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In the 1990s, the Ethier lab developed a panel of 10 breast cancer cell
lines known as the SUM cell lines, which represent all major breast
cancer subtypes

LA e

SUMISSPE SUMI90PT SUM225CWN SUM229PE SUMI1315M02



Descriptive Genomic Data sets
associated with the SUM lines

e Comparative genomic hybridization: copy
number gain/loss

* Expression profiling: relative gene expression
compared to normal cells/tissues

 Exome sequencing: SNP/point mutations



Putting the “function” in functional
genomics

e Genome scale shRNA screen data for all ten
SUM lines

— This identifies the genes that are essential for the
proliferation and/or survival of each cell line

e Validation of screen hits using individual
shRNA vectors for key genes identified in the
screens

e Validation data obtained using drugs that
target key genes identified in the screens



RNAIi-Based Loss of Function Screens

Pooled shRNA expressing lentivirus library
g%@' « Total of 82,500 shRNA constructs
 Targets 15,377 genes

@%@@  On average 4-5 shRNAs/gene

« Each construct has a unique barcode sequence

5-7 population
- doublings
>
Target Cells
MOI=0.1

Representation = 1000

FASTQ




Functional Genomic Screen in a Breast Cancer
Cell Lin
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Functional Genomic Screen in a Breast Cancer
Cell Line

® Luciferase shRNAs (Negative Control)
® EIF3A shRNAs (Positive Control)
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Identifying Hits in Functional Genomic Screen Data

Turquoise line is a density plot of the data for 4,389 genes that are
not essential in any tested cell line
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Integrating Functional and Descriptive
Genomics: Oncogene Signatures

Descriptive Genomics Functional Genomics

Mutated
Amplified

Genes controlling

proliferation/survival
Overexpressed

True drivers are BOTH genetically altered and functional.

Complete set of true drivers form an Oncogene Signature for that tumor
Signatures can illuminate the hidden biology

Signatures can identify therapeutic targets




Oncogene Signatures: The full complement of
activated oncogenes that drive the phenotypes
of human cancers
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Oncogene Sighatures can predict
novel drug strategies

Oncogene addiction is the basis for the efficacy of
targeted drugs

Drugs that effectively target driving oncogenes
have potent effects at low doses with a high
therapeutic index

Targeting driving oncogenes can result in cell
death, not just growth arrest

Targeting multiple oncogenes in oncogene
signatures can overcome the drug resistance that
Is inevitable with single drug-single target
approaches



Assembling an Oncogene Signature: SUM-52
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Cells Per Well

SUM-52 cells are highly responsive to FGFR
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Generating Functional Oncogene Signature for
SUM-52 cells

SUM-52 = 956 copy number SUM-52 = 863 hits in screen
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amplified genes ,

Functional
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Cancer Knowledge Databases
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Functional Oncogene Signatures

SUM-52 SUM-185 SUM-190 SUM-225
FGFR2 FGFR3 EPHA5 ERBB2
Amplified CDK6 BCL2L1 RAD21
KATG6A HSF1
KCNB1
DDX5
Point Mutated CDKN2A PIK3CA PIK3CA BIRC6

Signatures significantly reduce the complexity of each cancer genome

Signatures identify well-known driver oncogenes (e.g. FGFRs, HER?2,
CDK®6)

Signatures identify previously uncharacterized drivers (e.g. KAT6A &
BCL2L1)



Chromosome 4 in SUM-185 cells

Log2Ratio

SYMBOL
TACC3
CTBP1
FGFR3
MAEA
FGFRL1
WHSC2
MGC21675
TMEM129
LETM1
KIAA1530
IDUA
SLBP
WHSC1
CRIPAK
SPON2
DGKQ
NATSL
POLN
RNF212
SLC26A1
MXD4
TMEM175
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GENE NAME Distance along chromosome (Mb)
transforming, acidic coiled-coil containing protein 3 9.9
C-terminal binding protein 1 3.2
fibroblast growth factor receptor 3 16.0
macrophage erythroblast attacher 3.3
fibroblast growth factor receptor-like 1 3.7
Wolf-Hirschhorn syndrome candidate 2 2.0
hypothetical protein MGC21675 2.8
transmembrane protein 129 3.5
leucine zipper-EF-hand containing transmembrane protein 1 2.8
KIAA1530 protein 2.4
iduronidase, alpha-L- 2.5
stem-loop (histone) binding protein 3.7
Wolf-Hirschhorn syndrome candidate 1 2.0
cysteine-rich PAK1 inhibitor 2.8
spondin 2, extracellular matrix protein -6.8
diacylglycerol kinase, theta 110kDa 1.1
N-acetyltransferase 8-like 1.7
polymerase (DNA directed) nu -1.3
ring finger protein 212 -1.5
solute carrier family 26 (sulfate transporter), member 1 -1.1
MAX dimerization protein 4 1.1
transmembrane protein 175 -1.0

