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Identification of potential immune targets in controlling 
Endometrioid Endometrial Carcinoma metastatic 

progression  
 

a “Sample to Insight” biological exploration 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 
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Sample to Insight approach: Exploring the Transcriptome in EEC 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 3 

Using QIAGEN Bioinformatics solutions, three immune proteins were identified as potential 
therapeutic targets in tumor progression in EEC  
 
We were able to highlight important parameters and to compare transcriptomes of 3 early stage 
patients: 

ü  Compared and determined which and how signaling cascades are involved in the 3 
patients (EIF2 signaling, ILK signaling, Integrin Signaling) 

ü  Highlighted which transcriptional program is turned on in these patients (SPDEF, and 
PPARGC1a, PPARGC1b, SBREF2) 

ü  Understand which biological processes differ between these 3 patients  (cell migration 
and cell invasion).  

ü  Identified some splicing variants of importance in the EEC tumor progression (IGTB1, 
VCAN) 

ü  Propose new hypotheses that visualize which immune components could be targeted to 
inhibit cell invasion, EMT and metastasis processes. 
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From James P. Allison, Ph.D., MD Anderson Cancer Center 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 4 
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OUTLINE of the presentation 

5 Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 

•  Endometrioid Endometrial Carcinoma (EEC) 
ü  Endometrium: Structure and Function 
ü  Background Endometrial Carcinoma and EEC 
ü  Description of the study used 

•  Introduction to QIAGEN Sample to Insight 

•  Data Analysis 
ü  Expression Profile from RNA-seq 
 

•  Biological Interpretation of early stage EEC (3 patients) 
ü  Analysis of the transcriptome (mRNA profile) 
ü  Highlight hypotheses to inhibit tumor progression 

 
•  Conclusion  
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Endometrioid Endometrial Carcinoma (EEC) 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 6 

Endometrium: Structure and Function 
•  Glandular epithelial layer: 3 histologically distinct 

layers: 
•  stratum basalis (deepest layer) 
•  stratum spongiosum (intermediate layer)  
•  stratum compactum (thin, most superficial layer) 
•  spongiosium and compactum = stratum 

functionalis 

•  Undergoes cellular and histological changes in the 
different phases of the cycle and during embryo 
implantation. 

•  Functional layer undergoes cyclical growth and 
tissue remodeling throughout the reproductive 
years. 

•  Process regulated by ovarian steroids (estrogen, 
progesterone), cytokines and growth factors. 

•  Tissue remodeling shares features with the repair of 
mucosal injury, characterized by a migratory 
phenotype with specialized cytoskeletal and matrix-
receptor reorganizations and specialized matrix-
dependent signaling patterns 
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Background on Endometrial Carcinoma and EEC 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 7 

•  Common cause of gynecological cancer death 
ü  The most common gynecological malignancy in Europe and North America 

•  Different types and Importance: 
ü  Most common type is Endometrioid Endometrial Adenocarcinoma (EEC) this study 
 

•  Others: 
ü  Endometrioid (75%) (secretory, ciliated, papillary or villoglandular), composed of malignant glandular 

epithelial elements 
ü  Adenocarcinoma with squamous differentiation 
ü  Adenoacanthoma (benign squamous component) 
ü  Adenosquamous (malignant squamous component) 
ü  Uterine papillary serous (5%–10%) 
ü  Clear cell (1%–5%) 
ü  Malignant mixed Mullerian tumours or carcinosarcomas (1–2%) 
ü  Uterine sarcomas (leiomyosarcoma, endometrial stromal sarcoma, undifferentiated) (3%) 
ü  Mucinous (1%) 
ü  Undifferentiated 
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Background of Endometrioid Endometrial Carcinoma 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 8 

Summary of EEC 

•  Estrogen-dependent tumors 

•  Preceded by hyperplasia, atypical hyperplasia, and endometrial intraepithelial neoplasia, a premalignant 
outgrowth from hormonally-induced, benign endometrial hyperplasia 

•  At diagnosis, 75% of women have disease confined to the uterus (early, stage I). Five-year survival for 
stage I patients is 80-90%, however, about 10–20% develop metastasis 

•  Most EECs are low-grade tumors (G1 or G2, comprised of moderately to well-differentiated cells) that are 
early stage (i.e. before extra-uterine spread) 

•  Risk Factors: 
ü  Menopause, but up to 25% of cases premenopausal 
ü  Obesity 

ü  Estimates are that 50% of endometrial cancer cases in USA attributable to excess adiposity (World Cancer 
Research Fund 2009, 2013) 

