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Research Plan 
 
Summary 
 Inflammatory breast cancer (IBC) is a rare, aggressive form of breast cancer that is 
characterized by a highly invasive and metastatic phenotype. It accounts for approximately 5% of 
newly diagnosed breast cancers. The diagnosis is based on clinical features including rapid 
development of skin erythema and edema due to cancer cells invading the lymphatic vasculature of 
the skin. Numerous attempts, including our previous research, have failed to identify gene 
expression or DNA copy number alterations that distinguish IBC from non-IBC [1,2]. Currently, 
there is no molecular diagnostic test for IBC and the molecular mechanisms that underlie the highly 
invasive and metastatic phenotype remain unknown. However, DNA sequence level alterations in 
IBC have not been examined systematically and no exome or whole genome sequence data exists 
for this disease. 
 We hypothesize that DNA sequence changes in the coding or non-coding regions of the 
genome may be responsible for the unique phenotype of IBC. The goal of this project is to perform 
whole genome sequencing of IBC specimens and compare these to non-IBC in order to identify 
IBC-specific sequence alterations and validate candidate genomic markers on an independent 
cohort of IBC cases. The specific aims of this 1-year project are:  
 Aim 1 is to evaluate the genomic landscape of IBC by whole genome sequencing of 20 
IBC and matched normal samples performed through JAX under the supervision of Dr Chuang, to 
identify germ-line and somatic variants (SNPs, indels and structural alterations). We will search for 
alterations in both expressed genes and noncoding sequences as potential drivers. Noncoding 
annotations will be derived from ENCODE data and we will use FunSeq developed by Dr Gerstein’s 
lab to categorize both coding and noncoding variants as potential drivers.  
 Aim 2 is to compare the genomic landscape of IBC with non-IBC. We will perform 
comparative analysis using TCGA and ICGC breast cancer sequence data (n=216 whole genome, 
n>600 whole exome) adjusted for by molecular subtypes. Drs Ueno and Gerstein are also 
members of the ICGC group as tissue provider and analysis sites, respectively. Variants will be 
mapped to protein-protein interaction and regulatory networks and pathway analysis will be 
performed to assess if biological processes, rather than recurrent single anomalies, could 
differentiate IBC from non-IBC. Dr Pusztai’s group has entered into a collaborative research 
agreement with IBM Watson Genomics to apply Watson artificial intelligence software tool to 
interpret the multiplicity of genomic anomalies in a cancer and draw therapeutic and biological 
hypothesis. We will also explore the possibility that a genome-wide metric such as overall mutation 
load, genome entropy or Mutant Allele Tumor Heterogeneity (MATH) define the difference between 
IBC and non-IBC. 
 Aim 3 is validation of the candidate markers in independent IBC and non-IBC samples. We 
have received approval from SWOG and the NCI to perform next generation sequencing on the 
samples of the SWOG S0800 neoadjuvant clinical (n=200) trial that includes n=60 IBC. RNA and 
DNA extraction has started from these specimens which will be used to validate candidate markers.  
 This proposal will be the first whole genome sequencing effort of IBC and will bring 
together clinical breast cancer experts, bioinformaticians and geneticists from 3 different SWOG 
institutions (MDACC, Yale and JAX) and leverage a SWOG tissue resource. The S0800 is the only 
clinical trial that included a large number of IBC cases and therefore represents a unique resource. 
This project will also create a new genomic data resource for the broader research community. The 
results could lead to new objective molecular diagnostic criteria for IBC, similar to E-cadherin loss 
that defines invasive lobular carcinomas of the breast, and minimize the subjectivity of the 
diagnosis. The findings will also advance our understanding the genomic underpinnings of cancer 
metastasis and invasion and ultimately may lead to the development of novel therapeutic 
strategies. 
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Tissues: All human tissues that are necessary to complete this study are currently available in the 
laboratory of Dr Pusztai at Yale Cancer Center. Genomic DNA from 20 snap frozen, newly 
diagnosed IBC and matching normal tissues were received from the Morgan Welch Inflammatory 
Breast Cancer Research Program and Clinic at MDACC to discover IBC-specific sequence 
alterations. These specimens were individually reviewed by a breast pathologist and our clinical 
investigator Dr Ueno for accuracy of diagnosis and tumor cellularity > 60%. The samples were 
collected under an IRB approved study and were transferred to Yale under an material transfer and 
research agreement. For validation, we will use formalin fixed paraffin embedded cancer tissues 
that were collected before any therapy during the S0800 randomized neoadjuvant clinical trial. Dr 
Pusztai is the correlative science PI of the study and both SWOG and the NCI has approved the 
use of these tissues for molecular characterization under study title: “Whole Exome Sequencing of 
DNA from Pre-Chemotherapy Needle Biopsies of Triple Negative and Inflammatory Breast Cancers 
Enrolled on the S0800 Trial.” This tissue analysis project will be performed under the Yale IRB 
protocol: Elucidation of Breast Cancer Biology Using Next Generation Sequencing (HIC 
#1406014226). 
 

