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Systems Medicine Defined

e The new and emerging field of Systems Medicine, an
application of Systems Biology approaches to biomedical
problems in the clinical setting, leverages complex
computational tools and high dimensional data to derive
personalized assessments of disease risk.

e Systems Medicine offers the potential for more effective
individualized diagnosis, prognosis, and treatment
options.

e Achieving this goal requires the effective use of petabytes
of data, which necessitates the development of new types
of tools.
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Driving Factors

e [nformation continuum (care -> research -> back to care):
Connect the dots

e |[ncorporation of “omics-based evidence” in Clinical
Research and in Care settings (EHRs, PHRSs)

e Collect data once and use it multiple times — clinical care,
secondary use for research

e Connect research platforms to accelerate scientific
discovery and validation progress

e Efficiently utilize molecular and clinical information to
ultimately transform patient care
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Vision For Georgetown Database of Cancer (G-DOC)

APPLICATIONS

:

UTILITY

X

INFORMATICS

\

MOLECULAR DATA

X

PATIENT DATA

Banking x

External INSTITUTIONS

Collaborations
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G-DOC Suite Of Tools

Pathway Studio

« Systems biology
analysis
* Literature mining

JMol/Marvin

*3-D Structure and
Molecule Visualization

JBrowse
*Genome Visualization

Heatmap Viewer

*Visualization of copy
number data

Cytoscape

*Visualization networks
(pathways,
interactions)

EHR

*ARIA
*AMALGA
*CENTRICITY

Ingenuity Variant
Analysis

*Variants
» Pathways, GO,
Literature

Clinical Research
*REDCap
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G DOC ® &  Lombardi Comprehensive Cancer Center Fri Sep 16, 201
g at Georgetown University clieilal izl

Overview Analyze

WELCOME &

The Georgetown Database of Cancer {G-DOC)

is a cutting-edge data integration platform and
knowledge discovery system for the oncology and
tranglational research communities. G-DOC users
can access public and proprietary clinical and -omics
data aggregated from across the Medical Center,
along with a comprehensive set of advanced
analysis and visualization tools, to generate and

test hypotheses across hiomedical disciplines.

Cancer/Study Overview I[A—{
: : . : FINDINGS List of one potential new target for T
Disease ?Dufgt antfn:t g'gjstec'men gﬁ!‘?'ees treating a subset of hepatocelluar
i carcinomas based on Chiang, et al.
‘f 2008 -loaded on: Wed Aug 17, 2011
N
BREAST ! List of genes that can be used to
CANCER 19 3319 3630 }Q\ ° classify G2 breast tumors into C2a
o (low grade) and C2b (high grade)
&2 PUBLICATIONS subsets, which are similar in survival




Cancer/Study Overview &
. . . . FINDINGS List of one potential new target for
Disease sy | FaeEn | EeEpeien | Avldde treating a subset of hepatocelluar
Count Count  Count Dara Types . .
carcinomas based on Chiang, et al.
\ 2008 - loaded on Wed Aug 17, 2011
) e Ut Tt enbomedc
ist of genes that can be usedto
Eiﬁiﬂ 13 ing 3830 {Q‘) o classify G2 breast tumors into G2a
o (low grade) and C2b (high grade)
S PUBLICATIONS subsets, which are similar in survival
outcome to G1 and 3 tumors,
i respectively; validated in 2 separate
- cohorts based on lvshing, et al. 2006
COLON Y - loaded on: Wed Aug 17, 2071
CANCER 9 662 1125 jf {Q\ ....................... 9l
List of genes which are associared
o &3 with predicting metastatic colon
Cancer patient respondents to
Cetuximab (ant-ECFR) based on
LIVER khambata-Ford, et al 2007 - loaded v
CANCER 3 280 468

STOMACH

CANCER 1 197 165

PANCREATIC
CANCER 1 °2 o o

TOTAL 33 4510 2483 :]f
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Wed Jul 11, 2012
Logged in as: sm696

Change Password | Logout

Home

G-DOC @ Studies

Search 3
Analyze »
Help

Motifications
Saved Lists
Saved Analyses

Manage my
groups / Request
access

(1]

Getting Started with G-DOC

Most users prefer to start using G-DOC to
compare and analyze how groups of subjects
within a cancer study differ, either by
attributes or via various "omics'
characteristics. The typical process of
searching for unigue lists before analysis is
done for you in the Quick Start feature below.

Quick Start

Let G-DOC organize subjects
{patients, cell line, animal
models) by cancer type,
enabling you to stratify 2
groups by outcome or
experimental design (e.g
Relapse, Treated vs.
Won-treated) and quickly take
you to the next step of
performing an analysis.

Tutorials

Watch step-by-step movies of
workflows that are available
within the G-DOC application.
More instruction is also
available in the help section.

Welcome back, your last login was Tue Apr 3, 2012. You can check if you have
been granted access to new lists or analyses since your last login

search G-DOC @

{enter published ﬁnwdings'oI genes, proteins, cancer type, studies, investigators, authors ...)

Features

Search

Browse Genome

My G-DOC

Compounds/Drug Targets

Findings

Gene Expression

Studies

Chromosomal Instability Index

Classification

Group Comparison

HeatMap Viewer

KM Clinical Plots

KM Gene Expression Plots

Notifications
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G-DOC*,*

Home Studies
G-DOC & Studies i
My Studies G
Search b . . .
. . Principal . Subject  Point(s) of
Study Name Id Description Investigators) Disease Matter |Contact
Analyze b
. Rober Clarke Avesha
Breast cancer cell line from ! BREAST :
Help BRC_CLARKE 9950 01 222 Clarke Lab FHD.DSC CANCER CELL LINE  Shajahan
Motifications Minetta Liu, MD
BREAST Rebecca
s . BRC_CLARKE LIU_2399 07 149  Clarke-Liv Data Set Robert Clarke, PATIENT  Rigging
aved Lists CAMCER
FHD.DSC
Saved Analyses
Strong Time Dependence of Public Data BREAST Public Data
Manage my groups BRC_DESMEDT 2007 01 144  the 76-Cene Prognostic Source, CANCER FATIERMT  Source
/ Request access Signature
CGl a potential predictor of . .
. Public Data Public Data
telapse for endocrine-treared BREAST
BRC_DESMEDT 2009 01 145 bteast cancer patients in the Source, CANCER PATIEMT  Source
BIG 1-98 trial
Turnor-associated stroma Public Data BREAST Public Data
BRC_FIMAK_2008 07 167 detived from primary clinical  Source, CANCER PATIENT  Source
breast cancer samples
1 Fublic Data Fublic Data
Maolecular profiling of ERBBZ- BREAST
ERC_FIMETTI_ 208 07 146 cislitee) et cansem Source, CANCER FATIEMT  Source
Timecourse of estradiol Fublic Data BREAST Fublic Data
BRC_LIM_ 2007 01 223 oM exposure in MCF? Source, CANCER CELL LIME @ Source
hreast cancer cells
1 . Public Data Public Data
Molecular profiling with ER BREAST
BRC_Lo|_ 2008 01 141 i S L T Source, CANCER FATIEMT  Source
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at Georgetown University

Haome

G-DOC & Studies
Search

Analyze

Help

Maotifications
Saved Lists
Saved Analyses

Manage my groups
/ Reguest access

BRC_CLARKE_LIU_9999_01 Details

Study Details

Study Name

Study Abstract

Principal
Investigaton(s)

Disease

Point(s) of Contact

BRC_CLARKE_LIL 9959 01 (d:149)

Toxicity from endocting therapy is usually more tolerable than from cytotoxic chemaotherapy, and the
proportional benefits are higher for postmenopausal women with ER+ disease. ER and/or PoR status are
useful predictors of responsiveness to endocrine agents but treatment failure is seen in about 50% of
cases. Partly for this reason, sequential combination chemotherapy and endoctine therapy may be
prescribed. The ability to predict endocrine responsiveness more accurately could decrease the need for
chemaotherapy in many patients. & predictor that could further direct specific endoctine therapies e.g,
antiestrogen vs. aromatase inhibitor, i.e, identify individual patients with either a very high or very low risk
of responding to one or the other drug, also would have widespread use.