FOLD CHANGE P VALUE (FDR)

0.00015
0.00030
0.00077
0.00083
0.00087
0.00315
0.00836
0.00938
0.01186
0.01256
0.01670
0.01819
0.01959
0.02187
0.05501
0.18712
0.21110
0.23409
0.23886
0.32088
0.42822
0.43751



SUM-185 cells.
Screen hits and amplified

Gene symbol Locus RNAi Screen Rank® Expression®  Gene Ranker Score® GISTIC FAY GISTIC Peak®
CTBP1 4p16.3c 938 1.63 2.5 No No
FGFR3 4p16.3b 261 2.87 8.5 Yes Yes

ANKRD17 4913.3d 213 0.94 1 Yes Yes
IDUA 4p16.3c 1245 2.02 2 No No
GPT2 16q11.2i-q12.1a 911.5 2.51 1 No No

HSPBP1 19 13.42b 997 0.48 0 Yes Yes
NDUFA13 19p13.11a 216 0.48 2.25 No No
ELL 19p13.11¢c 2842 0.95 3.25 Yes No
ACSS1 20p11.21a 195 1.24 2 No No
BCL2L1 20q11.21b 5 1.17 3.5 o V755
COoX4l2 20q11.21b 1159 -0.08 1 Yes Yes
POFUT1 20q11.21b 252 0.64 2.25 Yes No
ID1 20q11.21b 194 -0.69 2.5 Yes No
NKX2-2 20p11.22b 876 1.56 0 No No
SSTR4 20p11.21c 980 0.13 0 No No




Functional Oncogene Signatures

SUM-52 SUM-185 SUM-190 SUM-225
FGFR2 FGFR3 EPHA5 ERBB2
Amplified CDK6 BCL2L1 RAD21
KATG6A HSF1
KCNB1
DDX5
Point Mutated CDKN2A PIK3CA PIK3CA BIRC6

Signatures significantly reduce the complexity of each cancer genome

Signatures identify well-known driver oncogenes (e.g. FGFRs, HER?2,
CDK®6)

Signatures identify previously uncharacterized drivers (e.g. KAT6A &
BCL2L1)



SUM-52 and SUM-185 cells are exquisitely
sensitive to the FGFR inhibitor PD173074
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Three oncogenes in the SUM-185 oncogene signature are
druggable; FGFR3, PIK3CA, BCL2L1
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Integrating Functional and Descriptive
Genomics: Pathway identification

Our shRNA screens generate approximately
1000 hits in every cell line

It is difficult to analyze these hit lists simply by
browsing through the gene list

One can group sets of genes by Gene
Ontology (GO) annotations, which is helpful

A more powerful way to extract biological
meaning from the screen hit data is to display
the hits genes on KEGG pathways
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The SUM Breast Cancer Cell Line Knowledge Base (SLKBase)

Using functionzal genomics to navigate critical pathways for growth and survival of breast cancer cells

WELCOME BREAST CANCER RESEARCHERS! ~ S5LKBASE! ~ SUM-44 HOME ~

5UM-159 HOME ~ S5UM-185PE HOME ~ S5UM-190 HOME ~ 5UM-225 HOME ~

SUM Cell Lines Gateway Page

The SUM Cell Lines Gateway is the heart and soul of the Knowledge Base. This is the space where we
attempt to present all of the Omics data that we have generated with each of the SUM lines in a way that
illuminates the biclogy of each cell line. Each Cell Line page contains information an how we developed
the line and everything we know about the patient from which the cells came, and we also summarize
what we know about the oncogenes that are likely driving their biology. But the key to all of this are the
KEGG pathway pages associated with each cell line. Inthese KEGG pathways, we present the data from

our shRNA genome scale screen in several KEGG pathways. This method is superior to providing long lists

of hit genes by allowing easy visualization of the screen hit data in pathways of interest to breast cancer
researchers. This is a powerful approach because it allows investigators to identify critical pathways, and
not just critical genes, as elucidated by the screen. When multiple hit genes map to a pathway, this is clear
evidence for an important aspect of the biclogy of the cells, and points to specific genes within the
pathways that may be targetable. By viewing the same pathways in different cell lines, one canget a
sense of the differing biology of the different ce;: lines, and all of this is directly related to the ultimate goal
of this Knowledge Base, which is to develop novel strategies to reverse enginesr breast cancer cells,

Within each KEGG Pathway page for each cell line, there is a link to the KEGG Pathway Engine and this is
where cell line users can dig deeper into the data sets. Users can choose any KEGG pathway inany cell
line, and see both how the screen hit data and the gene expression data map onto the KEGG pathways of
interest. Inaddition, genes that have genomic alterations are marked in these pathways, and the data for
each hit gene is presentad in tabular form.