ü  Impact of excess body fat on endometrial cancer risk is much greater than it is on breast cancer, likely because 
circulating estrogens play a much larger role in endometrial cancer development 

ü  Nulliparity (having borne no children) 
ü  Diabetes mellitus 
ü  Prolonged, unopposed estrogen exposure in post-menopause 
ü  Tamoxifen and oral contraceptive pills 

•  Patients are generally treated with surgery, radiation, chemotherapy or hormone therapy 
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Material & Methods: Data deposited in the NIH Short Read Archive database (SRP045645) 

 

 
•  Three women diagnosed with Stage I EEC: Two Stage IA and one Stage IB (all Grade 1) 

•  Sequencing:  

ü  mRNA (100 bp paired-end reads): Illumina HiSeq 2000 of tumor and adjacent normal tissue 

ü  mRNA libraries, an average of 52,716,765 pair-end 100 bp clean , 40X depth 
 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 

Description of this study and the methods used by the original authors 
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QIAGEN Sample to Insight 
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Sample to Insight: Analyses of EEC tissues 
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RNA DNA Total RNA extraction  

Sequencing 

Data Analysis 

Interpretation 

RNA-seq Variants 

Tumorous vs. adjacent Non-Tumorous 
tissue after surgical resection  

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 



Sample to Insight 

Introduction of Biomedical Genomics Workbench (BX), data analysis 
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•  Accurate and trustworthy results 

ü  Whole Genome Sequencing 
ü  Whole Exome Sequencing 
ü  Targeted or Whole Transcriptome Sequencing 
ü  ChIP-Seq data 

 

•  Intuitive and easy-in-use 

ü  Comprehensive end-to-end analysis workflows for 
single samples or cohort studies 

ü  One-click analysis of QIAGEN GeneRead DNASeq 
Amplicon Panels 

ü  Streamlined integration with Ingenuity Pathway 
Analysis (IPA) & Ingenuity Variant Analysis 

 

•  Flexible & customizable 

ü  Ready-to-use workflows can be customized 
ü  Build your own workflows 

 

 

Fast and Easy Analysis 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 
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BX to IPA: Expression Profile from RNA-seq  

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 13 

•  Selection of Dataset (SR045645) 
•  Download FASTQ from SRA (convert .sra to FASTQ) 
•  Import the FASTQ files into BX 
•  Set up the RNA-seq analysis in BX: 

§  mRNA 
•  Select Reference Genome (human Ensembl or Refseq) 
•  Select Mapping options 
•  Select Expression Level Options 

•  Set up the experiment at transcript level (TE): Tumor vs. 
Adjacent Non-Tumor 

•  Filter out non-significant transcripts and send dataset to 
IPA using Plugin from BXWB (Fold Change, p-value, FDR) 

•  Analyze the processed dataset in IPA (mRNAs) 
§  Dataset: isoforms with >20 RPKM in either tumor or 

adjacent non-tumor, |fold change|>1, p<0.05 
§  Analysis: mRNAs with |fold change|>2 and p<0.05, 

MicroRNA Target Filter (microRNAs) 
 

From sequencing to Alignment, Quantitation, Differential Expression 
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Introduction to Ingenuity Pathway Analysis (IPA), Interpretation 
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Gene View,  Chem View, and 
Disease/Function View 

Human and Mouse 
Isoform Views  

Canonical Pathways/Molecule 
Activity Predictor 

Upstream Analysis 
Upstream Regulators/Mechanistic 
Network/Causal Networks 

Diseases & Functions 
Downstream Effects Analysis 

Regulator Effects 

microRNA Target Filter 

BioProfiler 

Interaction Networks, 
Build and Overlay tools 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 

IsoProfiler 

My Findings 
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Biological Interpretation of early stage EEC (3 patients) 
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Three Patients Early Stage EEC (IA/IB), Grade 1 

•  Understanding the transcriptome in Early Stage EEC 

ü  What are the signaling or metabolic pathways involved, are they activated/inhibited? (Canonical 
Pathways) 

ü  What are the underlying transcriptional programs? (Upstream Analysis) 

ü  What biological processes are involved and in what way? (Diseases & Functions) 

ü  Are there any splicing variants of interest and how regulated are they? (Isoform View/IsoProfiler) 

ü  What hypotheses can be drawn further? (Mechanistic Network, Causal Network, Regulator Effects) 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 
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Analysis of the Transcriptome in IPA 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 16 