hinetta Liu, MD
Robert Clarke, PHD,DSC

BREAST CAMNCER

Rebecca Riggins

—

Data Type Details

| MICROARRAY | CLINIC

Data-Type

Clinical Data

Number of Elements Search

11 Clinical Elements Search

—

G0 @141 | RELEASEMOTES | powered by G-CODE

G-LOC®at LCCC | SYSTEM REQUIREMENTS | PUBLICATION POLICY | DATAACCESS POLICY | LICEMSEIWFO | COMTACT US | 5-DOC & TEAM




Hame

G-DOC & Studies
Search

Analyze

Help

Maotifications
Saved Lists
Saved Analyses

Manage my groups
J Request access

Input Search | Molecule 'Sketch' Search

Enter name for a gene, protein, molecule:

= molecular weight =

@ Targets: ECFR
(ECFR}

Property Value
Farmula

Molecular
Weight

85,1045
Refractivity

Solubility

FH

ECS0 [nM]

[C50 [nM]

@ Targets: ECFR

[l =/l =i = A

This compound is accessible to PUBLIC

Property
Donor Atoms
ArcceptorAtoms
Clog P
Rotatable Bonds
EDS 0 [nM]
Other Assay
Chiral

This compound is accessible to PUBLIC

Value
1
1
-0.583
0

egf

resat| | | search

NAME: No name available for the molecule at this time.

H,C =

NAME: No name available for the molecule at this time.




FriSep 16, 2011

L . - . = :
G DOC ® @  Lombardi Comprehensive Cancer Center I

at Georgetown University

Home Molecule 'Sketch' Search | Input Search
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Home — G-DOC & Studies  Search ¥ Analyze ¥ My GDOC® v Help

G-DOC @ Quick-Start

Show studies by data type BRC ZHOU 2008 01

Data Type [ ALL | v]

Filter

BRC ZHANG 2009 01

BRC WANG 2005 01

BRC SOTIRIOU 2006 01

Yiew Experimental Design Data *

Seledt diseasels), subject matter experimental

dezign [e.g, outcomnes) to view a grouped result BRC PAWITAN 2005 01
graph. To run an analysis ar for 3 more detailed

view, dick the study of interest fram the graph's

axis,
BERC MILLER 2003 01

Liseaze

BRC LOT 2008 03
LIVER CAMCER.

<]
COLOM CAMCER J
M

Study

r11,l]111]1

Subjedt Matter
BRC LCOT 2008 02

Deszign

Metastaziz vz, Mo Metastasis

H BRC LOT 2008 01

Mortality vz, No Mortality n

View Results

BRC FIMAK 2002 01

BRC DESMEDT 2009 01




Home

G-DOC ® Studies  Search ¥ Analyze ¥ My GDOC® ¥

Help

G-DOC @ Quick-Start

Show studies by data type

Data Type lm. -

g

tilter
o—

View Experimental Design Data *

feledt direase(s), subject matier expenmental

desigh (e.g. outcomes) to viev a groupad result
graph. To iuh ah analysis o for & mone detaded
wiew, dick the study of interest from the graph's

PO
Dizease
COLON CancCiR
LIVIR CANCIR

ClLL LI '

Dasigh

Metastazis wi. Mo Matagtagis

Mortalty wi. Mo Mloralay

View Hezults
{o——

RRC ZHANG 2009 01

SRE WaNG S005 81
BRC_SOTIRIOU_2006_01 upt-

Analyze these 2 groups:

Chromosornal Instability Index

Clazsification

Sroup Commparison

HeatMap Viewsr .

kM Clinical Plots

kM Gene Expression Plots _

Yiew report:
-No Relapze

-Relapse

Take me to report page for BRC SOTIRIOU 2006 01 _




Home C-DOC @ Studies Search Analyze by S-DC & W Help

KM Plot Results

Current Study: BRC_SOTIRICOU_2006_01

[ Chart OpHons... | v]

Probability of Event

1a




Probability of Event

Fold Change

Faeportars

Sene Expression KM Plot

Reporter: Z202704__at, Fold Change: 1
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DNA Copy Number Segments, Chrl

—

Home Search ¥  Analyze ¥ My G-DOC ¥  Help

Available Tracks:

(D o view) |0 | 50,000,000 | 100,000,000 | 150,000,000 | 200,000,000
lag—)— 0 VIew,
@ @ Q Q @ Q chrl [=]/-94,148 __ 249,156,473 [Go]
0 25,000,000 50,000,000 75,000,000 100,000,000 125,000,000 150,000,000 175,000,000 200,000,000 225,000,000

tient_AE51
et
e e bt gt At — et et A e 1
RefSeq Genes TEETL
.
——
patient_B155

_I__,__j__,-_,—_._,__,__,__,_____-_i_\_q_-—__,__a [ — _\__‘l____l_,-i—_

I i

patient_B296

STIERY S ————— R
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Correlate Abnormality/Event With Clinical
Parameters

—

Lon

gdoc *

Home Seach ¥ Anmalyze ¥ Sal

Available Tracks:
(Drag —» to view)

|
] 9]
[snPs (130) llﬂ,
[

Patient 113767

C—

1bardi Comprehensive Cancer Center

at Georgetown University

AGE_CASE_START: 77
CHEMOTHERAPY: Yes

CHEMO_REGIMENT: Folic acid, 5-Fluorouracil, Irinotecan, Xelodan
| GENDER: FEMALE

PRIMARY_DISEASE: malignant neoplasm of sigmoid colon
PTNM_M: MO - No distant metastasis

PTNM_N: NO - No regional lymph node involvement
PTNM_N_POSITIVE: 0

PTNM_N_TOTAL: 30

PTNM_T: T3 - Size and/or extent of the primary tumor

RELAPSE: YES

SURGERY_TO_RELAPSE/FU: 1.3

TUMOR_DIGNITY: MALIGNANT

 TUMOR_STAGE: Stage Il

VITAL_STATUS: ALIVE

e |

Logged in as: acs224 §
Logout

n
[Patent 113771 | | Patient 113761 |

80,000,000 [100,000,000 120,000,000
[ 25.183.604 .. 25.381,604 Go
25,300,000 25,350,000

_—¥¥P

Patient 113775

[Patent 13777 |

[ Patient 113765 ||Pmnmsm|
Patient 113779
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Hame

Ayailable Tracks:
(Drag = 10 view)

G-DOC @ Studies

OMIM Genes

SNPs (130

RefSeq Genes

patient Ab48

pnatient_AG32

patient AGS1

patient B20

patient A734

patient B155

patient_ 296

patient Ba12

Search ¥ Analyze ¥ My GDOC® ¥ Help
0 | 20,000,000 40,000,000 | 60,000,000 | 80,000,000 | 100,000,000 120,000,000
Q Q QQ chr12 || 31,800,000 . 35 400,000
47,500,000 &0,000,000 f2,500,000 15,000,000 87,500,000
I ] I ] [ | (| =
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IS ] ] | [ || |
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per a00000p e P
e e B o 0 [ S Ny N o o B e W e M i M S M =
| | | | | |
SnofMIRNA ACA34 h3a-uir-196a-2 haa-let-71 U706 h3a-nir-1252 ha3a-1
| | | | | |
hsa-nir-1291  hsa-mir-615 hsa-nwir-545c hsa-nir-1279 hza-nir-617 hsa
| | |
AChza hza-nir-148h haa-mir-618
| |
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| |
hsa-mir-1293 1594
|
hea-mir-1228
|
hsa-nir-6l6
|
hsa-nir-26a-2
patient AS8d
I ILirlII....IIIIIII%J'IL.....IIIII - e — -
patient_B309




40 CRC Patients, Stage 2, >10 Years Follow-up
(Samples provided by INDIVUMED Inc., Germany)

e 20 Relapse_Free Patients

o Tissue DNA: Tumor — 20; Normal — 20

o Tissue RNA: Tumor — 20; Normal — 20

o Biofluids microRNA: Serum — 20

° Biofluids Metabolites: Serum — 20; Urine — 20

e 20 Relapsed Patients

o Tissue DNA: Tumor — 20; Normal — 20

o Tissue RNA: Tumor — 20; Normal — 20

J Biofluids microRNA: Serum — 20

° Biofluids Metabolites: Serum — 20; Urine — 20

o Clinical Attributes: >100
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Bottom Line:
40 CRC patients: 20 with relapse vs. 20 relapse-free

What are the molecular correlates of Relapse?