Here are the links that will take yvou to the Knowledge Base for each of the SUM breast cancer cell lines.

» SUM-44

= SUM-52
 SUM-102
+ SUM-149
» SUM-159
= SUM-185
» SUM-1%0
= SUM-225
« SUM-229
+ SUM-1315

Back to SLKBase Home

SUM-52 HOME ~

5UM-229 HOME ~

5UM-102 HOME ~

S5UM-149 HOME ~ Q

5UM-1315 HOME ~

SLKBase!
About Steve Ethier

SLKBase functional genomics strategy for the
SUM Breast cancer cell lines

SUM Cell Lines Gateway Page
SUM-line KEGG pathway engine

Blog posts on the SUM breast cancer cell lines

HERE IS WHAT YOU'LL FIND IN THE
KNOWLEDGE BASE

Copy number data for candidate oncogenes in
each cell line

Point mutation data for candidate oncogenes
Genome-wide expression data

Genome-scale shRNA interference screen
data for all cell lines with hit data displayed on
KEGG pathways

Marrative summary describing how each cell
line was developed

A Bibliography of peer-reviewsed papers
containing data obtained with each cell line

CATEGORIES

Select Category

SEARCH




The SUM Breast Cancer Cell Line Knowledge Base (SLKBase)

Using functional genomics to navigate critical pathways for growth and survival of breast cancer cells

WELCOME BREAST CANCER RESEARCHERS! ~ SLKBASE! ~ SUM-44 HOME ~ SUM-52 HOME ~ SUM-102 HOME ~ SUM-149 HOME ~ Q

SUM-159 HOME ~ SUM-185PE HOME ~ SUM-190 HOME ~ SUM-225 HOME ~ S5UM-229 HOME ~ SUM-1315 HOME ~

SUM-44 Home SLKBase!

About Steve Ethier

SLKBase functional genomics strategy far the
Okay, let's delve more deeply into the SUM-44 cell line. SUM Breast cancer cell lines

1. The development of the SUM-44PE cell line, with patient characteristics SUM Cell Lines Gateway Page

2. Bibliography of published papers inwhich SUM-44 cells were used SUM-line KEGG pathway engine
3N 0 of the SUM-44PE cells.
arrative summary < el Blog posts on the SUM breast cancer cell lines
4. Oncogenes and candidate oncogenes in SUM-44PE cells
5. The KEGG canonical pathways enriched with data from our genome-scale shRNA screen

6. Comment on the SUM-44 cell line on the blog page HERE IS WHAT YOU'LL FIND IN THE

KNOWLEDGE BASE

Back to the SUM cell line Gateway Page

Copy number data for candidate oncogenes in
Back to SUM-line Knowledge Base Home page by 8

each cell line
Edit Point mutation data for candidate oncogenes
Genome-wide expression data

Genome-scale shRNA interference screen
data for all cell lines with hit data displayed on
KEGG pathways

Marrative summary describing how each cell
line was developed

A Bibliography of peer-reviewed papers
containing data obtained with each cell line



The KEGG canonical pathways enriched with
data from our genome-scale shRNA screenin
SUM-44 cells

In the pages below, we present the results of our genome-scale RNAI drop-out screen that we performed
in the SUM-44 cells. The genes that were “hits” in the screen are those genes that, when reduced in
expression, had a significant negative effect on the growth or survival of these cells. By mapping the hit
genes to the KEGG pathways, it is possible to directly observe the pathways and biological processes that
play functional roles in the biology of these breast cancer cells.

Click on the KEGG pathways below to see the genes that hit in the shRMNA screen that map to these
pathways.

Cell Cycle Pathway

PI3'K/AKT Pathway

WNT Pathway

Hippo Pathway

Apoptosis

MAPK Signaling

ECM Receptor interaction

Cytokine-Cytokine Receptor interaction

For analysis of the screen hit data for any KEGG pathway, go to the KEGG Pathway Engine

Back to SUM-44 Home

SLKBase!
About Steve Ethier

SLKBase functional genomics strategy for the
SUM Breast cancer cell lines

SUM Cell Lines Gateway Page
SUM-line KEGG pathway engine

Blog posts on the SUM breast cancer cell lines

HERE IS WHAT YOU’'LL FIND IN THE
KNOWLEDGE BASE

Copy number data for candidate oncogenes in
each cell line

Point mutation data for candidate oncogenes
Genome-wide expression data

Genome-scale shRNA interference screen
data for all cell lines with hit data displayed on
KEGG pathways

