i HARVARD %{é%%%%PITAL =§ BROAD

s
’? MEDICAL SCHOOL INSTITUTE

*AMARETTO for network biology and medicine:
linking diseases, drivers, targets and drugs

via graph-based fusion of multi-omics, clinical, imaging and perturbation data

Nathalie Pochet, Ph.D.

Assistant Professor, Harvard Medical School
Associate Scientist, Brigham and Women’s Hospital
Associate Member, Broad Institute of MIT and Harvard

http://portals.broadinstitute.org/pochetlab/
http://portals.broadinstitute.org/pochetlab/amaretto.html
npochet@broadinstitute.org, npochet@bwh.harvard.edu

Funded by NIH NCI ITCR


Presenter
Presentation Notes
 *AMARETTO for network biology and medicine:
linking diseases, drivers, targets and drugs
via graph-based fusion of multi-omics, clinical, imaging and perturbation data
 
We present *AMARETTO as a software toolbox for network biology and medicine, towards developing a data-driven platform for diagnostic, prognostic and therapeutic decision-making in cancer. *AMARETTO links diseases, drivers, targets and drugs via network graph-based fusion of multi-omics, clinical, imaging, and driver and drug perturbation data across model systems and patient studies of cancer.
 
The *AMARETTO platform features a modular approach to incorporating prior biological knowledge based on multimodal and multiscale network-structured modeling: (1) The AMARETTO algorithm learns networks of regulatory circuits - circuits of drivers and target genes - from functional genomics or multi-omics data and associates these circuits to clinical, molecular and imaging-derived phenotypes within each biological system (e.g., model systems or patients); (2) The Community-AMARETTO algorithm learns subnetworks of regulatory circuits that are shared or distinct across networks derived from multiple biological systems (e.g., model systems and patients, cohorts and individuals, diseases and etiologies, in vitro and in vivo systems); (3) The Perturbation-AMARETTO algorithm maps genetic and chemical perturbations in model systems onto patient-derived networks for driver and drug discovery, respectively, and prioritizes lead drivers, targets and drugs for follow-up with experimental validation; and (4) The Imaging-AMARETTO algorithm maps radiographic and histopathology imaging data onto the patient-derived multi-omics networks for non-invasive and histopathology imaging diagnostics.
 
We demonstrate the utility of *AMARETTO via Jupyter Notebook workflows for several Use Cases integrating multi-omics, clinical, imaging, and driver and drug perturbation data across model systems and patient studies of cancer: (1) A study of hepatitis C and B virus-induced hepatocellular carcinoma (LIHC) with driver and drug discovery for chemoprevention across pan-etiologies of hepatocellular carcinoma, experimentally validated in rat models; (2)  A study of glioblastoma multiforme (GBM) and low-grade glioma (LGG) with driver discovery for diagnostic and prognostic molecular subclasses associated with imaging-derived features for non-invasive imaging diagnostics; and (3) A pan-cancer study of squamous cell carcinoma (SCC) across five SCC cancer sites, in particular, lung (LUSC), head and neck (HNSC), esophageal (ESCA), cervical (CESC) and bladder (BLCA).�
Software availability: *AMARETTO is available as user-friendly tools via GitHub, Bioconductor and R Jupyter Notebook to enable further algorithm and software development and via GenePattern, GenomeSpace and GenePattern Notebook to reach a broad audience of biomedical researchers.
References, Tools and Resources: http://portals.broadinstitute.org/pochetlab/amaretto.html
Funding: NIH NCI ITCR R21 CA209940 (Pochet), NIH NIAID R03 AI131066 (Pochet), NIH NCI ITCR U01 CA214846 collaborative suppl. (Carey/Pochet)
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Big Data: multi-omics, clinical, imaging, perturbations,... across biological systems

/(Patient Studies Model Systems\\

r \ e — \

Decipher disease heterogeneity Perturbation studies
Multi-omics: (epi)genetics & functional genomics Genetic perturbations for driver discovery
\Driver discovery via regulatory network inference) L Chemical perturbations for drug discovery p
( N 4 N\
Bulk & single-cell multi-omics Multi-omics & imaging

\k Radiographic & histopathology imaging / & Genetic & chemical & etiology perturbations //

[ Disease discovery ] [ Driver discovery ] [ Drug discovery ]

Data-driven hypothesis generators based on multimodal and multiscale big data fusion?




*AMARETTO

links diseases, drivers, targets and drugs

via network graph-based fusion
of multi-omics, clinical, imaging and perturbation data
across model systems and patient studies of complex disease

software toolbox for network biology and medicine
towards developing a data-driven platform for diagnostic,
prognostic and therapeutic decision-making in complex disease



*AMARETTO framework
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*AMARETTO discovers drugs reversing drivers and targets in complex disease

AMARETTO

O learns networks of regulatory circuits (modules) - circuits of drivers and target genes
O infers networks from functional genomics or multi-omics data

[ associates circuits to clinical, molecular and imaging-derived phenotypes
O learns networks within each biological system (e.g., model systems or patients) U » ﬂ

Community-AMARETTO
O learns subnetworks (communities) of regulatory circuits shared or distinct across multiple networks
 learns networks across multiple biological systems (e.g., model systems and patients,
cohorts and individuals, diseases and etiologies, in vitro and in vivo systems)

Perturbation-AMARETTO

1 maps driver (genetic) perturbations in model systems onto patient-derived networks

1 maps drug (chemical) perturbations in model systems onto patient-derived networks

[ identifies perturbations reversing disease-associated behavior, not affecting normal behavior
 prioritizes lead drivers, targets and drugs for follow-up with experimental validation

» *AMARETTO links diseases — drivers — targets — drugs



The *AMARETTO framework
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The *AMARETTO framework:
1. the AMARETTO algorithm for inferring regulatory networks via multi-omics and imaging data fusion
2. the Community-AMARETTO algorithm for learning subnetworks shared/distinct across systems and diseases




The *AMARETTO framework
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The *AMARETTO framework:

1. the AMARETTO algorithm for inferring regulatory networks via multi-omics and imaging data fusion
2. the Community-AMARETTO algorithm for learning subnetworks shared/distinct across systems and diseases




*AMARE

Top 25-75%
varying genes

O for regulatory network inference within systems and diseases
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(*) Regularized regression: Lee et al., PLoS Genetics 2009; Zou and Hastie, J R Stat Soc 2005; Tibshirani, J R Stat Soc 1996



*AMARETTO for multi-omics data fusion in multiple systems and diseases
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(*) GISTIC: Mermel et al., Genome Biology 2011; Beroukhim et al., Nature 2010
(**) MethylMix: Gevaert, Bioinformatics 2015; Gevaert et al., Genome Biology 2015; Cedoz et al., Bioinformatics 2018




The *AMARETTO framework
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The *AMARETTO framework:

1. the AMARETTO algorithm for inferring regulatory networks via multi-omics and imaging data fusion
2. the Community-AMARETTO algorithm for learning subnetworks shared/distinct across systems and diseases




*AMARETTO for learning subnetworks across systems and diseases
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*AMARE
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Functionalities for optimization and downstream analytics

Optimal generalization performance Stratification for disease phenotypes
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*AMARETTO application 1: pan-cancer study
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*AMARETTO application 1: pan-cancer study
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*AMARETTO application 1: pan-cancer study
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— AMARETTO facilitates identification of known and novel cancer drivers and their targets




*AMARETTO application 2: virus-induced cancer
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*AMARETTO application 2: virus-induced cancer
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— AMARETTO facilitates identification of known and novel drug compounds
and how they modulate cancer drivers and their targets




*AMARETTO
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*AMARETTO:

1. Captures hallmarks of cancer
2. Facilitates identification of known and novel cancer drivers and their targets

3. Facilitates identification of known and novel drug compounds and how they modulate cancer drivers and their targets




Use Cases: integrating multi-omics, clinical, imaging, and driver and drug
perturbation data across model systems and patient studies of cancer

1. A study of hepatitis C and B virus-induced hepatocellular carcinoma (LIHC) with driver
and drug discovery for chemoprevention across pan-etiologies of hepatocellular
carcinoma, experimentally validated in rat models



Use Case 1: Studying virus-induced hepatocellular carcinoma

Driver prediction for hepatitis C and B virus-induced hepatocellular carcinoma across subnetworks derived
from >6 systems validated in cell lines, and prediction of chemopreventive treatments modulating disease-

associated subnetworks using chemical perturbations in cell lines, experimentally validated in rat models

Pan-etiology of cancer
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Driver and drug discovery for hepatitis C (HCV) and hepatitis B
(HBV) virus-induced hepatocellular carcinoma (HCC)
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Driver and drug discovery for chemoprevention of hepatitis C (HCV) and hepatitis B
(HBV) virus-induced hepatocellular carcinoma (HCC)
= AMARETTO facilitates identification of known and novel drug compounds
and how they modulate cancer drivers and their targets
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> Genes from 'subtype S1' signature of hepatocellular carcinoma (HCC): aberrant activation of the WNT signaling pathway

> Survival signature genes defined in adjacent liver tissue: genes correlated with poor survival of hepatocellular carcinoma (HCC) patients
> Polycomb Repression Complex 2 (PRC) targets; identified by ChIP on chip on human embryonic stem cells as genes that: possess the trimethylated C ity 1
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> Genes from 'subtype S2' signature of hepatocellular carcinoma (HCC): proliferation, MYC and AKT1 activation
> MYC targets; targets of c-Myc and Max identified by ChIP on chip in a Burkitt's lymphoma cell line; overlap set; and in cultured cell lines, focusing on E-box-containing genes;
high affinity bound subset Community 3
> CORE stemness genes upregulated and identified by ChIP on chip as NOS (Nanog, OCT4, SOX2) transcription factor targets in human embryonic stem cells
> STX7 pan-etiology driver of HCV and HBV virus-induced HCC
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> Genes from 'subtype S3' signature of hepatocellular carcinoma (HCC): hepatocyte differentiation
> Survival signature genes defined in adjacent liver tissue: genes correlated with good survival of hepatocellular carcinoma (HCC) patients
> Liver specific genes from Human Gene Expression Index, the HUGE Index, http://www.hugeindex.org Community 5
> APOC3 pan-etiology driver of HCV and HBV virus-induced HCC validated in all 6 data sources using genetic perturbations of APOC3 in the HepG2 liver cancer cell line

Community-AMARETTO report: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Liver 6DS/index.html
NDEx network visualization: http://www.ndexbio.org/#/network/f50b3ech-7b47-11e9-848d-0ac135e8bact
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Use Case 1: Studying virus-induced hepatocellular carcinoma

Driver prediction for hepatitis C and B virus-induced hepatocellular carcinoma across subnetworks derived
from >6 systems validated in cell lines, and prediction of chemopreventive treatments modulating disease-
associated subnetworks using chemical perturbations in cell lines, experimentally validated in rat models

Cell

Comprehensive and Integrative Genomic
Characterization of Hepatocellular Carcinoma e e
=) (=) e (== (=
| |

Graphical Abstract Authors b s

|
[ [ o8| ] ! !
— The Cancer Genome Atlas Research Finiw] — [J = []
Hepatitis B Cryptogenic  Hepatitis C Alcoholic Y l

iver Di Liver Network
leerDlsgase Disease l dll:ﬁopawcyts

‘*'./;&;,. o L2 804 . o / | v T l\—l
.wwml}lw wwwml}'ww‘ww 'wwwrﬂ'lﬂ'w i “' Correspondence [ MDM2 ][ MDI4 ] Coll growth,
heeler@bcm.edu (David A. Wheeler), T seloaenests

| robertslowisGmayoed ~ (Lows . — [ = —7

Roberts) Cell immortalization
Hepatocellular Carcinoma IPs3

CDKN2A |
/’m |n Brlef G [,_|_|_|,,‘ T o% [,_|_|_\n% o m]
Exome Apoptosis, senescence, ~.-stimeseoeseee \ﬁ

sequence Copy number mRNAseq MicroRNAseq Methylomics Proteomics Multiplex molecular profiling of human differentiation m
= = F i Foay R T FTE H : _ CTNNB1 MYc
hepa.toce.llul_ar ca_rcmoma patients — i — i — | @
;, provides |.ns.|ght into Sl.Jbtype [l o [ex]| —— ) I |
e characteristics and points toward key 1 i i
. ! CCNET ] FGF19 Cell proliferation
pathways to target therapeutically. Call cycle B [ [+o% 0%

progression o WNT pathway

Gene

L4 4 L - A — b
h ti BAP KMT2D CREBBP

r— T B e Chr ) (e (=) (F=t=) [iGutr | tosiz | o |

Mutated Deletion - Sub-group Insertional Hyper- Analysis modifiers

Genes Amplification Classifiers Activation methylation % Altered cases
LIOUCLLIY | s Mutational SISl IDH1/2 SMARCA4 ARID2 KMT2C BRD7 [inactvated _ctvated]
o5 cone pits coRiza HHp || RTKRAS el [7]| || | ]%] sl o [ | |5 eso%]
TERT sFap1 ERRFI P53 signalure CCNE1 Chromatin mod.
5 ey MET IDH1/2-like Guz || MTmM cPsi Mataholic.

Immunalegic SRR,

Figure 6. Integrated Molecular Comparison of Somatic Alterations in Signaling Pathways across iCluster Groups

Each gene box includes three percentages representing the frequency of activation or inactivation in iClusters 1, 2, and 3 based on the core 196 sample HCC

dataset. All somatic changes are tallied together in calculating the percentages of altered cases within each of the iCluster sample groups. Somatic alterations

include mutations and copy-number changes (homozygous deletion and high-level amplifications), as well as epigenetic silencing of CDKN2A. Missense mu-

H ig h I ig hts tations are only counted if they have known oncogenic function, have been reported in COSMIC, or occur at known mutational hotspots. Genes are grouped by
signaling pathways, with edges showing pairwise molecular interactions.

e Analysis of hepatocellular carcinomas integrates data of See also Figure 36.



Use Cases: integrating multi-omics, clinical, imaging, and driver and drug
perturbation data across model systems and patient studies of cancer

1. A study of hepatitis C and B virus-induced hepatocellular carcinoma (LIHC) with driver
and drug discovery for chemoprevention across pan-etiologies of hepatocellular
carcinoma, experimentally validated in rat models

2. A study of glioblastoma multiforme (GBM) and low-grade glioma (LGG) with driver
discovery for diagnostic and prognostic molecular subclasses associated with imaging-
derived features for non-invasive imaging diagnostics



Use Case 2: Studying multi-omics and imaging of gliomas

Driver prediction for multi-omics subnetworks associated with imaging-derived features representing
prognostic molecular subclasses of gliomas and glioblastoma multiforme
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> NOUSHMEHR GBM SILENCED BY METHYLATION: Top 50 most differentially hypermethylated and down-regulated genes in proneural G-CIMP (a CpG island methylator phenotype) GBM (glioblastoma
multiforme) tumors

> Molecular markers: PDGFRA, IDH1 and MGMT

> Methylation-driven drivers shared between GBM (Module 90) and LGG (Module 77): FBXO17, XKR8, RAB34/36

> Survival analysis: hypermethylated drivers, repressed expression of drivers and targets, and association with better survival rates in the G-CIMP and proneural molecular subclasses

Community 1

Cemmunity TCGA_ GEM TCGA LGG ImmuneSignatures StamSignatures

CIBERSORT_EOSINOPHILS, CIBERSORT_MACROPHAGES_MO,
CIBERSORT_MACROPHAGES_M2, CIBERSORT_MONOGYTES, 0
CIBERSORT_NEUTROPHILS

 Module 77, Mo
fodule 141

ule 118, Module 121

> VERHAAK GLIOBLASTOMA MESENCHYMAL: Genes correlated with mesenchymal type of glioblastoma multiforme tumors
> Enriched for immune cell type-specific signatures s
> Associated with imaging feature Proportion nCET (f6): lower expression, higher proportion of non-enhancing tumor (not edema) "
> Survival analysis: induced expression of drivers and targets and association with poorer survival rates in the mesenchymal molecular subclass Community 3
MolecularSubtype . structures
Cussen Community-AMARETTO 9 ek
W G-CcMP H CT-reference-genes
I hymal M CThby-reference-genes
B TCGA GBM vs IvyGAP GBM B e
Proneural
ot gmes
TCGA: association with survival IvyGAP: association with CThbv/Cvap it
] 1V e .I = « - i
i i = T 1 |
[T ,.,
a ‘ HI ni__ﬁlu 1’ ! r Sl core
| ‘"H 1 1' i "l’ﬂ I . i i Vda e | MYC
o (R “1"“" | e |
in J s
c2 RN t PRC

LY H.lln‘:\ ‘". I“‘f ’:\”‘F‘

CommunitY'AMARETTO report: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Brain_2DS/index.html
NDEx network visualization: nhitp://www.ndexbio.org/#/network/c1i0fcct 80b6-11e9-848d-0ac135e8bact

CNV
Methyl

Drivers

Targets

Clinical

Imaging

GBM Module 90

E “\L.‘."k‘. """11?":.".'};.1‘{\ ﬁi'lH”’“WMll!lﬂ

“\‘m‘ T “‘ A

B, |

Functional Enrichment

NOUSHMEHR GBM SILENCED BY
METHYLATION

Top 50 most differentially
hypermethylated and down-
regulated genes in proneural G-
CIMP (a CpG island methylator
phenotype) GBM (glyoblastoma
multiforme) tumors

Phenotype Association

Survival Analysis
lower expression, better survival

Molecular Subclass
G-CIMP

Molecular Markers
IDH1 & MGMT

Community 1

LGG Module 150
= " u.mwm-m : :
| “M \'”‘\‘u I

Functional Enrichment

Phenotype Association

Survival Analysis
lower expression, better survival

Imaging

- Proportion nCET (f6)

lower expression, higher
proportion of non-enhancing
tumor (not edema)

- Proportion Enhancing (f5)
higher expression, higher
proportion of enhancing tumor

Community 1

Alile

GBM Module 77
= 'E:TW P”I'WWWIWFIUMW | IIVI'IIMHNWW

! k) MWF

L i |

i
Wi
gl 61

Functional Enrichment

VERHAAK GLIOBLASTOMA
MESENCHYMAL

Genes correlated with
mesenchymal type of glioblastoma
multiforme tumors

Phenotype Association

Survival Analysis
higher expression, poorer survival

Molecular Subclass
Mesenchymal

Molecular Markers
IDH1

Imaging

- Proportion nCET (f6)

lower expression, higher
proportion of non-enhancing
tumor (not edema)

Community 3



http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/index.html
http://www.ndexbio.org/#/network/c1f0fccf-80b6-11e9-848d-0ac135e8bacf

Use Case 2: Studying multi-omics and imaging of gliomas

Driver prediction for multi-omics subnetworks associated with imaging-derived features representing
prognostic molecular subclasses of gliomas and glioblastoma multiforme
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Use Cases: integrating multi-omics, clinical, imaging, and driver and drug
perturbation data across model systems and patient studies of cancer

1. A study of hepatitis C and B virus-induced hepatocellular carcinoma (LIHC) with driver
and drug discovery for chemoprevention across pan-etiologies of hepatocellular
carcinoma, experimentally validated in rat models

2. A study of glioblastoma multiforme (GBM) and low-grade glioma (LGG) with driver
discovery for diagnostic and prognostic molecular subclasses associated with imaging-
derived features for non-invasive imaging diagnostics

3. A pan-cancer study across twelve cancer sites with driver discovery of pan-cancer
drivers of smoking-induced and ‘antiviral’ interferon-modulated innate immune
response cancer



Use Case 3a: Pan-cancer driver discovery

Driver prediction for pan-cancer multi-omics subnetworks across 12 cancer (sub)types
validated using genetic perturbations in cell lines

Drivers of smoking-induced cancer and Pan-cancer Pan-cancer functional categories
‘antiviral’ interferon-modulated innate communities or = AMARETTO captures
immune response across 12 cancer subnetworks hallmarks of cancer

(sub)types
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Drivers of smoking-induced cancer and ‘antiviral’ interferon-modulated innate
immune response across 12 cancer (sub)types (GBM, LIHC)
= AMARETTO facilitates identification of known and novel cancer drivers and
their targets
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Pancancer AMARETTO

Workflow of *AMARETTO:

First, AMARETTO infers regulatory networks within each biological system via multi-omics data fusion.
Specifically, AMARETTO identifies potential cancer drivers by identifying genes whose genetic and
epigenetic cancer aberrations have a direct functional impact on their own transcriptomic or proteomic
expression. AMARETTO then connects these drivers with modules of co-expressed target genes that
they putatively control, defined as regulatory circuits, using a penalized regulatory program. Second,
Community-AMARETTO learns communities or subnetworks by connecting the regulatory circuits
inferred from different systems to identify drivers across diseases or biological systems.