Sample Type Differentially Expressed

Tumor DNA CNV 37 cytobands
Tumor RNA Genes 720 reporters
Tumor RNA microRNA 34 microRNAs
Serum microRNA 8 microRNAs
Serum Metabolites 77 peaks
Urine Metabolites 47 peaks

DNA Exome-seq Analysis In Progress

(EdgeBio)

n | Lombardi



Gene Expression In Tumor Samples: Relapse vs. Relapse free
T-test p<0.05, 720 reporters
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Genes In Tumor Samples: Relapse vs. Relapse free

PCA based on T-test p<0.05

= B309
54 E284
|
m AS91 . % B645
LD
" AB11 mB396 mB20
mB349
W A155 mB777 m AGBAT4E
m A154 — mE35
m A251 mAITIT?
mBYT2
Ro0g8 A
o @Aaq siab m A21BB138A522
m A55T i
W A290 m B1244
m A208
" AGBS

m 4651

m B296

PCA Results:

Complete separation . -
of two groups of patients

with one sample on a borderline
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Enrichment Analysis: Diff. Expressed Genes
Bio-Functions Most Affected In Relapse Group

Top Bio Functions

Diseases and Disorders

Name p-value # Molecules
Inflammatory Response 141E-10 - 1.04E-02 86
Infectious Disease 7.57E-10 - 1.04E-02 83
Gastrointestinal Disease 1.04E-09 - 1.03E-02 207
Genetic Disorder 2.54E-07 - 6.91E-03 288
Inflammatory Disease 1.38E-06 - 9.68E-03 155
Molecular and Cellular Functions

Name p-value # Molecules
Cell-To-Cell Signaling and Interaction 141E-10 - 1.04E-02 91

Antigen Presentation 3.04E-08 - 7 90E-03 45

Cellular Growth and Proliferation 1.01E-06 - 1.04E-02 122
Cellular Movement 1.67E-06 - 1.05E-02 86

Cellular Development 2.18E-06 - 1.04E-02 115
Physiological System Development and Function

Name p-value # Molecules
Hematological System Development and Function 1.41E-10 - 1.04E-02 98

Immune Cell Trafficking 141E-10 - 1.04E-02 67

Tissue Development 4 58E-08 - 1.04E-02 41

Humoral Immune Response 1.01E-06 - 1.03E-02 29

Tissue Morphology 1.20E-06 - 1.03E-02 68
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Detailed Pathway/Sub-network Analysis

in Pathway Studio

Top 20 Pathways
Name p-value Total Entities Overlap
Gap Junction Regulation 0.0065742 51 32
EGFR/ERBB -> STAT signaling 0.0234547 20 3
IL10R -> STAT signaling 0.024255 8 2
IGF1R -> STAT signaling 0.0305485 9 2
CSF3R -> STAT signaling 0.0305485 9 2
IL7R -> STAT signaling 0.0305485 9 2
EGFR -> ZNF259 signaling 0.0374082 10 2
Translation Control 0.0414135 86 41
VEGFR -> STAT signaling 0.0447929 11 2
Atlas of Signaling 0.0457982 381 193
EGFR -> CTNND signaling 0.0526631 12 2
EGFR/ERBB2 -> CTNNB signaling 0.0609814 13 2
PTPRC -> STATG6 signaling 0.0913066 3 1
Adipocytokine Signaling 0.107811 52 31
FclgER -> NFATC1 signaling 0.108109 13 2
Apoptosis Regulation 0.116453 69 25
Purine metabolism 0.128625 155 7
CCR2/5 -> STAT signaling 0.12898 20 2
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_ Differentially Expressed Genes : Enrichment Analysis
Pathway Studio: Top Signaling Pathways

—

Gap Junction Regulation Pathway EGFR/ERBB -> STAT signaling
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Sub-Network Enrichment: Cell Processes

Gene Set Seed

Overlapping Entities

p-value

Total # of
Neighbors

Overlap

inflammatory response

EGFR VCAM1,TNFSF11,IGF2,MAPK3, TACR3,CD5,NOS2,CSF3,HBEGF,HSPB1,CA
SP1,APP,RETN,ILK,HSPD1,EGR1, TACR1,CXCL10,CXCL11,CXCR2,SELL, PPARD,
WNTSA IRF1,ALOX15,CXCL1,PYCARD,SCARBL,ILIRN,IL7R,MMP7, TLR9,STAT1,

L Y96, TACR2,PRSS1,FPR2,ATF4,MMP12,FCGR3A,CFH,ICOS,CTLA4,IDO1,VIPR1,

CD86,CXCL9,C4BPA MC3R,GPR44,IL13RA2,CHI3L1,CXCL3,LCP2,SERPIND1,CD

74 NLRP2,APOL1,GC,IRAK3,CLEC4E,BTN1A1,CD300C, TNIP3,DST,IL18R1,FREM

il

8.13E-12

1237

68

immune response

ITRIM56,EGFR,VCAM1,TNFSF11,MAPK3,TG,CD5,NOS2,CSF3,HSPB1,CASP1,APP,
RETN,HSPD1,EGR1,TACR1,CXCL10,PTPRC,CXCL11,CXCR2,SELL,PPARD,IRF1,
CXCL1,PYCARD,IL1RN,IL7R,MMP7,TLR9,STAT1,LY96,TXNIP,TACR2,BCL2A1,FP
R2,VEGFC,FCGR3A,CFH,ICOS,KLRK1,CTLA4,IDO1,0RM1,VIPR1,CD86,CXCL9,C
4BPA RCAN1,GPR44,TNFRSF13B,CXCL13,CRY2,F13A1,IL13RA2,CHI3L1,IBSP,P
SMB9,LCP2,PIGA,ADAM8,GZMM,CR2,TAP1,ERVWE1,CD74,LBR,LAMP3,CSTA,U
BD,APOL1,PYHIN1,GC,IRAK3,CLEC4E,FYB,BTN1A1,CD300C,S100A13,CLECI1A,
MOAP1,IL18R1,SYNJ2BP

2.31E-09

1855

82

apoptosis

ITAS2R10,EGFR,VCAM1,TNFSF11,IGF2,MAPK3,TG,CD5,NOS2,CSF3,AQP3,HBEGF
,HSPB1,CASP1,ATP2A1,APP,RETN,ILK,LPXN,FOLH1,E2F1,HSPD1,EGR1,TACR1,G|
A5,FBX032,DUSP6,CXCL10,PTPRC,CXCL11,CXCR2,SELL,PPARD,WNT5A,IRF1,
IALOX15,CXCL1,PYCARD,SCARB1,DNM1,IRS2,IL1IRN,IL7R,MMP7,FOXA2,TLR9,ST
IAT1,TSC2,TXNIP,BCL2A1,ACVR2B,GNAI1, TP53INP1,FPR2,CPE,FAAH,GPX3,ATF4,
EGFC,MMP12,FCGR3A,CFH,ICOS,BTG2,KLRK1,CTLA4,MAOA,IDO1,0RM1,VIPR1|
,KCNK5,CD86,CXCL9,C4BPA,RCAN1,LMNA,OGDH,CA3,THRB,GPR44,SLURP1,SP
RY2,GSTT1,TNFRSF13B,CXCL13,BCL2L14,SCIN,NUPR1,MKL1,PCSK9,SHBG,CHI
3L1,CXCL3,IBSP,PSMB9,PIGA,RHOH,GZMM,CR2,EPHX1,EPM2A,GIMAP4,TAP1,S
MAD6,CSRP1,NOV,MSRA,ENTPD5,GRIA2,RASSF3,RIN2,CD74,BCL2L10,LBR,TSC
22D1,FSCN1,TES,PARVA,TACC1,NEDD9,PRPF31,GPR87,CSTA,MNDA,PLK4,GBP
1,SFRP5,SMG1,GALR2,AKR7A2,UBD,PIK3IP1,PACS2,PARP15,S100A6, TIMMSA,FI
LIP1L,CD3D,APOL1,AIM2,PINK1,MZF1,DEDD2,FAIM2,SMPD3,HAGH,PAFAH2,PPM
1A,SALL1,MOAP1,GRIN3A,PTPN7,0IP5MYCT1,ACER2,DMRT2,FREM1,SERPINB3
,.SERP2,CTRL,KCTD11,MUC17,DNASE1L1, TMEM109,CHAC1