Preliminary Results: One microgram germline and tumor DNA were used from 2 discovery cases 
to perform 150 bp, paired-end whole genome sequencing with median coverage of 60X using the 
Illumina HiSeq 2500 sequencing platform at The Jackson Laboratory for Genome Medicine (JAX) in 
Farmington, CT to demonstrate feasibility. We identified germline and somatic single nucleotide 
variants, INDELs and large structural alterations in these two samples. Furthermore, we prioritized 
somatic SNVs and investigated their genomic annotations by using our variant prioritization tool 
FunSeq2. In addition, we also prioritized and compared the genomic annotations of variant present 
in non-BC samples. These variant sets were curated from previously published result [3]. This 
comparison study suggest that SNVs in IBC influence genes, which are common across all non-
IBC samples as well as certain specific genes affected only in IBC samples (Figure1). We also 
observed large number of germline SVs and relatively small number of somatic SVs in both IBC 
samples (Table1). However, somatic SVs were comparatively larger in size than germline SVs. 
 

Analysis Plan:  
Aim 1.  Identification of variants: As part of the International Pan-Cancer Analysis of Whole 
Genomes (PCAWG) Initiative, the Gerstein Lab is involved in improving and standardizing variant 
calling methods, developing new methods for SV calling, identifying noncoding drivers and network 
and pathway analysis. Tools developed for this initiative will be applied to the current project. We 
will identify germ-line single nucleotide variants (SNVs) and INDELs using GATK haplotype caller 
[4]. Furthermore, we will utilize MuTect [5] and Strelka [6] to obtain highly confident somatic SNVs 
and Indels, respectively. In addition, we will run CREST to call germline and somatic structural 
variations [7]. Systematic annotation of the variants: We will annotate variants in the coding and 
non-coding regions using FunSeq2 [8]. Noncoding annotations derived primarily from ENCODE will 
include transcription-factor binding sites, DNA-hypersensitive sites, chromatin marks by histone 
binding, predicted enhancer regions, miRNA and pseudogenes [9]. Identification of candidate 
coding and noncoding drivers: We developed FunSeq to prioritize both coding and noncoding 
variants that could be potential drivers [10]. Briefly, the tool identifies potential regions of high 
functional impact in noncoding regions by understanding patterns of natural variation in human 
genomes and comparing these patterns in disease cases. We identified regions in the genome 
under purifying selection that are enriched for rare alleles using variation data from 1092 individuals 
(Phase1 of 1000 genomes project [11]). Such regions that we dubbed sensitive and ultrasensitive 
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regions highlight regions that are under strong constraint. Mutations identified in such functionally 
important regions will be considered potential cancer drivers. We have used this method to 
successfully identify potential noncoding driver mutations in prostate cancer genomes [10]. We 
have now enhanced this pipeline to include expanded enhancer predictions, gain and loss of 
function motif analyses for TF-binding and identification of genes that may be affected by such 
regulatory variants [8]. We will identify candidate coding driver mutations by integrating analyses 
based on our previously developed pipelines specifically for coding region of genome. We will run 
Variant Annotation Tool (VAT), which provides transcript-specific annotations and annotates 
mutations as synonymous, missense, nonsense or splice-site disrupting changes [12]. We will 
further prioritize loss-of-function (LOF) mutations by employing our ALOFT pipeline. In addition, 
will also utilize our computation method - NetSNP [13], which incorporates multiple network and 
evolutionary properties to quantify indispensability of each gene in the genome. 
Aim 2. Comparison with non-IBC: We will use breast cancer sequencing data from the TCGA [14] 
(n>600 whole exomes) and ICGC [15] including (n=216 whole genomes), to identify candidate 
sequence-based markers that distinguishes IBC from non-IBC. As part of the PCAWG initiative, we 
have obtained permission and already have access to all pubic and controlled access data from the 
TCGA and ICGC consortiums. All IBC non-IBC comparisons will be balanced for molecular subtype 
distribution. We will perform signature analysis to distinguish molecular signature pattern prevalent 