Use Cases: integrating multi-omics, clinical, imaging, and driver and drug
perturbation data across model systems and patient studies of cancer

1. A study of hepatitis C and B virus-induced hepatocellular carcinoma (LIHC) with driver
and drug discovery for chemoprevention across pan-etiologies of hepatocellular
carcinoma, experimentally validated in rat models

2. A study of glioblastoma multiforme (GBM) and low-grade glioma (LGG) with driver
discovery for diagnostic and prognostic molecular subclasses associated with imaging-
derived features for non-invasive imaging diagnostics

3. A pan-cancer study across twelve cancer sites with driver discovery of pan-cancer
drivers of smoking-induced and ‘antiviral’ interferon-modulated innate immune
response cancer

3. A pan-cancer study of squamous cell carcinoma (SCC) across five SCC cancer sites, in
particular, lung (LUSC), head and neck (HNSC), esophageal (ESCA), cervical (CESC) and
bladder (BLCA)



Use Case 3b: Pan-squamous cell carcinoma driver discovery

Driver prediction for pan-squamous cell carcinoma multi-omics subnetworks across 5 cancer sites,

(LUSC), head and neck (HNSC), esophageal (ESCA), cervical (CESC) and bladder (BLCA),

validated using genetic perturbations in cell lines

Cell Reports
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In Brief

Campbell et al. reveal that squamous cell
cancers from different tissue sites may be
distinguished from other cancers and
subclassified molecularly by recurrent
alterations in chromosomes, DNA
methylation, messenger and microRNA
expression, or by mutations. These affect
squamous cell pathways and programs
that provide candidates for therapy.

Highlights
e SCCs show chromosome or methylation alterations affecting
multiple related genes

These regulate squamous stemness, differentiation, growth,
survival, and inflammation

Copy-quiet SCCs have hypermethylated (FANCF, TET1) or
mutated (CASP8, MAPK-RAS) genes

Potential targets include ANp63, WEE1, IAPs, PI3K-mTOR/
MAPK, and immune responses

Campbell et al., 2018, Cell Reports 23, 194-212
April 3, 2018
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Figure 1. TumorMap and iCluster of Squamous Cancers from PanCancer-33 Analysis

(A) TumorMap analysis visualizing close mapping of LUSC, HNSC, ESCA, CESC, and BLCA among 28 PanCancer-33 islands.
(B) Higher resolution view of TM islands and distribution of SCC from 5 sites.

{C) HPV status showing the majority of HPV(+) CESC and HNSC map around a distinct island.

(D) Smoking history of SCC. Each spot in the map represents a sample. The colors of the sample spots represent attributes as described for each panel

(E-l) Summary of iCluster analysis (E), DNA copy-number (F), methylation (G), mRNA (H), and miRNA {|) expression. PanCancer-33 SCC and other tumors and
Pan-SCC from 5 sites identified by histopathologic diagnosis cluster within iC10, (G25, and iC27. Annotation bars show cancer type and HPV status, and keys
show an increase {red) or decrease (blue) in features as indicated: DNA copy number, copy-number log ratio (tumor versus normal); DNA methylation, normalized

beta values; mRNA expression, normalized log expression counts; miRNA expression, normalized log expression counts.
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AMARETTO reports for case studies

Case Study 1 (virus-induced LIHC):

- TCGA LIHC: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Liver 6DS/TCGA LIHC/AMARETTOhtmls/index.html
- CCLE liver: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Liver 6DS/CCLE Liver/AMARETTOhtmls/index.html

- Time-course HCV: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Liver 6DS/tcHCV/AMARETTOhtmls/index.html
- Single-cell HCV: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Liver 6DS/scHCV/AMARETTOhtmls/index.html

- Time-course HBV: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Liver 6DS/tcHBV/AMARETTOhtmls/index.html
- Single-cell HBV: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Liver 6DS/scHBV/AMARETTOhtmls/index.html

Case Study 2 (gliomas GBM and LGG):

- TCGA GBM: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Brain 2DS/TCGA GBM/AMARETTOhtmls/index.html
- TCGA LGG: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Brain 2DS/TCGA LGG/AMARETTOhtmls/index.html

Case Study 3 (pan-squamous BLCA, CESC, ESCA, HNSC, LUSC):

TCGA BLCA: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO PanCancer 5DS/TCGA BLCA/AMARETTOhtmls/index.html
TCGA CESC: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO PanCancer 5DS/TCGA CESC/AMARETTOhtmls/index.html
TCGA ESCA: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO PanCancer 5DS/TCGA ESCA/AMARETTOhtmls/index.html
TCGA HNSC: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO PanCancer 5DS/TCGA HNSC/AMARETTOhtmls/index.html
TCGA LUSC: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO PanCancer 5DS/TCGA LUSC/AMARETTOhtmls/index.html



http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/CCLE_Liver/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/tcHCV/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/scHCV/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/tcHBV/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/scHBV/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_GBM/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_LGG/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_BLCA/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_CESC/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_ESCA/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_HNSC/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_LUSC/AMARETTOhtmls/index.html

Community-AMARETTO reports for case studies

Case Study 1 (virus-induced LIHC):

- TCGA LIHC & CCLE liver & Time-course HCV & Single-cell HCV & Time-course HBV & Single-cell
HBV: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Liver 6DS/index.html

Case Study 2 (gliomas GBM and LGG):

- TCGA GBM & LGG:
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Brain 2DS/index.html

Case Study 3 (pan-squamous BLCA, CESC, ESCA, HNSC, LUSC):

- TCGA BLCA & CESC & ESCA & HNSC & LUSC:
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO PanCancer 5DS/index.html



http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index.html

Perturbation-AMARETTO reports for case studies

Case Study 1 (virus-induced LIHC):

- Driver discovery: https://pochetlab.shinyapps.io/pAMARETTO Liver 6DS Drivers
- Drug discovery: https://pochetlab.shinyapps.io/pAMARETTO Liver 6DS Drugs Diseases

Case Study 2 (gliomas GBM and LGG):
- Driver discovery: https://pochetlab.shinyapps.io/pAMARETTO Brain 2DS Drivers

Case Study 3 (pan-squamous BLCA, CESC, ESCA, HNSC, LUSC):

- Driver discovery:
https://pochetlab.shinyapps.io/pAMARETTO AMARETTO PanCancer 5DS Drivers



https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drivers
https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases
https://pochetlab.shinyapps.io/pAMARETTO_Brain_2DS_Drivers
https://pochetlab.shinyapps.io/pAMARETTO_AMARETTO_PanCancer_5DS_Drivers

Case Study 1

Hepatitis C and B virus-induced
Hepatocellular Carcinoma (LIHC)



AMARETTO report LIHC

AMARETTO Report

Tables « AMARETTO

AMARETTO Report

Run Information

Number of Samples in Gene Expression Data = 367
Number of Samples in DNA Copy Number Data = 360
Number of Samples in DNA Methylation Data = 373

Number of 75% most variable Genes = 11180
Number of Regulatory Modules = 150

Community AMARETTO

Overview of Regulatory Modules

csv II Excel || PDF || Print

| Column visibility | ShOWI 10 |entries Search: |

Module

# Target Genes # Driver Genes

# Gene Sets

All

All

All

Module 1

Module 2

Module 3

Module 4

Module 5

Module 6

Module 7

Module 8

Module 9

Module 10

37

35

124

15

142

74

60

104

42

58

105

196

228

84

247

185

265

229

57

207

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Liver 6DS/TCGA LIHC/AMARETTOhtmls/index.html
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AMARETTO Report Tables « AMARETTO Community AMARETTO

AMARETTO Report

Run Information

Number of Samples in Gene Expression Data = 367
Number of Samples in DNA Copy Number Data = 360
Number of Samples in DNA Methylation Data = 373
Number of 75% most variable Genes = 11180
Number of Regulatory Modules = 150

Overview of Regulatory Modules

| csv I I Excel | | PDF | | Print | Column visibility I Show IL' entries Search: |
Module # Target Genes # Driver Genes # Gene Sets
All All All All

Module 1 37 ] 105
Module 2 35 7 196
Module 3 124 9 228
Module 4 15 7 84
Module 5 142 6 247
Module 6 74 8 185
Module 7 60 7 265
Module 8 104 6 229
Module 9 42 8 57
Module 10 58 7 207

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Liver 6DS/TCGA LIHC/AMARETTOhtmls/index.html



http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index.html

AMARETTO report LIHC

AMARETTO Report

# AMARETTO Report B8 Tables ~

Overview of Regulatory Modules

Assignmenis of Genes to Reguistory Modules

Enrichments of Functional Categories in Regulatory Modules
Enrichments of Driver Perturbations in Regulatory Modules |
Enrichments of Drug Perurbations in Regulatory Modules

Associations of Phenatypes to Regulatory Modules

Tables « AMARETTO

AMARETTO Report

Run Information

Number of Samples in Gene Expression Data = 367
Number of Samples in DNA Copy Number Data = 360
Number of Samples in DNA Methylation Data = 373

Number of 75% most variable Genes = 11180
Number of Regulatory Modules = 150

Community AMARETTO

Overview of Regulatory Modules

| csv I I Excel | | PDF | | Print | Column visibility I Show IL' entries Search: |
Module # Target Genes # Driver Genes # Gene Sets
All All All

Module 1 37 ] 105
Module 2 35 7 196
Module 3 124 9 228
Module 4 15 7 84
Module 5 142 6 247
Module 6 74 8 185
Module 7 60 7 265
Module 8 104 6 229
Module 9 42 8 57
Module 10 58 7 207

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Liver 6DS/TCGA LIHC/AMARETTOhtmls/index.html
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.H. MFE'H":. FEpm-t E Tam - AMARETTO Report Tables - AMARETTO Community AMARE TTO
AMARETTO Report

I Owerview of Reguiatory Modules l Overview of Regulatory Modules

Assignmenis of Genes to Reguistory Modules

| csv I I Excel I | PDF I | Print I | ElvmR Vs IShow|200 ] entries sSearch: |
Enrichments of Functional Categories in Regulatory Modules Module # Target Genes # Briver Genes # Sene Sets
Enrichments of Driver Perturbations in Regulatory Modules |
Module 1 37 k=1 105
Enrichments of Drug Perurbations in Regulatory Modules Module = °e 7 e
Module 3 124 k=1 228
Associations of Phenatypes to Regulatory Modules Wiodie 4 - v a4
Module 5 142 (=1 247
Module & 74 a8 185
Module 7 50 7 265
Module 8 104 (=3 229
Module 9 42 8 57
o Module 10 58 7 207
Overview of Regulatory Modules o .
Module 12 83 6 200
Module 13 82 a8 227
Module 14 117 10 66
Module 15 75 7 404
Module 16 25 =1 106
Module 147 73 e 198
Module 148 49 =] 6z
Module 149 103 7 300
Module 150 107 5 255
Showing 1 to 150 of 150 entries Previous 1 Next

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO Liver 6DS/TCGA LIHC/AMARETTOhtmls/index.html
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Showing 1 to 150 of 150 entries Previous 1 Next
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Activator and Repressor Driver Genes in Regulatory Module

[ csv H Excel [ PDE H Print H Column visibilit ‘Showentries Search: :
Driver Gene Weight

DCAF13 0.29
EIF3H 0.0348
BzZw2 0.0206
NPM1 0.0205
MYC 0.0179
MYBBP1A 0.0148

. E2F5 0.0129

: = - NOP56 0.00215

Showing 1 to 8 of 8 entries Previous Next

Detailed report of MYC-driven
Module 112:
activator and repressor
driver genes


https://www.genecards.org/cgi-bin/carddisp.pl?gene=DCAF13
https://www.genecards.org/cgi-bin/carddisp.pl?gene=EIF3H
https://www.genecards.org/cgi-bin/carddisp.pl?gene=BZW2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NPM1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MYC
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MYBBP1A
https://www.genecards.org/cgi-bin/carddisp.pl?gene=E2F5
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NOP56
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Activator and Repressor Driver Genes in Regulatory Module

’ csv ‘ Excel PDE ‘ Print Column visibilit ‘Showentries Search: :
Driver Gene Weight
All All
DCAF13 0.29
EIF3H 0.0348
BZzw2 0.0206
NPM1 0.0205
MYC I MYC 0.0179
MYBBP1A 0.0148
o P E2F5 0.0129
: NOP56 0.00215

Showing 1 to 8 of 8 entries Previous Next

Activator Driver Genes (weight > 0)
Repressor Driver Genes (weight < 0)

Detailed report of MYC-driven
Module 112:
activator and repressor
driver genes


https://www.genecards.org/cgi-bin/carddisp.pl?gene=DCAF13
https://www.genecards.org/cgi-bin/carddisp.pl?gene=EIF3H
https://www.genecards.org/cgi-bin/carddisp.pl?gene=BZW2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NPM1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MYC
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MYBBP1A
https://www.genecards.org/cgi-bin/carddisp.pl?gene=E2F5
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NOP56
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Target Genes in Regulatory Module

’ csv H Excel H PDE H Print H Column visibility ‘Show| 10__]entries Search: [

TargetGene

ARHGAP39

ATP6V1C1

ATP6V1H

BOP1

BZwW2

C100rf2

C14orf33

C20rf76

C3orf32

DCAF13

Showing 1 to 10 of 58 entries Previous 2 3 4 5 6 Next

Detailed report of MYC-driven
Module 112:
target genes


https://www.genecards.org/cgi-bin/carddisp.pl?gene=ARHGAP39
https://www.genecards.org/cgi-bin/carddisp.pl?gene=ATP6V1C1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=ATP6V1H
https://www.genecards.org/cgi-bin/carddisp.pl?gene=BOP1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=BZW2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=C10orf2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=C14orf33
https://www.genecards.org/cgi-bin/carddisp.pl?gene=C2orf76
https://www.genecards.org/cgi-bin/carddisp.pl?gene=C3orf32
https://www.genecards.org/cgi-bin/carddisp.pl?gene=DCAF13

AMARETTO report LIHC

[S————————

Target Genes in Regulatory Module

1

Excel Print

E3

Column visibility ‘ShOW| 10 |entries

TargetGene

All

ARHGAP39
ATPBV1CT
ATPBV1H
BOP1
BZW2
C10orf2
Cl4orf33
C2orf76

C3orf32

DCAF13

Detailed report of MYC-driven
Module 112:
target genes

Showing 1 to 10 of 58 entries

58 Target Genes in Module 112:

Previous 2 3 4 5 6 Next

ARHGAP39, ATP6V1C1, ATP6V1H, BOP1, BZW2, C100rf2, C14orf33, C20rf76, C3orf32, DCAF13, DCAF4, DNAJAL,
DPH2, E2F5, EIF2C2, EIF3E, EIF3H, FAM49B, HSP90AA1, HSP90AB1, HSPA8, HSPH1, INTSS8, IPO4, KHDRBS3,
KIAA0020, LYAR, MINA, MPHOSPH6, MRAP2, MRPL50, MTERFD1, MYBBP1A, MYC, NOB1, NOP16, NOP2, NPM1,
NUDCD1, NUDT19, P4HA1, PABPC1, POP1, PPA1, PTDSS1, PVT1, ROBO1, RPL23AP82, RPL36A, RPL7, RRP12,
RRS1, SAMD13, SLC26A7, TARS, TATDN1, USP27X, ZNFA85


https://www.genecards.org/cgi-bin/carddisp.pl?gene=ARHGAP39
https://www.genecards.org/cgi-bin/carddisp.pl?gene=ATP6V1C1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=ATP6V1H
https://www.genecards.org/cgi-bin/carddisp.pl?gene=BOP1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=BZW2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=C10orf2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=C14orf33
https://www.genecards.org/cgi-bin/carddisp.pl?gene=C2orf76
https://www.genecards.org/cgi-bin/carddisp.pl?gene=C3orf32
https://www.genecards.org/cgi-bin/carddisp.pl?gene=DCAF13

Enrichments of Functional Categories in Regulatory Module

AMARETTO report LIHC

| csv H Excel H PDE H Print H Column visibility |5'1°W|10 | entries search: [we 1]
#Genes #Genes . % Genes
. . . Genesin . FDRQ-
Gene Set Name Gene Set Description inGene in in P-value
Overlap value
Set Overlap overlap
MYC O All O m] O
COX8A, DDB1,
GTF3C4, INCENP,
- - StemnessSignatures_ ORKIN_MYC StemnessSignatures_ ORKIN_MYC 355 9 :s;F prslee) 0.025 1.4e-7 0.0000012
ZNH\TZv '
AHCTF1,C11orf83,
AR Genes whose promoters contain E-box motifs and whose CDCAS, GTF3C4,
- WEIMYCN TARGETS WITH E BOX expression changed in MYCN-3 cells (neuroblastoma) 795 11 bteeiioy 0.014 0.0000022 0.00014
upon induction of MYCN [GenelD=4613]. A Shact,
DDB1, SNX15,
. StemnessSignatures_ WEINBERG_MYC_MAX_TARGETS  StemnessSignatures WEINBERG_MYC_MAX_TARGETS 775 8 Chon e, 0.010 0.00042 0.0015
= ARFIP2, CSTF3
= ARFGAP2, ARFIP2,
z = DANG BOUND BY MYC Genes whose promoters are bound by MYC 1103 11 ?;;s ;;:11 0.010 0.000046 0.0015
8 = _— [GenelD=4609], according to MYC Target Gene Database. o e : . ’
UBXM‘ '
SCHLOSSER SERUM RESPONSE AUGMENTED BY Cluster 2: genes up-regulated in B493-6 cells (8 .
MYC lymphocytes) by serum alone or in combination with MYC 108 4 PRPE19, TARBL 0.037 0.00011 0.0030
— [GenelD=4609] but not by MYC alone.
e . - = Set 'Myc targets2": targets of c-Myc [GenelD=4609] and ARFIP2, BAZ1B,
BENPORATH MYC MAX TARGETS Max [GenelD=4149] identified by ChIP on chip in a 775 8 ST et b 0.010 0.00042 0.0075
Burkitt's lymphoma cell line; overlap set. SNX15, UBXN1
B R Genes selected in supervised analyses to discriminate
- : BILD MYC ONCOGENIC SIGNATURE cells expressing c-Myc [GenelD=4609] from control cells 206 4 e e 0.019 0.0013 0.016
x expressing GFP.
: HALLMARK MYC TARGETS V2 A subgroup of genes regulated by MYC - version 2 (v2). 58 2 PRMT3, WDR74 0.035 0.0079 0.050
Showing 1 to 8 of 8 entries (filtered from 1,137 total entries) Previous E Next

Detailed report of MYC-driven
Module 112:
functional characterization


http://software.broadinstitute.org/gsea/msigdb/cards/WEI_MYCN_TARGETS_WITH_E_BOX
http://software.broadinstitute.org/gsea/msigdb/cards/DANG_BOUND_BY_MYC
http://software.broadinstitute.org/gsea/msigdb/cards/SCHLOSSER_SERUM_RESPONSE_AUGMENTED_BY_MYC
http://software.broadinstitute.org/gsea/msigdb/cards/SCHLOSSER_SERUM_RESPONSE_AUGMENTED_BY_MYC
http://software.broadinstitute.org/gsea/msigdb/cards/BENPORATH_MYC_MAX_TARGETS
http://software.broadinstitute.org/gsea/msigdb/cards/BILD_MYC_ONCOGENIC_SIGNATURE
http://software.broadinstitute.org/gsea/msigdb/cards/HALLMARK_MYC_TARGETS_V2

AMARE-I-I-O report LI HC Enrichments of Functional Categories in Regulatory Module

| osv || mca || eoe || P | | coumovspuy |Show[ro ] enties Search: (e ]
#Genes #Genes . % Genes
. . . Genesin . FDRQ-
Gene Set Name Gene Set Description inGene in in P-value
Overlap value
Set Overlap overlap
MYC O All O m] O
COX8A, DDB1,
GTF3C4, INCENP,
- ~ - StemnessSignatures_ ORKIN_MYC StemnessSignatures_ ORKIN_MYC 355 9 :s;F prslee) 0.025 1.4e-7 0.0000012
- ZNHIT2 '
AHCTF1,C110rf83,
AR Genes whose promoters contain E-box motifs and whose CDCAS, GTF3C4,
- WEIMYCN TARGETS WITH E BOX expression changed in MYCN-3 cells (neuroblastoma) 795 11 bteeiioy 0.014 0.0000022 0.00014
upon induction of MYCN [GenelD=4613]. A Shact,
DDB1, SNX15,
StemnessSignatures WEINBERG_MYC_MAX_TARGETS  StemnessSignatures WEINBERG_MYC_MAX_TARGETS 775 8 ScesE 0,010 0.00042 0.0015
- ARFIP2, CSTF3
= ARFGAP2, ARFIP2,
: = DANG BOUND BY MYC Genes whose promoters are bound by MYC 1103 11 ?;;E gé: 0.010 0.000046 0.0015
A —_— [GenelD=4609], according to MYC Target Gene Database. GTECA e : : :

UBXN1

Cluster 2: genes up-regulated in B493-6 cells (B
lymphocytes) by serum alone or in combination with MYC 108 4 KaTe oToe 0.037 0.00011 0.0030

SCHLOSSER SERUM RESPONSE AUGMENTED BY

MYC PRPF19, TAF6L
— [GenelD=4609] but not by MYC alone.
—_— . = Set 'Myc targets2": targets of c-Myc [GenelD=4609] and ARFIP2, BAZ1B,
: BENPORATH MYC MAX TARGETS Max [GenelD=4149] identified by ChIP on chip in a 775 8 gﬁg@faz‘wm 0.010 0.00042 0.0075
Burkitt's lymphoma cell line; overlap set. SNX15, UBXN1
B R 7 Genes selected in supervised analyses to discriminate
- BILD MYC ONCOGENIC SIGNATURE cells expressing c-Myc [GenelD=4609] from control cells 206 4 e e 0.019 0.0013 0.016
expressing GFP.
: HALLMARK MYC TARGETS V2 A subgroup of genes regulated by MYC - version 2 (v2). 58 2 PRMT3, WDR74 0.035 0.0079 0.050
Showing 1 to 8 of 8 entries (filtered from 1,137 total entries) Previous E Next

T

Detailed re po rt of MYC-driven Filter for significant results & Search for MYC gene signatures mﬁéEA—T ..