Narrative summary describing how each cell
line was developed

A Bibliography of peer-reviewed papers
containing data obtained with each cell line

CATEGORIES

Select Category

SEARCH



SUM-44 screen hits in the Cytokine-cytokine receptor

interactions pathway
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SUM-229 screen hits in the Wnt pathway
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SUM-229 screen hits that map to the TGF-beta pathway
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SUM-185 screen hits that map to the Hippo pathway

|Log FC . - EE— |

| HiPPo sioNaLG paTHWAY |

Uhigpitin mediated
proteolisis Diz

Diegradation s
f ra |’
Lomcel]
E=Ea

HIPFC signaling | P

FPathwray

TGF-f signaling
pathwray

[ToFp [Torer——=Em@El-————=

Wt slﬁgnﬁ]mg' i
pathaay

_ -

P FEa ——— o | | [osK-3s] | B-catenin]
CE 18k | AP Bodn
1
T&Z §

retention

Cytoplasic o Cell contact inhdbition
Organ size control

DH& Froapoptotic genes
pI3 O— ™| PITLA

Lnti-apoptotic genes
Pro-proliferation genes
R

——» (e [
-
St (err |
Dia
G

DA

[ inz | (IR

04390 320016 .
() Kanehisa [ahoratories

[c) Advaita Corporation 2016




KEGG pathway files in this part of the KB are flat files
that are not linked to the data, so....

The SUM Breast Cancer Cell Line Knowledge Base (SLKBase)

Using functional genomics to navigate critical pathways for growth and survival of breast cancer cells

WELCOME BREAST CANCER RESEARCHERS! ~ SLKBASE! ~ SUM-44 HOME ~ SUM-52 HOME ~ SUM-102 HOME ~ SUM-149 HOME ~ (o]

SUM-159 HOME ~ SUM-185PE HOME ~ SUM-190 HOME ~ SUM-225 HOME ~ SUM-229 HOME ~ SUM-1315 HOME ~

KEGG pathways enriched with screen hit data tipaser
for SUM'185 About Steve Ethier

SLKBase functional genomics strategy far the
SUM Breast cancer cell lines

The KEGG canonical pathways enriched with data from our genome-scale shRNA screen. SUM Cell Lines Gateway Page

s CellCycle SUM-line KEGG pathway engine
« PI3'Kinase/AKT pathway
« MAPKinase pathway

Blog posts on the SUM breast cancer cell lines

» Hippo signaling pathway

» TGF-beta pathway HERE IS WHAT YOU'LL FIND IN THE
« WNT signaling pathway KNOWLEDGE BASE

+ Apoptosis pathway

« FoxO Signaling pathway Copy number data for candidate oncogenes in

+ Focal adhesion pathway each cell line

For analysis of the screen hit data for any KEGG pathway, go to the KEGG Pathway Engine Point mutation data for candidate oncogenes

Genome-wide expression data

Back to SUM-185 Home
Genome-scale shRNA interference screen



...we generated a MySQL data base containing all of the omics data
sets for all of the cell lines, and built a KEGG pathway engine

January 5, 2018

The SUM Breast Cancer Cell Line Knowledge Base (SLKBase)

Using functional genomics to navigate critical pathways for growth and survival of breast cancer cells

WELCOME BREAST CANCER RESEARCHERS! ~ SLKBASE! ~ SUM-44 HOME ~ SUM-52 HOME ~ SUM-102 HOME ~ SUM-149 HOME ~ Q

SUM-159 HOME ~ SUM-185PE HOME ~ SUM-190 HOME ~ SUM-225 HOME ~ S5UM-229 HOME ~ S5UM-1315 HOME ~

SUM-line KEGG pathway engine

Back to SUM Line Knowledge Base Home Page

(Please wait while the application loads)

Pathway and Gene Search
‘Welcome! FPlease select a SUM cell line and a KEGG pathway to see a pathway diagram enriched by a Cellecia RMAI screen.

Cell line:

SUM149 v

To search for a particular pathway, press the backspace key and type either the pathway name or KEGG pathway 1D.
Pathway:

Cell cycle_04110 -

Enrichment Dataset:
® shRMNA Screen
Gene Expression
For information on a gene in the selected cell ling, use the search bar below.

Gene:

Show | 25 ¥ entries Search:



Summary and Conclusions

Breast cancer cell lines remain a mainstay of breast
cancer research

Usefulness of cell lines is limited by the knowledge that
most investigators have of the lines they work with

The SUM Line Knowledge Base is designed to provide
users access to everything that is known about these
cells, and to provide a space for communication among
other workers using the same cells

This resource has the potential to transform the power
of research carried out with breast cancer cell lines
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