Frederick National Laboratory
for Cancer Research

sponsored by the National Cancer Institute



Leidos Biomedical Research, Inc.

Operations and Technical Support Contractor for the
Frederick National Laboratory for Cancer Research

2019-2020 Annual Report

Leidos Biomedical Research, Inc., operates for the National Cancer Institute
under Contract No. 75N91019D00024.
P. O. Box B, Frederick, Maryland 21702-1201

This document contains Leidos Biomedical Research, Inc., confidential information, including information protected
Jfrom public release under the Freedom Of Information Act, 5 U.S.C. §552, exemptions 4 and 6.
Written approval from an authorized representative of Leidos Biomedical Research, Inc.,
is required prior to public release of any information contained in this document.

The cover image depiction: Top left: Ribbon representation of the crystal structure of the Yersinia pestis UDP-glucose
pyrophosphorylase at 2.17 angstroms resolution, obtained by the Basic Science Program. Top right: Multiplex immunofluorescence
used to study hypoxia and inflammation in mouse tumor tissue, conducted by the Cancer Research Technology Program.

Bottom left: CD4+ T cells (shaded in white) detected in a stained tissue section via AT models, conducted by the
Biomedical Informatics and Data Science Directorate. Bottom right: Fluorescence micrograph image using the RNAscope technique to
visualize SARS-CoV-2 viral RNA (red) and the host ACE2 receptor (green) in lung tissue from a COVID-19 patient. Neutrophils (yellow)
were identified with anti-myeloperoxidase antibody, and nuclei (blue) were stained. Image captured by the AIDS and Cancer Virus Program.

The content of this publication does not necessarily reflect the views or policies of the Department of Health and Human
Services, nor does mention of trade names, commercial products, or organizations imply endorsement by the U.S. government.




Leidos Biomedical Research, Inc.
2019-2020 Annual Report

TABLE OF CONTENTS

i Executive Summary

1 National Cancer Institute

1 Center for Biomedical Informatics and Information Technology

19 Center for Cancer Research

51 Division of Cancer Biology

54 Division of Cancer Control and Population Sciences

55 Division of Cancer Epidemiology and Genetics

59 Division of Cancer Prevention

63 Division of Cancer Treatment and Diagnosis

89 Immediate Office of the Director, Coordinating Center for Clinical Trials

90 Immediate Office of the Director, Center for Cancer Genomics

97 Immediate Office of the Director, Center for Global Health

98 Immediate Office of the Director, Cancer Research Technology Program
107 Immediate Office of the Director, Center for Strategic Scientific Initiatives
112 Immediate Office of the Director, The Cancer Genome Atlas
113 Immediate Office of the Director, Office of Cancer Genomics
113 Immediate Office of the Director, Technology Transfer Center
114 Immediate Office of the Director, Office of the Director, NCI at Frederick

125 National Institute of Allergy and Infectious Diseases

125 Division of Clinical Research

149 Division of Intramural Research

156 Division of Microbiology and Infectious Diseases

158 Vaccine Research Center

171 Other Institutes

171 Office of the Director, National Institute of Arthritis and Musculoskeletal and Skin Diseases
171 National Institute of General Medical Sciences

171 Office of the Director, National Institute of Environmental Health Sciences
171 Office of the Director, National Institute of Mental Health

173 Office of the Director, National Institute of Neurological Disorders and Stroke
174 Office of the Director, Walter Reed Army Institute of Research

174 Office of the Director, NIH Clinical Center

175 National Center for Advancing Translational Sciences

176 Office of the Director, National Heart, Lung, and Blood Institute



179 NCI at Frederick Infrastructure
179 Office of the Director, NCI at Frederick

209 Operational Support

209 Partnership Development Office and Technology Transfer Center
210 Public Affairs and Communications Office

211 Financial Operations Directorate

213 Project Management Operations Office

215 Contracts

215 Research Subcontracts

217 Construction and Facilities Services Procurement/Subcontracts
217 Small Business Office Outreach

217 Purchasing

218 Human Resources Directorate

Appendix A: Company Overview
Appendix B: Publications



Executive Summary

Frederick National Laboratory
for Cancer Research

sponsored by the National Cancer Institute




Leidos Biomedical Research, Inc.

2019-2020 Annual Report

Leidos Biomedical Research, Inc.
Annual Report
September 1, 2019-August 31, 2020

Executive Summary

Leidos Biomedical Research, Inc., (Leidos Biomed) is
pleased to submit this annual report for the Frederick
National Laboratory for Cancer Research (FNL) Federally
Funded Research and Development Center (FFRDC)
sponsored by the National Cancer Institute (NCI),
contract number: 75N91019D00024, for the period of
September 1, 2019, to August 31, 2020.

This is the only FFRDC exclusively dedicated to
biomedical research. FNL provides NCI and other
institutes, such as the National Institute of Allergy and
Infectious Diseases (NIAID), with this unique national
resource to accelerate the development and delivery of
effective preventive, diagnostic, and therapeutic products to
people living with cancer, HIV/AIDS, and emerging health
challenges like Zika virus, Ebola virus, and COVID-19.

This annual report documents the breadth of activities
performed by Leidos Biomed in support of NCI’s
mission. These activities span the research and develop-
ment continuum, including investigator-initiated,
hypothesis-driven research into cancer and AIDS;
advanced technology programs focused on genetics
and genomics, proteins and proteomics, imaging,
nanotechnology, bioinformatics, and laboratory animal
sciences; clinical operations in support of NCI- and
NIAID-sponsored clinical trials; NCI drug discovery and
development efforts; and management and operations of
biopharmaceutical development and manufacturing
programs under current Good Manufacturing Practice
conditions for NCI and NIAID. Essential administrative,
financial, safety, security, and facilities services are
provided to these research and development activities
through state-of-the-art business processes.

National Resource

This annual report portrays the wide scope of
activities conducted at FNL in support of its role in
advancing the vital mission to reduce suffering from
cancer, AIDS/HIV, and infectious diseases. The scope of
activities conducted in support of its customers reflects
FNL’s service as a national resource.

FNL Customers

FNL provides direct program support to diverse
divisions, offices, and centers within NCI. These include:

Center for Strategic Scientific Initiatives —
Develops and implements exploratory programs that
invest in research and creates opportunities for
scientists through initiatives, tools, and public
resources. The objective of these discoveries and
innovative technologies is to accelerate the pace of
cancer research and the translation of research results
into novel therapies, diagnostics, and preventive
agents.

Center for Cancer Genomics — Aligns NCI’s
activities in cancer genomics by synthesizing
research in different fields of cancer genomics—
structural, functional, and computational—in order to
improve patient outcomes.

Center for Global Health — Provides assistance and
guidance to nations as they develop and implement
cancer control plans; trains international investigators;
and strengthens regional, national, bilateral, and
multilateral collaborations in health research, cancer
research, and cancer control to advance global cancer
research, build expertise, and reduce cancer deaths
worldwide.