6.71E-08]

5105

165

pregnancy

EGFR,VCAM1,TNFSF11,IGF2,MAPK3,TG,CD5,NOS2,CSF3,AQP3,HBEGF,HSPB1,C
IASP1,RETN,HSPD1,EGR1,TACR1,GJA5,CXCL10,PTPRC,PPARD,IRF1,SCARB1,IL1
RN,TLR9,STAT1,TSC2,FAAH,ATF4,VEGFC,FCGR3A,BTG2,CTLA4,IL11RA,MAOA,ID
01,0RM1,THOP1,SHBG,PSMB9,EPHX1,SERPIND1,ERVWE1,HSD3B1,PECR,GAL
R2,5100A6,GC,DST,ST3GAL6,KLRC3,STOX1

1.12E-07

1052

52

T-cell response

CAM1,TNFSF11,TG,CD5,NOS2,CSF3,CASP1,APP,FOLH1,E2F1,HSPD1,EGR1,CX
CL10,PTPRC,SELL,PYCARD,IL7R,TLR9,STAT1,TXNIP,VEGFC,FCGR3A,ICOS KLR
K1,CTLA4,IDO1,VIPR1,CD86,CXCL9,RCAN1, TNFRSF13B,TAP1,ENTPDS5,CD74,BT
IN1A1,CLEC1A MAGEC2

3.30E-07]

650

37

T-cell function

ITNFSF11,MAPK3,CD5,NOS2,CSF3,E2F1,HSPD1,EGR1,CXCL10,PTPRC,SELL,PYC
IARD,IL1RN,IL7R,TLR9,STAT1,AHNAK,ICOS,KLRK1,CTLA4,IDO1,VIPR1,KCNK5,CD
86, TNFRSF13B,LCP2,CR2,NEDD9,CD3D

8.81E-07]

460

29

antigen processing and
presentation

ITNFSF11,TG,CD5,NOS2,HSPD1,CXCL10,PTPRC,IRF1,DNM1,IL7R, STAT1,FCGR3A
| ICOS,CTLA4,IDO1,CD86, THOP1, TNFRSF13B,PSMB9,CR2, TAP1,CD74,FSCN1,UB
D,HLA-DMA,HLA-DMB

1.07E-06

388|

26

calcium mobilization

EGFR,IGF2,TACR3,CD5,HBEGF,APP,TACR1,CXCL10,PTPRC,CXCL11,CXCR2,SEL
L, WNT5A,CXCL1,SCARB1,DNM1,TACR2,PRSS1,AHNAK,GNAI1,FPR2,FCGR3A,IC
OS,KLRK1,CTLA4,0RM1,CXCL9,GPR44,SPRY2,TNFRSF13B,CXCL13,SCIN,CXCL3
,LCP2,CR2,MCHR1,GALR2,RGS7,CD300E

1.36E-06

747

leukocyte migration

EGFR,VCAM1,MAPK3,CD5,NOS2,CSF3,HBEGF,HSPB1,APP,ILK,EGR1,CXCL10,CX
CL11,CXCR2,SELL,PPARD,CXCL1,STAT1,FPR2,MMP12,ICOS,CTLA4,CD86,CXCL

9,CXCL13,CXCL3,RHOH,VNN2

2.94E-06]

1y 4 39
eorgetown | Lombard}

462,

28




Proteins Regulating Cell Processes of Inflammatory
Response
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Proteins Regulating Cell Processes of Immune
Response
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Gene Expression Findings:

e Strong Expression Pattern of Inflammatory
Response:

- In tumors as well as in normal samples
Possible source: Infiltrating white blood cells

Reference:
Schetter et al. Association of inflammation-related and microRNA gene
expression with cancer specific mortality of colon adenocarcinoma.

Clin.Can.Res. , 2009, 15(18): 5878-5887.

Georgetown | Lombardi



RNA In Serum
40 samples, t-test p<0.05 8 miRNAs

MICro

o

M
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06-000510

-
-

hsa-miR-337-5p-4395267

hsa-miR-19a-4373099
hsa-miR-

hsa-miR-
hsa-miR-19b-1#-0024

has-miR-1305-0028¢€7
hsa-miR-625#-00243

hsa-miR-
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microRNA In Serum

—

PCA & microRNAs

= NO 2 40.04

4. 32.03
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4 24.03
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DNA Copy Number Analysis
Affy SNP 6.0 arrays

e Raw Data = Probe Level Copy Number: 1.6 million probes

e Probe Level 2 Segment Level Copy Number: 100K segments

e Segment Level = CIN Index: Whole Chromosome: 22 values
Individual Cytobands: ~800 values

20 Relapse Free Patients
Tissue DNA: Tumor — 20; Normal — 20

20 Relapse Patients
Tissue DNA: Tumor — 20; Normal — 20
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CIN Index, Cytoband level:

Chromosome # 4

Overall Galns ~Losses

relapse-free
relapse—free
relapse—free

relapse
relapse

16.92

chr_4_dataMatrix_25 1.5 2 sum chr_4_dataMatrix_2.5_1.5 2 amp chr_4_dataMatrix_2.5 1.5 2 del

Georgetown | Lombardi



Copy Number — Segment level
Gains and Losses are shown

Chromosome 4

q21.1
q21.21
qa1.22
1.23
gua
qzz1
Q22
Q23
q23
q24
425
28
q7
q28.1
262
283
IR
g31.21
g31.22
q31.23
q3l3
21
22
23
q33
g3
q34.2
gad3
LELR
g35.2

p15.31
pis2
P61
pl4
P13
pi2
pi1
q11
q12
qi3
qisz
g13.3

relapse-free

relapse

B2D
B1gg
B155

0.00 20 1882

chromosome 4 copy number overview
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CIN Index - Cytoband level:
Relapse vs Relapse_Free, t-test, P<0.05

Brosens et al. Cell Oncol (Dordr). 2011 Jun;34(3):215-23..
Deletion of chromosome 4q predicts outcome in stage 11
colon cancer patients.

RESULTS: Stage II colon cancers of patients who had
relapse of disease showed significantly more losses on
chromosomes 4, 5, 15q, 17q and 18q.

In the microsatellite stable (MSS) subgroup (n = 28), only

loss of chromosome 4q22.1-4935.2 was significantly
associated with disease relapse
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Metabolites in Biofluids:
Relapse vs Relapse Free

Serum:
Serum Pos — 10 and 30 samples;
Serum Neg —10 and 30 samples;

Urine:
Urine Pos - 40 samples
Urine Neg — 40 samples
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Metabolomics Methods

Sample Preparation

LC-MS Data Acquisition (UPLC-QTOF) \
«
Q’ I

Relative Intensity
Relative Intensity

T T T
200 400 600 8

[ 5

Retention time (RT)

LC-MS Data Preprocessing (MassLynx)
(Filtering, feature extraction, feature matching,
retention time correction & handling missing peaks)

" Tsampie | o || Samplen |

RT,_m/z,
lon Abundance
RT,_m/z,
- N
Linear Modeling
“moderated t-statistics”
(8 J
( Feature Identification
(HMDB, KEGG, METLIN, METACYC, LMDB)
q & Validation (MS/MS)* )
e D
Pathway Analysis Network Analysis
IPA , SMPDB (Multi-omics)




Metabolomics — Urine Positive
40 samples, 47 peaks p<0.01

PCA Results

Current Study: CRC_PILOT

Color items by [ Patient Group

PC1 ws. PC2 | PC1 ws. PC3 PC2 ws. PC2

-1z -1i0 -B -5 -

. Had_relapse_ CRC_ PILOT . No_relapse wit CRC_PILOT

B ncpata

Patient Options...