MOd u Ie 1 12 _T Gene Set: HALLMARK_MYC_TARGETS_V2
Link to MSigDB description of Hallmark MYC targets: Sench Gt —_— —— -

. . . TvestigatelGenelSe] Standard name HALLMARK_MYC_TARGETS_V2
unctional characterization o= T
[ElE Brief description Asubgroup of genes regulated by MYC - version 2 (v2).
Ful description or abstract
Collection i hallmark gene sets
Source publication
Exact source
Related gene sets (hkds 6 founder gana sats for this hallmark gans sat)

BILD_MYC_ONCOGENIC_SIGNATURE
DN

SRC_UPVITUP

e



http://software.broadinstitute.org/gsea/msigdb/cards/WEI_MYCN_TARGETS_WITH_E_BOX
http://software.broadinstitute.org/gsea/msigdb/cards/DANG_BOUND_BY_MYC
http://software.broadinstitute.org/gsea/msigdb/cards/SCHLOSSER_SERUM_RESPONSE_AUGMENTED_BY_MYC
http://software.broadinstitute.org/gsea/msigdb/cards/SCHLOSSER_SERUM_RESPONSE_AUGMENTED_BY_MYC
http://software.broadinstitute.org/gsea/msigdb/cards/BENPORATH_MYC_MAX_TARGETS
http://software.broadinstitute.org/gsea/msigdb/cards/BILD_MYC_ONCOGENIC_SIGNATURE
http://software.broadinstitute.org/gsea/msigdb/cards/HALLMARK_MYC_TARGETS_V2
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- - - Hoshida_Cluster_S3_vs_rest (WILCOXONRANKSUMTEST)

O ——

- miRNA_Clusters (KRUSKALWALLISTEST)

—x & Hypomethylation_Cluster (KRUSKALWALLISTEST)

Detailed report of MYC-driven
Module 112:
clinical characterization

SurvivalCensoring (COXPROPHAZARDRIGHTCENSORING)

hazards regression (Wald test)

Phenotype Statistics Test P-value FDR Q-value Descriptive Statistics
All All 0.000000 O All All
Nominal Multi-Class Analysis: L
Hoshida_Clusters (KRUSKALWALLISTEST) Kruskal-Wallis test 3.1e-12 1.1e-11 Statistic:53
. Nominal Two-Class Analysis: Estimate: 0.581, 95% CI:[0.423, 0.726],
Hoshida_Cluster_S2_vs_rest (WILCOXONRANKSUMTEST) Wilcoxon rank sum test 6.9e-12 3.0e-11 Statistics: 6820
Nominal Two-Class Analysis: 1G] 6.50-11 Estimate: -0.564, 95% ClI: [-0.709 , -0.407],
Wilcoxon rank sum test e ’ Statistics: 1790
Nominal Multi-Class Analysis: .
mRNA_Clusters (KRUSKALWALLISTEST) Kruskal-Wallis test 6.8e-11 1.8e-10  Statistic: 53.5
Nominal Multi-Class Analysis: -
DNA_Copy_Clusters (KRUSKALWALLISTEST) Kruskal-Wallis test 1.1e-11 5.6e-10  Statistic: 54
Nominal Multi-Class Analysis: e
) 9.7e-7 0.0000028 Statistic:33.4
Kruskal-Wallis test
Nominal Multi-Class Analysis: -
) 0.000069 0.00041 Statistic:19.2
Kruskal-Wallis test
Nominal Two-Class Analysis: Estimate: 0.374, 95% CI:[0.207 , 0.54],
CDKN2A_Silencing (WILCOXONRANKSUMTEST) Wilcoxon rank sum test ’ 0.000021 000078 gatistics: 5800 o ]
Nominal Multi-Class Analysis: -
Paradigm_Clusters (KRUSKALWALLISTEST) re e RS e 0.00060 0.00085 Statistic:17.4
Nominal Two-Class Analysis: Estimate: 0.362, 95% CI: [0.17 , 0.554],
CTNNB1_Mutation_Status (WILCOXONRANKSUMTEST) Wilcoxon rank sum test Y 0.00040 0.0016 Statistics: 4360 b CLL ]
Nominal Two-Class Analysis: Estimate: 0.33, 95% CI:[0.169, 0.502],
TERT_Promoter_Mutation_Status (WILCOXONRANKSUMTEST) Wilcoxon rank sum test y 0.00011 0.0041 Statistics: 5620 o CL 1
Nominal Two-Class Analysis: Estimate: 0.3, 95% CI: [0.0977 , 0.496],
TP53_Mutation_Status (WILCOXONRANKSUMTEST) Wilcoxon rank sum test Y 0.0028 0.013 Statistics: 4620 oGl ]
Consensus_Clinical_and_RNA_Seq_Hepatitis_B_Virus Nominal Two-Class Analysis: 0.0014 0019 Estimate: 0.323, 95% CI: [0.129, 0.517],
(WILCOXONRANKSUMTEST) Wilcoxon rank sum test . ’ Statistics: 4150
Nominal Two-Class Analysis: Estimate: 0.213, 95% CI: [0.0224 , 0.386],
iCluster_Clusters_1_vs_rest (WILCOXONRANKSUMTEST) Wilcoxon rank sum test v 0.027 0.046 Statistics: 4680 ’ [ !
Nominal Two-Class Analysis: Estimate: -0.208, 95% ClI: [-0.402,-0.0173],
RPPA_Clusters (WILCOXONRANKSUMTEST) Wilcoxon rank sum test ’ OOl 0.054 Statistics: 2370 ) [ :
SurvivalTime (COXPROPHAZARDTIMETOEVENT), Survival Analysis: Cox proportional 0.0013 044 Beta:0.64749, Hazard Ratio: 1.9107, 95% Cl:

[1.2877,2.8352], Wald Statistic: 10.34

Showing 1 to 16 of 16 entries (filtered from 27 total entries)

Previous . Next



AMARETTO report LIHC [

Associations of Phenotypes to Regulatory Module

csv H Excel H PDE H Print H Column visibility ‘Showl 20 |entries

Detailed report of MYC-driven
Module 112:
clinical characterization

Clinical and molecular phenotypes from TCGA

Phenotype Statistics Test P-value FDR Q-value Descriptive Statistics
All All 0.000000 O All All
Nominal Multi-Class Analysis:
Hoshida_Clusters (KRUSKALWALLISTEST) . 3.1e-12 1.1e-11 Statistic:53
Kruskal-Wallis test
Nominal Two-Class Analysis: Estimate: 0.581, 95% CI:[0.423, 0.726],
Hoshida_Cluster S2_vs_rest (WILCOXONRANKSUMTEST) v 6.9¢-12 30e-11  oimate %Ll !

Hoshida_Cluster_S3_vs_rest (WILCOXONRANKSUMTEST)

mRNA_Clusters (KRUSKALWALLISTEST)

DNA_Copy_Clusters (KRUSKALWALLISTEST)

miRNA_Clusters (KRUSKALWALLISTEST)

Hypomethylation_Cluster (KRUSKALWALLISTEST)

CDKN2A_Silencing (WILCOXONRANKSUMTEST)

Paradigm_Clusters (KRUSKALWALLISTEST)

CTNNB1_Mutation_Status (WILCOXONRANKSUMTEST)

TERT_Promoter_Mutation_Status (WILCOXONRANKSUMTEST)

TP53_Mutation_Status (WILCOXONRANKSUMTEST)

Consensus_Clinical_and_RNA_Seq_Hepatitis_B_Virus
(WILCOXONRANKSUMTEST)

iCluster_Clusters_1_vs_rest (WILCOXONRANKSUMTEST)

RPPA_Clusters (WILCOXONRANKSUMTEST)

SurvivalTime (COXPROPHAZARDTIMETOEVENT),
SurvivalCensoring (COXPROPHAZARDRIGHTCENSORING)

Wilcoxon rank sum test

Statistics: 6820

Nominal Two-Class Anal
Wilcoxon rank sum test

Nominal Multi-Class Anal
Kruskal-Wallis test

Nominal Multi-Class Anal
Kruskal-Wallis test

Nominal Multi-Class Anal
Kruskal-Wallis test

Nominal Multi-Class Anal
Kruskal-Wallis test

Nominal Two-Class Anal
Wilcoxon rank sum test

Nominal Multi-Class Ana
Kruskal-Wallis test

Nominal Two-Class Anal
Wilcoxon rank sum test

Nominal Two-Class Anal
Wilcoxon rank sum test

Nominal Two-Class Anal
Wilcoxon rank sum test

Nominal Two-Class Anal
Wilcoxon rank sum test

Nominal Two-Class Anal
Wilcoxon rank sum test

Nominal Two-Class Anal
Wilcoxon rank sum test

Survival Analysis: Cox pl
hazards regression (Wal

Showing 1 to 16 of 16 entries (filtered from 27 total entries)

Cell

Comprehensive and Integrative Genomic
Characterization of Hepatocellular Carcinoma

Graphical Abstract Authors

T Fatty The Cancer Genome Atlas Research
HepalitisB. ' Cryptogenic  Hopatitisc ~ Alcoholic 0

LiverDisease il o Network
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Correspondence
wheeler@bcm.edu {David A. Wheeler),
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Roberts)
Hepatocellular Carcinoma
In Brief
X . "
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— 5 e

hepatocellular carcinoma patients
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Highlights

e Analysis of i i data of

multiple genomic platforms

Mutated genes reveal oncogenic processes altering
hepatocyte energy balance

Multiplex analyses suggest a key role for Sonic hedgehog
signaling in HCC

IDH mutations point to a HCC subgroup molecularly similar
to cholangiocarcinoma

GossMark June 15, 2017 © 2017 The Author. Published by Elsevier Inc.

The Cancer Genome Atlas Research Network, 2017, Cell 169, 1327-1341 C II
http://dx.doi.org/10.1016/j.cell.2017.05.046 e
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Phenotype Statistics Test P-value FDR Q-value Descriptive Statistics
All All 0.000000 O All All
Nominal Multi-Class Analysis: L
Hoshida_Clusters (KRUSKALWALLISTEST) Kruskal-Wallis test 3.1e-12 1.1e-11 Statistic:53
Nominal Two-Class Analysis: Estimate: 0.581, 95% CI: [0.423, 0.726],
Hoshida_Cluster_S2_vs_rest (WILCOXONRANKSUMTEST) Wilcoxon rank sum test Y 6.9e-12 3.0e-11 i tistics: 6820 Lot :
. Nominal Two-Class Analysis: Estimate: -0.564, 95% CI: [-0.709, -0.407],
Hoshida_Cluster_S3_vs_rest (WILCOXONRANKSUMTEST) N p—— 1.5e-11 6.5e-11 Statistics: 1790
Nominal Multi-Class Analysis: o
mRNA_Clusters (KRUSKALWALLISTEST) Kruskal-Wallis test 6.8e-11 1.8e-10  Statistic: 53.5
Nominal Multi-Class Analysis: o
DNA_Copy_Clusters (KRUSKALWALLISTEST) Kruskal-Wallis test 1.1e-11 5.6e-10  Statistic: 54
. Nominal Multi-Class Analysis: -
miRNA_Clusters (KRUSKALWALLISTEST) Kruskal-Wallis test 9.7e-7 0.0000028 Statistic:33.4
Nominal Multi-Class Analysis: -
Hypomethylation_Cluster (KRUSKALWALLISTEST) T 0.000069 0.00041 Statistic:19.2
Nominal Two-Class Analysis: Estimate: 0.374, 95% CI:[0.207 , 0.54],
CDKN2A_Silencing (WILCOXONRANKSUMTEST) Wilcoxon rank sum test ’ 0.000021 000078 gatistics: 5800 o ]
Nominal Multi-Class Analysis: -
Paradigm_Clusters (KRUSKALWALLISTEST) re e RS e 0.00060 0.00085 Statistic:17.4
Nominal Two-Class Analysis: Estimate: 0.362, 95% CI: [0.17 , 0.554],
CTNNB1_Mutation_Status (WILCOXONRANKSUMTEST) Wilcoxon rank sum test Y 0.00040 0.0016 Statistics: 4360 b CLL ]
Nominal Two-Class Analysis: Estimate: 0.33, 95% CI:[0.169, 0.502],
TERT_Promoter_Mutation_Status (WILCOXONRANKSUMTEST) Wilcoxon rank sum test y 0.00011 0.0041 Statistics: 5620 o CL !
Nominal Two-Class Analysis: Estimate: 0.3, 95% CI: [0.0977 , 0.496],
TP53_Mutation_Status (WILCOXONRANKSUMTEST) Wilcoxon rank sum test Y 0.0028 0.013 Statistics: 4620 oGl ]
Consensus_Clinical_and_RNA_Seq_Hepatitis_B_Virus Nominal Two-Class Analysis: 0.0014 0019 Estimate: 0.323, 95% CI: [0.129, 0.517],
(WILCOXONRANKSUMTEST) Wilcoxon rank sum test . ’ Statistics: 4150
Nominal Two-Class Analysis: Estimate: 0.213, 95% CI: [0.0224 , 0.386],
iCluster_Clusters_1_vs_rest (WILCOXONRANKSUMTEST) Wilcoxon rank sum test v 0.027 0.046 Statistics: 4680 ’ [ !
Nominal Two-Class Analysis: Estimate: -0.208, 95% ClI: [-0.402,-0.0173],
RPPA_Clusters (WILCOXONRANKSUMTEST) Wilcoxon rank sum test ’ s 0.054 Statistics: 2370 ) [ :
SurvivalTime (COXPROPHAZARDTIMETOEVENT), Survival Analysis: Cox proportional 0.0013 014 Beta: 0.64749, Hazard Ratio: 1.9107, 95% Cl:

SurvivalCensoring (COXPROPHAZARDRIGHTCENSORING)

hazards regression (Wald test)

[1.2877,2.8352], Wald Statistic: 10.34

Showing 1 to 16 of 16 entries (filtered from 27 total entries)
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Associations of Phenotypes to Regulatory Module

AARETTO Ry o 112 et

ALY -

Kruskal-Wallis test

Phenotype Statistics Test P-value FDR Q-value Descriptive Statistics
All All 0.000000 O All All
. Nominal Multi-Class Analysis: -
Hoshida_Clusters (KRUSKALWALLISTEST) 3.1e-12 1.1e-11 Statistic:53

Hoshida_Cluster_S2_vs_rest (WILCOXONRANKSUMTEST)

Nominal Two-Class Analysis:

Wilcoxon rank sum test

6.9e-12 3.0e-11

Estimate: 0.581, 95% CI:[0.423, 0.726],
Statistics: 6820

=i - - - Hoshida_Cluster_S3_vs_rest (WILCOXONRANKSUMTEST)

Nominal Two-Class Analysis:

Wilcoxon rank sum test

Estimate: -0.564, 95% CI: [-0.709 , -0.407],

. 6.56-11
et S Statistics: 1790

mRNA_Clusters (KRUSKALWALLISTEST)

DNA_Copy_Clusters (KRUSKALWALLISTEST|

miRNA_Clusters (KRUSKALWALLISTEST)

R R Hypomethylation_Cluster (KRUSKALWALLIST]

= CDKN2A_Silencing (WILCOXONRANKSUMT

Paradigm_Clusters (KRUSKALWALLISTEST)

CTNNB1_Mutation_Status (WILCOXONRANK

= - TERT_Promoter_Mutation_Status (WILCOXO!

TP53_Mutation_Status (WILCOXONRANKSUY

Consensus_Clinical_and_RNA_Seq_Hepatitis |
(WILCOXONRANKSUMTEST)

Deta | I e d re po rt Of M YC_d rive n iCluster_Clusters_1_vs_rest (WILCOXONRAN
M Od u Ie 112: RPPA_Clusters (WILCOXONRANKSUMTEST
CI | n |Ca I C h aracte rI zat | on SurvivalTime (COXPROPHAZARDTIMETOE

SurvivalCensoring (COXPROPHAZARDRIGH

Showing 1 to 16 of 16 entries (filtered from 27 tg

Gene Set Enrichment Analysis

MSigDB Home
About Collections

Browse Gene Sets

Search Gene Sets

Investigate Gene Sets
View Gene Families
Help

GSEA Home

Downloads

Molecular Signatures Database Documentat

Gene Set: HOSHIDA_LIVER_CANCER_SUBCLASS_S2

Standard name
Systematic nhame
Brief description

Full description or abstract

Collection

Source publication

Exact source
Related gene sets

External links

Organism

Contributed by

Source platform

Dataset references

Download gene set

Compute overlaps

Compendia expression profiles

HOSHIDA_LIVER_CANCER_SUBCLASS_S2
M7995

Genes from 'subtype S2' signature of hepatocellular carcinoma (HCC): proliferation, MYC and
AKT1 [GenelD=4609;207] activation.

login

register

—
Hepatocellular carcinoma (HCC) is a highly heterogeneous disease, and prior attempts to
develop genomic-based classification for HCC have yielded highly divergent results, indicating
difficulty in identifying unified molecular anatomy. We performed a meta-analysis of gene
expression profiles in data sets from eight independent patient cohorts across the world. In
addition, aiming to blish the real world licability of a ification system, we profiled
118 formalin-fixed, paraffin-embedded tissues from an additional patient cohort. A total of 603
patients were analyzed, representing the major etiologies of HCC (hepatitis B and C) collected
from Western and Eastern countries. We observed three robust HCC subclasses (termed S1, S2,
and S3), each correlated with clinical parameters such as tumor size, extent of cellular
differentiation, and serum alpha-fetoprotein levels. An analysis of the components of the
signatures indicated that S1 reflected aberrant activation of the WNT signaling pathway, S2 was
characterized by proliferation as well as MYC and AKT activation, and S3 was associated with
hepatocyte differentiation. Functional studies indicated that the WNT pathway activation
signature characteristic of S1 tumors was not simply the result of beta-catenin mutation but
rather was the result of transforming growth factor-beta activation, thus representing a new
mechanism of WNT pathway activation in HCC. These experiments establish the first consensus
classification framework for HCC based on gene expression profiles and highlight the power of
integrating multiple data sets to define a robust molecular taxonomy of the disease. [Cancer Res
2009;69(18):7385-92].

