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Breast Cancer

* Most common cancer among women worldwide
e Over 230,000 new cases each year in the U.S.
ER receptor?
e Four well-known H
molecular subtypes

e Classified by the
presence of High proliferation? HER2 receptor?

hormone receptors

Luminal A Luminal B HER?2 type Basal-like



Siological Networks

Graph built of nodes and edges
Helpful for visualizing or analyzing large sets of data

Structure of network: assortative, modules, and
clustering coefficients

node

<«—— edge

Assortativity Transitivity Modularity



PANDA (Passing Attributes between Networks for
Data Assimilation)!

- Message-passing algorithm
- Main objective:

-+ Find concordance between different types of data represented by
networks

- Two types of nodes: effectors and affected
- Three types of edges:

- Between effectors

- Effectors and affected

- Between affected




Effectors = Transcription Factors

Affected = Genes
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PANDA's output

3 updated networks
+ Cooperativity network (protein-protein)
+  Regulatory network (protein-gene)
+ Co-regulation network (gene-gene)




Methods;

Running
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Data and Sources

- Protein-interaction network <«— Physical TF interactions
measured using a mouse-2-hybrid assay!!

+ Regulatory Network «<— scanning human promoters for
the core vertebrate DNA sequence motifs in JASPAR
(where promoter is [-750, +250] around the TSS)

*Used for all 4 subtypes”
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SANDA

- Run PANDA four times, each time with different gene expression

- Returns the probability that an edge exists in terms of standard
score units

- We accept top 5% edges

- Networks with binary edges

. Take
GGene A top 5%

Gene B




Network Analysis



Cooperativity Networks

Basal-like TF Cooperativity Network

Initial Cooperativity Network
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Remove common edges:

Basal-like TF Cooperativity Network
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disassortative with hubs:

ETST: high expression
iIndicative of poor
Prognosis
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Luminal A Is disassortative

TCF3, shown to be involved
In the regulation of breast
cancer.

SMAD proteins

L uminal B

ESR1 interaction with RXRA,
a receptor for retinoid acid

Study of RXRA as potential
[3]
target therapy

Luminal A TF Cooperativity Network
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Regulatory
Network




Regulatory Network

Disassortative:

orotein targets
many genes

and genes are
I' . =~ targeted by
= 5, I e few proteins
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- PANDA networks are smaller

- We remove noise from motif data that is not corresponding
to breast cancer
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Uniquely targeted genes

Targeted Gene Sets in Regulatory Network
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Number of genes targeted by BC-TF in unigue network

Basal-like HER2 Luminal A Luminal B
AR 35 150 3 30
BRCA1 158 20 23 196
TP53 132 124 9 268
ESR1 438 648 634 454

Basal-like HER2 Luminal A  Luminal B

AR 0 1 2 2
BARD1 0 0 3 2
BRIP1 8 27 0 1
DIRAS 8 7 0 0
ERBB2 1 1 4 0
NBN 1 0 0 0
PALB2 0 1 0 10
RAD50 0 6 4 0
BRCAT 4 1 9 2
BRCA2 0 0 0
CDHA1 6 6 0 21
Number of TF targeting BC-genes in  |>™" ° ° ° >
TP53 2 0 3 1
unigue network o ) 0 13 0




Gene Sets Targeted by AR and ERH1 in Regulatory Network

signal release
neurotransmitter transport

regulation of neurotransmitter levels
negative regulation of cell development
neurotransmitter secretion

tyrosine catabolic proce
tyrosine metabolic process

erythrose 4-phosphate/phosphoenolpyruvate family amino acid catabolic process
L—phenylalanine metabolic process
erythrose 4-phosphate/phosphoenolpyruvate family amino acid metabolic process
aromatic amino acid family catabolic process
aromatic amino acid family metabolic process
oxoacid metabolic process
carboxylic acid metabolic process
organic acid metabolic process
Rac protein signal transduction
cellular response to jasmonic acid stimulus
response to jasmonic acid
synaptic transmission
cell-cell signaling
ellular developmental proce

camera-type eye morphogenesis
single organism signaling
signaling
single—organism developmental process
positive regulation of transcription, DNA-templated
positive regulation of nucleic acid-templated transcription
developmental process
eye morphogenesis
cell differentiation
positive regulation of RNA biosynthetic process
cell maturation
skeletal muscle tissue development
positive regulation of transcription from RNA polymerase Il promoter
sensory organ morphogenesis
cell communication
positive regulation of RNA metabolic process
pituitary gland development
positive regulation of vasculature development
regulation of va ature development

regulation of angiogenesi

positive regulation of angiogenesi

CGMPmetabolic process
chemokine-mediated signaling pathway
chemotaxis

taxis

cyclic nucleotide metabolic process

positive regulation of endothelial cell proliferation
induction of positive chemotaxis

cGMP biosynthetic process

single—organism behavior

single—multicellular organism process

learning or memory

multicellular organismal process

system process

chemical homeostasis

neurological system process

endocrine pancreas development

cognition

retinal pigment epithelium development
metanephric collecting duct development

neuron migration

acylglycerol homeostasis

triglyceride homeostasis

retina layer formation

G-protein coupled acetylcholine receptor signaling pathway

Bas
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Lum A

Lum B
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Observations of Regulatory Network

- AR uniquely targets 150 genes in the HERZ network
- Previous study suggested AR target therapy in this subtype
- ESR1 targets genes involved in stem cell differentiation in the Basal-like network

- Basal-like is estrogen receptor negative, but gene may play important role

Basal-like HER2 Luminal A Luminal B
AR 35 150 3 30
BRCA1 158 20 23 196
TP53 132 124 9 268
ESR1 438 648 634 454