Center for Biomedical Informatics and Information
Technology — Collaborates across the NCI to plan,
provide, and coordinate technology, standards, and
scientific computing in support of NCI’s mission to
speed discovery, facilitate open science, and make
progress toward precision treatment in cancer care
and a learning healthcare system.

Coordinating Center for Clinical Trials —
Facilitates efforts across NCI to enhance the
effectiveness of NCI’s clinical trials enterprise
through collaboration and harmonization among NCI
programs and extramural stakeholder communities.

Center for Cancer Research — A distinguished and
productive community of NCI intramural basic
researchers, clinicians, and translational scientists
who integrate basic and clinical research discovery to
develop novel therapeutic interventions that better
treat adults and children living with cancer or
HIV/AIDS.

Division of Cancer Epidemiology and Genetics —
Conducts population and multidisciplinary research
to discover the genetic and environmental causes of
cancer and ways to prevent it.
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Division of Cancer Biology — Encourages and
facilitates continued support of basic research in all
areas of cancer biology to provide a research
foundation that advances our understanding of cancer
biology leading to new approaches for prevention,
diagnosis, and treatment.

Division of Cancer Prevention — Conducts and
supports research to elucidate ways to prevent and
detect cancer, and to prevent or relieve symptoms
from cancer and its treatments.

Division of Cancer Treatment and Diagnosis —
Supports the translation of promising research into
clinical applications to improve the diagnosis and
treatment of cancer in areas of unmet need that are
often too risky or difficult for industry or academia to
advance alone.

Division of Cancer Control and Population

Sciences — Supports an integrated program of o
genetic, epidemiological, behavioral, social, applied,

and surveillance cancer research to reduce risk,

incidence, and death from cancer and enhance the

quality of life for cancer survivors.

FNL also provides vital support to these NIAID

divisions and centers:

Division of Intramural Research — Conducts basic

and clinical research across the breadth of disciplines

related to immunology, allergies, and infectious o
diseases.

Division of Clinical Research — Provides multi-
disciplinary trans-NIAID services for facilitating
clinical research and special projects as directed by
NIAID leadership. One current example of this is
how FNL rapidly pivoted its staff, expertise, and
resources to combat the COVID-19 pandemic. This
led to the facilitation of an international, multi-center,
placebo-controlled remdesivir trial for acutely ill .
COVID-19 patients, who were hospitalized and
oxygen-dependent or on a ventilator, which reduced
time in the hospital, as published in the New England
Journal of Medicine. Ongoing trials in concert with
NIAID examine randomized combination regimens
with remdesivir and other agents to combat
COVID-19, antibody-based therapeutics (as part of
Operation Warp Speed), and other active trials. This
pivot is enhanced by efforts supported by the NCI in
these areas of COVID-19 response: (i) serology,

(ii) genetic susceptibility, (iii) discovery of novel o
therapeutics, and (iv) other initiatives.

Division of Acquired Immunodeficiency Syndrome —
Supports a global research portfolio on HIV/AIDS
and its related coinfections and comorbidities.

Vaccine Research Center — Conducts research that
facilitates the development of effective vaccines for
human disease.

Support is also provided to approximately 15 other

institutes within the National Institutes of Health (NIH)
and other federal agencies.

FNL National Programs and
Initiatives

ATOM - FNL is a founding member of Accelerating
Therapeutics for Opportunities in Medicine (ATOM).
The consortium is a public—private partnership
working to transform drug discovery by dramatically
accelerating the timeline for developing effective
new cancer therapies.

RAS Initiative — FNL is an integral part of a diligent
national initiative to advance scientific insights of
cancers driven by RAS mutations. Established by
NCI, the initiative connects cancer scientists around
the country and worldwide in a focused effort to
make progress against RAS-driven cancers by using
new approaches and technologies. Reagents and
discoveries are shared with the scientific community.

Cancer MoonshotS™ — This initiative aims to make
more therapies available to more patients faster,
while also improving the ability to prevent cancer
and detect it at an early stage. FNL-supported
projects include: The Moonshot Pediatric Core, the
high-performance computing/U.S. Department of
Energy partnership, the precision medicine clinical
trial, the Genomic Data Commons, and an effort to
make cancer research more accessible.

National Cryo-Electron Microscopy Facility — This
shared user facility addresses the timely national need
for structural biologists as well as cancer scientists to
have access to advanced microscopes that support
high-resolution cryo-electron microscopy studies.
The facility opened in 2017 and already has
collaborations with 39 institutions, more than 370
cancer-related data collections, and 25 high-impact
publications in Cell, Science, Nature, and elsewhere.

Operation Warp Speed — In concert with NIAID
and as part of Operation Warp Speed, FNL is
facilitating randomized placebo-controlled
international clinical trials to combat COVID-19.
These include small-molecule inhibitors as well as
antibody-mediated therapeutics. A recent successful
outcome with NIAID was published in the New
England Journal of Medicine using remdesivir in a
placebo-controlled international trial in hospitalized
COVID-19 patients who were oxygen-dependent or
on a ventilator. Other trials are underway.

HPV Serology Laboratory — Launched in 2017, the
laboratory promotes harmonization and proficiency
of human papillomavirus (HPV) serology testing in
vaccine trials. The work should expedite the
implementation of HPV vaccines worldwide,
especially in resource-limited countries where
cervical cancer is a major public health burden. This
HPV Serology Laboratory has pivoted its work to
include COVID-19 serology and qualification of
testing for the FDA.
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COVID-19 Pivot

In addition to its COVID-19 serology efforts, FNL is
also working with NCI to elucidate genetic susceptibility
to COVID-19 and using tethered library screens in the
RAS Initiative to identify novel candidate agents to
combat COVID-19.

FNL Organization

President’s Office:

Ethan Dmitrovsky, M.D., President,
Leidos Biomedical Research, Inc., and
Laboratory Director, FNL

Three Leidos Biomed key staff report to Dr. Ethan
Dmitrovsky, and each of them leads one of the three
operating groups within this contract. Within the groups,
there are 18 major directorates, offices, and programs,
each of which has either a primary technology focus or is
aligned with a primary customer. Support to the federal
customers and performance of the RAS national mission
are accomplished through collaboration across FNL.

Science and Technology Group:
Leonard Freedman, Ph.D., Chief Science
Officer

The Science and Technology Group (STG) provides
scientific expertise and cutting-edge support for basic and
applied research along with data management to the NCI,
NIH, and the extramural scientific community. This
laboratory-based research focuses on cancer, AIDS, and
emerging infectious diseases, encompassing these areas:

e Discovery science

e Advanced core facility support for the NCI

e Collaborative science in concert with the NIH
e Team science led by FNL (i.e., RAS Initiative)

e Advanced technology to support the extramural
community (i.e., National Cryo-EM Facility and the
Nanotechnology Characterization Laboratory)

As an FFRDC, the FNL can pivot rapidly to apply
substantial resources and innovative expertise to different
and urgent public health challenges, as we are now doing
to combat the COVID-19 pandemic.