C2: curated gene sets
CGP: chemical and genetic perturbations

Pubmed 19723656 Authors: Hoshida Y,Nijman SM,Kobayashi M,Chan JA,Brunet JP,Chiang
DY,Villanueva A,Newell P,Ikeda K,Hashimoto M,Watanabe G,Gabriel S,Friedman SL,Kumada
H,Llovet JM,Golub TR

Table 3S: Subtype=S2
(show 2 additional gene sets from the source publication)

(show 300 gene sets from the same authors)

Homo sapiens
Jessica Robertson (Broad Institute)
EntrezGenelds

format: grp | text | gmt | gmx | xml
(show collections to investigate for overlap with this gene set)
Human tissue compendium (Novartis)
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Enrichments of Driver Perturbations in Regulatory Module

’ csv H Excel H PDE H Piint H Columnisibity ‘Sh°W|L|e""ries Search: [wvc
#Genes #Genes % Genes FDRQ
Gene Set Name Gene Set Description inGene in Genes in Overlap in P-value .
value
Set Overlap overlap
Al Al Al m} O

SF1, MTCH2, CWF19L2, MRPS17, RRP8, CPSF7, VPS37C, BANF1, EIF4G2, ZFP91, MAP4K2, PRMT3,
FAU, DNAJC24, HNRNPA1L2, CDCAS, EIF1AD, EIF3M, ATF7IP, SSRP1, TAF6L, KATS, FTSJ2,
GTF3C4, TMEM41B. CLP1. MAD2L1BP. METTL12, CLPTMIL, FEN1, MARK2, TRIM41, COX8A,
Encode_MYC_K562_hg19 Encode_MYC_K562_hg19 6800 70 NUP188, POLA2, WDR74, POM121C, IPO7, PDHX, CSTF3, AHCTF1, NSUN2, UTP3, MGA, INTS5, 0.010 2.2e-33 2.2e-29
- - - - - - ZDHHCS, SAAL1, SNHG1, PRPF19, BAZ1B, RNF219, INCENP, DDB1, NAT10, HNRNPL, ZNHIT2,
. KBTBD4, XPOS5, CAPRIN1, KDM3B, PSMC3, TUT1, MRPL49, HNRNPUL2, PDS5B, PDS5A, NDUFS3,
TIMM10, CKAPS, ZNF195

MTCH2, MRPS17, RRP8, IPO7, ARFIP2, CS TF3, UBXN1, NSUN2, UTP3, MGA, INTS5, ZDHHCS,

Encode_MYC_Hela-S3_hg19 Encode_MYC_HeLa-S3_hg19 3080 43 EIF4G2, ZFP91, SNHG1, PRPF19, PRVMT3, FAU, DNAJC24, BAZ1B, HNRNPA1L2, INCENP, DDBI, 0.014 2.3e-23 4.6e-20

EIFSM, NAT10, GSERT, ATF7IP, SSRP1, 2N 175 aTs, XPOS, KDM3B, PSMC3, TUT1, MRPLAY,
GTF3C4, HNRNPUL2, PDSSA, TMEMA1B, CLP1, ARFGAP2, FENT, ZNF195

SF1, SDHAF2, TRIM41, COX8A, MRPS17, NUP188, POLA2, RRP8, POM121C, IPO7, ARFIP2, CPSF7,

VPS37C, UTP3, MGA, INTS5, ZDHHCS, SAAL1, PRPF19, FAU, DNAJC24, BAZ1B, HNRNPA1L2,
Encode_MYC_MCF-7_hg19 Encode_MYC_MCF-7_hg19 5003 50 CDCAS, DDB1, ZNF431, EIF1AD, TBC1D14, ATF7IP, SSRP1, ZNHIT2, KATS, KBTBDA4, KDM3B, 0.010 3.4e-21 4.2e-18
- = 4 TMEMS33, TUT1, MRPL49, FTSJ2, GANAB, HNRNPUL2, PDS5B, PDS5A, NDUFS3, SF3B2, TIMM10,
2 = ZNF107, METTL12, ARFGAP2, CKAPS, ZNF195

BAZ1B, HNRNPA1L2, RNF219, DDB1, EIF1AD, COX8A, MRPS17, NUP188, OTUB1, RRP8, ARFIP2,

e e T Encode_MYC_GM12878_hg19 Encode_MYC_GM12878_hg19 2000 31 KATS, KBTBD4, KDM3B, TUT1, UTP3, MRPL49, FTSJ2, MGA, INTS5, HNRNPUL2, PDS5A, NDUFS3, 0.015 8.7e-18 5.0e-15

CLP1, SF3B2, TIMM10, SAAL1, FEN1, FAU, DNAJC24, ZNF195

ChEA_MYC_18358816_ChlP-  ChEA_MYC_18358316_ChiP- . - SANFY,TGrDRARL. FONALS,MEM, PR 10 VARG, FAL 21 COGAS IGENS,ODB1 N0, 01 067 20614

ATF7IP, OTUB1, ZNHIT2, XPOS5, PSMC3, TMEM33, TUT1, MRPL49, GTF3C4, GANAB, TMEM41B,
ChIP_MESCs_Mouse ChlP_MESCs_Mouse T e ey

. - — MTCH2, COX8A, CWF19L2, NUP188, POLA2, WDRT74, IPO7, ARFIP2, CSTF3, AHCTF1, DDAHT,

ChEA_MYC_19030024_ChlP-  ChEA_MYC_19030024_ChIP-

3868 40 NSUN2, MGA, ZDHHCS5, BANF 1, EIF4G2, ZFP91, PRPF19, PRMT3, FAU, FIZ1, BAZ1B, CDCAS5, 001 0 5.59'1 7 279_14
ChIP_MESCs_Mouse ChiP_MESCs_Mouse R T e
[ Consensus_MYC_ENCODE Consensus_MYC_ENCODE 1515 24 o e e e 0.016 5.3e-14 5.9e-12
hEA_MYC_18555785_ChlIP- hEA_MYC_18555785_ChIP-
, oo MESC Move T G WESCS Mosee T 1200 20 ST OSSR LT 07 312 63610
CHlZ VO Iates Gl G WERNLIERAE Gl oy 25 T e e e A N T 37611 5.00-9
Seq_MESCs_Mouse Seq_MESCs_Mouse FIZ1, MARK2

SDHAF2, MTCH2, MRPS17, POM121C, ARFIP2, CPSF7, VPS37C, INTSS, SAAL1, EIFAG2, PRPF19,

Encode_MYC_MCF 10A_hg19 Encode_MYC_MCF 10A_hg19 3382 29 FIZ1, HNRNPA1L2, CDCAS, RNF219, EIF3M, TMEM223, SNRNP35, KATS, KBTBD4, TUT1, FTSJ2, 0.0086 3.1e-10 1.7e-8

GTF3C4, GANAB, PDS58, NDUFS3, TMEMA41B, ZNF107, METTL12

Detailed report of MYC-driven Showing 11010 o 24 eiis (ferd rom 7061 ial enie) Prious | 1] 2 3 Nox
Module 112:
driver validation & discovery
» Perturbation-AMARETTO v1
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Enrichments of Driver Perturbations in Regulatory Module

’ csv H Excel H PDE H Piint H Columnisibity ‘Sh°W|L|e""ies Search: [wvc
#Genes #Genes % Genes FDRQ
Gene Set Name Gene Set Description inGene in Genes in Overlap in P-value .
value
Set Overlap overlap
Al Al Al m} O

SF1, MTCH2, CWF19L2, MRPS17, RRP8, CPSF7, VPS37C, BANF1, EIF4G2, ZFP91, MAP4K2, PRMT3,
FAU, DNAJC24, HNRNPA1L2, CDCAS, EIF1AD, EIF3M, ATF7IP, SSRP1, TAF6L, KATS, FTSJ2,
GTF3C4, TMEM41B. CLP1. MAD2L1BP. METTL12, CLPTMIL, FEN1, MARK2, TRIM41, COX8A,
Encode_MYC_K562_hg19 Encode_MYC_K562_hg19 6800 70 NUP188, POLA2, WDR74, POM121C, IPO7, PDHX, CSTF3, AHCTF1, NSUN2, UTP3, MGA, INTS5, 0.010 2.2e-33 2.2e-29
- - - - - - ZDHHCS, SAAL1, SNHG1, PRPF19, BAZ1B, RNF219, INCENP, DDB1, NAT10, HNRNPL, ZNHIT2,
. KBTBD4, XPOS5, CAPRIN1, KDM3B, PSMC3, TUT1, MRPL49, HNRNPUL2, PDS5B, PDS5A, NDUFS3,
TIMM10, CKAPS, ZNF195

MTCH2, MRPS17, RRP8, IPO7, ARFIP2, CS TF3, UBXN1, NSUN2, UTP3, MGA, INTS5, ZDHHCS,

Encode_MYC_Hela-S3_hg19 Encode_MYC_HeLa-S3_hg19 3080 43 EIF4G2, ZFP91, SNHG1, PRPF19, PRVMT3, FAU, DNAJC24, BAZ1B, HNRNPA1L2, INCENP, DDBI, 0.014 2.3e-23 4.6e-20

EIFSM, NAT10, GSERT, ATF7IP, SSRP1, 2N 175 aTs, XPOS, KDM3B, PSMC3, TUT1, MRPLAY,
GTF3C4, HNRNPUL2, PDSSA, TMEMA1B, CLP1, ARFGAP2, FENT, ZNF195

SF1, SDHAF2, TRIM41, COX8A, MRPS17, NUP188, POLA2, RRP8, POM121C, IPO7, ARFIP2, CPSF7,

VPS37C, UTP3, MGA, INTS5, ZDHHCS, SAAL1, PRPF19, FAU, DNAJC24, BAZ1B, HNRNPA1L2,
Encode_MYC_MCF-7_hg19 Encode_MYC_MCF-7_hg19 5003 50 CDCAS, DDB1, ZNF431, EIF1AD, TBC1D14, ATF7IP, SSRP1, ZNHIT2, KATS, KBTBDA4, KDM3B, 0.010 3.4e-21 4.2e-18
- = 4 TMEMS33, TUT1, MRPL49, FTSJ2, GANAB, HNRNPUL2, PDS5B, PDS5A, NDUFS3, SF3B2, TIMM10,
2 = ZNF107, METTL12, ARFGAP2, CKAPS, ZNF195

BAZ1B, HNRNPA1L2, RNF219, DDB1, EIF1AD, COX8A, MRPS17, NUP188, OTUB1, RRP8, ARFIP2,

P Encode_MYC_GM12878_hg19 Encode_MYC_GM12878_hg19 2000 31 KATS, KBTBD4, KDM3B, TUT1,UTP3, MRPL49, FTSJ2,MGA, INTS5, HNRNPUL2, PDS5A, NDUFS3, 0.015 8.7e-18 5.0e-15

CLP1, SF3B2, TIMM10, SAAL1, FEN1, FAU, DNAJC24, ZNF195

ChEA_MYC_18358816_ChlP-  ChEA_MYC_18358316_ChiP- . - SANFY,TGrDRARL. FONALS,MEM, PR 10 VARG, FAL 21 COGAS IGENS,ODB1 N0, 01 067 20614

ATF7IP, OTUB1, ZNHIT2, XPOS5, PSMC3, TMEM33, TUT1, MRPL49, GTF3C4, GANAB, TMEM41B,
ChIP_MESCs_Mouse ChlP_MESCs_Mouse T e ey

: ' ChEA_MYC_19030024_ChiP-  ChEA_MYC_19030024_ChIP- . 20 NSUNG, MG, ZOLHCE CANFY, EF 402, 2678, PRFF19, RT3 AL FI, BAEIE, COOS, 0.010 55017 S

INCENP, DDB1, NAT10, ATF7IP, SSRP1, OTUB1, TAF6L, XPOS5, CAPRIN1, TMEM33, GTF3C4,
ChIP_MESCs_Mouse ChIP_MESCs_Mouse NDUFS3, TMEMA41B, MAD2L1BP, TIMM10, CLPTMIL, FEN1

[ Consensus_MYC_ENCODE Consensus_MYC_ENCODE 1515 24 o e e e 0.016 5.3e-14 5.9e-12
hEA_MYC_18555785_ChlIP- hEA_MYC_18555785_ChIP-
: vt e AR 20 SO A el M o T B TORAT WS 17 362 63010
ChlZ WO (e Cll>  CilSA MO SRR ER oo 25 T e e e A N T 37611 5009
Seq_MESCs_Mouse Seq_MESCs_Mouse FIZ1, MARK2

SDHAF2, MTCH2, MRPS17, POM121C, ARFIP2, CPSF7, VPS37C, INTSS, SAAL1, EIFAG2, PRPF19,

Encode_MYC_MCF 10A_hg19 Encode_MYC_MCF 10A_hg19 3382 29 FIZ1, HNRNPA1L2, CDCAS, RNF219, EIF3M, TMEM223, SNRNP35, KATS, KBTBD4, TUT1, FTSJ2, 0.0086 3.1e-10 1.7e-8

GTF3C4, GANAB, PDS58, NDUFS3, TMEMA41B, ZNF107, METTL12

Deta i Ie d re po rt Of M YC—d rive n Showing 1 to 10 of 24 entries (filtered from 7,061 total entries) Previous m 2 3 Next
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Perturbation-AMARETTO report LIHC

Perturbation-AMARETTO v2: driver validation & discovery using genetic perturbations from LINCS/CMAP

Case Study 1: virus-induced hepatocellular carcinoma

Driver discovery across 6 data sets

=0 Excel PDF Print Colurnn visibility (htthsdpoc hetlab. shiryappsiofha MARETTO Liver_BDS_Driversizy | Show | 500 ¥ | entries Search:
PerturbationiD cell_Line GeneSymbol EntreziD PerturbationType Type LIHC
Al Al ["M G B2 "E2F 5" E Al Al All escare-pval-pad) [

CoS001_A3T5_96H BZwW2: 1 £A375 BZwW2 28969 trt_sh.cos landr ark Module 112 : A_D (w = 0.02086) , escore-pval-padi-zscore
CGS001_AGF5_96H MY C:1 ABTS (Yol 4603 trt_sh.cos landm ark Module 112 A_D (w = 0.0179) , escore-pval-padi-zscore
CoS001_AS75_96H MPM1:1 £A375 NP 4889 trt_sh.cgs best inferred Module 112 : A_D {(w = 0.0205) , escore-pval-padji-zscore
OEB005_AG75_96H:BRDNO000408975: -666 AZTS NP 4863 trt_oe best inferred Module 112 © A_D (w = 0.0205) , escore-pval-padi-zscore
CoE001_AST5_S6H EIFSH:1 ASTS EIF3H 8667 trt_sh.cgs best inferred Module 112 : A_D (w = 0.0348) , escore-pval-pad
CGS001_AS49_96H EIF3H:1 A549 EIF3H 8667 trt_sh.cos best inferred Module 112 : A_D (w = 0.0348) , escore-pval-padi-zscore
COS001_AS49_26H MY T 1 A549 MY T 4609 trt_sh.cgs landm ark Module 112 : A _D (w = 0.0179) , escore-pval-padi-zscore
CGS001_AS549_36H E2F5:1 A549 E2F5 1875 trt_sh.cos best inferred Module 112 A_D (w = 0.0128) , escore-pval-pacdj
CGS001_HATE_S6HMYC: 1.5 HA1E MY C 4609 trt_sh.cos landm ark Module 112 A_D (w = 0.0179) , escore-pval-padi-zscore
CGS001_HAIE_96H:EIF3H: 1.5 HAa1E EIF3H 8667 trt_sh.cos best inferred Module 112 : A_D (w = 0.0348) , escore-pval-padi-zscore
CGS001_HATE_96H:BZWW2:1.5 HATE BZvwW2 28369 trt_sh.cos landm ark Module 112 A_D (w = 0.0206) , escore-pval-padi-zscore
CoS001_HCCS515_96H: MY C:2 HCC515 MY C 4809 trt_sh.cgs landm ark Module 112 : A_D {w = 0.0179) , escore-pval-padji-zscore
CGS001_HEPG2_S6H:MYCI1.5 HEPGZ MY C 4603 trt_sh.cos landm ark Module 112 © A_D (w = 0.0173) , escore-pval-padi-zscore
CGE001_HEPG2_96H:BZW2:1.5 HEPG2 BIW2 28969 trt_sh.cgs landm ark Module 112 : A_D (w = 0.0206) , escore-pval-padi-zscore
OEB005_HERG2_96H:BRDNO00DA0E975. 666 HEPG2 NP 4869 trt_oe best inferred Module 112 : A_D (w = 0.0205) , escore-pval-pacdj
CGS001_HT29_S6H:BZwW2:1 HT29 BZwW2 28969 trt_sh.cgs landm ark Module 112 @ A_D (w = 0.0206) , escore-pval-padi-zscore
CGS001_HT29_SEH:MYC:I1 HT28 MY C 4609 trt_sh.cos landm arkc Module 112 : A_D (w = 0.0179) , escore-pval-pacdj
CGS001_HT29 96H:E2F5:1 HT22 E2F5 1875 trt_sh.cgs bestinferred Module 112 : A _D (w = 0.0129) , escore-pval-padi-zscore
CGS001_MCF7_144H BZW22 MCF7 BZwW2 28969 trt_sh.cos landm ark Module 112 : A_D (w = 0.02086) , escore-pval-padi-zscore
CGS001_MCF7_144H:MYC:2 MCFT MY C 4609 trt_sh.cos landm ark Module 112 0 A _D (w = 0.0179) , escore-pval-pad)
CGS001_MCF7_96H: BZwW2 2 MCF7 BZwW2 28969 trt_sh.cgs landr ark Module 112 : A_D (w = 0.02086) , escore-pval-padi-zscore
CGS001_MCF7_96H MY C:2 MCF7 MY C 4603 trt_sh.cos landm ark Module 112 0 A_D (w = 0.0173) , escore-pval-pacdj
CGS001_MCF7_144H:NPM1:2 MCF7 NP 4889 trt_sh.cgs best inferred Module 112 : A_D {w = 0.0205) , escore-pval-padi-zscore
CGS001_MCF7_96H NPM1:2 MCF7 NP 4869 trt_sh.cos best inferred Module 112 : A_D (w = 0.0205) , escore-pval-pacdj
CEE001_MCF7_96H EIFSH:2 MCFT EIF3H 8667 trt_sh.cgs best inferred Module 112 @ A_D (w = 0.0348) , escore-pval-padi-zscore
CGS001_NPC_96H BZW2:1.5 NPC BZwW2 28369 trt_sh.cos landm arkc Module 112 : A_D (w = 0.0208) , escore-pval-padi-zscore
CGS001_NPC_96H MY C:i1.5 NPC MY T 4609 trt_sh.cgs landm ark Module 112 : A _D (w = 0.0179) , escore-pval-padi-zscore
CGS001_PC3_96H: MY C:2 PC3 MY C 4609 trt_sh.cos landm ark Module 112 : A_D (w = 0.0179) , escore-pval-padi-zscore
OEB003_FC3_96H BRON 0000405602666 FC3 BZvwW2 28969 trt_oe landm ark Module 112 A_D (w = 0.02086) , escore-pval-padi-zscore
CGES001_PC3_96H:EIF3H:2 PC3 EIF3H 8667 trt_sh.cgs best inferred Module 112 : A_D (w = 0.0348) , escore-pval-pad)
CGS001_VCAP_120HNPM1:5 WCAR NP 4863 trt_sh.cos best inferred Module 112 © A_D (w = 0.0205) , escore-pval-padi-zscore
CGS001_WCAP_120H:MYC:S AP MY C 4809 trt_sh.cgs landm ark Module 112 : A_D {w = 0.0179) , escore-pval-pad
CGS001_WCAP_120H:EIF3H:S VAR EIF3H 8667 trt_sh.cos best inferred Module 112 © A_D (w = 0.0348) , escore-pval-padi-zscore