getinfo |
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m/z
119.0815
121.0318
130.0495
130.0495
130.0495
130.0495
130.0495
130.0495
130.0495
130.0497
130.0497
130.0497
130.0497
130.0497
130.0497
130.0497
130.0499
130.0499
130.0499
135.0764
135.0803
135.0803
149.0267
153.0655
153.0655
153.0655
153.0655
153.0659
153.0659
165.0536
165.0536
165.0536
165.0536
165.0536
165.0536
165.0536
165.0536

Putative Metabolites
L-2,4-diaminobutyric acid
3-Methylthiopropionic acid
1-Pyrroline-4-hydroxy-2-carboxylate
5-Oxo-D-proline
5-oxoproline
L-1-Pyrroline-3-hydroxy-5-carboxylate
Pyroglutamic acid
pyrrolidone-carboxylate
pyrroline-hydroxy-carboxylate
1-Pyrroline-4-hydroxy-2-carboxylate
5-Oxo-D-proline
5-oxoproline
L-1-Pyrroline-3-hydroxy-5-carboxylate
Pyroglutamic acid
pyrrolidone-carboxylate
pyrroline-hydroxy-carboxylate
Pyroglutamic acid
Pyrrolidonecarboxylic acid
Pyrroline hydroxycarboxylic acid
L-Canaline
cinnamyl alcohol
phenylacetone
2-0Ox0-4-methylthiobutanoic acid
N1-Methyl-2-pyridone-5-carboxamide
N1-Methyl-4-pyridone-5-carboxamide
N-Methyl-2-pyridone-5-carboxamide
N-Methyl-4-pyridone-5-carboxamide
N1-Methyl-2-pyridone-5-carboxamide
N1-Methyl-4-pyridone-5-carboxamide
2-coumarate
2-Hydroxycinnamate
2-Hydroxycinnamic acid
4-coumarate
4-Hydroxycinnamic acid
cis-p-coumarate
enol-phenylpyruvate
m-Coumaric acid

KEGG

o

O O O O OO OO O O OOOOOOOOOOOOOOOOOOOOOOODOoOOoOO o

HMDB
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Enrichment Analysis for Differentially Identified Putative Metabolites

Pathway Name

SMPDB_SourcelD

Metabolite hit

P Value (Based on
Hypergeometric
test)

Description

Phenylketonuria/
Phenylalanine
Metabolism

SMP00206

Phenylpyruvic acid

Phenylpyruvic acid is a keto-acid that is an intermediate or
catabolic byproduct of phenylalanine metabolism.
Phenylalanine accumulation disrupts brain development,
leading to mental retardation.

Phenylacetic acid

0.00224
Phenyl acetate (or phenylacetate) is a carboxylic acid ester

that has been found in the biofluids of patients with

nephritis and/or hepatitis as well as patients with

phenylketonuria (PKU).

Nicotinate and
Nicotinamide Metabolism

SMP00048

N1-Methyl-2-pyridone-5-
carboxamide

N-methyl-2-pyridone-5-carboxamide (2PY) is one of the end
products of nicotinamide-adenine dinucleotide (NAD)
degradation. Increased serum 2PY concentrations are
observed in chronic renal failure (CRF) patients, which along
with the deterioration of kidney function and its toxic
properties (significant inhibition of PARP-1), suggests that

2PY is an uremic toxin. (PMID 12694300) 0.01563

N1-Methyl-4-pyridone-5-
carboxamide

N1-Methyl-4-pyridone-5-carboxamide (4PY ) is a normal
human metabolite (one of the end products of
nicotinamide-adenine dinucleotide (NAD) degradation). 4PY
concentration in serum is elevated in non-dialyzed chronic
renal failure (CRF) patients when compared with controls.
(PMID 12694300)

5-Oxoprolinuria /
Glutathione Synthetase
Deficiency

SMP00143 /
SMP00337

Pyroglutamic acid

0.01581/
0.04603

A cyclized derivative of L-glutamic acid,Elevated blood levels
may be associated with problems of glutamine or
glutathione metabolism

Prolidase Deficiency(PD) /
Arginine and Proline
Metabolism

SMP00207 /
SMP00020

1-Pyrroline-4-hydroxy-2-
carboxylate

pyrrole-2-carboxylate (PCA) in human urine may be formed
in urine from a labile precursor, presumably delta(1)-
pyrroline-4-hydroxy-2-carboxylate (PMID: 4430715)

Pyrroline hydroxycarboxylic acid

0.05076/
0.05422

Pyrroline hydroxycarboxylic acid is a metabolite identified in
the urine of patients with type Il hyperprolinemia. (OMIM
239510). The oxidation of pyrroline-carboxylate generates
glutamate and pyrroline-hydroxycarboxylate, a reaction
catalyzed by hydroxyproline oxidase (PMID: 500817)
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AmJ Hum Genet. 2010 Jun 2. [Epub ahead of print]

Insights into Colon Cancer Etiology via a Regularized Approach to Gene Set Analysis of GWAS Data.
Chen L3, Hutter CM, Potter JD, Liu ¥, Prentice RL, Peters U, Hsu L.

Biostatistics and Biomathematics Program, Public Health Sciences Divizion, Fred Hutchinson Cancer Research Center, Seattle, WA 58108-1024, USA,

Abstract

Genome-wide association studies (GWAS) have successfully identified susceptibility loci from marginal association analysis of SMPs. Valuable insight into genetic variation
underlying complex diseases will likely be gained by considering functionally related sets of genes simultaneously. One approach is to further develop gene set enrichment
analysis methods, which are initiated in gene expression studies, to account for the distinctive features of GWAS data. These features include the large number of SMNPs per
gene, the modest and sparse SMP associations, and the additional information provided by linkage disequilibrium (LD) patterns within genes. We propose a “gene set ridge
regression in association studies (GRASS) algorithm. GRASS summarizes the genetic structure for each gene as eigensShPs and uses a novel form of regularized regression
technique, termed group ridge regression, to select representative eigen3hPs for each gene and assess their joint association with disease risk. Compared with existing
methods, the proposed algorithm greatly reduces the high dimensionality of GWAS data while still accounting for multiple hits andior LD in the same gene. We show by
simulation that this algorithm performs well in situations in which there are a large number of predictors compared to sample size \We applied the GRASS algorithm to a
genome-wide association study of colon cancer and identified nicotinate and nicotinamide metabalism and transforming growth factor beta signaling as the top two
significantly enriched pathways. Elucidating the role of variation in these pathways may enhance our understanding of colon cancer etiology.

Copyright @ 2010 The American Society of Human Genetics. Published by Elsevier Inc. All rights reserved.

PMID: 20605128 [PFubMed - as supplied by publisher]

Table 3. Top-Ranking KEGG Pathways Associated with Colon Cancer Risk in the Women's Health Initiative Sample

Rank KEGL Mumber Pathway MName Mo. Genes/MNo. eigenSNPs p Value
1 HSADDT 6 Micotinate and nicotinamide metabolism 23602 0.015
2 H5AM 350 TGE-beta signaling B9/2912 0.035

Top-ranking KEGG pathways that are assocated with colon cancer risk at significance level 2 = 0.05. p values are calculated from Equation 6 based on 1000
pemmutations.