The STG comprises five directorates and one office:

e AIDS and Cancer Virus Program (ACVP) —
Studies viruses involved in cancer and pursues
investigations that have potential or direct relevance
to preventing, effectively vaccinating against, and
treating HIV infection or AIDS.

e Basic Science Program (BSP) — Covers a wide
spectrum of research activities with a focus on
immunology and genetics in support of CCR.

e Cancer Research Technology Program (CRTP) —
Serves as the program hub for the RAS Initiative and
provides expertise in genomics, proteomics, imaging,
informatics, and nanotechnology to NCI and external
partners.

e Laboratory Animal Sciences Program (LASP) —
Provides an integrated portfolio of research animal
programs, including the development of genetically
engineered mouse models, cryopreservation and
assisted reproduction, pathology and histotechnology,
small-animal imaging, molecular diagnostics, and
animal husbandry.

e Biomedical Informatics and Data Science
(BIDS) — Develops state-of-the-art technologies in
large-scale data modeling, analysis, and integration.
Working together with the NCI and Department of
Energy, BIDS plays a substantial role in expanding
the use of high-performance computing in cancer
research. The partnership supports the government’s
Cancer MoonshotSM and Precision Medicine
initiatives by developing high-performance
computing capabilities to meet the challenges of
modeling problems in cancer on large-scale
computing systems.

e Partnership Development Office (PDO) — Manages
multiple partnering programs to facilitate innovative,
collaborative research with external investigators.
The PDO’s mandate includes facilitating contractor
Cooperative Research and Development Agreements
(cCRADAS) and other partnership agreements;
managing the Technical Services Agreements; and
interacting with the regional, national, and
international academic and scientific communities to
identify strategic partners. There are over 159 unique
partners and 53 executed cCRADAs in place.

Clinical Group: Barry Gause, M.D., Chief
Medical Officer

The Clinical Group is composed of five directorates
and three programs that provide broad support to the NCI
and NIH for clinical research including direct involve-
ment in patient care. The Clinical Group supports the
intramural and extramural communities, including
international studies related to emerging infectious
diseases like Ebola virus, Zika virus, and SARS-CoV-2.
The support includes:

e Patient care

e Clinical and laboratory monitoring of clinical trials
e Regulatory support

e Next-generation sequencing and proteomic analysis
e  Biospecimen storage

e Biopharmaceutical and vaccine development

e Quality assurance and quality control
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The Clinical Group includes:

e Clinical Research Program Directorate (CRD) —
Provides quality assurance for the Biopharmaceutical
Development Program (BDP) and the Vaccine Clinical
Materials Program (VCMP), supports tumor sample
acquisition, manages the collection and analysis of
tumor and normal tissue on a molecular level, and
provides technical support to research and development
initiatives. CRD supports and performs assay
development and research analyzing nucleic acid
(genomic, transcriptomic, and metabolomic) and
proteomics for epidemiologic evaluation and treatment
assignment for patients with cancer, HIV, and other
infectious diseases. CRD also provides technical project
management expertise in support of contracts for drug
development. Programs supported by CRD include:

o Biological Resources Program
o Molecular Characterization Center
o Drug Discovery and Development Program

e Clinical Monitoring Research Program
Directorate (CMRPD) — Provides comprehensive
clinical research management, regulatory support,
pharmacovigilance services, and protocol navigation/
protocol development support to NCI, NIAID, and
other NIH Institutes. The directorate supports 11
clinical trials involving SARS-CoV-2, including
trials for remdesivir, baricitinib, interferon beta, and
hyperimmune immunoglobulin.

e Applied and Developmental Research Directorate
(ADRD) — Provides clinical and biological
monitoring, regulatory support, biospecimen
processing and storage, assay development, and
project management support to NCI and NIAID
clinical programs.

e Vaccine Clinical Materials Program (VCMP) —
Manufactures and provides biological agents used in
NIAID-sponsored clinical trials both nationally and
internationally. Areas of focus include HIV vaccines
and monoclonal antibodies, Ebola vaccines, Malaria
monoclonal antibodies, mosaic influenza vaccines,
and SARS-CoV-2 cell line development.

e Biopharmaceutical Development Program
(BDP) — Manufactures and provides biological
agents used in NCI clinical trials. Recent high
priority projects include CD33 and GD2 CAR T cells
for pediatric acute myeloid leukemia and sarcoma/
neuroblastoma, respectively.

Operations Group: Kathy Terlesky, Ph.D.,
Chief Operating Officer

The Operations Group provides facility and business
infrastructure to the NCI-Frederick government employee
base and all FNL employees. Facility infrastructure includes
the facilities, logistics, and information technology
infrastructure and services necessary to operate the FFRDC.
Improvements in facility infrastructure continued this year

with renovation in progress for 30,000 square feet in
various buildings on the 62-acre campus at Ft. Detrick. The
Operations Group manages facilities in the NCI-Frederick
government property and provides logistics specialists to
deliver 180,000 packages across the campus annually.

Business infrastructure required to support the scientific
programs at NCI-Frederick includes procurement, travel,
conference planning, and subcontracting to support the
associated scientific programs. Business infrastructure
necessary for executing the contract includes the Financial
Operations Directorate, the Project Management
Operations Office, and the Contracts and Acquisitions
Directorate. In addition, the Human Resources
Directorate; Environment, Health, and Safety Directorate;
and Communications Office deliver necessary services to
support the workforce and create a safe workplace.

The Operations Group ensures personnel work
efficiently and effectively to support vital scientific and
clinical program areas. Performance is optimized by
designing and implementing systems to facilitate portfolio
management.

The Operations Group comprises six directorates and
two offices:

e Contracts and Acquisitions (C&A) Directorate —
Provides contract administration, purchasing,
research and construction subcontracts oversight,
intellectual property, and logistics support to FNL.

e Human Resources (HR) Directorate — Provides
core services and supports competencies related to
recruitment and staffing, employee relations and
counseling, organizational and employee development,
compensation and benefits, HR information
management, and regulatory compliance.

e Facilities Maintenance and Engineering (FME)
Directorate — Plans, designs, and executes facility
improvements and advances for the technologically
complex NCI-Frederick facilities.

e Environment, Health, and Safety (EHS)
Directorate — Provides comprehensive security and
protective services, environmental management,
occupational and facility safety services,
occupational health services, and emergency
management to FNL and NCI-Frederick.

e Business Services Directorate (BSD) — Provides
mission infrastructure services to the scientists at the
NCI-Frederick campus. This includes procurement
support; the Scientific Library; Glassware; Travel
and Conference Planning; and the Scientific
Publications, Graphics, and Media group.

e Financial Operations Directorate (FOD) —
Oversees all finance-related activities for FNL,
including the following functions: general
accounting, payroll, accounts payable, billing,
accounts receivable, financial planning and analysis,
core business information systems, and audit and
compliance.
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e Enterprise Information Technology (EIT)
Directorate — Provides services and infrastructure to
support the communication backbone, data storage
and computing, information security, help desk, and
design and implementation services for software
needs across the campus.

e Project Management Operations Office (PMOO)
— Provides standardization, guidance, oversight, and
leadership for the development, implementation,
improvement, and extension of project management
standards and processes across FNL.

e Communications Office — Supports FNL’s National
Laboratory mission through a program of external
communications and community relations, internal
business communications, and creative and effective
multimedia services.