Showing 1 to 33 of 33 entries (Mitered from

55,753 total entries)
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Perturbation-AMARETTO report LIHC

Perturbation-AMARETTO v2: driver validation & discovery using genetic perturbations from LINCS/CMAP

Case Study 1: virus-induced hepatocellular carcinoma

Driver discovery across 6 data sets

=0 Excel PDF Print Colurnn visibility (htthsdpoc hetlab. shiryappsiofha MARETTO Liver_BDS_Driversizy | Show | 500 ¥ | entries Search:
PerturbationiD cell_Line GeneSymbol EntreziD PerturbationType Type LIHC
Al Al ["M G B2 "E2F 5" E ® Al Al All escare-pval-pad) [

CoS001_A3T5_96H BZwW2: 1 £A375 BZwW2 28969 trt_sh.cos landr ark Module 112 : A_D (w = 0.02086) , escore-pval-padi-zscore
CGS001_AGF5_96H MY C:1 ABTS (Yol 4603 trt_sh.cos landm ark Module 112 A_D (w = 0.0179) , escore-pval-padi-zscore
CoS001_AS75_96H MPM1:1 £A375 NP 4889 trt_sh.cgs best inferred Module 112 : A_D {(w = 0.0205) , escore-pval-padji-zscore
OEB005_AG75_96H:BRDNO000408975: -666 AZTS NP 4863 trt_oe best inferred Module 112 © A_D (w = 0.0205) , escore-pval-padi-zscore
CoE001_AST5_S6H EIFSH:1 ASTS EIF3H 8667 trt_sh.cgs best inferred Module 112 : A_D (w = 0.0348) , escore-pval-pad
CGS001_AS49_96H EIF3H:1 A549 EIF3H 8667 trt_sh.cos best inferred Module 112 : A_D (w = 0.0348) , escore-pval-padi-zscore
COS001_AS49_26H MY T 1 A549 MY T 4609 trt_sh.cgs landm ark Module 112 : A _D (w = 0.0179) , escore-pval-padi-zscore
CGS001_AS549_36H E2F5:1 A549 E2F5 1875 trt_sh.cos best inferred Module 112 A_D (w = 0.0128) , escore-pval-pacdj
CGS001_HATE_S6HMYC: 1.5 HA1E MY C 4609 trt_sh.cos landm ark Module 112 A_D (w = 0.0179) , escore-pval-padi-zscore
CGS001_HAIE_96H:EIF3H: 1.5 HAa1E EIF3H 8667 trt_sh.cos best inferred Module 112 : A_D (w = 0.0348) , escore-pval-padi-zscore
CGS001_HATE_96H:BZWW2:1.5 HATE BZvwW2 28369 trt_sh.cos landm ark Module 112 A_D (w = 0.0206) , escore-pval-padi-zscore
CoS001_HCCS515_96H: MY C:2 HCC515 MY C 4809 trt_sh.cgs landm ark Module 112 : A_D {w = 0.0179) , escore-pval-padji-zscore
CGS001_HEPG2_S6H:MYCI1.5 HEPGZ MY C 4603 trt_sh.cos landm ark Module 112 © A_D (w = 0.0173) , escore-pval-padi-zscore
CGE001_HEPG2_96H:BZW2:1.5 HEPG2 BIW2 28969 trt_sh.cgs landm ark Module 112 : A_D (w = 0.0206) , escore-pval-padi-zscore
OEB005_HERG2_96H:BRDNO00DA0E975. 666 HEPG2 NP 4869 trt_oe best inferred Module 112 : A_D (w = 0.0205) , escore-pval-pacdj
CGS001_HT29_S6H:BZwW2:1 HT29 BZwW2 28969 trt_sh.cgs landm ark Module 112 @ A_D (w = 0.0206) , escore-pval-padi-zscore
CGS001_HT29_SEH:MYC:I1 HT28 MY C 4609 trt_sh.cos landm arkc Module 112 : A_D (w = 0.0179) , escore-pval-pacdj
CGS001_HT29 96H:E2F5:1 HT22 E2F5 1875 trt_sh.cgs bestinferred Module 112 : A _D (w = 0.0129) , escore-pval-padi-zscore
CGS001_MCF7_144H BZW22 MCF7 BZwW2 28969 trt_sh.cos landm ark Module 112 : A_D (w = 0.02086) , escore-pval-padi-zscore
CGS001_MCF7_144H:MYC:2 MCFT MY C 4609 trt_sh.cos landm ark Module 112 0 A _D (w = 0.0179) , escore-pval-pad)
CGS001_MCF7_96H: BZwW2 2 MCF7 BZwW2 28969 trt_sh.cgs landr ark Module 112 : A_D (w = 0.02086) , escore-pval-padi-zscore
CGS001_MCF7_96H MY C:2 MCF7 MY C 4603 trt_sh.cos landm ark Module 112 0 A_D (w = 0.0173) , escore-pval-pacdj
CGS001_MCF7_144H:NPM1:2 MCF7 NP 4889 trt_sh.cgs best inferred Module 112 : A_D {w = 0.0205) , escore-pval-padi-zscore
CGS001_MCF7_96H NPM1:2 MCF7 NP 4869 trt_sh.cos best inferred Module 112 : A_D (w = 0.0205) , escore-pval-pacdj
CEE001_MCF7_96H EIFSH:2 MCFT EIF3H 8667 trt_sh.cgs best inferred Module 112 @ A_D (w = 0.0348) , escore-pval-padi-zscore
CGS001_NPC_96H BZW2:1.5 NPC BZwW2 28369 trt_sh.cos landm arkc Module 112 : A_D (w = 0.0208) , escore-pval-padi-zscore
CGS001_NPC_96H MY C:i1.5 NPC MY T 4609 trt_sh.cgs landm ark Module 112 : A _D (w = 0.0179) , escore-pval-padi-zscore
CGS001_PC3_96H: MY C:2 PC3 MY C 4609 trt_sh.cos landm ark Module 112 : A_D (w = 0.0179) , escore-pval-padi-zscore
OEB003_FC3_96H BRON 0000405602666 FC3 BZvwW2 28969 trt_oe landm ark Module 112 A_D (w = 0.02086) , escore-pval-padi-zscore
CGES001_PC3_96H:EIF3H:2 PC3 EIF3H 8667 trt_sh.cgs best inferred Module 112 : A_D (w = 0.0348) , escore-pval-pad)
CGS001_VCAP_120HNPM1:5 WCAR NP 4863 trt_sh.cos best inferred Module 112 © A_D (w = 0.0205) , escore-pval-padi-zscore
CGS001_WCAP_120H:MYC:S AP MY C 4809 trt_sh.cgs landm ark Module 112 : A_D {w = 0.0179) , escore-pval-pad
CGS001_WCAP_120H:EIF3H:S VAR EIF3H 8667 trt_sh.cos best inferred Module 112 © A_D (w = 0.0348) , escore-pval-padi-zscore
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Perturbation-AMARETTO report LIHC

Perturbation-AMARETTO v2: driver validation & discovery using genetic perturbations from LINCS/CMAP

Case Study 1: virus-induced hepatocellular carcinoma

Driver discovery across 6 data sets

=0 Excel PDF Print Colurnn visibility (htthsdpoc hetlab. shiryappsiofha MARETTO Liver_BDS_Driversizy | Show | 500 ¥ | entries Search:
PerturbationiD cell_Line GeneSymbol EntreziD PerturbationType Type LIHC
Al Al ["M G B2 "E2F 5" E ® Al Al All escare-pval-pad) [
E—

CoS001_A3T5_96H BZwW2: 1 £A375 BZW2 28969 trt_sh.cos landr ark Module 112 : A_D (w = 0.02086) , escore-pval-padi-zscore
CGS001_AGF5_96H MY C:1 ABTS (Yol 4603 trt_sh.cos landm ark Module 112 A_D (w = 0.0179) , escore-pval-padi-zscore
CoS001_AS75_96H MPM1:1 £A375 NP 4889 trt_sh.cgs best inferred Module 112 : A_D {(w = 0.0205) , escore-pval-padji-zscore
OEB005_AG75_96H:BRDNO000408975: -666 AZTS NP 4863 trt_oe best inferred Module 112 © A_D (w = 0.0205) , escore-pval-padi-zscore
CoE001_AST5_S6H EIFSH:1 ASTS EIF3H 8667 trt_sh.cgs best inferred Module 112 : A_D (w = 0.0348) , escore-pval-pad
CGS001_AS49_96H EIF3H:1 A549 EIF3H 8667 trt_sh.cos best inferred Module 112 : A_D (w = 0.0348) , escore-pval-padi-zscore
COS001_AS49_26H MY T 1 A549 MY T 4609 trt_sh.cgs landm ark Module 112 : A _D (w = 0.0179) , escore-pval-padi-zscore
CGS001_AS549_36H E2F5:1 A549 E2F5 1875 trt_sh.cos best inferred Module 112 A_D (w = 0.0128) , escore-pval-pacdj
CGS001_HATE_S6HMYC: 1.5 HA1E MY C 4609 trt_sh.cos landm ark Module 112 A_D (w = 0.0179) , escore-pval-padi-zscore
CGS001_HAIE_96H:EIF3H: 1.5 HAa1E EIF3H 8667 trt_sh.cos best inferred Module 112 : A_D (w = 0.0348) , escore-pval-padi-zscore
CGS001_HATE_96H:BZWW2:1.5 HATE BZvwW2 28369 trt_sh.cos landm ark Module 112 A_D (w = 0.0206) , escore-pval-padi-zscore
CoS001_HCCS515_96H: MY C:2 HCC515 MY C 4809 trt_sh.cgs landm ark Module 112 : A_D {w = 0.0179) , escore-pval-padji-zscore
CGS001_HEPG2_S6H:MYCI1.5 HEPGZ MY C 4603 trt_sh.cos landm ark Module 112 © A_D (w = 0.0173) , escore-pval-padi-zscore
CGE001_HEPG2_96H:BZW2:1.5 HEPG2 BIW2 28969 trt_sh.cgs landm ark Module 112 : A_D (w = 0.0206) , escore-pval-padi-zscore
OEB005_HERG2_96H:BRDNO00DA0E975. 666 HEPG2 NP 4869 trt_oe best inferred Module 112 : A_D (w = 0.0205) , escore-pval-pacdj
CGS001_HT29_S6H:BZwW2:1 HT29 BZwW2 28969 trt_sh.cgs landm ark Module 112 @ A_D (w = 0.0206) , escore-pval-padi-zscore
CGS001_HT29_SEH:MYC:I1 HT28 MY C 4609 trt_sh.cos landm arkc Module 112 : A_D (w = 0.0179) , escore-pval-pacdj
CGS001_HT29 96H:E2F5:1 HT22 E2F5 1875 trt_sh.cgs bestinferred Module 112 : A _D (w = 0.0129) , escore-pval-padi-zscore
CGS001_MCF7_144H BZW22 MCF7 BZwW2 28969 trt_sh.cos landm ark Module 112 : A_D (w = 0.02086) , escore-pval-padi-zscore
CGS001_MCF7_144H:MYC:2 MCFT MY C 4609 trt_sh.cos landm ark Module 112 0 A _D (w = 0.0179) , escore-pval-pad)
CGS001_MCF7_96H: BZwW2 2 MCF7 BZwW2 28969 trt_sh.cgs landr ark Module 112 : A_D (w = 0.02086) , escore-pval-padi-zscore
CGS001_MCF7_96H MY C:2 MCF7 MY C 4603 trt_sh.cos landm ark Module 112 0 A_D (w = 0.0173) , escore-pval-pacdj
CGS001_MCF7_144H:NPM1:2 MCF7 NP 4889 trt_sh.cgs best inferred Module 112 : A_D {w = 0.0205) , escore-pval-padi-zscore
CGS001_MCF7_96H NPM1:2 MCF7 NP 4869 trt_sh.cos best inferred Module 112 : A_D (w = 0.0205) , escore-pval-pacdj
CEE001_MCF7_96H EIFSH:2 MCFT EIF3H 8667 trt_sh.cgs best inferred Module 112 @ A_D (w = 0.0348) , escore-pval-padi-zscore
CGS001_NPC_96H BZW2:1.5 NPC BZwW2 28369 trt_sh.cos landm arkc Module 112 : A_D (w = 0.0208) , escore-pval-padi-zscore
CGS001_NPC_96H MY C:i1.5 NPC MY T 4609 trt_sh.cgs landm ark Module 112 : A _D (w = 0.0179) , escore-pval-padi-zscore
CGS001_PC3_96H: MY C:2 PC3 MY C 4609 trt_sh.cos landm ark Module 112 : A_D (w = 0.0179) , escore-pval-padi-zscore
OEB003_FC3_96H BRON 0000405602666 FC3 BZvwW2 28969 trt_oe landm ark Module 112 A_D (w = 0.02086) , escore-pval-padi-zscore
CGES001_PC3_96H:EIF3H:2 PC3 EIF3H 8667 trt_sh.cgs best inferred Module 112 : A_D (w = 0.0348) , escore-pval-pad)
CGS001_VCAP_120HNPM1:5 WCAR NP 4863 trt_sh.cos best inferred Module 112 © A_D (w = 0.0205) , escore-pval-padi-zscore
CGS001_WCAP_120H:MYC:S AP MY C 4809 trt_sh.cgs landm ark Module 112 : A_D {w = 0.0179) , escore-pval-pad
CGS001_WCAP_120H:EIF3H:S VAR St 8667 trt_sh.cos best inferred Module 112 © A_D (w = 0.0348) , escore-pval-padi-zscore

Showing 1 to 33 of 33 entries (fitered from 55,753 total entries)

Search for drivers of Module 112 validated using genetic perturbations from LINCS/CMAP: MYC, BZW2,

https://pochetlab.shinyapps.io/pAMARETTO Liver 6DS Drivers/

Previous 1 M Eext

E2F5, EIF3H, NPM1



https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drivers/

AMARETTO report LIHC

Detailed report of MYC-driven
Module 112:
drug discovery
» Perturbation-AMARETTO v1

Enrichments of Drug Perturbations in Regulatory Module

csv H Excel H PDF H Print H Column visibility |5h°W| 10 |entries

Search: | I

#Genes #Genes . % Genes
. . Genesin R FDRQ-
Gene Set Name Gene Set Description inGene in in P-value
Overlap value
Set Overlap overlap
Al Al m} [m}
LINCSCMAP_ChemicalPerturbation_CPC007_A375_24H- LINCSCMAP_ChemicalPerturbation_CPC007_A375_24H- 197 6 gi;:;g:;;:: 0.047 5.16-7 0.00013
t5247673-10.0_DN 16247673-10.0_DN ZNHIT2, NDUFS3
LIN‘CSClMAP_ChemicalPerturbation_CPCOOG_THP1 _6H- LIN‘CSCl)MAP_ChemicaIPerturbation_CPCOOG_THP1_6H- 81 5 é;;gaf??sﬁs‘& 0.062 0.0000013 0.00027
teniposide-1.25_DN teniposide-1.25_DN ZNHIT2
L_INCSCMAP_ChemicalPerturbation_CPCOOG_VCAP_24H— LINC_SCMAP_ChemicaIPerturbation_CPCOOG_VCAP_24H» @ g TR QGED R Q@
piplartine-10.0_DN piplartine-10.0_DN ZNHIT2, KDM3B
LINCSCMAP_ChemicalPerturbation_LJP005_HT29_24H- LINCSCMAP_ChemicalPerturbation_LJP005_HT29_24H- 114 5 ;g};ﬁ,‘;‘mam, 0.044 0.0000068 0.0010
XMD16-144-3.33_DN XMD16-144-3.33_DN i
LINCSCMAP_ChemicalPerturbation_CPC017_MCF7_24H-  LINCSCMAP_ChemicalPerturbation_CPC017_MCF7_24H- 64 4 DNAJG24, ATFTIP, 0.063 0.000015 0.0018
LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H-
vu0418946-2-10.0_DN - - - vu0418946-2-10.0_DN - - - 67 4 BTGBRAGTRE 0.060 0.000018 0.0020
LINCSCMAP_ChemicalPerturbation_CPC013_NPC_24H- LINCSCMAP_ChemicalPerturbation_CPC013_NPC_24H- 67 4 HNRNPL, ATF7IP, 0.060 0.000018 0.0020
LINCSCMAP_ChemicalPerturbation_CPC004_VCAP_6H- LINCSCMAP_ChemicalPerturbation_CPC004_VCAP_6H-
mitomycin_c=10.0_DN - - - mitomycin_c=10.0_DN - - - 70 4 RofienBiE 0.057 0.000021 0.0023
LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- 71 4 ATFTIP, CAPRINY, 0.056 0.000022 0.0024
Ia.l_l1\l(()3635(_)1l\6%Fl_D(%\TemlcaIPerturbatlon_CPCO14_ASC_24H— Iélqlge%(ihg%ﬁ_lj(%\‘hemmalPerturbatlon_CPC01 4_ASC_24H- 71 4 HABAAIFM. 0.056 0.000022 0.0024
Showing 1 to 10 of 2,167 entries (filtered from 9,505 total entries) Previous E 2 3 4 5 217 Next



AMARETTO report LIHC

Enrichments of Drug Perturbations in Regulatory Module

csv H Excel H PDF H Print H Column visibility |5h°W| 10 |entries

Search: | I

#Genes #Genes . % Genes
. . Genesin R FDRQ-
Gene Set Name Gene Set Description inGene in in P-value
Overlap value
Set Overlap overlap
Al Al m} [m}
LINCSCMAP_ChemicalPerturbation_CPC007_A375_24H- LINCSCMAP_ChemicalPerturbation_CPC007_A375_24H- 197 6 gi;:;g::gz: 0.047 5.16-7 0.00013
t5247673-10.0_DN 16247673-10.0_DN ZNHIT2, NDUFS3
- LINCSCMAP_ChemicalPerturbation_CPC006_THP1_6H- LINCSCMAP_ChemicalPerturbation_CPC006_THP1_6H- 81 5 é;;mf@zbga 0.062 0.0000013 0.00027
teniposide-1.25_DN teniposide-1.25_DN ZNHIT2
L_INCSCMAP_ChemicalPerturbation_CPCOOS_VCAP_24H— LINC_SCN.IAP_ChemicaIPerturbation_CPCOOG_VCAP_24H- 162 6 g;’:z:::;g*’h 0.037 0.0000021 0.00041
b ] piplartine-10.0_DN piplartine-10.0_DN ZNHIT2, KDM3B
LINCSCMAP_ChemicalPerturbation_LJP005_HT29_24H- LINCSCMAP_ChemicalPerturbation_LJP005_HT29_24H- 114 5 ;g};ﬁ,‘;‘mw, 0.044 0.0000068 0.0010
XMD16-144-3.33_DN XMD16-144-3.33_DN i
77777 ~ L - LINCSCMAP_ChemicalPerturbation_CPC017_MCF7_24H-  LINCSCMAP_ChemicalPerturbation_CPC017_MCF7_24H- 64 4 DNAJG24, ATFTIP, 0.063 0.000015 0.0018
= & LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H-
vu0418946-2-10.0_DN - - - vu0418946-2-10.0_DN - - - 67 4 BTGBRAGTRE 0.060 0.000018 0.0020
LINCSCMAP_ChemicalPerturbation_CPC013_NPC_24H- LINCSCMAP_ChemicalPerturbation_CPC013_NPC_24H- 67 4 HNRNPL, ATF7IP, 0.060 0.000018 0.0020
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ LINCSCMAP_ChemicalPerturbation_CPC004_VCAP_6H- LINCSCMAP_ChemicalPerturbation_CPC004_VCAP_6H-
- - - - ) . mitomycin_c10.0_DN - - - mitomycin_c10.0_DN - - - 70 4 RREHe TR 0.057 0.000021 0.0023
LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- 71 4 ATFTIP, CAPRINY, 0.056 0.000022 0.0024
Ia.l_l1\l(()3685(_)1l\6%Fl_D(%\TemlcaIPerturbatlon_CPCO14_ASC_24H— I5111\165635(_31I\6%F:_D(%\‘hem|calPerturbatlon_CPCO1 4_ASC_24H- 71 4 HABAAIFM. 0.056 0.000022 0.0024
2 Showing 1 to 10 of 2,167 entries (filtered from 9,505 total entries) Previous E 2 4 5 217 Next
i H A Search: __orafenib
Search for current LIHC treatments Sorafenib and Regorafenib:
#Genes #Genes . % Genes
. . Genesin . FDRQ-
Gene SetName Gene Set Description inGene in in P-value
. . Overlap value
Detailed report of MYC-driven st Overlap overiap
Module 112: . o
H LINCSCMAP_ChemicalPerturbation_LJP006_HEPG2_24H- LINCSCMAP_ChemicalPerturbation_LJP006_HEPG2_24H-
ru Iscover : , o1 Y 0019 011
sorafenib-10_DN sorafenib-10_DN
> Pe rtur b at | on- A M A R ETTO Vv 1 LINCSCMAP_ChemicalPerturbation_LJP009_MCF7_24H-  LINCSCMAP_ChemicalPerturbation_LJPO09_MCF7_24H-
98 2 sANFLFENT 0.020 0.021 0.11

regorafenib-10_DN regorafenib-10_DN

Showing 1 to 2 of 2 entries (filtered from 9,505 total entries)