Classification Algorithm: Support Vector Machine (SVM)

ROC_SVM_LeaveOneOQut
Gene Expression
g 3- Tumors
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Classification Algorithm: Support Vector Machine (SVM)

ROC_SVM_LeaveOneOQut
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Classification Algorithm:

Support Vector Machine (SVM)

Trlue positive ralte

False positive rate
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| Results of ROC Analysis for SVM classification

Data Type/Tissue Type AUC

Metabolites/Serum_Pos SVM

Gene SVM
Expression/Tumors
MiRNA SVM
Expression/Tumors
CIN Index/Tumors SVM

Metabolites/Urine_Pos SVM

0.7
0.81

0.84

0.87
0.9
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Critical associations involved in CRC Relapse

» Results with 5 molecular data sets plus clinical outcome:

Gene Expression, microRNA expression, CNV, Metabolites/Serum;
Metabolites/Urine

Target: Relapse Status

*  Workflow:
— Combine 5 data matrixes (pre-filtered on significance of differences) —
— Input to RF-ACE algorithm,
— Analyze with RF-ACE with 2K permutations,
— Results of RF-ACE - Upload to Regulome Explorer instance at AWS
— Visualize results of analysis on Genome map and/or Network viewer
— ldentify genome locations with large number of highly correlated changes
— i.e. “Hot Spots”
— filter data based on importance of association with clinical outcome

— Find interactions between different molecular features that are highly ranked on
importance

Georgetown | Lombardi



Multi-Variate Analysis with RF-ACE and Mapping
to Regulome Explorer

%) Analyze with RE-ACE

® [nference of nonlinear associations was
pertormed in a cluster of 1ooo CPUs

s Each cancer type takes
~1-5 days of analysis

e -y

STy dssOCIatIonS

(%3]

!

® Fach cancer type vields hundreds
of megabytes of associations

-
» Associations are i
stored in a database
for fast retrieval

@ Bring in other data .

s MEDLINE literature mining

s Pathways from GO, REGG,
WikiPW, & PathwayCommons

® Reference genome

M e T OTHER?! Q

http://explorer.cancerregulome.org
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Multi-Variate Analysis with RF-ACE ;
Visualization with Regulome Explorer

RF-ACE

(Random Forests with Artificial Contrast Ensembles)

 RFimplementation with added flexibility
— support for string literals and various data formats

— Easy interface with default parameter options
* Normalized importance score

* |nclusion of statistical testing framework

— p-values for associations

» Better predictive power with Gradient
Boosting Trees
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IGenome View of Top 40 Molecular Features/Associations

Regulome Explorer

Data Display Mode
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Top 200 Features Associated With CRC Relapse

Random Forest Associations Explorer
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Top 200 Features Associated With CRC Relapse
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Bayesian to RF-ACE comparison

—

Avzmentd MArkow B [0.25)

RF-ACE

M: R RN hea-mir-342-5p-
N395258:chrid 100575991 1005 TE0E0:+:

IMGEXP:IFITS:chriD: 91174555011 TEA0S +:

M:METE Urine:7.4154 580.4272

IM2GEXP:TMIPS :ched ;132053785 1 2 20E52 8-

M:METE_Urine:5.5208 2402339

N:METE_Urine:7.9525_33E.1236_|ndole-3-acetyl-beta-1-D-
lucoside:::::

:MIRN:hsa-mir-617-001 591 :chr12 :E1226311 :E1 226408

“METE_Urine:d 1628 22013658 Darfngine::::

:METE_Urine:2.3005_121 027E

h
h
N:METE_Urine:7.384_727 A618::
b
b

:METE_Urine:6.3254_453. 1664,

IM:METE Semmm:5.1757 225 232 Halamimol A

M:METE_Urine:0.3265_227_1245_Tubenonic_acd:::::

INGEXP-ORES1 chrld 2 110ER5A: 21 10GESD:-:

M:METE Urine:d 5453241 144100

IM:GEXPCNCL1 I :ched: FRS27019: 7E532193 +:
[M:METE Semsm:6.1373_647.5016 SM{dif 1,12 o]

M:METE_Urine:7.4225_463.3037_Podecdy=sone_B:::::
MOGEXP ARHGAPZE chriE 6E37347:6512153 +:

M:METE_Urine:5.B62E_245.0781_Uridine:::::

M METE_Serum:D.3195_480. 7ETZ

M:METE_Semsm:5.1757_22E 232 Halamimol_,

IN:METE Urine 53264 453 1664:

MOGEXP PDESA che2 1 44073524441 95403 +:

MICNW RG34, 1ichnd D1 72 200000 : L FEEO0000:

MOGEXPICDA chrl: 20815622 : 20845081 +:

INGEXPCOA chrl : 2001 5622 20015061 +:

MGEXPPCOLCE2 :che3 142537176 142607736

IM:METE Urine:5. 5206 240.2335:

M: A RN hea-mir-e8-4373372chr 71284145311 2841 4605 -:

IN:GEXP:ARHGAPZE ChriE:6E37347:6812153 +:

M:METE Urine:2 6826 254 0758000

M:METE_Urine:5 5168 250 1671 Chowboxin:::::

IM:METE Urine:0.3255 227.1245 Tuberonic adid::::

MoGEMP:IFITS:chri0: 91174555 911 TEA05 +:

[M:MIRN:h=a-mir-573-001615:chrd :24521814:24521913:-:

MoGEMP:TNIPS:chrd 1122053765 122085280 -

M:CNWRI1D3 1. 3 :chrl :S0S00000 &5 FODOD0:

M: R RNChea-mir-331-3p-4373046:chri2 95702195 95 FO22E0:+:

INGEXP:PCOLCER :che3 142537176 142607738 -

M:MIRN:hsa-mir-370-43853-86:chr1 101 377475101 377550:+:

M:CNWR:Ep2 1. 32:chrG:3 L SO0 : 33 E00M00: :

MOGEXPCHOLL3 ched - RS2 M019: TES32193 +:

IN:METE Urine:d 1628 220 1365 Darfingine:::::

MoGEMPIORSS1:chrid:21108E54: 21 108E50 -

M:METE_Serum:£.1373_547.5015_SM{d1E 113 _0):
N:METE_Serum:0.2701_110.0083::::
N:GEXF:CEACAMLS:chr18:45175203: 451856752 +:
N:METE_Sersm:D 3181_208 B951:
N:METE_Serum:0.32808_BO0.4DE7:
N:METE_Serum:0.3267_440.7302
M:METE_Serum:0.3738_217.1047:

BB N - h R S TR0 81 Sorhed T AST 1 R1A 7457151 5 -
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Last stop: Somatic Mutation Analysis

4. Variant Analysis

UySamplas | My Anslhaes  CRE testd two groups R va RF |5 =1
— Vanants | Genes | GroupsiComplenes | Pathways | Processes | Duseases | Owerdew
Varksmls Genes
T340 arTT
migration of cells gemnes S
T n
s Predicied Dulatercss 5 altusrnin B
infa e 458TE-11 13 5] 1 80 0 0
FErCr] 8318 ¥ enlory resgon i
problarsben of Blaod colly 1220610 13 2] 15 B0 0 0 aabrotactin 1
o o g | ™eben oftiood calls 6755610 13 2 % 80 0 9 CORZ
8676 a2 ta | leukocte migrtion 6TSEE10 13 2 18 L 0 0 SRAMIGNg (- ol Fuchphor 2
6l movermient of [Bukoyes 1270610 13 2 1® 80 o ] | coua
G4 mcdecula
cell movement of blood celis BO4TE-10 13 -] 1% 80 o o ot
| 8 = * problaraben of MonBNUCEar koot 5.300E-10 12 n " B0 0 0 Pr—
' probiaraton of lrmeRocites 406010 12 n 5 80 0 0 GATAZ
probferation of Immune colis 107369 12 Fi 18 80 o [} (GATA binding probein 2
cell déalh of blood cells 143865 12 i1 18 &0 ] [} [ Lo
intedeukin 10
peolferation of T lymphocyies BITIE- 11 20 18 80 o o ,
ILATA
cell Se of imenuns cets 138868 11 20 5 B0 0 0 per——
AU Cal Cunity || 3CVEH0N Of meRONUCHESC leukooES 420011 11 2 ® &0 ] 0 L
f <20 - ¥ acwation of leukogies 2EEIES 11 20 1" 80 o ) inturieukin 1, beta
il - EER actvalion of biood cells 119368 11 20 18 &0 ] [} IL1RH
- baenbral i Reterence Ganome intariikin 1 receplor ankagenist B
T T — geowih of immuse salie 1584E-15 11 i7 15 80 0 0
" Helsrazygeshmbigueus iL
: ; — - growih of seod call LORIE-14 1 17 " B0 0 0 inlerukin 21
B B S copy Nemer GanHesszygous | Collalar homaosasts 16706 14 24 15 75 o L HFKE
: = :cm el Lo |- FRIEG 12 ) 15 75 o o Muaciuar [acted of Kigga light poiypaptide gant senancer |
in i3 1
@ Wiy gt deveicgmaent of tood cells 3105811 12 1] 15 75 o o fre il
" 8 @ ommrem ; e
ep— infraton of lbukoertad 1204611 11 20 15 75 0 o *
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CRC Exome Data — Variant Analysis