among various subtypes of breast cancers. We will also employ our coding and non-coding 
prioritization scheme to identify common and distinct driver events between IBC and non-IBC 
samples. In addition, we will compare germline and somatic SV profiles (type of SVs and their 
overlap with genomic elements) and their underlying mechanism to distinguish between IBC and 
non-IBC samples. Network and pathway analysis: We will use the regulatory element-target 
gene pairs to connect non-coding variants into a variety of networks -- e.g. regulatory network, 
metabolic pathways, etc. We will examine their network centralities, such as hubs, bottlenecks and 
hierarchies, as we know that disruption of highly connected genes or their regulatory elements is 
more likely to be deleterious [13, 16]. In addition, we will employ probabilistic graphics models 
based framework to investigate influence of mutations and large structural alterations on various 
biological pathways. Furthermore, based on the pathway analysis, we will identify biological 
pathways, which are largely affected in IBC compared to non-IBC. This will help us to identify 
potential pathway level anomalies rather than recurrent single mutations to distinguish IBC from 
non-IBC samples. The Pusztai laboratory has also entered into a collaborative research agreement 
with IBM Genomics, which allows the team to beta test the Watson Genomics artificial intelligence 
software tool on the genomic data to interpret the multiplicity of anomalies in therapeutic and 
biological context. Genome-wide metrics: We will calculate and compare genome entropy, Mutant 
Allele Tumor Heterogeneity (MATH) and overall mutation load between the genomes of IBC and 
non-IBC to examine if a global metric of genome diversity defines the differences between IBC and 
non-IBC. 
Aim 3. Validation of candidate molecular markers of IBC:  We will validate candidate findings 
on an independent data set of 200 breast cancers including 60 IBC from the SWOG S0800 
randomized clinical trial (http://clinicaltrials.gov/show/NCT00856492). DNA and RNA is currently 
being extracted from these samples in the Pusztai laboratory. Targeted DNA sequencing will be 
performed to estimate the prevalence of candidate genomic anomalies in the IBC and non-IBC 
cases.  We will also have access to additional archived samples from the Yale Pathology Tissue 
Resource (YPTR) for further, focused validation of our findings. 
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Clinical Relevance  
 This study will generate the first whole genome sequence data on IBC, which on its own 
represents a significant contribution to the field by creating a data resource for the broader 
research community.  
 Discovery of a recurrent, IBC-specific genomic abnormality can lead to the development of 
an objective, molecular diagnostic criteria for IBC, similar to E-cadherin loss that defines invasive 
lobular carcinomas, and could standardize the diagnosis of this disease.  
 IBC is the most invasive form of breast cancer with local invasion that can progress within 
days and it also has a high propensity for distant metastatic spread. Identification of the genomic 
alterations associated with this aggressive phenotype could lead to new mechanistic insights into 
the biology of invasion and metastasis. Investigation of the biological function of the candidate 
genomic markers can be the subject of future grants and could spur new research directions in the 
laboratory. 
 Ultimately, identification of the genomic causes of IBC could lead to novel therapeutic 
strategies that may also have applications for other highly aggressive cancers. 
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Fig1 : All somatic variants (CDS and non-CDS regions) are prioritized by FunSeq2, and annotated 
with their related genes. Mutations common among all breast cancers influences genes associated 
with primary immunodeficiency or cancer pathways (listed above). However, Mutations that are on 
genes associated with P53 signaling pathway, are absent in IBC samples, but shared by all the 
other types of breast cancer samples.  
 
 
 
SV Type IBC_sample1 (germline) IBC_sample1 (somatic) IBC_sample2 (germline) IBC_sample2 (somatic) 
DEL 1362 9 1220 33 
DUP 91 27 62 33 
INV 1 0 0 0 
ITX 36 26 39 13 
CTX 37 7 32 16 
Total 1527 69 1353 94 
 
Table 1: Frequency of germline and somatic structural variations (SV) observed in 2 IBC samples. 
Each row represent different type of SV observed. 
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