Previous E Next



Perturbation-AMARETTO report LIHC

Perturbation-AMARETTO v2: drug discovery using chemical perturbations from LINCS/CMAP

Case Study 1: virus-induced hepatocellular carcinoma

Drug discovery across 6 data sets

csv || et || por || Port || conmeukbmg Smwm ertries
Detaset Module sig_id Cell_Lire pert_iname pert_type preal _perturbati on qual_perturbation E% HES ik ore Extrare size Pherctypes Statistical_Test pal_phendtype gual_phenctype Descriptive_Statistics Chemical_Phenctype_Direction
a a = o = o a
SundalTime 2;"::;::':27 Beta: 0.54749, Hazard
Module- CPCOM3_HERGZ_BHBRD- ) (COXPROPHAZAR OT METOEVENT), Fatio: 19107, 05% C:
LIHC 1 B0 15,001 01010 HEP G2 sorafenit Tt_cp 00114 00445 04431 15227 1 B malGensrng :Z::ssion s 0.0013013 DAM0THE e sasa) e revarsad
(COXFROPHAZAR DRIGHTCENS ORING) ‘Efo Statistio: 10,34
SurvialTime g:;":;'p’:::i'o‘r"s:: Beta: 064749, Hazard
hodule- CPCOMS_HERGZ_GHEBRD- o (COXFROPHAZAR OT METO EVENT), Fatio: 19107, 95% CI;
LIHC iz YR B DB HEPGZ rizatidine ft_cp 0.0017 00341 05687 -1 9687 i B alCensrng hazards , 0.0013013 DAMTE S o, reversed
(%P ROPHAZAR DRIGHTE BN ORING) zg{;smn(m Statistic: 1034
SunalTime 2:':;';:::':2? Beta: 064748, Hazard
Module- CPCOME_HERGZ_BHBRD- o (COXPROPHAZAR OT METOEVENT), Fatio: 1.9107, 05% C:
LIHC 1 RABRE AT 001 D560 HEP G2 nizatidine Tt_cp 0.0036 00341 04038 -2 0441 0 B malGensrng hazands . 0.0013013 DA aas. e revarsad
(COXPROPHAZAR DRIGHTCENS ORING) zg{;ssm“(wa Sttistic: 1034
SunalTime 2?;:;:::;27: Beta: 054749, Hazard
hodule- CPCIM3_MCFT_24HBRD- ] . . (C0XF ROPHAZAR OTIMET 0 EVENT), Ratio: 1.0107, 85°% CI.
LIHC e peg0aan o MEFT soratenit ft_cp 0.0303 00702 04375 18111 ] B el hazards ., 0.0013013 AR St reversed
(COXPROPHAZAR ORIGHT CEMS ORING) :;r;sm“(m Statistic: 1024
SunialTime g:‘::})’:::'oils Beta: 0 64749, Hazard
Module- CPCMM3_MCFF_BH-BRD- ] ] . (COXPROPHAZAROTIMET 0 EVENT), Ratio: 1.9107, 5% CI:
LIHC e rasm e o0 oade MG sorafenit Tt_cp 0.0054 00341 05196 19476 1 B altansoing :Z::ssion i 0.0013013 O pae, i reversed
(COXFROPHAZARDRIGHT CENS DRING) ‘Efo Statistic: 1034
SurvialTime gz;";;'p’::;'o";f: Beta: 0 54743, Hazard
hodule- CPO00Z_MCFT_§HBRD- . (COXFROPHAZAROTIMET O EVENT), Ratio: 1.0107, 85°% CI.
LIHC LT MCF? Hetinib t 0.0030 00341 05105 2007 ] 8 hazard 0.0013013 0140745 d
12 K70401845-001-03-3:10 eriamn! i Survial Censoring F:Z;S:ion ol [13877,3 8362], il reRre
(CO%PROPHAZARORIGHT CENS ORING) ‘Ego Statistic: 10 34
SundalTime 2;"::;::':27 Beta: 0 54749, Hazard
Module- LIPDO2_MCF7_24H: BRO- . ] . (COXPROPHAZAROTIMET 0 EVENT), Ratio: 1.9107, 5% CI:
LIHC e P00 B 00T et an MEFT erotinib Tt_cp 00706 00702 03627 15352 3 B alteeeing :Z::ssion " 0.0013013 O pae, i reversed
(COXFROPHAZARDRIGHT CENS ORING) ‘Efo Statistic: 1034
SurvialTime g:;":;'p’:::i'o‘r"s:: Beta: 0 54743, Hazard
hodule- CPCOME_PHH_24HBRO- o (COXPROPHAZARDTIMET O EVENT), Ratio: 1.0107, 85°% CI.
LIHC iz R0 0T 4 PHH iz atidine: ft_cp 0.0039 00341 05339 21747 i B alCensang r:z;r::ion . 0.0013013 DT B35, e reversed
(COXPROPHAZARORIGHT CENS ORING) ‘Ego Statistic: 10 34
Showing 1to & of 2 ertries (filered fom 329,000 toEl entries) Pranious 1 Mext

https://pochetlab.shinyapps.io/pAMARETTO Liver 6DS Drugs Diseases/ (under development)



https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases/

Perturbation-AMARETTO report LIHC

Perturbation-AMARETTO v2: drug discovery using chemical perturbations from LINCS/CMAP

Case Study 1: virus-induced hepatocellular carcinoma

Drug discovery across 6 data sets

Detaset Module sig_id Cell_Lire pert_iname pert_type preal _perturbati on qual_perturbation E% HES ik ore Extrare size Pherctypes Statistical_Test pal_phendtype gual_phenctype Descriptive_Statistics Chemical_Phenctype_Direction
o o o EEEES o EEEEE | PR o
SundalTime 2;"::;::':27 Beta: 0.54749, Hazard
Module- CPCOM3_HERGZ_BHBRD- ) (COXPROPHAZAR OT METOEVENT), Fatio: 19107, 05% C:
LIHC 1 B0 15,001 01010 HEP G2 sorafenit Tt_cp 00114 00445 04431 15227 1 B malGensrng :Z::ssion s 0.0013013 DAM0THE e sasa) e revarsad
(COXFROPHAZAR DRIGHTCENS ORING) ‘Efo Statistio: 10,34
SurvialTime g:;":;'p’:::i'o‘r"s:: Beta: 064749, Hazard
hodule- CPCOMS_HERGZ_GHEBRD- o (COXFROPHAZAR OT METO EVENT), Fatio: 19107, 95% CI;
LIHC iz YR B DB HEPGZ rizatidine ft_cp 0.0017 00341 05687 -1 9687 i B alCensrng hazards , 0.0013013 DAMTE S o, reversed
(%P ROPHAZAR DRIGHTE BN ORING) zg{;smn(m Statistic: 1034
SunalTime 2:':;';:::':2? Beta: 064748, Hazard
Module- CPCOME_HERGZ_BHBRD- o (COXPROPHAZAR OT METOEVENT), Fatio: 1.9107, 05% C:
LIHC 1 RABRE AT 001 D560 HEP G2 nizatidine Tt_cp 0.0036 00341 04038 -2 0441 0 B malGensrng hazands . 0.0013013 DA aas. e revarsad
(COXPROPHAZAR DRIGHTCENS ORING) zg{;ssm“(wa Sttistic: 1034
SunalTime 2?;:;:::;27: Beta: 054749, Hazard
hodule- CPCIM3_MCFT_24HBRD- ] . . (C0XF ROPHAZAR OTIMET 0 EVENT), Ratio: 1.0107, 85°% CI.
LIHC e peg0aan o MEFT soratenit ft_cp 0.0303 00702 04375 18111 ] B el hazards ., 0.0013013 AR St reversed
(COXPROPHAZAR ORIGHT CEMS ORING) :;r;sm“(m Statistic: 1024
Surival fnalysis:
SunialTime C::':;Po i Beta: 0 64749, Hazard
Module- CPCMM3_MCFF_BH-BRD- ] ] . (COXPROPHAZAROTIMET 0 EVENT), Ratio: 1.9107, 5% CI:
LIHC e rasm e o0 oade MG sorafenit Tt_cp 0.0054 00341 05196 19476 1 B altansoing ':Z:ersdssion i 0.0013013 O pae, i reversed
(COXFROPHAZARDRIGHT CENS DRING) Efo Statistic: 1034
SurvialTime gz;";;'p’::;'o";f: Beta: 0 54743, Hazard
hodule- CPO00Z_MCFT_§HBRD- . (COXFROPHAZAROTIMET O EVENT), Ratio: 1.0107, 85°% CI.
LIHC LT MCF? Hetinib t 0.0030 00341 05105 2007 ] 8 hazard 0.0013013 0140745 d
12 K70401845-001-03-3:10 eriamn! i Survial Censoring F:Z;S:ion ol [13877,3 8362], il reRre
(CO%PROPHAZARORIGHT CENS ORING) ‘Ego Statistic: 10 34
SundalTime 2;"::;::':27 Beta: 0 54749, Hazard
Module- LIPDO2_MCF7_24H: BRO- . ] . (COXPROPHAZAROTIMET 0 EVENT), Ratio: 1.9107, 5% CI:
LIHC e P00 B 00T et an MEFT erotinib Tt_cp 00706 00702 03627 15352 3 B alteeeing ':Z:ersdssion " 0.0013013 O pae, i reversed
(COXFROPHAZARDRIGHT CENS ORING) ‘Efo Statistic: 1034
SurvialTime g:;":;'p’:::i'o‘r"s:: Beta: 0 54743, Hazard
hodule- CPCOME_PHH_24HBRO- o (COXPROPHAZARDTIMET O EVENT), Ratio: 1.0107, 85°% CI.
LIHC iz R0 0T 4 PHH iz atidine: ft_cp 0.0039 00341 05339 21747 i B alCensang r:z;r::ion . 0.0013013 DT B35, e reversed
(COXPROPHAZARORIGHT CENS ORING) ‘Ego Statistic: 10 34

Showing 1to & of 2 ertries (filered fom 329,000 toEl entries)

Data set, Module Experiment, Cell line, Compound, Statistics

Phenotype: Survival Statistics

https://pochetlab.shinyapps.io/pAMARETTO Liver 6DS Drugs Diseases/ (under development)

Previous D Mext
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https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases/

Perturbation-AMARETTO report LIHC

Perturbation-AMARETTO v2: drug discovery using chemical perturbations from LINCS/CMAP

Case Study 1: virus-induced hepatocellular carcinoma

Drug discovery across 6 data sets

(=] (ear] [oor]

Detaset Module sig_id Cell_Lird pert_iname pert_type preal _perturbati on qual_perturbation E% HES ik ore Extrare size Pherctypes Statistical_Test pal_phendtype gual_phenctype Descriptive_Statistics Chemical_Phenctype_Direction
o o o EEEES o EEEEE | PR o
SundalTime 2;"::;::':27 Beta: 0.54749, Hazard
Module- CPCOM3_HERGZ_BHBRD- ) (COXPROPHAZAR OT METOEVENT), Fatio: 19107, 05% C:
LIHC 1 B0 15,001 01010 HEP G2 sorafenit Tt_cp 00114 00445 04431 15227 1 B malGensrng :Z::ssion s 0.0013013 DAM0THE e sasa) e revarsad
(COXFROPHAZAR DRIGHTCENS ORING) ‘Efo Statistio: 10,34
SurvialTime g:;":;'p’:::i'o‘r"s:: Beta: 064749, Hazard
hodule- CPCOMS_HERGZ_GHEBRD- o (COXFROPHAZAR OT METO EVENT), Fatio: 19107, 95% CI;
LIHC iz YR B DB HEPGZ rizatidine ft_cp 0.0017 00341 05687 -1 9687 i B alCensrng hazards , 0.0013013 DAMTE S o, reversed
(%P ROPHAZAR DRIGHTE BN ORING) zg{;smn(m Statistic: 1034
Surival Analysis:
SunalTime C::':;Po i Beta: 064748, Hazard
Module- CPCOME_HERGZ_BHBRD- o (COXPROPHAZAR OT METOEVENT), Fatio: 1.9107, 05% C:
LIHC 1 RABRE AT 001 D560 HEP G2 nizatidine Tt_cp 0.0036 00341 04038 -2 0441 0 B malGensrng hazands . 0.0013013 DA aas. e revarsad
(COXPROPHAZAR DRIGHTCENS ORING) zg{;ssm“(wa Sttistic: 1034
SunalTime 2?;:;:::;27: Beta: 054749, Hazard
hodule- CPCIM3_MCFT_24HBRD- ] . . (C0XF ROPHAZAR OTIMET 0 EVENT), Ratio: 1.0107, 85°% CI.
LIHC e peg0aan o MEFT soratenit ft_cp 0.0303 00702 04375 18111 ] B el hazards ., 0.0013013 AR St reversed
(COXPROPHAZAR ORIGHT CEMS ORING) :;r;sm“(m Statistic: 1024
SunialTime g:‘::})’:::'oils Beta: 0 64749, Hazard
Module- CPCMM3_MCFF_BH-BRD- ] ] . (COXPROPHAZAROTIMET 0 EVENT), Ratio: 1.9107, 5% CI:
LIHC e rasm e o0 oade MG sorafenit Tt_cp 0.0054 00341 05196 19476 1 B altansoing ':Z:ersdssion i 0.0013013 O pae, i reversed
(COXFROPHAZARDRIGHT CENS DRING) Efo Statistic: 1034
SurvialTime gz;";;'p’::;'o";f: Beta: 0 54743, Hazard
hodule- CPO00Z_MCFT_§HBRD- . (COXFROPHAZAROTIMET O EVENT), Ratio: 1.0107, 85°% CI.
LIHC LT MCF? Hetinib t 0.0030 00341 05105 2007 ] 8 hazard 0.0013013 0140745 d
12 K70401845-001-03-3:10 eriamn! i Survial Censoring F:Z;S:ion ol [13877,3 8362], il reRre
(CO%PROPHAZARORIGHT CENS ORING) ‘Ego Statistic: 10 34
SundalTime 2;"::;::':27 Beta: 0 54749, Hazard
Module- LIPDO2_MCF7_24H: BRO- . ] . (COXPROPHAZAROTIMET 0 EVENT), Ratio: 1.9107, 5% CI:
LIHC e P00 B 00T et an MEFT erotinib Tt_cp 00706 00702 03627 15352 3 B alteeeing ':Z:ersdssion " 0.0013013 O pae, i reversed
(COXFROPHAZARDRIGHT CENS ORING) ‘Efo Statistic: 1034
SurvialTime g:;":;'p’:::i'o‘r"s:: Beta: 0 54743, Hazard
hodule- CPCOME_PHH_24HBRO- o (COXPROPHAZARDTIMET O EVENT), Ratio: 1.0107, 85°% CI.
LIHC iz R0 0T 4 PHH iz atidine: ft_cp 0.0039 00341 05339 21747 i B alCensang r:z;r::ion . 0.0013013 DT B35, e reversed
(COXPROPHAZARORIGHT CENS ORING) ‘Ego Statistic: 10 34

Showing 1to & of 2 ertries (filered fom 329,000 toEl entries)

Search drug treatments reversing survival-associated Module 112 using chemical perturbations from LINCS/CMAP, Query: Sorafenib, Erlotinib, Nizatidine

https://pochetlab.shinyapps.io/pAMARETTO Liver 6DS Drugs Diseases/ (under development)
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https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases/

AMARETTO report LIHC

MYC-driven Module 112

Summary of MYC-regulated Module 112: gt by
S
MYC CNV amplification, associated with induced MYC = f——— = ———= = =1
expression, and MYC is activator of its target genes e e
Associated with survival: higher expression, poorer — E—_z :: E{ === —a —— _——_;—_—7:
survival === .- == =-"F =
Enriched for gene signature =——= === =§ — _1: __:_;_—
HOSHIDA_LIVER_CANCER_SUBCLASS_S2 (Genes from = eme———— == = —=c——
'subtype S2' signature of hepatocellular carcinoma = = =~ ==
(HCC): proliferation, MYC and AKT1 activation.) = = = =— -
Drivers validated: =" = — —— —
«  MYC: ENCODE and ChEA ChiP-Seq, bound to its == =—=—== =
target genes o

* MYC, BZW2, E2F5, EIF3H, NPM1: LINCS/CMAP
genetic perturbations, modulating drivers
modulates its target genes

CNV State State  Gene SunvivalTime RPPA_Clusters  miRNA_Clusters Hypermethylation_Clusters Hypomethylation_Cluster mRNA_Clusters DNA_Copy_Clusters CDKN2A_Silencing  Paradigm_Clusters

Moo [l voeemeryaee JI WM B A | K W rirva o W Hyoermetnyiat 1 Wl Ra Cluster 1 | )
W Avoiied [l Hypo-methylated 420 2 4 20 2 N B Hyermethyiati 2 ethylation_Cluster_2 ~ [JJl] mRNA_Cluster_2 ] 2
D .S fenib. R fenib. Erlotinib. Nizatidi ot o ypametriton G5 [l ot G5 [l A Cust 3 Y s
rugs: sorarenib, hegorarenip, criotinib, Nizatidine,... -, I ooyt Gt i Cuwtors [l ONn o Gutr 4 I Foscom Cusir s
I v custor s
reverse su rV|Va I_a S SOC| ated beh aVI or of d rlve ran d Clrical_Hepattis_C_Virus  Cirical_Hepas_B_Vius  Cliical NAFLD  Consensus. i I_and_RNA_Seq_Hepais_C_Vius  Hoshida, Clusers OH_Mutaton_Status  TPS3_ Mutation_ Status  CTNNB1_Mutaton Status  TERT_Promoter Mutaion_Status  (Cluster Clusers_1_vs_rest  iCluster_Clustrs_2.vs.rest
- - - D e T W oo v W e wr I custer Cluster 23 [l custer cluser 183
™ oo o o B vosnca cuser sz [ o et [ 5o v [ oTne wnt B cusier user 1 [l Cuser Custr 2
target genes of Module 112 I e e
iCluster_Clusters_3_vs_rest  Hoshida_Cluster_S1_vs_rest Hoshida_Cluster_S2_vs_rest Hoshida_Cluster_S3_vs_rest
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Community-AMARETTO report virus-induced LIHC

Community Network Visualization
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Genes from 'subtype S1' signature of hepatocellular carcinoma (HCC): aberrant activation of the WNT signaling pathway

Survival signature genes defined in adjacent liver tissue: genes correlated with poor survival of hepatocellular carcinoma (HCC) patients

