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Treehouse Childhood Cancer Initiative

e Started in 2015 at University of California, Santa Cruz by Olena
Morozova Vaske under the guidance of David Haussler.

Olena Morozova Vaske, PhD, CGMBS, DABMGG David Haussler, PhD
Colligan Presidential Chair in Pediatric Genomics HHMI Investigator



Treehouse Childhood Cancer Initiative

To defeat every child’'s cancer

by harnessing and sharing
the world's data

iETreehouse

CHILDHOOD CANCER INITIATIVE



Treehouse Childhood Cancer Initiative

* Initial pilot project consortium was created to determine the
feasibility of performing comparative RNA-Seq analysis for
prospective clinical patients.

Consortium Members
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Treehouse Childhood Cancer Initiative

* Initial pilot project consortium was created to determine the
feasibility of performing comparative RNA-Seq analysis for
prospective clinical patients.

* Initial funding provided by California Initiative to Advance Precision Medicine
(CIAPM). Extended to a 5 year project supported by the St. Baldrick’s

Foundation.
{/’ California Initiative to Advance D St. Baldrick’s
\f\\ Precision Medicine \J FOUNDATION

Conquer Childhood Cancers
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Generating RNA-Seq Data
Extract and

Obtain Tissue Sequence Transcripts Analyze Data
Prepare RNA

Tumor biopsy or RNA must be extracted Via next generation * Align reads to human
resection from patient from patient sample and seguencing technology, genome
e Flash Frozen enriched before RNA transcripts are * Quantify data
e Formalin Fixed sequencing converted to millions of e Normalize data
Paraffin Embedded * Polyadenylation reads, providing * Variant and Fusion
(FFPE) (PolyA) information about detection
* Ribosomal RNA protein expression.

Depletion (RiboD)
* Exome Capture



RNA-Seqg enhances DNA findings
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RNA-Seqg enhances DNA findings
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Case Study of a Pediatric Patient

Patient 1 benefits from comparative RNA-Seq analysis



Patient 1 — Initial Diagnosis

e Patient 1 was diagnosed at 8 years of age with a left tentorial-based

CNS sarcoma after a 2-week history of nausea, lethargy, and diplopia.

* The patient received six cycles of induction chemotherapy—
ifosfamide, carboplatin, and etoposide—followed by autologous
stem-cell transplantation with a high-dose preparative regimen of
carboplatin, thiotepa, and etoposide as well as 54 Gy of focal
radiation to the location of the original tumor.

e After a 2-year remission, the tumor recurred with numerous
pulmonary lesions in all lobes.

Y. Newton... O. Morozova, JCO precision oncology. 2018



Patient 1 — Recurrence

 WGS and RNA-Seq was performed on lung biopsy.

e EWSR1-ATF1 fusion was discovered as well as 3 variants of uncertain
significance in PDGFRA, PRKCB, and SVIL.

* RNA-Seq expression was compared to 10,668 samples from TCGA
(The Cancer Genome Atlas) and TARGET (Therapeutically Actionable
Research to Generate Effective Treatments).

Y. Newton... O. Morozova, JCO precision oncology. 2018



Patient 1 — TumorMap Analysis

* Comparative analysis found that
Patient 1’s sample was most
similar to Lung Adenocarcinoma
(LUAD).

Y. Newton... O. Morozova, JCO precision oncology. 2018

Patient 1's tumor RNA-Seq profile in the context of 38 tumor types
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Patient 1 — Comparative Analysis

* Comparative analysis found that
Patient 1’s sample was most B JAKT
similar to Lung Adenocarcinoma
(LUAD).

* Expression analysis was also
performed against all cancer
tumors as well as against
sarcomas.

e JAK1, ALK, NTRK1, and CCND1,
emerged dasS OVEFGXpFESSiOﬂ ]
outliers in all ana|yses. LUAD SARC All cancers Patient 1

Normalized Expression

Y. Newton... O. Morozova, JCO precision oncology. 2018
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Patient 1 — Pathway Analysis

A EWSR1 ATF1

* The EWSR1-ATF1 fusion as well —
as receptor tyrosine kinases g s oA
NTRK1 and ALK can activate the R T o L

trgnsformation ¢ PTGS?2
in clear cell
JAK-STAT pathway.
Metastatic potential IL6 ] I:‘

* Decision was made to target Raceptor tycsine Kinsses

JAK1 using ruxolitinib. \ /

* Consideration was given to JW? [

targeting ALK with crizotinib. — MBR kT3
. .' |:'| |:'| |:-, IZ-] .- PI3K/AKT/MTOR
{n;ierl ) i I,.;I ¢

Y. Newton... O. Morozova, JCO precision oncology. 2018

Copy number analysis:
copy amplification

Expression level compared with other cancers
Expression outlier

CCND1 BCL11B ETS2
EIFAEBP1 BIRC5
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Proliferation and cell growth




Patient 1 — Clinical Response to Ruxolitinib
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Y. Newton... O. Morozova, JCO precision oncology. 2018



Automated Step #1: RNA-Seq ] Step #2: Treehouse CARE Analysis
Analysis processing of identifies gene expression outliers
patient sample and enriched pathways

Step #3: Case Analyst reviews
automated results
— .
a

Step #4: Gene targets chosen based on:

Pathway
Analysis

Outlier
Analysis

Manual

Treehouse Pipeline ™™

Step #5: Investigate literature evidence
for gene targets as biomarkers
of response to therapy.

Step #6: Review scoring

system and
rank therapies




Treehouse RNA-Seq processing is fully 0
consistent and reproducible

* In order to minimize batch effect of having samples sequenced by
different institutions, Treehouse processes all the primary data
generated by the sequencer through TOIL.