Global Impact

FNL activities are not limited to domestic programs.
Leidos Biomed helps manage clinical research for the
NIH Clinical Center, NCI, NIAID, and several other
institutes within NIH, and is engaged in domestic and
international studies related to cancer, AIDS, infectious
diseases, emerging health threats, and various other
diseases. FNL medical and clinical research professionals
support numerous NIH clinics. FNL has global influence
by facilitating clinical research programs and initiatives,
such as the NCI Center for Global Health, NIAID’s Ebola
clinical research programs in Africa, and the International
Network for Strategic Initiatives in global HIV trials.
FNL is also part of an international network of
collaborating institutions to conduct definitive clinical
trials to combat COVID-19.

Community Involvement

FNL supports an extensive array of nonprofit
organizations and charity fundraisers within the
communities where our employees live and work. This
past year, FNL remained steadfast in its approach to
community outreach despite navigating through the
ongoing pandemic.

Before the onset of the COVID-19 pandemic,
employees devoted their time to volunteer at many local
organizations, such as Habitat for Humanity, the Frederick
Rescue Mission, Blessings in a Backpack, and the NIH
Children’s Inn. Reflecting our core value of compassion,
we strive to serve organizations whose causes serve the
community and match our employees’ values.

Employee-driven fundraising continues to be an
important component of our charitable giving. In-person
fundraising focused on supporting disabled veterans,
cancer research, and genetic diseases, and employees
quickly pivoted to virtual events to support other charities
amidst the pandemic.

Another facet of our community outreach involves
helping community members weather the effects of the
economic downturn and the pandemic. An ongoing series
of fundraising campaigns focus on supporting underserved
families and children, healthcare workers, and businesses
and local food banks impacted by recent events. Our
leadership and employees support business outreach
initiatives; create research and training opportunities for
undergraduate and graduate students through academic,
biotechnology, and pharmaceutical collaborations; and
remain involved at the city, county, state, national, and
international levels.

FNL will continue to look for new ways to contribute
to the well-being of the communities where we work and
live. With help from our dedicated employees, we will
strive to address some of our community’s most pressing
problems and produce positive change.

Thank you for reviewing our annual report. We
respect and appreciate the opportunity for Leidos Biomed
to collaborate with NCI, NIAID, and other NIH Institutes
and colleagues along with the extramural community. Our
partnership advances the public’s health by improving the
lives of those suffering from cancer, AIDS, or emerging
health challenges.

Sincerely,

._\},ﬁék&m | '\,‘\.4\4‘;(!‘;

Ethan Dmitrovsky, M.D.

President, Leidos Biomedical Research, Inc.
Laboratory Director, Frederick National Laboratory
for Cancer Research
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NATIONAL CANCER INSTITUTE

Center for Biomedical Informatics
and Information Technology

Support Provided by the Applied and
Developmental Research Directorate

DOE Collaboration Support

KEY ACCOMPLISHMENTS

e All 10 of the DOE-directed studies (10 patient-
derived xenograft [PDX] models x 7 single agents)
selected based on early machine learning modeling
have been completed by the NCI Patient-Derived
Models Repository (PDMR). Data from seven of
these studies have been deposited with the DOE, and
the final three are undergoing quality control review
before analysis.

e Qualitative evaluation of over 20 new studies from
the Rare Tumors PDX preclinical effort directed by
the Division of Cancer Treatment and Diagnosis have
been deposited with the DOE. Data were presented at
a team meeting in Chicago (January 2020).

e The PDMR has implemented several additional
response metrics for the preclinical studies and
shared these with the DOE to determine whether the
metrics (either alone or in combination) will help the
computer modeling for prediction of preclinical
response. The first set of drug responses in PDMR
organoid models, performed by the In Vitro
Screening & Molecular Pharmacology Group, has
been shared with the DOE. These organoid studies
were matched to existing PDX in vivo data, which
will allow for building better prediction computer
models for the ensemble transfer learning pipeline
between in vitro response data and prediction of
in vivo response, a key component of the Joint
Design of Advanced Computing Solutions for Cancer
(JDACSAC) Pilot 1.

e  The PDMR works closely with the PDXNet
Consortium and provides preclinical scientific
oversight as part of the project. Data from more than
400 unique PDX models, including patient treatment
history, whole-exome sequencing data, RNA-Seq
data, proteomics, and preclinical response data, are
being shared with the DOE to help increase the total
data set used for building machine learning/deep
learning computational models for the preclinical
Pilot 1 effort. The team met with principal investigators
from all participating PDXNet members to begin
coordinating data transfer.

e Image featurization is also being investigated as a
collaborative effort between JDACSAC Pilot 1 and
Pilot 3. To this end, two whole-slide hematoxylin and

eosin PDX images (*.sis) files were sent to the DOE
to determine if the format collected by the PDMR
would be of use for a future machine learning project
in image recognition.

Characterization of KRAS:Membrane Interactions

The objective of the RAS structure and dynamics in
cellular membranes project, a component of JDACSA4C, is
to create a multiscale computational framework that uses
experimental input parameters, including diffusional data
from single-particle tracking of RAS in the membranes of
live cells (Goswami et al., eLife, 2020). The framework
can be used to explore the conformation and dynamics of
the RAS protein alone or in complex with effectors at
length and time scales than cannot be interrogated by
experimental approaches alone. The first phase of this
project focused on the behavior of RAS on lipid
membranes of varying complexity. Three discrete
conformations of RAS on a simple bilayer consisting of
anionic and neutral lipids were characterized using a
variety of biophysical measurements. There was
correlation between these experimental results and coarse-
grained molecular dynamics (CG-MD) simulations
performed by Los Alamos National Laboratory
(Van et al., Proc Natl Acad Sci U S A, 2020).

Macroscale simulations of RAS on a membrane
containing eight lipids from the Multiscale Machine-
Learned Modeling Infrastructure (MuMMI) were
performed, selecting 120,000 unique membrane patches
that resulted in 200 milliseconds of aggregated CG-MD
simulations. Distinctive patterns of local lipid composition
correlate with interfacially promiscuous RAS multi-
merization and lateral diffusion (Ingolfsson et al., Nat
Struct Mol Biol, 2020). Simulations predicted that the
presence of higher concentrations of phosphatidylinositol
bisphosphate (PIP2) was associated with higher RAS
colocalization and confined diffusional behavior, which
was confirmed by surface plasmon resonance and single-
particle tracking experiments on supported lipid bilayers.
The bilayers, composed of eight lipids, were systematically
varied to correspond to the compositions that favored
(high PIP2) or disfavored (low PIP2) RAS multimeriza-
tion. Under these varying conditions, we found that the
diffusion behavior of RAS and lipids correlated with the
simulations. This highlights the value of the project: the
simulation provides a wealth of hypotheses that can now
be tested experimentally. New parameters derived
experimentally can then be used to parameterize subsequent
molecular dynamics simulations to refine the model.