Polycomb Repression Complex 2 (PRC) targets; identified by ChIP on chip on human embryonic stem cells as genes that: possess the trimethylated .
H3K27 mark in their promoters and are bound by SUZ12 and EED Polycomb proteins Commumty 1
> IL8 pan-etiology driver of HCV and HBV virus-induced HCC associated with HCV and HBV viral load and HCC survival
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> Genesfrom 'subtype S2' signature of hepatocellular carcinoma (HCC): proliferation, MYC and AKT1 activation
> MYCtargets; targets of c-Myc and Max identified by ChIP on chip in a Burkitt's lymphoma cel line; overlap set; and in cultured cell lines, focusing on E-box-containing genes;
high affinity bound subset Community 3
> CORE genes upregulated and identified by ChIP on chip as NOS (Nanog, OCT4, SOX2) transcription factor targets in human embryonic stem cells
> STX7 pan-etiology driver of HCV and HBV virus-induced HCC ® TCGA LIHC scHBY
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> Genes from 'subtype S3' signature of hepatocellular carcinoma (HCC): hepatocyte differentiation
> Survival signature genes defined in adjacent liver tissue: genes correlated with good survival of hepatocellular carcinoma (HCC) patients
> Liverspecific genes from Human Gene Expression Index, the HUGE Index, http://www.hugeindex.org Community 5
> APOC3 pan-etiology driver of HCV and HBV virus-induced HCC validated in all 6 data sources using genetic perturbations of APOC3 in the HepG2 liver cancer cell line
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Perturbation-AMARETTO report virus-induced LIHC:

river validation & discovery: across modules in tcHCV, scHCV, tcHBV, scHBV, CCLE and LIHC

Case Study 1: virus-induced hepatocellular carcinoma

Driver discovery across 6 data sets
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Perturbation-AMARETTO report virus-induced LIHC:

Drug discovery: Nizatidine reverses disease-associated modules in scHCV & scHBV (viral load), and LIHC

Case Study 1: virus-induced hepatocellular carcinoma

Drug discovery across 6 data sets
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Case Study 2

Glioblastoma Multiforme (GBM)
& Low-grade Glioma (LGG)
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Community-AMARETTO report GBM/LGG
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Clinical, molecular and imaging-derived phenotypes from TCGA Imaging-derived phenotypes from TCGA/TCIA VASARI/Rembrandt
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AMARETTO report GBM

CDK4-driven Module 130

= = Module 130 regulated by CDK4
= ~ CDK4 amplifications/deletions, associated with
— induced/repressed CDK4 expression levels
— = b CDK4 is activator of its target genes
= : | Target genes CDKN2A and MDM?2

Represents proneural molecular subclass of GBM
(higher expression)

—=— —
== Enriched for functional categories:
R B ‘ * TCGA GLIOBLASTOMA COPY NUMBER UP (Genes up-regulated
and displaying increased copy number in glioblastoma samples)
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Drivers validated (across GBM and related LGG
modules): CDK4, CDKN2A, MDM2: LINCS/CMAP
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Perturbation-AMARETTO report GBM/LGG

Perturbation-AMARETTO v2: drug discovery using chemical perturbations from LINCS/CMAP

Case Study 2: glioblastoma multiforme and low-grade glioma

Driver discovery across 2 data sets
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AMARETTO report GBM

Summary of methylation-driven GBM Module 90:

Drivers: methylation-driven RBP1, PNPLA4, NSUN?7,
SLC25A20, FBXO17, XKR8, RAB36

Hypermethylation of drivers, associated with their
repressed gene expression levels

Drivers are activators of their targets

Associated with:

- Survival (lower expression, better survival)

- Molecular subclass G-CIMP (lower expression)
- Molecular markers IDH1 and MGMT

Enriched for NOUSHMEHR GBM SILENCED BY
METHYLATION (Top 50 most differentially
hypermethylated and down-regulated genes in
proneural G-CIMP (a CpG island methylator
phenotype) GBM (glioblastoma multiforme)
tumors)
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AMARETTO report LGG

Summary of methylation-driven LGG Module 150:

.. - Methylation-driven Module 150
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repressed gene expression levels

Drivers are activators of their targets
Associated with:

- Survival (lower expression, better survival)
- Imaging:

- Proportion nCET (f6): lower expression,
higher proportion of non-enhancing
tumor (not edema)
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expression, higher proportion of
enhancing tumor 3 ¢
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Summary of methylation-driven LGG Module 150: e " — Methylation-driven Module 150

Drivers: methylation-driven, shared drivers with
GBM module 90 (Community 1)

Hypermethylation of drivers, associated with their
repressed gene expression levels

Drivers are activators of their targets

Associated with:
- Survival (lower expression, better survival)
- Imaging:

- Proportion nCET (f6): lower expression,
higher proportion of non-enhancing
tumor (not edema)

- Proportion Enhancing (f5): higher
expression, higher proportion of
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Summary of methylation-driven GBM Module 77: e B Methylation-driven Module 77

Drivers: methylation-driven =
Hypermethylation of drivers, associated with their {
repressed gene expression levels
Drivers are activators of their targets
Associated with: = =
- Survival (higher expression, poorer survival) =—_ =
- Molecular subclass Mesenchymal (higher == =
expression) = =
- Molecular marker IDH1 :
- Imaging: -
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AMARETTO report GBM

Summary of methylation-driven GBM Module 77: i " Methylation-driven Module 77

Drivers: methylation-driven

Hypermethylation of drivers, associated with their
repressed gene expression levels

Drivers are activators of their targets

Associated with:

- Survival (higher expression, poorer survival)

- Molecular subclass Mesenchymal (higher
expression)

- Molecular marker IDH1

- Imaging:
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Community Network Visualization
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> VERHAAK GLIOBLASTOMA PRONEURAL: Genes correlated with proneural type of glioblastoma multiforme tumors .
> NOUSHMEHR GBM SILENCED BY METHYLATION: Top 50 most dit ially hyper and down-reg genes in proneural G-CIMP (a CpG island p ype) GBM 6
multiforme) tumors -
> Molecular markers: PDGFRA, IDH1 and MGMT . L ] 7
»  Methylation-driven drivers shared between GBM (Module 90) and LGG (Module 77): FBXO17, XKR8, RAB34/36
> Survival analysis: hypermethylated drivers, repressed expression of drivers and targets, and association with better survival rates in the G-CIMP and proneural molecular subclasses 8
- 8
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VERHAAK GLIOBLASTOMA MESENCHYMAL: Genes correlated with mesenchymal type of glioblastoma multiforme tumors
Enriched for immune cell type-specific signatures. g o
Associated with imaging feature Proportion nCET (f6): lower expression, higher proportion of non-enhancing tumor (not edema)

Survival analysis: induced expression of drivers and targets and association with poorer survival rates in the mesenchymal molecular subclass Community 3
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Perturbation-AMARETTO (under development):

driver validation & discovery:
https://pochetlab.shinyapps.io/pAMARETTO Brain 2DS Drivers/
- drug discovery: https://pochetlab.shinyapps.io/pAMARETTO Brain 2DS Drivers
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Case Study 3

Pan-squamous cell carcinoma (SCC)

across 5 SCC cancer sites: lung (LUSC), head and neck (HNSC),
esophageal (ESCA), cervical (CESC) and bladder (BLCA)
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Aszignments of Drver Genes to Coammunities

Search:

AMARETTO Report

Enrichments of Functional Categeries in Communities

Enrichments of Criver Perturbations in Communities

Enrichments of Chemical Perturbations in Communities

Association of Phenatypes to Communities

Showing 110 5 of 5 entries Previous m Mext

Community Network Visualization

Run Information: links to AMARETTO reports
combined in Community-AMARETTO report

Community Network Visualization

o i, A
* TCGA_BLCA * TCGA_LUSC
® TCGA_CESC * ImmuneSignatures
* TCGA ESCA StamSignatures
TCGA_HNSC
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Community-AMARETTO report SCC

# Community-AMARETTO Repart B Tables - Community-AMARETTO Report
e

Assignment of Regulatory ules Shared or Distinct across Communities and Data Sefs

Frasten Freston
Epes S

ety oA BLa coa vesc 1wEs ea e

Assignment of Regulatory Modules Shared or Distingt across Communities and Data Sets

Aszsignments of Genes to Communitizs
Azzignment of Criver Gnes Shared or Distinet across Communities and Data Sets

Aszignments of Drver Genes to Coammunities

Enrichments of Functional Categeries in Communities
Enrichments of Criver Perturbations in Communities
Enrichments of Chemical Perturbations in Communities

Association of Phenatypes to Communities

Assignments of Regulatory Modules
Shared or Distinct across Communities
and Data Sets
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Community-AMARETTO report SCC

& Community-AMARETTO Repot B8 Tables - C)AMARETTO € Community AMARETTO

# Community-AMARETTO Report BB Tables ~

Community-AMARETTO Report

Assignments of Genes to Communities

Assignment of Regulatory Modules Shared or Distingt across Communities and Data Sets

Assignments of Genes to Communitiss ”

. e L . N = - iy | Show|20 i :|
Azzignment of Crriver Genes Shared or Distinet acress Communities and Data Sets oL T ene Searen

Assignments of Driver Genes to Communities cene Communty Gene Tvee
Enrichments of Functional Categeries in Communities 8 8 8
Enrichments of Driver Perturbations in Communides ARG S -
Enrichments of Chemical Perturbations in Communities o B e
A1BG Community 5 Diriver
Associztion of Phenatypes to Communities . Communty 2 et
T AZLDN Community 3 Target
AZLDN Community 5 Target
AZLDN Community 12 Target
AZM Community 1 Target
Assignments of Genes to Communities
g AZMLY Community 3 Driver
A4GALT Community 1 Target
A4GALT Community 3 Target
A4GALT Community 9 Target
A4GALT Community 10 Target
AACS Community 1 Target
AACS Community 3 Target
AACS Community 5 Target
AADAC Community 1 Target
AADAC Community 1 Diriver
AADAC Community 3 Target
Showing 1to 20 of 30,312 entries Previous 2 3 4 5 1516 et
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Community-AMARETTO report SCC

# Community-AMARETTO Report BB Tables ~

Assignment of Regulatory Modules Shared or Distingt across Communities and Data Sets

Aszsignments of Genes to Communitizs

Azzignment of Criver Gnes Shared or Distinet across Communities and Data Sets -

Aszignments of Drver Genes to Coammunities

Enrichments of Functional Categeries in Communities
Enrichments of Criver Perturbations in Communities
Enrichments of Chemical Perturbations in Communities

Association of Phenatypes to Communities

Assignments of Driver Genes
Shared or Distinct across
Communities and Data Sets
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Community-AMARETTO report SCC

# Community-AMARETTO Report BB Tables ~

Aszsignment of Reguiatory Modules Shared or Distingt across Communities and Data Sets

Assignments of Genes to Communitiss

Azzignment of Criver Gznes Shared or Distinet across Communities and Data Sete

Aszignments of Drver Genes to Coammunities

-

Enrichments of Functional Categeries in Communities
Enrichments of Criver Perturbations in Communities
Enrichments of Chemical Perturbations in Communities

Assuciation of Phenotypes to Communities

Assignments of Driver Genes
to Communities

#f Conmuniy AMARETTO Regort (9 Tables + Q) MURETTO ) Communty AARETTO

Community-AMARETTO Report

Assignments of Driver Genes to Communities

oo || Bl ‘ o Hw H iy | WVt Searh:

Cormunity Dt St Diver Genes

yi  TCGAESCA

TCGA LUSC

1 TCGABLCA

1 TCGACESC

1 TCGAESCA

TCBA HIEe

ity?  TCGA LLSC

TCGA BLCA

TCGA_CESC
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Community-AMARETTO report SCC

# Community-AMARETTO Report B3 Tables ~ n AMARETTO n Community AMARETTO

# Community-AMARETTO Report BB Tables ~
Community-AMARETTO Report

Enrichments of Functional Categories in Communities

Assignment of Regulatory Modules Shared or Distingt across Communities and Data Sets

Aszsignments of Genes to Communitizs

Aszignment of river Gznes Shared or Diztingt scross Communities and Data Sats Show [10_¥ entries Search:

Azzignments of Orver Genas to Communities BGenes  FGenes % Genes FDR G-

Community Gene Set Name Gene Set Description in Gene in in P-value value
Enrichments of Functional Categories in Communities ” St Overbp  overlap

Enrichments of Criver Perturbations in Communities

Enrichments of Chemical Perturbations in Communities

BENPORATH EED TARGETS 1062 1062 10 0.0 00
Association of Phenatypes to Communities
BE RATH ES WITH HIK2TMES 118 118 10 0 1]
Set Manog targets” genss
BENPORATH NANOG TARGETS on chip as Manog [Genel0=79623] 923 987 10 0. 1]
in hurnan embryonic stem cells.
ichm f ' | '
Enric ents of Functional Cate gories @ wm e w o
] L) [ [Gen ¥
In COIIIIIIunItIeS Set 'Soxd targets” genes
BEMPORATH 20X2 TARGETS on chip as S0XZ [Ge T34 T34 1.0 0.0 00
human embryonic stem cells
BENPORATH SUZ12 TARGETS 1038 1038 10 0.0 0.0
R 1089 87 080 0.0 00
at K27 (HIK2Tme3) in brain
StromalSignaturzs_EC-sinuscidal_c0 StromalSignatures_EC-sinuscidal_c0 1778 1100 082 0.0 00
StromalSignatures EC-arteriolar_cd StromalSignatures EC-arteriolar_cd 1526 1019 0.87 0.0 00
Community 1 StemnessSignatures WEINBERG NANOG TARGETE  StemnessSignatures WEINBERG NANOG_TARGETS it} 032 0.84 0.0 00
Showing 1to 10 of 38,703 entries Previous D 2 3 4 5 . 3871 Hext
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Community-AMARETTO report SCC

# Community-AMARETTO Report BB Tables ~

Aszsignment of Reguiatory Modules Shared or Distingt across Communities and Data Sets

Assignments of Genes to Communitiss

Community 4 Data Set

Azzignment of Criver Gznes Shared or Distinet across Communities and Data Sete

# Community-AMARETTO Report

8 Tables ~

) AMARETTO

Community-AMARETTO Report

Association of Phenotypes to Communities

Maodule

Phenotype

Statistics Tast

€) Community AMARETTO

Search:

P-value FDR Q-value

Al CESC

Aszignments of Drver Genes to Coammunities

0.0000000 &

0.0000000000

@

Community 1 TCGA_CESC

Enrichments of Functional Categeries in Communities e
Enrichments of Driver Perturbations in Communities Femmuniy TeeA RS

TCGA_CESC

Enrichments of Chemical Perturbations in Communities Coes

Associztion of Phenotypes to Communities ” Commurity ToeA_cESC
Association of Phenotypes .
to Communities

o

=

=
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€D Community AMARETTO

# Community- AMARETTO Report B8 Tables ~

# Community-AMARETTO Report BB Tables ~

Community-AMARETTO Report

Enrichments of Driver Perturbations in Communities

Assignment of Regulatory Modules Shared or Distingt across Communities and Data Sets

Search:

FDR Q-value

Community

Aszsignments of Genes to Communitizs

- - # Genes in Gene #Genes in % Genes in
Gene Set Name Gene Set Description Pvalue
Set Overlap overlap

Azzignment of Criver Gnes Shared or Distinet across Communities and Data Sets

Aszignments of Drver Genes to Coammunities

Sea MESCs_Mouse MESCs Mouse ” == o ’
i 1 AR 57_ChiF- §7_ChIP- . . . . .
_ c F2_18074828 ChIF-  ChEA_RNF2_13074222 E . o
Commurity 1 ChEA_RNF2_180742828_Chl hEA_RNF2_18074228_ e . . . .

Seq_MESCs_Mouse

Enrichments of Functional Categeries in Communities

Enrichments of Criver Perturbations in Communities

Seq_MESCs_Mous=

Enrichments of Chemical Perturbations in Communities

Gomm 2 74 0.0 0
Association of Phenatypes to Communities
Community 1 467 8 069 0 0
Community 1 ] 0 0.72 0 0
ChEA_SUZ1Z_18374828_ChIF- .
Community 1 = _ L 934 3 p 0
Seq_MESCe_Mouss 8 o o
Community 1 0 ig8 5 0 0
L] L] L]
Enrichments ot Driver Perturbations ° - ° °
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- S=_HepG2_H 829 _HepG2_H 8 a8 ° 0 0
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- Seq_UUET_Human _UET_Human = & 22 o o
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Search:
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Community-AMARETTO report SCC: Module(s) regulated by SOX2?

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO PanCancer 5DS/communities/Community 1.html



http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html

Community-AMARETTO report SCC: Module(s) regulated by SOX2?

Community-AMARETTO Community 1

-
‘e
.
ol ¢

e TCGA BLCA.  ® TCGA LUSC

® TCGA_CESC ® ImmuneSignatures
® TCGA_ESCA StemSignatures
TCGA_HNSC
Data Set Module Gene  Gene Type

TCGA_BLCA Module 8 SOX2  Target
_TCGA CESC__Module 14 SOX2 __ Target
TCGA CESC Module 14 SOX2  Driver
TCGA_ESCA Module 83 SOX2  Target
TCGA_HNSC Module 51 SOX2  Target
TCGA_HNSC Module 51 SOX2  Driver
TCGA HNSC Module 106 SOX2  Driver
TCGA_LUSC Module 18 SOX2  Target
TCGA_LUSC Module 18 SOX2 Driver
TCGA_LUSC Module 37 SOX2  Driver
TCGA_LUSC Module 41 SOX2  Driver
TCGA_LUSC Module 61 SOX2  Driver

TCGA LUSC Module 94 SOX2 __ Driver
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Community-AMARETTO report SCC: Module(s) regulated by SOX2?

Community-AMARETTO Community 1

Enrichments of Functional Categories in Community
2 [ I o N ] = —
o #Genesin #Genesin % Genesin FDRGQ-
. Gene Set Name Gene Set Description Gene Set Overlap overiap P-value value
TARGETS Polycomb protein EED [GenelD=8726] in human embryonic stem cells.
.
BENPORATH NANOG Set'Nanog targets': genes upregulated and identified by ChIP on chip
TARGETS as Nanog [GenelD=79923] transcription factor targets in human 88 987 10 0.0 00
embryonic stem cells.
BENPORATH SOX2 Set'Sox2 targets”: genes upregulated and identified by ChiP on chip as
9 | @ TARGETS 'SOX2 [GenelD=6657] transcription factor targets in human embryonic 734 734 10 0.0 0.0
® TCGA_BLCA . ® TCGA_LUSC stem cells
° TCGA_CESC ® ImmuneSignatures BENPORATH SUZ12 Set'Suz12 targets” genes identified by ChiP on chip as targets of the
® TCGA ESCA Stemsignatures TARGETS Polycomb protein SUZ12 [GenelD=23512] in human embryonic stem 1038 1038 10 00 00
- cells.
TCGA_HNSC MEISSNER BRAINHCP ~ Genes with high-CpG-density promoters (HCP) bearing histone H3 dimethylation
WITH H3KAME3 AND at K4 (H3K4me2) and trimethylation at K27 (H3K27me3) 1069 857 0.80 00 00
HIK27ME3 in brain
Showing 1 to 5 of 115 entries (filtered from 4,907 total entries) Previous 1 2 3 4 5 23 Next
Data Set Module Gene  Gene Type

TCGA_BLCA Module 8 SOX2  Target
TCGA_CESC Module 14 SOX2  Target
TCGA_CESC Module 14 SOX2 Driver
TCGA_ESCA Module 83 SOX2  Target
TCGA_HNSC Module 51 SOX2  Target
TCGA_HNSC Module 51 SOX2  Driver
TCGA_HNSC Module 106 SOX2 Driver
TCGA_LUSC Module 18 SOX2  Target
TCGA_LUSC Module 18 SOX2 Driver
TCGA_LUSC Module 37 SOX2  Driver
TCGA_LUSC Module 41 SOX2  Driver
TCGA_LUSC Module 61 SOX2  Driver
TCGA_LUSC Module 94 SOX2  Driver
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Community-AMARETTO report SCC: Module(s) regulated by SOX2?