* TOIL uses STAR to align the sequence reads to the human genome for
expression calculations.

e https://egithub.com/DataBiosphere/toil

J. Vivian... B. Paten, Nature biotechnology. 2017


https://github.com/DataBiosphere/toil

Treehouse includes high quality samples in 0
compendia

* Several methods for determining
quality of data:
* RIN (RNA Integrity Number) A
* Total reads

Duplicate
* Treehouse uses a 10 million n
Mapped Exonic Non-Duplicate

(MEND) threshold for a sample’s

inclusion into a compendium. — e

Unmapped

I

Human Genome

H. C. Beale... O. M. Vaske, GigaScience. 2021



Treehouse Pipeline

Automated
Analysis

Manual
Analysis

Step #1: RNA-Seq
processing of
patient sample

Step #2: Treehouse CARE Analysis
identifies gene expression outliers
and enriched pathways

Step #3: Case Analyst reviews
automated results
— .
a

Step #4: Gene targets chosen based on:

Pathway
Analysis

Outlier
Analysis

Step #5: Investigate literature evidence
for gene targets as biomarkers
of response to therapy.

Step #6: Review scoring

= system and

rank therapies
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Treehouse CARE enables quick and automated
detection of outlier genes and enriched pathways

* Comparative Analysis RNA-Seq Expression
(CARE) is an open source tool developed to
detect gene outliers in a single sample
compared to a background cohort.

* CARE packages the outliers with pathway
and drug database data for researchers.

e Github: https://github.com/UCSC-
Treehouse/CARE

 Docker:
https://hub.docker.com/r/ucsctreehouse/care



https://github.com/UCSC-Treehouse/CARE
https://hub.docker.com/r/ucsctreehouse/care

Treehouse Pipeline

Automated
Analysis

Manual
Analysis

Step #1: RNA-Seq
processing of
patient sample

Step #2: Treehouse CARE Analysis
identifies gene expression outliers
and enriched pathways

Step #3: Case Analyst reviews
automated results
— .
-

Step #4: Gene targets chosen based on:

Pathway
Analysis

Outlier
Analysis

Step #5: Investigate literature evidence
for gene targets as biomarkers
of response to therapy.

Step #6: Review scoring

T system and
— :
— rank therapies u

‘ Result:

Findings are presented to
clinicians




Outlier status is used to determine gene
overexpression

MYC is a Pan-Cancer outlier MYC is a Pan-Disease outlier
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Enriched pathways enhance understanding of 1
tumor biology
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http://www.gsea-msigdb.org/gsea/msigdb/index.jsp

Literature investigation determines strongest
gene targets

m U.S. National Library of Medicine

* Focus on drugs that are FDA ClinicalTrials.gov
approved or in clinical trials.
e Focus on drugs that are Pubmed.gov

approved to treat gene

overexpression or gene GO gle

amplification. Scholar

* Focus on studies in pediatric
cancer patients.

CLINICAL INTERPRETATION OF
VARIANTS IN CANCER
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Any Questions?

Next: Publicly Available Resources



Publicly Available Resources

N
* Treehouse Compendia — Data /AE‘ETTCEI’]OUSE

CHILDHOOD CANCER INITIATIVE
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* UCSC TumorMap — Visualization | i.:-

« UCSC Xena — Data & Visualization Dﬂ




Treehouse Compendia

* Treehouse creates different compendia based on sample type and
library preparation method.

* Treehouse compendia include:
* PolyA (poly-adenylated tumor —12,747)
* Ribodeplete (ribodepleted tumor — 296 samples)
e Cell Line PolyA (poly-adenylated cell line — 932 samples)
* GTEX (poly-adenylated normal tissue — 7,862 samples)
» Patient Derived Xenograft (PDX) (poly-adenylated PDX — 60+ samples)

* All Treehouse Compendia are available to the public:
https://treehousegenomics.soe.ucsc.edu/public-data/



https://treehousegenomics.soe.ucsc.edu/public-data/

UCSC TumorMap

* Provides 2-dimensional mapping of high dimensional genomic data.

 Spatial correlation analysis (SCA) enables users to find associations
between attributes in their data.

e Users can generate their own map or investigate a pre-built map from
a published project: https://tumormap.ucsc.edu/

Newton, et al., Cancer Research. 2017


https://tumormap.ucsc.edu/

TumorMap analysis aids in diagnosis of rare

pediatric tumor

A acute lymphoblastic
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- stomach adenocarcinoma _ TCGA-DU-7012-01  Glioma (3) Astrocytoma 74 0.93
) g i\ THR14_0312_S01 Glioma (3) Astrocytoma 18 0.92
iy TCGA-CS-4941-01 Glioma (3) Astrocytoma 67 0.91
TCGA-HT-7680-01 Glioma (2) Astrocytoma 32 0.91
TCGA-DU-8158-01 Glioma (3) Astrocytoma 57 0.91
& ' TCGA-28-5215-01 Glioblastoma (4) Astrocytoma 62 0.91

L. M. Sanders... O. M. Vaske, Molecular Case Studies. 2019
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Visualizing Treehouse Compendia

TumorMap
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TumorMap Demo

 Demonstration of TumorMap capabilities using the Treehouse v11
public compendium.

 Tumormap: https://tumormap.ucsc.edu/



https://tumormap.ucsc.edu/

UCSC Xena — Host and Visualize public data

Sample ID gene expressi...

e Supports multi-omic and 25
phenotypic data. Ye

* Users can host and maintain
multiple release versions.

 Combine private data with
public data. Lo

* Filter, sort and visualize data.
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