W e oo b e Ly g e b ey gy s i) o A e e S Chah et 101 g

B g A i 14 a1 4 e ey s

i o .
Wekome Yory G Loz 40 %, Variant Analysis

i g O

My Samples | Wy Analyses - rg_testl [%]
Filter Cascade Variants | Genes | Groups/Complexes | Pattways | Processes | Diseages | Overview
Export 1638 variants
71843 8777 - -
Chr. |Pnsmnn |Gene Region ‘Gene Symbol |Pmte|n Variant |Case Bamples ‘Cnmrnl Bamples Translation Impact ‘S\FT Functio ‘Hegu\ammswte Regulator \Variant Findings |dbGN &|  Variant: chr1 - 43804340 ®
+ Common Variants 3 1 432112760 Exonic, Introni LEPRET GT50R B i i P nonsyhanymous 1168 Wigw Calh mtEhednmwe2
47882 8938 + 1 43804340 Exonic MPL Y1140 - —m-m-m—-—-——— -———— - R nonsyhonymous  Tolerated 2 127: ariant Findings (2)
Gene Symbol © MPL
1 43826794  Exonic cDCan Wil ~— |soccocooooes e nonsynonymous  Tolerated 1801 ! myeloprolifarative
,,,,,,,,,,,,,,,, - laukermia virus
+ Predicted Deleterious 3 1 44071114 Exonic PTPRF R121T, R1130 = nonsynonymous  Tolerated -
17708 F383 t+ | 1 AEN3ET Baonic KIF2C K104R R i i nonsynanymaus  Talerated L
- dhENP 1D 12731881
1 45267578 Exonic PLK3 Lo - —- - - R e nongynonymous  Tolerated
« Cancer Driver Variants g | 1 | 45798078 Exonic MUTYH V2306, ¥236,'- - - - - - P i T e nonsynonymous  Damaging B Il g ign
Agsessment
3569 1326 + 1 46073362 Exonic, Intronit NASP Q196R, Q260R - — nonsynonymous  Tolerated 751 X
Gene Region : Exonic
- -
1 46080808 Exonic NASP N258K, NS33K, = = = = = = = = = e Hessoseossosesssassas nengynonymous - Tolerated Frotain Variant: ¥114M
* Genetic Analysis g | 1 46855860 Coonic POMGNT!  ES51K ——mmm o mm oo m - - o L R nongynanymous - Tolerated Transerint
D340G=A
1667 a7 | 46657848 Exonic POMGNT!  R4880 - ——-—-- M — e e m - nansynonymous  Damaging Vatiant
1 47047324 Buonic, neRMA MKNKI 179M e i e nonsynanymous  Tolerated Tranﬁ;‘;;:nonsynonymous
« Biological Context 5] 1 47048945 Exonic, neRMA MKNK1 KME - ----- e e m— — — honsyhonymous  Tolerated R
unetion .
1638 913 + 1 47737780 Exonic STIL M784R e T i e e nonsynonymous  Damaging Prediction Tolerated
1 47746485 Exonic STIL EA40K - Ce=================== nonsynonymous  Tolerated Variation Type : SNP
1 47746675 Exonic STIL L48s5F - ---- T e nonsynonymous  Tolerated Cytohand 1 1p34.2
1 51301812 Exnic NRD1 Ginclude L171M, L235M, - — —mm= = = = = = = = = = = = = - mm e o= nonsynonymous  Damaging oG Public
) Genomes:3.7%
1 52344172 Exonic, Prama NRD1 Gnclude §39C = - - — - - - - m - = R ] nongyhonymous | Damaging - Promoter Loss byt Fragquency
1 52840543 Exonic ORC1 (include F7728 FT778 - - = == == == - - W - m e m - m e m—————— - - - - nonsynonymous - Damaging 1000 Genomes
2M%
Legend [hide] 1 52851808 Ewonic ORCA finclude TABTM, T4GEM - — - — - — = — — R nonsynonymaous  Damaging 3087 Frequency
Funclion Call Quality
N <2030+ 1 53535829 Exonic PODN L130P, L149P - - - - - - - ———— —— — - —— e mmm e ——— nonsyhonymous  Damaging
& -
o & 5"\ 1 53542812 Exonic, Intronit PODN N2408, N2595 - — — nongynonymous  Tolerated
- Identical to Reference Genome
= == elsrozygous Variant T 53644513 Beonic PODN T350M, TAT3M, - - - - — - - - — O============================== nonsynonymous  Tolerated 126
; Heterozygous/Ambiguous 1 53547748 Exonic PODN G492V, GBI, = = = == = = = = U nonsynonymous | Tolerated
Homozygous Variant
Copy Number GainHelerozygous | | | 54818725 Buonic, Promo TCEANCZ, TM AdBY - —-------- Oeeecscss=s= o nonsynonymous  Tolerated Promoter Loss  FOXG1 412
Copy Number Gain/Homozygous ¢ | 65310801 Exanic DHGR24 KITBR  mmm e e - e e nongynanymoug - Tolerated
= Hemizygous
Nulizygous 1 55337168 Exonic DHCR24 P244L R it T nonsynonymous  Tolerated L
3 Gene Fusion s loenosans |- nnean Toloeatad Ad
No genotype [4] | [»]
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Gene Level Summaries — APC Gene (known)

! [ Gmail - Inbox (8,540 -... x’ % Ingenuity Variant Anal... * | = Congenital amegakary. (]
« C M & htips:/fapps.ingenuity.comvafhome. jspra=5232 9% % aQ

B - Calendar @ Randarm Forest As... (5 Center for Systerm...  []] Integrative Analysi.. @ Issues - regulome, .. m Integrative Cancer... m Integrative Cancer... [] Regulome Explare... ﬁ Integrative Cancer. ., @ Randorm Forest As. .. @ Random Forest 45,  Sacond Sympasiu... > [0 Other hookmarks

Weome iy G Lot 140 “%. Variant Analysis”
F

| My Samples | My Analyses - rg_testl [<]
_ variants | Genes | Groups/Complexes | Pathways | Processes | Diseases | Owerdew
71949 ariv
| #variants | #Cases | wcases | #contols | %Contiols | TG details x
. e 13 14 70 2 10 la| TG
= Common Variants 5} thyroglobulin
47882 8338 + APC 13 1" 55 1 5
CFB 7 11 55 2 10
= Predicted Deleterious 8 mocs @ v o ! s
17700 6389 e PKHD1 1a 10 50 [ 25 H
BTNLZ El 10 50 2 10
= Cancer Driver Variants )5} Hare2 2 E 48 i n
3569 1328 +4 THBSZ [} 8 40 1 5
IKBKB 8 40 i} 0
= Genetic Analysis 8 BIRCE g i B 0 0
1667 927 4+ ABCH1 7 7 35 4 20
CACNATS g 7 36 3 15
MST1R B 7 35 1 5
1638 913 + IGF2R 5 7 35 2 10 m
AddFilter EGF (includes EG:13645) 7 35 2 10
HIST1H4A {includes athers) 4 7 35 1 5
ALOKS 2 7 35 1 8
MTUS1 8 [ 30 1 5
LAMAZ 7 B 30 b3 10
Legend [hire] COL4AZ B & 30 a i}
Call Quality
Funeton 0 0. GRINZA 5 5 0 0 0
& (\5@ & MERTK & & 0 2 10
- identical o Reference Genome || pre 5 5 10 4 5
= Heterozygous Variant
= Heterozygous/Ambiguous PDE4B 5 & 30 1 5
= B = Homozygous Variant
2 S = Copy Number GainHeterozygous uce 5 § 30 1 §
= E = Copy Number GaivHomozygous | LAMAY 5 & 30 1 5
= B = Hemizygous
=@ Nulizygous PLEC 8 [ 30 1 5
] i Gene Fusion SPTEMT 5 [ 30 0 0 vl
No genotype Al
Contact Us | About Ingenuity Systems | Prvacy Palicy  @2012 Ingenuity Systems, Inc. &ll rights reserved
20120410 MIR FRR... 5~ 20120410 MIR FRP... x5~ 3 show all downioads... %
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Protein Complexes Level (groups of proteins):
Top ranked protein complex: Growth Factor Receptor
(18genes, 38 Variants, 80% of Cases)