Phase 2 of this project focuses on MuMM I simulations
between membrane-bound RAS and RAF kinase. The
X-ray crystal structure of the RAS-binding domain/
cysteine rich domain (RBD-CRD) bound to KRAS has
been solved (Tran et al., Nat Commun, 2020) and will be
used to initiate CG-MD that results from the MuMMI
simulations. This structure was solved in the absence of a
membrane, so nuclear magnetic resonance experiments
were conducted to solve the structure of RBD-CRD

Subject to the restrictive markings located on the inside cover page of this document.
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bound to a membrane mimetic. The nuclear magnetic
resonance data indicate that leucine 149, phenylalanine
158, and leucine 160 from the CRD penetrate the acyl
chains of the lipid bilayer with the RBD, making transient
membrane interactions. In cell-based experiments, we are
measuring the membrane residence time of RDB-CRD.
When we mutate these key residues, we see a decrease in
the residence time and decreased interactions with RAS
(as measured in protein—protein interaction assays). We
are also measuring the diffusion behavior of fluorescently
labeled RBD-CRD and KRAS on supported lipid bilayers
using simultaneous two-color, single-particle tracking
experiments. Using these innovative experimental
approaches, we can test the hypotheses generated from
the next round of MuMMI simulations.

Support Provided by the Biomedical
Informatics and Data Science Directorate

Biomedical Operations Support

Clinical and Translational Imaging Informatics
Program

Intramural Biomedical Informatics and Software Support

KEY ACCOMPLISHMENTS

e  Successfully deployed 12 new software versions, one
each month

e  Added thirteen laboratories from National Cancer
Institute (NCI) divisions, offices, and centers (DOCs)
to the user group, from which they adopted the
application for data set archiving and retrieving

e Developed and deployed a separate web application
for Department of Energy (DOE) laboratories to
deposit large machine learning data sets into the Data
Management Environment archive

e Developed and deployed datascience.cancer.gov, the
new web presence for the Center for Biomedical
Informatics and Information Technology (CBIIT)

The services provided by the Frederick National
Laboratory for Cancer Research (FNL) staff include
computational genomics capabilities to assist intramural
investigators in the Center for Cancer Research (CCR)
and the Division of Cancer Epidemiology and Genetics
(DCEG). With this assistance, these investigators receive
help with biomedical informatics research in the form of
scientific applications and database subject-matter expertise;
consulting; and support services, including portfolio,
program, project, task, and activity management.

Semantic Operations and Software Development

KEY ACCOMPLISHMENTS

e Deployed three major releases to production on the
Protégé project, greatly helping NCI Thesaurus
curators do their work more efficiently

e Developed the first version of the Enterprise
Vocabulary Browser (EVS) Representational State
Transfer (REST) application programming interface
(API) to support external systems, including the
Cancer Data Standards Registry and Repository
(caDSR) and Clinical Trials Reporting Prograom
(CTRP), with faster data throughput. This was
deployed to the cloud.

e Implemented JSON and XML export functionality
for samples within the cancer Nanotechnology
Laboratory (caNanoLab) portal. When users view or
edit an individual sample or use the sample search
functionality, the capability is now in place to export
sample information associated with General
Information, Composition, Characterization, and
Publication.

The Biomedical Informatics and Data Science (BIDS)
Directorate provides essential tooling development,
maintenance, and technical support for the creation,
curation, and publication of controlled terminology
resources. Semantic Operations and Software also
includes helping the biomedical community store,
process, and make accessible terminologies through
terminologies servicers. BIDS is responsible for:

e Development and maintenance of the tools necessary
to describe, share, and reuse human-readable and
computer-readable descriptions of data

e  Creation of new applications to validate and store
data

e Secondary uses of data using standard framework
conforming to International Organization for
Standardization/International Electrotechnical
Commission (ISO/IEC) 11179 and any new standard
mandated by NCI

Semantic Operations and Software also includes the
management and maintenance of the Enterprise
Vocabulary applications, including but not limited to NCI
Thesaurus, NCI MetaThesaurus, and the Enterprise
Vocabulary Services. The team executed the following
projects in FY2020:

e Continued operation and maintenance of the EVS
e Enhancements to the EVS Terminology Editing
Software

e Continued development and support of the Center for
Expanded Data Annotation and Retrieval (CEDAR)
and Ptolemy

e Deployment of and updates to the EVS Metadata
Validation Service. It is now available directly from
the Genomic Data Commons.
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Imaging Informatics and Infrastructure

KEY ACCOMPLISHMENTS

e  Completed 10 releases of the National Biomedical
Imaging Archive (NBIA) software and its components
(search interface, data retriever, server, APIs)

e Handled and visualized several hundred pathology
whole-slide images generated by the Surveillance,
Epidemiology, and End Results (SEER) Virtual
Tissue Repository project

e  Conducted tumor segmentation and tumor-infiltrating
lymphocyte analyses using machine learning algorithms

e Successfully executed the imaging challenges contest
through the Medical Imaging Challenge
Infrastructure (MediCl)

BIDS’s support for imaging informatics includes the
improvement and harmonization of data standards, tools,
and workflows. This research area encompasses imaging
informatics for precision medicine support, imaging
archive and retrieval for NBIA and The Cancer Imaging
Archive (TCIA), data harmonization, development, and
maintenance of imaging analysis workflows. This task
aims to enable semantic interoperability among various
NCI initiatives by aligning on common clinical metadata
elements. Following standards such as the Biomedical
Research Integrated Domain Group (BRIDG), Clinical
Data Interchange Standards Consortium (CDISC), and
Digital Imaging and Communications in Medicine
(DICOM), BIDS supports the development of prototypes to
enable query across disparate data sets linked to relevant
images. Initiatives covered under this research area include:

e Imaging Informatics for Precision Medicine
e SEER

e Digital pathology

e NBIA and TCIA support

The team supported the Imaging Informatics for
Precision Medicine project in 2020 through the following
subprojects:

o NBIA/TCIA: Provided development and project
management support for the NBIA, a free and open-
source service and software application that enables
users to securely store, search, and download
diagnostic medical images. NBIA is a core part of the
TCIA software stack.

e DI-Cubed: Enabled semantic interoperability among
various NCI initiatives by aligning on common
clinical metadata elements and supporting use cases
that connect clinical, imaging, and genomics data.
This effort is conducted in collaboration with the
University of Chicago’s Center for Research
Informatics. The objectives are to demonstrate that
standards such as BRIDG, CDISC, and DICOM wiill
support the interoperability goal and to develop a
prototype that supports the ability to query across
disparate data sets by leveraging the clinical data and
linking that to images.

e  MediCl Help Desk: Supported use of the MediCl
Challenge Management System for image analysis
algorithm development and validation

e  Pediatric Oncology: Focused on improving and
harmonizing imaging data standards, tools, and
workflows

e Digital pathology in support of SEER Virtual Tissue
Repository: The NCI Surveillance Research Program
has initiated the SEER linked Virtual Tissue
Repository Pilot. CBIIT and the Surveillance
Research Program will design a workflow for
combining custom-annotated biospecimens with
whole-slide image files for a set of pancreatic and
breast cancer cases with rare survival outcomes.