Community-AMARETTO Community 1

® TCGA BLCA..
e TCGA_CESC
e TCGA_ESCA

TCGA_HNSC

Data Set

TCGA_BLCA
TCGA_CESC
TCGA_CESC
TCGA_ESCA
TCGA_HNSC
TCGA_HNSC
TCGA_HNSC
TCGA_LUSC
TCGA_LUSC
TCGA_LUSC
TCGA_LUSC
TCGA_LUSC
TCGA_LUSC

® TCGA LUSC

® |ImmuneSignatures
StemSignatures

Module
Module 8
Module 14
Module 14
Module 83
Module 51
Module 51
Module 106
Module 18
Module 18
Module 37
Module 41
Module 61
Module 94

Gene
SOX2
SOX2
SOX2
SOX2
SOX2
SOX2
SOX2
SOX2
SOX2
SOX2
SOX2
SOX2
SOX2

Enrichments of Functional Categories in Community

Enrichments of Driver Perturbations in Community

searon: ]

i : # Genes in Gene #Genesin % Genesin
E E \:I E S show[s  Jentries search: [5o7 | Gene SetName Gene SetDescription et overiap overiap P-value FDR Q-value
o #Genesin #Genesin % Genesin
Gene Set Name Gene Set Description Gene Set Overlap overiap P-value
soxz o A an a an i an
A e i o i M
ChEA_SOX2_21211035_ChiP-  CEA_SOX2 21211035 ClIP- 4,00 N 05 0 0
TARGETS Polycomb protein EED [GenelD=8726] in human embryonic stem cells ChEA_SOX2_20726797_ChiP- ChEA_SOX2_20728797_ChlIP- 2564 1343 052 308292 536091
- Seq SW620_Human Seq SW620_Human & &
BENPORATH NANOG Set'Nanog targets': genes upregulated and identified by ChIP on chip
TARGETS as Nanog [GenelD=79923] franscription factor targets in human 988 9a7 10 0.0 Consensus_SOX2_CHEA Consensus_SOX2_CHEA 775 556 072 5.8e-208 3.0e-206
embryonic stem cells.
ChEA_SOX2_ 16153702 ChiP-  ChEA SOX2 16153702 ChlP- 500
BENPORATH SOX2 Set'Sox2 targets': genes upreguiated and identified by ChIP on chip as. ChiP HESCs Human ChIP HESCS Human 755 059 4.7e-202 368201
TARGETS ‘SOX2 [GenelD=6657] transcription factor targets in human embryonic 734 734 1.0 0.0 - - - -
— stem cells. ChEA_SOX2 18692474 ChiP- ChEA SOX2_ 18692474 ChiIP- 3319 1408 042 256190 15e-189
BENPORATH SUZ12 Set 'Suz12 targets” genes identified by ChiP on chip as targets of the
P EEr Polycomb protein SUZ12 [GenelD=23512] in human embryonic stem 1038 1038 10 00 CIIEA SOX2 19829295 CNIP-  CHEA SOX2 19829295 CNIP- 00 - oar sserso seeiss
cells Seq ESCs_Human Seq ESCs_Human - .
MEISSNER BRAINHCP  Genes with high-CpG-density promoters (HCP) bearing histone H3 dimethylation
WITH H3KAME3 AND at K4 (H3K4me2) and trimethylation at K27 (H3K27me3) 1069 857 0.80 00 ChEA_SOX2 18692474 _ChiP- ChEA_SOX2_ 18892474 ChiIP- 1991
H3K2TME3 in brain 937 047 77e-159 29e-158
Showing 110 5 Of 115 entries (fitered from 4,907 total entries) Previous | 1 | 2 4 5 ChEA_SOX2_27498859_Chip-  ChEA_SOX2_27498859 Chip- 9009
Seq STOMACH_Mouse Seq STOMACH_Mouse 922 046 62e-149 1.9e-148
ChEA_SOX2_18555785_Chip-  ChEA_SOX2_18355785 Chip- o009 o0 045 - 106136
Gene Type
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Community-AMARETTO report SCC: Module(s) regulated by SOX2?

Community-AMARETTO Community 1

Enrichments of Driver Perturbations in Community

Enrichments of Functional Categories in Community
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Community-AMARETTO report SCC: Module(s) regulated by SOX2?

Community-AMARETTO Community 1

® TCGA BLCA..
e TCGA_CESC
e TCGA_ESCA

TCGA_HNSC

Data Set
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Enrichments of Functional Categories in Community

Enrichments of Driver Perturbations in Community
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Enrichments of Chemical Perturbations in Community
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randomised, double-blind, placebo-controlled phase 2 trial

Prof Denis Souliéres, MD + Prof Sandrine Faivre, MD + Prof Ricard Mesia, MD » Prof Eva Remenar, MD « Prof Shad-Hsuan L, MD

Prof Andrey Karpenko, MD « et al. uthors

rg/10.1016/51470-2045(17)30064-5 - alREIET SRV

Published: January 25,2017 « DOI: htty

Ssummary
Background

Phosphatidylinositol 3-kinase (PI3K) pathway activation in squamous cell carcinoma of the
head and neck contributes to treatment resistance and disease progression. Buparlisib, a pan-
PI3K inhibitor, has shown preclinical antitumour activity and objective responses in patients
with epithelial malignancies. We assessed whether the addition of buparlisib to paclitaxel
improves clinical outcomes compared with paclitaxel and placebo in patients with recurrent
or metastatic squamous cell carcinoma of the head and neck.

Interpretation

0On the basis of the improved clinical efficacy with a manageable safety profile, the results of
this randomised phase 2 study suggest that buparlisib in combination with paclitaxel could be
an effective second-line treatment for patients with platinum-pretreated recurrent or
metastatic squamous cell carcinoma of the head and neck. Further phase 3 studies are
warranted to confirm this phase 2 finding.

Funding

Novartis Pharmaceuticals Corporation.
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Community-AMARETTO report pan-SCC - AMARETTO report LUSC

Summary of SOX2-regulated LUSC Module 37:

SOX2/TP63/PIK3CA-driven Module 37

Drivers: SOX2, TP63, PIK3CA

SOX2 CNV amplification, associated with induced
SOX2 expression

SOX2, TP63, PIK3CA are activators of their targets

Associated with survival (lower expression, poorer
survival) and TCGA multi-omics clusters (CNV)

oz
2Rz E

sox | I N o I

s 2

Enriched for PI3K pathway, stemness and
squamous-specific gene signatures

Drivers validated:
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bound to its target genes Wi s oz

* SOX2 and PIK3CA: LINCS/CMAP genetic
perturbations, modulating drivers modulates its
target genes
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Perturbation-AMARETTO report SCC/LUSC

Perturbation-AMARETTO v2: driver validation & discovery using genetic perturbations from LINCS/CMAP

Case Study 3: squamous cell carcinoma

Driver discovery across 5 data sets

across 5 cancer sites
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Community-AMARETTO report pan-SCC - AMARETTO report HNSC

SOX2 CNV amplification, associated with induced
SOX2 expression

GPX2 hypo/hyper-methylation, associated with
induced/repressed GPX2 expression

SOX2 and GPX2 are activators of their targets

Associated with smoking and HPV, and TCGA multi-
omics clusters (CNV and methylation)

Enriched for HNSC and SCC-specific gene signatures

SOX2 and GPX2 validated for HNSC/LUSC modules

Case Study 3: squamous cell carcinoma across 5 cancer sites

Froteee SOXZ/G PX2-driven Module 51
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Community-AMARETTO report pan-SCC - AMARETTO report HNSC

Summary of GPX2-regulated HNSC Module 79:

GPX2-driven Module 79

GPX2 hypo/hyper-methylation, associated with
induced/repressed GPX2 expression '
GPX2 is an activator of its target genes é
Associated with smoking (lower expression ~non-
smoking) and HPV (lower expression “HPV), and
TCGA multi-omics clusters (methylation)
Enriched for HNSC and SCC-specific gene !
signatures EEREREEEEIE :
SOX2 and GPX2 validated using KD experiments in
A549 cell line for HNSC/LUSC modules

e el M w e W

Case Study 3: squamous cell carcinoma across 5 cancer sites
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*AMARETTO source code, tools & notebooks

*AMARETTO is available via: S = ™
= GitHub Bioconductor
= Bioconductor _
= Jupyter Notebook M_w_m_._ww
= GenePattern = S e Iy,
= GenomeSpace N\
= GenePattern Notebook :

N _/

Tools and resources:

http://portals.broadinstitute.org/pochetlab/amaretto.html
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*AMARETTO GenePattern Notebook

Login / Register

HE GenePattern Notebook

The *AMARETTO framework in GenePattern
Notebook

Multiscale and multimodal inference of regulatory networks to identify cell circuits and their

drivers shared/distinct within/across biological systems of human disease, especially cancer

(2) TCGA data: The Cancer At In this case, you can conti

Access to processed data from TCGA

directly accessible via this functi

Nabian M, Everaert C, Shinde J, Bakr S, Liefeld T, Hernaez | The
this GenePattem Notebook. These TCGA data les are derived flom The Cancer Genome Atlas (TCGA) as availabl

Pochet N (hps:/igdac broadinstitute org/#).
Release . loaded: @
lamaretto-2dteam @ oN - and il or i
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- Step 2. Running AMARETTO to infer regulatory networks from functional

genomics data or via multi-omics data fusion

Running AMARETTO on own and TCGA data

The AMARETTO algorithm that inf

(1) Your own data: by uploading your own data.In this case, the minmal requirement s to upload a functional genomics (.., mR!

NA or protein gene.

Index il URL*

IHC_test_r x

File may not be an acceptable format. This input expects /AMARETTORUmIs/index hi.

Step 4. Running AMARETTO to infer regulatory networks from multiple
data sources (epeatsteps 4 & 5) (optional)

Running AMARETTO on one or more additional datasets
For a datasets, cohorts, biological systems, o iseases, previous Steps 2 and 3 can be repeated
muliple times in Steps 4 and 5

Fl GenePattern Amareto y B
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number of modules* | 100

Number of modies

percent genest | 75

Percent ganes to use

outputtier | GBM_test

Base name for outpu fles

[FESp— =

gene sots databaser |

| Upoadrie 4 Flle or URL.

lable, the user - DNA copy number
data fles.
(2) TCGA data: MRNA gene expression, genetic: DNA copy N
methylation) or fles The Atlas (TCGA)
database. See Step 1.
For any type of epigeneiic, datafi GCT fles genes,
see GCT. 1 e d

I both scenarios, the next step involves choosing the candidate driver definiions.

Running AMARETTO with various data and/or candidate driver definitions
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Step 7. Viewing C AMARETTO results

AMARETTO analyses (opiona)

Queryable report generated for Community-AMARETTO analysis

The Community-AMARETTO report includes:
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*AMARETTO R Jupyter Notebook

~ The *AMARETTO framework in R via GitHub and Biocond

Multiscale and multimodal inference of regulatory networks to identify cell circuits and their drivers
biological systems of human disease

Mohsen Nabian*, Jayendra Shinde®, Celine Everaert”, Shaimaa Bakr¥, Ted Liefeld, Thorin Tabor, Charles Blatti, Th
Mikel Hernaez", Vincent Carey”, Olivier Gevaert”, Nathalie Pochet”

Step 3. Running AMARETTO on first example study: infer
networks via multi-omics data fusion for TCGA LIHC pati

The AMARETTO algorithm that infers regulatory networks within one cohort or biological system can be run in multi
genetic, epigenetic and functional genomics data are available (see example in this Step 3 for multi-omics data fron
are available (see example in next Step 4 for transcriptomic data from CCLE).

When either genetic (e.g., DNA copy number variation) or epigenetic (e.g., DNA methylation) data or both are availal
transcriptomic or proteomic) data, there are various options for defining candidate drivers for analysis by the AMAR

In case only functional genomics (i.e., MRNA or protein gene expression) data are available, a predefined list of can

]

Introduction to the *AMARETTO algorithm and software toolbox

Computational inference of 1
promise for deciphering the

ranging from multi-omics to

complex human diseases. Tl
multiscale biological system
Here we introduce the *AMA
across biological systems w
*AMARETTO toolbox current

(1) The AMARETTO algorith

For running the Notebook on preloaded TCGA data please continue in this Step 2. |
https:/datasets.genepattern.org/2prefix=data/module support files/Amaretto/ in
automatically read from this link and how they are converted to data matrices in R
For running the Notebook on example data you can immediately proceed to Step 3

and also available for download from https:/www. itute.org/~npochet/Nc

AMARETTO algorithm.
The AMARETTO algorithm can take vario

(1) Select computed lists of candidate di
data files are uploaded);

(2) Select or upload predefined lists of ci

https://bi d org, k relea
http: broadi org/gsea/t
http:, brc org/gsea/r

example data are available here: (1) for 150 modules and 75% variation filtering (se

xample/ExampleResults/r

hitps:/www. org/~npochet,

epigenetic, transcriptomic, p hitps://www. institute.org/~npochet/ ample/ExampleResults/rest
radiographic) data. https:/www. insti org/~npochet/h ample/ExampleResults/rest
AMARE' https:/www. institute.org/~npochet/! xample/ExampleResults/rest

(2) The C
(e.g., across diseases, acros
The *AMARETTO framework
Notebook (see Resources).

Beyond our recent applicatio
including cancer, infectious,

*AMARETTO core*

The *AMARETTO framework
each biological system. Spet
direct functional impact on t
candidate drivers with know
modules of co-expressed tar
Elastic Net regression). Next
an edge betweenness comm
systems and diseases.

The *AMARETTO framework
of modules and communitie:
(e.g., patient characteristics

4

Access to processed data from TCGA

The processed genetic, epigenetic and transcriptomic data sources from TCGA are

Notebook. These TCGA data files are derived from The Cancer Genome Atlas (TCG

(https://gdac.broadinstitute.org/).

From https:/datasets.genepattern.org/2prefix=data/module support files/Amaret

downloaded: (1) mRNA gene expression data (MA), (2) DNA copy number variation

The list of TCGA cancer (sub)types currently available in this *AMARETTO in R Not«
BLCA  bladder urothelial carcinoma

BRCA  breast invasive carcinoma

data('Driver_Genes"));
(3) Take the union or intersection betwee

For computed lists of candidate drivers fi
for TCGA data, however, for processing o
recurrent DNA copy number aberrations (
recurrent DNA methylation aberrations (h
association for DNA copy number aberra

v Step 3.a. Preparing data ar
v Loading multi-omics data from TC

¥ Loading Gene Expression (MA) data fron

CESC  cervical squamous cell
CHOL  cholangiocarcinoma

COAD  colon adenocarcinoma
ESCA  esophageal carcinoma

GBM  glioblastoma multiforme

and endocervical

HNSC  head and neck squamous cell carcinoma

KIRC  kidney renal clear cell carcinoma

KIRP  kidney renal papillary cell carcinoma

LAML  acute myeloid leukemia
LGG  brain lower grade glioma
LIHC  liver hepatocellular carcinoma
LUAD  lung adenocarcinoma

LUSC  lung squamous cell carcinoma

Step 4. Running AMARETTO on second examp
networks from RNA-Seq data from CCLE liver «

The AMARETTO algorithm that infers regulatory networks within one cohort or biological syste
genetic, epigenetic and functional genomics data are available (see example in previous Step
data are available (see example in this Step 4 for transcriptomic data from CCLE). See Step 31

~ Step 4.a. Preparing data and parameter settings for running A

4

Loading RNA-Seq data from CCLE liver cell lines

+ Loading Gene Expression (MA) data from CCLE liver cell lines (Required)

MA_matrix_CCLE <- readRDS(url("https://www.broadinstitute.org/~npochet/NotebookEx:
ProcessedData_CCLE = list(MA_matrix=MA_matrix_CCLE, CNV_matrix=NULL, MET_matrix=jl

4

Defining List(s) of Candidate Driver Genes (Required)

In this example, we precompiled a list of candidate driver genes that takes the union of TCGA ¢
list of candidate drivers as in Step 3)

candidate_drivers_CCLE <- readRDS(url(*https: //ww.broadinstitute.org/~npochet/Nbt
v Setting parameters for running AMARETTO (Required)

Core parameters that can be set by the user for running AMARETTO. See Step 3 for more detai

Nirtodules = 150
VarPercentage = 75

v Setting parameters for generating HTML results reports (Optional)

Step 5. Running Community-AMARETTO to combine botl
~ identifying regulatory subnetworks or communities share
TCGA and CCLE cohorts

The Community-AMARETTO algorithm takes as input results from two or more previous AMARETTO analyses to ide

{ie cell circnits and their drivers) that are shared and distinet across miiltinle datasets eohorts hinloaical svstems

~ Step 5.a. Preparing data and parameter settings for running Community-AM

v Loading two or more results from AMARETTO, in this example the previous TCGA and CCLE resul

Selecting AMARETTO analyses for Community-AMARETTO analysis. The user can submit the .rds files that represel
more previous AMARETTO analyses (see above, run in Steps 3 and 4).

AMARETTOresults_TCGA <- readRDS(file="TCGA_AMARETTOresults.rds")

AMARETTOresults_CCLE <- readRDS(file="CCLE_AMARETTOresults.rds")

HTMLSAMARETTOlist <- c("TCGA"=output_directory_TCGA,"CCLE"=output_directory_CCLE)

4

Loading additional networks as a set of signatures in .GMT format (Optional)

One or more additional networks can be submitted as signatures files in .GMT format and combined by running the
Community-AMARETTO as separate networks. In this example, we submit previously published signatures and/or n
CiberSort, stemness signatures from Ben-Porath et al., and diagnostic and prognistic liver cancer signatures from Ht
be analyzed together with the liver cancer networks derived from TCGA in Step 3 and CCLE in Step 4.

If additional networks are submitted, please run following cell code to include them in the analysis.

ImmuneSignatures <- "ImmuneSignatures.gmt"
download. file(url="https: //ww.broadinstitute.org/~npochet/NotebookExample/ExampleData/ InmuneSignatu

StemSignatures <-
download. file(u

StemSignatures. gmt”
https: //www. broadinstitute.org/~npochet/NotebookExample/ExampleData/StemSignature

LiverSignatures <- "LiverSignatures.gmt"
download. file(url="https: //www. broadinstitute.org/~npochet/NotebookExample/ExampleData/LiverSignatur

list_additional_networks = list(ImmuneSignatures = "ImmuneSignatures.gmt®, StemSignatures = "StemSig

Otherwise set to NULL.

1list_additional_networks = NULL

v Setting parameters for generating HTML results reports (Optional)

ion for submission

dule Analysis Cap
6-166. PMID:2933
2r genes by using 1
id for cancer modt
1 targets by integr:
1tifying DNA methy
n genes using Mel
3ioinformatics, 31(

‘Futils: Data struct

2t N., Robinson J.1
ang H.Y., Mesirov
AID:26780094 PMt

11. Reich M, Liefeld T, Ocana M., Jang D., Bistline J., Robinson J., Carr P, Hill B., McLaughlin J., Pochet N., Borge
Mesirov J.P. (2013). GenomeSpace: an environment for frictionless bioinformatics. F1000Posters, 4:804. (htty

ovarian serous cystadenocarcinoma

PAAD  pancreatic adenocarcinoma

PCPG  pheochromocytoma and paraganglioma

READ  rectum adenocarcinoma
SARC  sarcoma
STAD  stomach adenocarcinoma

THCA  thyroid carcinoma

https://colab.research.google.com/drive/1JfnRoNgTVX

Additional parameters that can be set by the user for running AMARETTO. See Step 3 for more detailed information.

genesets_database_reference <- "H_C2_genesets.gmt" H
download. file(url="https: //ww.broadinstitute.org/~npochet/NotebookExample/ExamplleData/H_C2_genesets

output_directory_CCLE = “./AMARETTO_report_CCLE/"
dir.create(output_directory_CCLE)

7VEGAAM|GjwP yX2tdDxs

Funding

This work was supported by grants from NIH NCI ITCR R21 CA209940 (Pochet), NIH NCI ITCR U01 CA214846 Collal
NIAID RO3 Al131066 (Pochet).

Questions?

For any questions with the *AMARETTO Notebooks, please contact Nathalie Pochet (npochet@broadinstitute.org) &
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~ *AMARETTO Use Case 2: glioblastoma multiforme and low-grade glioma

Mikel Hemaez', Vincent Carey’, Olivier Gevaert”, Nathalle Pochet™

~ Preparing.
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