Co-regulation Networks

Number of Edges
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Network Structure

Assortativity
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Looking at hubs:

- Within each subnetwork, we identified the genes with

highest degrees (~100 genes in each subnetwork) that
most probably form hulbs

- Analyzed hubs by running Gene Ontology Analysis on
genes that are co-regulated with those high-degree genes



Final Network

anatomical structure morphogenesis S
anatomical structure developmen
single—organism-developmental process

developmental process

extracellular structure organization

organ development

extracellular matrix organization

tissue morphogenesis

regulation of nervous system development

embryonic morphogenesis

pattern specification process

positive regulation of biological process

neuron projection guidance

axon guidance

single—multicellular organism process

cellular component organization or biogenesis

anatomical structure formation involved in morphogenesis
regulation of transcription from RNA polymerase Il promoter
cellular component organization

positive regulation of cellular process

tube morphogenesis

movement of cell or subcellular component
morphogenesis of a branching structure

morphogenesis of a branching epithelium

morphogenesis of an epithelium

regulation of cell projection organization

multicellular organismal process

regulation of neuron differentiation

regulation of cellular component biogenesis

regulation of cell development

regulation of cellular process

regulation of cell morphogenesis involved in differentiation
eguiation or neurogenesis

regulation of Wnt signaling pathwa

organ morphogenesis
cellular developmental process

cell differentiation

angiogenesis

regulation of multicellular-erganismal-preeess

regulation of anatomical structure morphogenesis

regulation of multicellular organismal development

regulation of GTPase activity

positive regulation of GTPase activity

positive regulation of transcription, DNA-templated

positive regulation of nucleic acid—-templated transcription
regulation of cell migration

positive regulation of transcription from RNA polymerase Il promoter
biological regulation

ell junetion-assembly

biological adhesion

cell adhesion
organization
requlation of biological qualit
mRNA metabolic proces
lymphocyte migration
translational elongation
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Conclusions

- Basal-like networks show enriched sets in Whnt signaling pathway and stem
cell differentiation

- HER2

- AR protein targets many genes involved in metabolism
- Luminal A

- SMAD proteins are of interest
- Luminal B

- biological and cell adhesion enrichment

- RXRA Is a protein of interest



Limitations

- PANDA returns edge weights in z-scores. We took the
upper 5% scores and ignored the rest

- We repeated this with other cut-offs and saw similar
results



Sources

MGlass K, Huttenhower C, Quackenbush J, Yuan G-C (2013) “Passing Messages between Biological Networks to
Refine Predicted Interactions”. PLoS ONE 8(5): e64832. doi: 10.1371/journal.pone.0064832

?IRavasi, T: Suzuki, H; Cannistraci, et al. (2010). "An atlas of combinatorial transcriptional regulation in mouse and
man". Cell 140 (5): 744-52. doi:10.1016/j.cell.2010.01.044

BICrowe D.L, Chandraratna R.A. A retinoid X receptor (RXR)-selective retinoid reveals that RXR-alpha is potentially a
therapeutic target in breast cancer cell lines, and that it potentiates antiproliferative and apoptotic responses to
peroxisome proliferator-activated receptor ligands. Breast Cancer Res. 2004;6(5):R546-R555. doi: 10.1186/bcr913

4 Kumandan, Sreekanth et al. Activation of the unfolded protein response bypasses trastuzumab-mediated inhibition of
the PI-3K pathway. Cancer Letters , Volume 329 , Issue 2 , 236 - 242


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2836267
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1016%2Fj.cell.2010.01.044

TE-Motif Scan

A 4

PP interaction, Regulationg Co-regulation,
Responsibility Availability
4 X 4
PP interaction ¢ Regulation; » Co-regulation;

PANDA estimates the probability that an edge exists in a network and returns that estimate in
terms of Z-score units



* Responsibility(R;j): information flowing from TF i to gene |
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* Since regulation requires both that TF is responsible for

the regulation of a certain gene and that gene to be
available for regulation by that TF:

(t) (t)
2

T Wi = (1 - ) WP + aW®

TF-Motif Scan

PP interactiong Regulationg Co-regulationg

Responsibility Availability

PP interaction1 ¢ Regulation; P| Co-regulation




“ Cooperation between TF’s 1 and m:

: B
i) Z(tnz == - TF-Motif Scan
2 2
J > (Wg)) 2 (WT(,Q) = Wz(]t)Wogf;
J J i 4
PP interactionog Regulationg Co-regulationg
@, ; °
“ Co-regulated genes j and k: \ / \ /
Responsibility Availability
S W W \ /
(t) g v v v
C =3 PP interaction; |« Regulation; P1 Co-regulation;

\/z (W) +Z(W“) PV

« Update matrices with update parameter:

Pl =(1-a)Pyl +aPy,  Ch =(1-a)Cy +eCy



biological adhesion

cell adhesion

biological regulation

regulation of cellular process

regulation of developmental process

cell-cell adhesion

single organism cell adhesion

single organismal cell-cell adhesion

regulation of biological process

regulation of multicellular organismal process
multicellular organismal process

regulation of multicellular organismal development
regulation of cell activation

signal transduction

single—multicellular organism process

regulation of anatomical structure morphogenesis
positive regulation of biological process

regulation of response to stimulus

cell surface receptor signaling pathway
movement of cell or subcellular component
regulation of cell differentiation

regulation of carbohydrate biosynthetic process
regulation of small GTPase mediated signal transduction
nervous system development

regulation of cell adhesion

regulation of behavior

positive regulation of multicellular organismal process
epithelium development

regulation of chemotaxis

nucleic acid-templated transcription

transcription, DNA-templated
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