Websites and Scientific Web Applications

KEY ACCOMPLISHMENTS

e Performed all aspects of site design, requirements
analysis, user interface design, testing, verification,
and maintenance

e  Ensured the reliability and accuracy of all custom
web applications

e Developed more than 50 event registration websites
for many NCI groups in FY2020 by using the
https://events.cancer.gov Drupal system. Those sites
have collected more than 1,500 total registrations.

e Redeveloped a website devoted to the BRIDG data
standard by using Drupal running on NCTI’s
infrastructure

BIDS provides CBIIT with a full-stack web
development team, primarily using Drupal to deliver
timely content for NCI. System development involved
requirement analysis and owner sign-off, while system
deployments involved close coordination with CBIIT for
hosting on their CloudOne environment.

The Scientific Management Support Team

NCI is responsible for issuing and managing more than
10,000 grant applications for more than $3 billion per year
in grants-based research. NCI uses a complex set of
processes and procedures to determine which grants should
be funded, the requirements for the grant, and the necessary
associated information to be tracked with the grant. As one
of the largest institutes of the National Institutes of Health
(NIH), NCI builds on the NIH electronic Research
Administration’s Information for Management, Planning,
Analysis, and Coordination (IMPAC) Il system to track
these grants. By extending from NIH’s system, NCI has
built a workflow that supports cancer-specific research and
still integrates directly with the NIH grant process. The
NCI system, called IMPAC Il Extensions (I2E), follows the
complete life cycle of a grant and provides all the tools
needed for management.
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During FY2020, the Scientific Management Support
Team accomplished several major activities, including:

e Released a redesign of the Awaiting Receipt of
Application (ARA) system. ARA allows NCI
program staff to electronically initiate and submit
ARA forms with information pertaining to specific
(as yet not received or processed) grant applications;
route them to the respective division, office, or center
approvers if required; and then route them to the NCI
referral officer for quality control and approval.

e Integrated several partner systems into the NCI
Extramural Access Request system. This system
provides a workflow that supports the request, federal
approval(s), and provisioning of account access and
privileges for NIH IMPAC II, NCI I12E, and other
NCI systems.

e Developed web services to provide Greensheets
information to the National Institute of
Environmental Health Sciences

e Made updates and performance improvements to the
Grant Portfolio Management and Tracking System

Cancer Research Data Commons

KEY ACCOMPLISHMENTS

e As part of outreach, the Cloud Resources (CRs) have
completed more than 10 workshops, including “Train
Your Colleague” and the NCI IT Engagement
Seminar. More than 110 NCI personnel participated
in the engagement seminar.

e  For FY2020, the CRs have compiled a publication
list, which now contains more than 30 unique
publications from the last few years.

e InJune, the Data Commons Framework (DCF)
initiated development for the RAS Integration, which
will be used by the CRs in the next few months.

NCI launched its Cancer Research Data Commons
(CRDQ) initiative in 2017. This is a cloud-based open
infrastructure to enable community-wide access to NCI’s
funded research data. Groups store research data in nodes
in the cloud, where users can then access and run analyses
so the need for local computing environments is negated,
thereby decreasing barriers to access. The CRDC involves
the creation of nodes where data is stored and
provisioning of resources to give researchers tools to
work with and analyze the data. CBIIT charged FNL with
implementing and managing the following main projects:

e DCF
e Expand Data Commons
e Integrated Canine Data Commons

MCI Cancer Research
Data Commons

Figure 1. NCI Cancer Research Data Commons.

Data Commons Framework
The DCF project has three main deliverables:

e Develop a website to provide the community with
information about the CRDC

e Build open-source infrastructure components that can
be used by groups, both intramural and extramural, to
more quickly and economically create data commons
nodes that reside in the CRDC

e Maintain and extend the three cloud resources:

e Seven Bridges Genomics

e Institute for Systems Biology

e The Broad Institute

A new website, https://datacommons.cancer.gov/, was
created for the first deliverable and went live in early

summer 2020. It provides an overview of the CRDC and
focuses on the component parts.

Chnical Tral Gata Cammans Genomic Data Commanz
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Figure 2. The Explore portion of the CRDC web page,
datacommons.cancer.gov.

For the second deliverable, the team has focused on
the authorization and authentication components, building
and deploying solutions that are being used by other
nodes. In FY2020, the authorization and authentication
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REPOSITORIES

Cancer Data Service (cog)

Store and share NCI-funded data that are not
hosted elsewhere to further advance scientific
discovery across a broad range of research
areas.

Imaging Data Commons (0c)

Share, analyze, and visualize multi-modal

imaging data from both clinical and basic cancer

research studies.

INFRASTRUCTURE

Clinical Trial Data Commans (cTDc)

Store and share data from NCI Clinical Trials.
The resource is expected to launch in 2020.

Integrated Canine Data Commons
(IcDe)

Share data from canine clinical trials, including
the PRE-medical Cancer Immunatherapy
Netwaork Canine Trials (PRECINCT) and the
Comparative Oncology Program

il

Genomic Data Commons (Go0)

Share, analyze, and visualize harmonized
genomic data, including TCGA, TARGET, and
CPTAC.

Proteomic Data Commons (Poc)

Share, analyze, and visualize proteomic data,
such as CPTAC and The International Cancer
Proteagenome Consortium (ICPC)

PN

Cancer Data Aggregator (cDa)

Enables users to query and connect data
distributed across the CRDC for integrative
analysls.

ANALYTICAL RESOURCES

Center for Cancer Data
Harmonization (ccon)

Provides semantic services and tools that
facilitate interoperability of data across CRDC.

Data Commeons Framework (ocr)

Provides secure user authentication and
authorization and permanent digital cbject
identifiers for data objects.

Broad FireCloud

Access elastic compute capacity of Google
Cloud Platform to perform large-scale multi-
omics analyses.

(O]

Institute for Systems Biology Cancer
Genomics Cloud (s8-cac)

Access data sets using fully interactive web-

based applications, including BigQuery, which is

hosted on Google Cloud Platform.

23

Seven Bridges Cancer Genomics
Cloud (se-cac)

Explore and analyze large datasets alongside
secure and scalable analytical resources for
large-scale computational research.