ﬁ . .
Welcome Yuriy Gusev | Logout  FAQH v A I
%, Variant Analysis
My Samples | My Analyses - rg_testi [=]
Filter Cascade Variants | Genes | GroupsiComplexes | Palhwiays | Frotesses | Diseases | Overview
71949 8777 I
Name | pvsiue o | #Cenes | #vanants |#casss | swcases | #Contiois | scontrols | growthfactor receptor genes x
growth factor receptor 1.688E15 18 38 18 a0 5 5 |a] BMPR2 4]
* Common Variants A bone morphogenetic protein receptor, type Il (serinefthreonine kinase)
7883 9338 3 Integrin 81436 0 18 16 &0 5 5 ook
MLH1-MSH2-MSHE-PM32 104ES 4 7 B 30 1 5 distoidin damain receptor tirosine kinase 1
% Predicted Deleterious 8 EPHAB 116265 |6 14 10 &0 : 10 EGFR
17708 sams 14 || OSN-PIBKPIPZSre 122865 7 2 15 75 4 20 epidermal growth factor receptor
KU-WRN-Artemis-DRA Ligase Iv-DNA-PK-HRCGA 1.759E-5 & 10 10 50 1 5 FGFR1
fibrablast growth factor receptor 1
. Cancer Driver Variants g | MutloMuseExol-FENT 17595 & 8 [ 30 2 10 .
3569 1326 +4 | alcohol group acceptor phosphotransterase 179385 11 17 9 45 1 5 Tibroblast growth factor receptor 3
Epha/B dimear 1.800E-5 B 14 10 a0 2 10 o FOFR4
< Genetic Analysis 5 | ECFRPDGFRIGFR 301965 4 1 14 0 2 10 fibrablast growdn factor receptor 4
1667 927 4+ || PIK complex 3905E5 6 24 14 n 3 15 FOFRLT
fibroklast growth factor receptor-like 1
phosehatidvlinositol-4,5-hisphosphate 3-kinase 5185E-5 5 23 16 a0 4 20
FLT4
= Biological Context £ Gper 60155 30 49 18 95 7 3% fins-related trosine kinase 4
1638 913 + Fofr 8.852E-5 4 7 5 25 0 0 GHR
MutLo-MutSa 6.853E-5 4 7 8 30 1 5 growth harmane receptor
MutLa-Mutsg 8.852E-5 4 7 5 25 1 5 IGFIR
insulin-like growth factor 2 receptor
IRS2-PI3K 7BI5ES B 24 14 70 3 15
) KDR
Integrina TBIES | & 14 " 55 3 18 kinase insert domain recentor (a type Ill recentor tyrosine kinase)
SHP2-PI3K-GAB2 1.034E4 & 24 14 70 3 15 TR
Legend [nide] IL-1RTLR 122864 5 11 10 50 1 5 neurotrophic tyrosine kinase, receptar, type 1
Call Quali
Functon oA caspase 122064 & 7 10 50 2 10 NTRIC2
. & neurotrophic tyiosine kinase, receptor, lype 2
& &g = KU-WRN-DNAPK-Arteris 132964 4 9 3 45 1 5
- Identical to Reference Genome PDGFRA
- = Helerozygous Variant (EEGDD s o o © e o ® platelet-derived grawth factar receptor, alaha polvpeptide
:eterozvguus:‘:«mba:uous Wla-4 132964 4 10 3 40 2 10 p—
fomozygous Varin! Basc 1802E-4 B 9 7 25 2 10 platelet-derived growth factor receptor, beta polypeptide
= = = Copy Number GainHeterozygous.
= = = copy Number Gain/Homozygous | Laminin2 2184E-4 3 13 [} 45 3 15 TGFBR3
= S = Hemazygous transforming growth factar, beta receptar [l =
= Nulizygous Ephb dimer 2318E-4 4 9 [ 30 0 0 [v]
L s Gene Fusion Ptk 374BE-4 4 13 12 60 1 5 vl
No genolype L
Contact Us | About Ingenuity Systems | Privacy Policy  €2012 Ingenuity Systems, Inc. All rights reserved
20120410 MIR FFP..xls © =) 20120410 MIR FFP, e 3 show all downloads... %
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Pathway Level : 0% variants in control samples
Colorectal Cancer metastasis signaling pathway
(color-coded genes showing type of mutation by color and quality of call by intensity)

—

PR | -

Colorectal Cancer Metastasis Sianaling 2.629E10 10 23 13 65 1} 0 £
Inosital Phosphate Metabolism 1.694E-7 7 10 7 35 1] 0

Migmatch Repalr in Eukaryotes 20TME-7T 4 4 4 20 1} 0
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Top Genes: GO enrichment With Ingenuity IPA

Name p-value # Molecules
Top Bio Functions
e Infectious Disease 3.90E-04 - 2.81E-02 3
e Inflammatory Response 3.90E-04 - 3.76E-02 2
e Neurological Disease 3.90E-04 - 2.97E-02 3
e (Cancer 1.17E-03 - 1.13E-02 1
e Gastrointestinal Disease 1.17E-03 - 1.70E-02 1

Top Molecular Functions

e Antigen Presentation 3.90E-04 - 3.76E-02

e Cellular Movement 3.90E-04 - 3.76E-02

e Cell-To-Cell Signaling and Interaction 7.80E-04 - 2.93E-02
e Cellular Function and Maintenance 1.17E-03 - 3.42E-02
e Cell Death

N NNR
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G-CODE : Clinical Omics Development Engine

Pilot on Amazon Cloud

Georgetown Clinical & Omics Development Engine

* Cloud computing refers to the on-demand provision of computational
resources via a computer network.
* Cloud computing is an attractive model for application deployment

because it is provides the following things
= Agility
= APIs

=  Reduced Cost

= Device independent

= Scalability

= Performance

= Security Georgetown | Lombardi



Multidisciplinary Team

—

Lombardi Comprehensive Cancer Center:
— Dr. Louis Weiner’s Lab, Dr Stephen Byers’s Lab, Dr. John Marshall
— Genomics, Cytogenetics and Metabolomics Shared Resources

G-DOC Development Team:

— Michael Harris, Andrew Shinohara, Kevin Rosso, Lavinia Carabet

e Analytical Group:
— Georgetown - Yuriy Gusev, Krithika Bhuvaneshwar, Robinder Gauba, Lei Song
— Virginia Tech: Joseph Wang
— ISB: Ilya Shmulevich , Hector Rovira, Timo Erkkila
e Funding
— Georgetown Special Projects Initiative
— NCl In Silico Research Centers of Excellence
— NCI Center for Cancer Systems Biology (U54)
— FDA Center for Regulatory Science

Madhavan et al. G-DOC®: A Systems Medicine Platform for Personalized
Oncology. Neoplasia. 2011 Sep;13(9):771-83
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ICBI: Discovery, Clinical Research, Clinical Care

—

Clinical Research Clinical Education

4 N

* MD/MS Systems
Medicine

* ‘omics’ data analysis
* EHR/PHR integration

+ Biomarker discovery * Partnership

« Disease « Joint Grants

Classification « Joint Appointments

+ Genotype-Phenotype
Correlation

« Contracted Services

. : » Shared Resources
* Biospecimen

management and * Medical Internships

analysis : » Joint Clinical Trials
. NO\I{]el oavimethod * Shared IP
technology/metho . . . . . L
\_ development ) Basic/Traslational Biospecimen - Joint publications
\_ /

email: sm696@georgetown.edu
G-DOC URL: https://gdoc.georgetown.edu
ICBI Website (coming soon): http://icbi.eeorgetown.edu/
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Innovation Center for Biomedical Informatics (ICBI)
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