Summary of Core Analysis of one of the patients (P47) 
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Canonical Pathways of Patient P32 
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Canonical Pathways involved in tumor progression (both signaling and metabolic) 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 

Pathway Activity Analysis:  
ü  Proliferation pathway (EIF2 signaling) is activated (orange) 
ü  Cell movement/motility (ILK signaling, Integrin Signaling) are inhibited (blue) 
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Comparison of Canonical Pathways in the 3 patients P32, P46, P47 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 18 

•  The patients’ mRNA expression data indicates 
activation and inhibition of many of the same 
Canonical Pathways, involved in tumorigenesis: 

ü  Proliferation (EIF2 signaling) 
ü  Cell movement (Integrin signaling, ILK signaling, 

Actin nucleation by ARP-WASP Complex, Signaling 
by Rho family GTPases, …) 

ü  Metabolic pathways (PPAR signaling) 

•  However two of the three are more alike than the 
other based on activity pattern: 

ü  P32 and P46 are likely Stage IA 
ü  P47 is likely Stage IB 
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Upstream Analysis of Patient 46 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 19 

Typical Transcriptional Program in tumor progression (early stage)  
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Network of three selected transcription regulators in Patient 46 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 20 

Drivers of Fatty acid and Sterol Metabolism are predicted to be activated 
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Some of the Biological Processes Predicted to be Activated in Patient 46 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 21 

Proliferation of cells and Inflammation are strongly activated, Synthesis of steroid (estrogens, 
progesterone, …) and glycolysis are activated as well 

Synthesis 
of steroid glycolysis 

Inflammation 
of organ 

Proliferation 
of cells 

Overlay statistically significant 
diseases and functions 
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Comparison of the Upstream Analysis in P32, P46, and P47 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 22 

Growth Factors and Transcription Regulators also distinguish the patients from one another 
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Cell migration & invasion: 
ü  Inhibited in P32 and P46 (SPDEF activated) 
ü  Induced in P47 (SPDEF inhibited) 
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Downstream Effect Analysis indicates increased “invasion of tumor” in P47 compared to P32 and 
P46  

Comparison of the Diseases & Functions in P32, P46, and P47 
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ITGB1 isoforms: potential regulator of invasion of carcinoma cells  

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 24 
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Highlight of a key gene and its isoforms: up-regulation of ITGB1-010 (isoform) may promote cell 
migration/invasion during metastasis to other tissues 
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EMT 

FGF3-driven Causal Network linked to Epithelial-to-Mesenchymal Transition 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 25 

In Patient 47, FGF3 is predicted to be activated and is driving a CN potentially connected to 
EMT via CTNNB1 and PLAU.  

 

 

FGF3-driven CN (depth 2) is shown (7 regulators plausibly explaining the expression pattern of 164 downstream 
targets (22 are shown here). Frequent amplification of this gene has been found in human tumors, which may be 
important for neoplastic transformation and tumor progression (BrCa). Hypothesis to be tested and validated. 



Sample to Insight 

Hypothesis: Inhibition of FGF3 to counteract EMT in EEC 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 26 

This CN allows to set a new hypothesis in conjunction with MAP (Molecule Activity Predictor).  

MAP simulates the inhibition of FGF3 and the impact on the EMT. When FGF3 is inhibited or 
downregulated, the EMT is decreased (blue circle).  

EMT 
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IsoProfiler in IPA to discover isoforms that may drive tumor progression 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 27 

Versican: upregulation of VCAN-001 is involved in malignant solid tumor (in Breast cancer). 
This isoform is upregulated in Patient 47 
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Metastasis 

CXCL14-driven Causal Network is linked to Metastasis in EEC 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 28 

In Patient 47, CXCL14 is predicted to be activated and is driving a CN potentially connected to 
metastasis via RAP1.  

 

CXCL14-driven CN (depth 3) is shown (4 regulators plausibly explaining the expression pattern of 51 
downstream targets (none shown here). Upregulation of CXCL14 has been show to be involved in breast 
cancer, papillary thyroid  carcinoma, prostate cancer, pancreatic cancer.  
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Hypothesis: Inhibition of CXCL14 to decrease Metastasis in EEC 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 29 

Inhibiting CXCL14 (green) would decrease metastasis (blue). 

 

Metastasis 



Sample to Insight 

GDF15-driven Causal Network is linked to invasion in EEC 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 30 

In Patient 47, GDF15 is predicted to be activated and is driving a CN potentially connected to 
invasion of tumor cells.  