Figure 2. The Explore portion of the CRDC web page, datacommons.cancer.gov.
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component (FENCE) was extended and is being used by
multiple CRDC nodes. For the third deliverable, Seven
Bridges Genomics, the Institute for Systems Biology, and
the Broad Institute all worked on adding features to
enable connectivity with CRDC repository nodes,
providing state-of-the-art analysis environments, and
engaging in community outreach with the intention of
extending the utility the community derives from these
CRDC cloud resources.

BIDS is also working on other CRDC components
under the Expand Data Commons task order. Details are
provided elsewhere in this report.

Biomedical Informatics Software Development
The Clinical Trials Reporting Program

KEY ACCOMPLISHMENTS

e  Setup anew help desk team that includes staff and
software to better support cancer centers across the
United States

e Developed a trial coding system to support COVID-
19-related studies

o Redesigned trial accrual counters so that a single trial
may now support accrual counting methodologies
that differ between cancer centers

e Substantially enhanced searching so that study
participants and accrual counts may be found based
upon the properties of the study in which they have
enrolled. For example, a person may now determine
how many study participants with malignant
melanoma were enrolled in Phase 11 trials that opened
in 2019.

The CTRP was established in response to a
recommendation from the NCI Clinical Trials Working
Group to the National Cancer Advisory Board and was
reiterated by the Institute of Medicine’s report titled,

“A National Cancer Clinical Trials System for the 21st
Century: Reinvigorating the NCI Cooperative Group
Program.” CTRP is a comprehensive database of
regularly updated information, including accrual, on all
NCI-supported clinical trials. This database of the entire
NCI portfolio helps identify gaps in clinical research and
duplicative studies to facilitate effective clinical trial
prioritization, and it enhances patient accrual by making
physicians aware of relevant opportunities for
participation in clinical trials.

CTRP is built entirely in the Amazon Web Services
(AWS) US-East cloud using a continuous integration and
continuous deployment model. It is secured at the Federal
Information Security Management Act (FISMA)
Moderate level and has an Authority to Operate through
September 2020.

This year, the CTRP team continued updating the
Scientific Trial Analytics Platform (STRAP) application
to improve security, reporting, and performance. The
latest release presents another major evolution in the user

interface, infrastructure, architecture, and software used
for this important application. There are now new
searching capabilities allowing authorized users to find
participants by trial properties. For example, a person may
determine how many patients with breast cancer enrolled
in a solid tumor study or how many patients enrolled in a
National Clinical Trials Network trial. STRAP has a
FISMA Authority to Operate through June 2021.

| ‘||||||II||I||||||||||||II""

Figure 3. The STRAP application, a member of the CTRP suite of
products.

National Cancer Informatics Program

KEY ACCOMPLISHMENTS
e Registered 185 patients over the last 12 months
e Evaluated 128 novel mutations for eligibility

e Designed, developed, and deployed the new
Designated Laboratory Automation Program (DLAP)
to production in the AWS cloud

e Enhanced NCI Molecular Analysis for Therapy
Choice (NCI-MATCH) and NCI-Children’s
Oncology Group (NCI-COG) Pediatric MATCH to
provide Human Genome Variation Society
annotation, comparison, and assignment)

NCI Molecular Analysis for Therapy Choice

MATCH is an NCI-sponsored project to develop an
informatics system for assigning precision medicine to
patients with solid tumors or lymphomas based on the
genetic profile of their tumors. The goals of the project
include the following:

e ldentify mutations/amplifications/translocations in
patient tumor samples to use as eligibility criteria for
trial enrollment

e Assign patients to relevant agents/regimens

e Perform tumor biopsies and sequencing at
progression to illuminate resistance mechanisms

e De-identify samples submitted to central laboratories

e Provide umbrella protocols for multiple single-arm
Phase Il trials

e Match each molecular subgroup to a targeted agent
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e Use a protocol template developed by the Cancer
Therapy Evaluation Program for each Investigational
New Drug

e Allow arms to be added or deleted without affecting
other arms

e Hold device discussions with the Center for Devices
and Radiological Health

e Focus initially on single agents (commercial or
experimental)

e Consider combinations for targets that have validated
combination targeted therapy

e  Establish minimum dose/safety in Phase I trials

e  Submit study to the NCI Central Institutional Review
Board for review

Eligibility criteria for the study include the following:

e  The patient has either solid tumors or lymphomas
that have progressed following at least one line of
standard therapy.

o Histologies are excluded from a given arm of a
clinical trial if they are already approved by the U.S.
Food and Drug Administration for that indication or
if a lack of efficacy has been documented.

e  The tumor is accessible for biopsy, and the patient is
willing to undergo biopsy.

e The patient is at least 18 years of age.

e  The patient’s Eastern Cooperative Oncology Group
(ECOG) performance status is 0-2.

e Organ function is adequate.
Participation in the study includes the following:

e The Eastern Cooperative Oncology Group/American
College of Radiology Imaging Network (ECOG-
ACRIN) leads with the full cooperation of the NCI
Clinical Trials and Translational Research Advisory
Committee’s National Clinical Trials Network.

e National access is handled through the Cancer Trials
Support Unit.

The informatics portion of the NCI-MATCH trial is
designated as NCI-MATCHBox. NCI-MATCHBox
integrates data from several external systems at partner
organizations with an internal expert system to process
genomic, histological, and demographic data according to
scientific rules to find targeted treatment for the patient.

The MATCH trial has closed biopsy screening two
years earlier than anticipated due to massive public
interest, with more than 6,000 participants registered to
the trial. However, a second phase of MATCH has begun,
continuing to enroll patients in rare variant arms using
designated biopsies and sequencers. This phase required
updates to NCI-MATCHBox to support the workflow and
called for substantial expansion of the manual bioinformatics
work. This year, to support the continued use of external
data, the NCI-MATCHBox team added a next-generation
sequencing variant standardization and annotation
pipeline (VarSAP) that allows NCI-MATCHBox to

compare data submitted in a harmonious, streamlined
manner. This pipeline normalizes all data to standards
published by the Human Genome Variation Society and
reports any data submission errors it may find. This
greatly improves the quality of data in the system and
eases the burden on data science activities associated with
heterogenous laboratory comparisons.

MATCHBox is built entirely in the AWS US-East
cloud using a continuous integration and continuous
deployment model. It is secured at the FISMA Moderate
level and has an Authority to Operate through January 2021.

Pediatric MATCH

Pediatric MATCH is a Phase 11 trial with substudies
(arms) for each targeted drug being investigated. Whereas
NCI-MATCH focuses on adults, Pediatric MATCH is a
separate trial for children and adolescents aged 1-21 who
have solid tumors—including non-Hodgkin lymphomas,
brain tumors, and histiocytoses—that no longer respond
to standard treatment or have recurred after treatment.
The trial has two enrollment steps. Each patient initially
enrolls in a screening study, in which a sample of his or
her relapsed tumor will undergo DNA and RNA
sequencing to detect genetic abnormalities. If a genetic
abnormality is identified in the tumor that matches a drug
target under study in Pediatric MATCH, the patient can
then enroll in the corresponding treatment arm, assuming
he or she meets all eligibility criteria.

