[y webtree

3% >.classpath  (ASCII ki)

% >.project  (ASCII -kke)

38 build.xml 1.3 ¢ASCII -klke)

-~y »EWSTreeScripk.js 1.1 (ASCII -kk)
----- |47 =xamplel.jsp 1.1 (ASCII -kk)

----- “Zi GetTree.s 1.1 (ASCII -kkv) —
----- [5) readme.txt 1.1 {ASCIT -kkw)

~[Hf >ThesaurusTest.html 1.2 (ASCIT -kkw)
10 rageomapi |

=P I = =
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Vocabulary Usage

NCI Thesaurus for murine organ and diagnosis terms

NCI Thesaurus for human anatomical terms (release 2.1)

NCI Thesaurus for staining methods (release 2.1)

NCI Thesaurus for mouse and rat strains (release 2.1)
- EVSTree — Reusable component for rendering EVS concepts

O v
RN??_IH‘UTE L_,;V,._\SF.HVII}I;S

- E 5 W i + 1 - = ..-L-’L
‘e 3 = = g =
] 4 — ;_ s, .. "7_.._ I:_
Y : Er—— N ek

TO LOCATE ATERM: ™ Enter a word or phrase in SEARCH (/" #2 Navigate to the term in the DATA TREE

SEARCH: Entry

Enter Search Word or Phrase Below

DATA TREE

Browse DataTree Directly, Or Use Search for Prompting

Search: | BT
¥ Match Entire Search Terms Only

SEARCH: Results

Results of Your Search Will Appear Below

Enteting a search term ahove will perform a search for the term
entered as well as alternate meanings.

For example, enteting 'throat' will search for 'phatyny as well as
'throat!.

=7 Murine Tissue Type
(& | Body Fluids and Substances (MWMHCC)
[@ | Cardiovascular Syster (WMMHCC)
[ | Digestive Systern (MMECC)
[ ] Embryonic Tissue (WMIWMHCC)
gﬂ Endocrine Gland Svstem (WMIHCCT)
[ Intesument Systern (IMHCT

r_| Lymphohematopoietic System
@ .

0 (WMIWMHEHCC

[ | Musculoskeletal System MIMHCC)
(& | Mervous Systerm (WMMWMHCC)

[® | Reproductive System WMIMHCC)

rs

-




Common Data Elements
e

=TT
File Edit Wisws Fawvorites Tools Help ﬁ
G Back ~ =k - £ (3] 5} | L Search  [EFavorites  SEPMedia §3| Ehy~ & ] ~ 4 5=

address I@ htkp: ffodebroveser. nci.nib, gov ) CDEBrovser LI 6}60 | Limks **

Search - | g{;; @Sblock.ed | ‘g Check - ;::i AutolLink - -] EubaFl EOptions o

we buttons From Yahoo

..attempting to re

U.S. Mational Institutes of Health

=

_[(Default) Registration Status=>=Workflow Status=>Long Hame

S0l ke & [Ascending]

L add to CDE Cart ) I\_ndd to CDE compare Iistj (_Compare l:DEs) = I_
1B Used
Refresh tree I Long Hame _III_I::tument gwned By Registration Status Workfls
Y caDSR Contexts ¥ STz
Molecular Genetic
i i il i i .
% caBIG (HCI cancer Biomedical Informatics Grid) — Ahno_rmallt‘_-{ CcaCORE|caBlc RELEA:
ldentifier
‘G Classifications java.lang. Long
% CIFR Adm!n!strat!on
I | Administration Age cabBIlG DRAFT
% Cancer Models Database 2.0 java. lang. String
Administration
% Cancer Molecular Pages I [Dose cabBl= DRAFT
53, CAP Cancer Checklists lava.lang. String
Administration
3 caTIES I ldentifier cabBIlG DRAFT

java. lang. L ong
Administration

% Clinical Trial Management Systems

E& Commercial Partners Route of
| Adrministration EeENE DRAFT
5, Data Standards lava.lang. String
- - - Administration
i) Demonstration Applications I Treatment_Regimen caBIG DRAFT

java. lang. String
Administration

% Genomic ldentifiers

% Grid-enablement of Protein Information Besource Llncontrolled Text
0 - = E o I |[Route of caBIlG DRAFT
"% Integrative Cancer Researc Administration

java. lang. String
Aunitnal Cancer
[=] Dir Chall Lung Studyr
Dodel SApprovsl

) = ~| | o [edel Aporoval caBIG DRAFT ~|
4| | > 4|

|@ | *3! Pandya, Sima {NIH/MNCI)

BE: O chanoes thar need 11

caArray 1.0

I  EEEE
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