GDF15-driven CN (depth 2) is shown below (12 regulators plausibly explaining the expression pattern of 
92 downstream targets (9 are shown here). 
Overexpression of GDF15 has been show to be involved in many cancers (melanoma, prostate, thyroid, 
pancreatic, ovarian, colon). Plasma GDF-15 is elevated in patients with endometrial cancer and is a 
marker for phenotype, including lymph node metastasis and disease-specific survival.  
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Inhibiting GDF15 (green) would decrease invasion (blue). 

 

Hypothesis: Inhibition of GDF15 to decrease invasion in EEC 
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Sample to Insight approach: Exploring the Transcriptome in EEC 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 32 

Using QIAGEN Bioinformatics solutions, three immune proteins were identified as potential 
therapeutic targets in tumor progression in EEC  
 
We were able to highlight important parameters and to compare transcriptome of 3 early stage 
patients: 

ü  We were able to compare and determine which and how signaling cascades are involved 
in the 3 patients (EIF2 signaling, ILK signaling, Integrin Signaling) (Canonical Pathways, 
Pathway Activity Analysis) 

ü  We were able to highlight which transcriptional program is turn on in these patients 
(SPDEF, and PPARGC1a, PPARGC1b, SBREF2) (Upstream Analysis, Upstream 
Regulators) 

ü  We were able to understand which biological processes differ between these 3 patients  
(cell migration and cell invasion). (Diseases & Functions, Downstream Effects Analysis) 

ü  We were able to identify some splicing variants of importance in the EEC tumor 
progression (IGTB1, VCAN) (Isoform View, IsoProfiler) 

ü  We able to propose new hypotheses that visualize which immune components could be 
targeted to inhibit key biological processes in tumor progression: cell invasion, EMT and 
metastasis processes (Upstream Analysis, Causal Networks) 
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Using QIAGEN Bioinformatics Approach 
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•  Using Biomedical Genomics Workbench, we have been able to: 
 

ü  Upload RNA-seq data (FASTQ files from SRA) 
ü  Align to the genome of interest (human Ensembl) 
ü  Quantitate and obtain differential expression between the samples and Call variants 
ü  Seamlessly send data directly into IPA for biological interpretation and to Ingenuity Variant Analysis for variant 

identification and prioritization 

•  Using IPA, we have been able to: 

ü  Visualize the differentially expressed genes in tumor vs. adjacent non-tumor tissues in three patients 
ü  Understand which signaling pathways are involved in tumor progression 
ü  Discover potential transcriptional program(s) that are induced or repressed that drives tumorigenesis 
ü  Visualize differentially expressed splicing variants 
ü  Discover specific biological processes that participate in the tumor progression 
ü  Highlight new hypotheses (ready to be tested and validated) that could explain metastasis or invasiveness  

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 
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Statistics Pipeline Coming soon… 

Title, Location, Date 34 
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Statistics Pipeline Coming soon… 
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Legal Disclaimer 

Melanie Hussong, Ph.D. and Jean-Noel Billaud, Ph.D. 03/01/16 Molecular Insight into gene expression profiling using Digital RNAseq: data analysis tutorial 36 

§  QIAGEN products shown here are 
intended for molecular biology 
applications. These products are not 
intended for the diagnosis, prevention, 
or treatment of a disease. 

§  For up-to-date licensing information and 
product-specific disclaimers, see the 
respective QIAGEN kit handbook or 
user manual. QIAGEN kit handbooks 
and user manuals are available at 
www.QIAGEN.com or can be requested 
from QIAGEN Technical Services or 
your local distributor. 
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Thank You For Attending 

37 Melanie Hussong, Ph.D. and Jean-Noel Billaud, Ph.D. 03/01/16 Molecular Insight into gene expression profiling using Digital RNAseq: data analysis tutorial 
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Back Up Slides 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 38 
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The Ingenuity Knowledge Base contains > 5 million findings 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 39 

The Ingenuity Knowledge Base 
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Capturing molecular information from the literature 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 40 

Canonical Pathway 

Drug 

Upstream TF 

Biomarker 

Disease Function 

Downstream gene 

Gather this information for nearly every gene. Inferences can be made from the resulting networks 
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Example of a finding: context and direction of effect 

Jean-Noel Billaud, Ph.D. 09/30/15, LabRoots: Cancer Research and Oncology. 41 

gene zygosity Direction of effect 
on disease / 
phenotype 

species mutation type 

disease/ 
phenotype 

Activity of the 
molecule in this 
finding (decreased) 

This structure provides rich contextual detail 
and powers the algorithms for causal analysis in IPA 

strain 