The informatics portion of the Pediatric MATCH trial
is designated as Pediatric NCI-MATCHBox. The
pediatric version uses the same expert system built for
NCI-MATCH; however, it also has a germline component
that allows for comparison of blood-normal variants to
tumoral variants. The Pediatric MATCH trial went live on
July 24,2017, and continues to expand with additional
arms, new rules, and new functionality requests.

Over the past year, the Pediatric MATCH team added
workflow functionality, supported the addition of new
arms, and increased reporting functionality.

Pediatric NCI-MATCHBox is built entirely in the
AWS US-East cloud using a continuous integration and
continuous deployment model. It is secured at the FISMA
Moderate level and has an Authority to Operate through
September 2020.

Designated Laboratory Automation Program

With the success of using designated outside
laboratories for the enrollment of patients in clinical trials,
and with the expansion of precision medicine trials, has
come the need to streamline and automate much of the
variant submission process associated with working with
variant data coming from these laboratories. To this end,
FNL staff in BIDS created and deployed DLAP to
production as a stand-alone application that allows
outside laboratories to automate the submission of data
from their internal systems; allows for the central editing
and collection of data; and allows for data to be sent to
VarSAP, with results being automatically sent to the
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designated laboratories’ systems. This new application
greatly reduces the manual labor associated with data
collection, correction, and annotation and thus speeds the
patient enrollment process for precision medicine trials.
The application is FISMA-compliant; deployed in the
AWS cloud; secured behind Okta and iTrust; and
compatible with the precision medicine trials NCI-
MATCH, NCI-COG Pediatric MATCH, MyleoMATCH,
ComboMATCH, and iMATCH.

& Designated Lab Automation Pragram

Scenario 200610UNCR

O LsbgADC B SwayEAVI31 O Lablnternsl BADCOT 3 Status Ouiresch Eligible

Copy Number Variants =

Gene Fusions 1

Figure 4. A hypothetical study participant scenario in DLAP.

Scientific Computing Program Development
Protected Data Cloud

KEY ACCOMPLISHMENTS

e Completed Authorization to Operate renewal by
meeting all security authorization requirements

e Completed agreement for the transfer of de-identified
human data to the University of Chicago controlled
computing cloud

e  Supported GenoMEL using Bionimbus Protected
Data Clouds (PDC) and GenoMEL Data Analysis
environment

e  Supported operation of The Cancer Genome Atlast
(TCGA) data distribution employing the Bionimbus
environment

e Updated the NIH Trusted Partner Status application
to Childhood Disease Commons data, including Kids
First data

The FNL staff has continued working across NCI as
part of ongoing pilot efforts to use and apply the
Bionimbus PDC to provide cloud-based data management
support for advancing cancer research. The Bionimbus
PDC is a secure biomedical cloud operated at the FISMA
Moderate level as infrastructure as a service with an NIH
Trusted Partner status for analyzing and sharing protected
data sets. It is a collaboration between the University of
Chicago Center for Data Intensive Science and the Open
Commons Consortium. The Bionimbus PDC allows users
authorized as an NIH Trusted Partner to compute human
genomic data in a secure, compliant fashion. The
Bionimbus environment is uniquely positioned as an
externally operated, scalable general informatics platform
capable of supporting the functions of collaborative data
deposition, analysis, and distribution. In collaboration
with CBIIT and DCEG, the FNL staff in BIDS has
continued a partnership with the University of Chicago to
bring together germline genomic data on melanoma from
multiple international sources.

BIDS delivered a cloud-based data management
environment meeting the operational requirements
specified in the task order and continued to support the
specific data analysis environment used by the GenoMEL
consortium.

BIDS’s support of TCGA through the Bionimbus
PDC gave scientists and investigators broader access to
the large genomic data sets for analysis.

BIDS successfully updated Bionimbus to use
Database of Genotypes and Phenotypes (dbGaP) and the
current NIH Authentication Service to authenticate data
placed in the Childhood Data Commons and authorize its
distribution to the intramural and extramural research
communities.

BIDS’s update of the NIH Trusted Partner Status
application to the Childhood Disease Common data was
completed within the required timeframe. The total
monthly storage used on Bionimbus for the Childhood
Disease Commons was 2.89 PB.

Cancer Data Science Outreach and Engagement

KEY ACCOMPLISHMENTS

Drove, organized, and supported data science training
workshops targeted for various levels of experience

e Increased engagement in the NCI Data Science
Training Huddle
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e Established a new virtual community: the NCI Data
Science Learning Exchange

Driven by NCI and CBIIT strategic goals, cancer data
science outreach and engagement focused on building the
capacity to engage more broadly with the NCI intramural
research community in several areas. These include
development of data science capabilities education and
training to advance NCI’s mission, support for the
development of NCI Data Science Communities of
Interest and Communities of Practice, attendance and
presentations at meetings and conferences, and support
for strategy development and execution of trans-NCI data
science training collaboration and communication. A new,
remote data science training initiative was created to
serve NCI during the required telework period due to
COoVID-19.

Data Science Training Workshops Targeting Various
Levels of Experience

In FY2020, the FNL staff continued to collaborate
with the scientists at the CBIIT Cancer Informatics
Branch, the CBIIT Infrastructure and Information
Technology Operations Branch, the NCI at Frederick
Office of Scientific Operations, and FNL to deliver data
science training workshops. This was a continuation of
the initiative launched in FY2019 to address workforce
development needs in data science.

Workshops were led by experts from NCI’s DCEG,
DOE’s Argonne National Laboratory, the FNL’s
Advanced Biomedical Computational Science group in
BIDS, and the NIH National Institute of Diabetes, and
Digestive and Kidney Disease (NIDDK). Notably, two of
these workshops resulted from recommendations BIDS
received from scientists in DCEG and were based on the
scientists’ knowledge of the NCI data science learning
community’s priority needs and a belief that CBIIT’s
workshops reach a broader audience than their training
efforts could achieve.

The FNL staff in BIDS continued to build the NIH.Al
Forum, which BIDS co-developed. NIH.Al is a trans-NIH
group focused on artificial intelligence (Al), machine
learning, and deep learning for intermediate to advanced
practitioners of data science and Al. All workshop
presentations and recordings were posted to the NCI Hub
site for future reference.

The FNL staff organized and supported the following
eight workshops:

1) Interacting with NCI Bioinformatics and Data
Science Resources and Framing Your Technical
Questions to Receive the Support You Need —
September 16, 2019

2) NIH.Al Forum Workshop: Applications of Machine
Learning for Next Generation Sequencing and Drug
Data — October 23, 2019

3) How to Create a Machine Learning Model Using
Keras — November 6, 2019

4) Organizing Data Science Projects — December 12,
2019

5) Evaluation of Deep Learning-Based Segmentation of
Nuclei from Fluorescence Microscopy — March 3,
2020

6) Fluorescence Image Restoration and Denoising,
A Biologist’s View — January 30, 2020

7) Machine Learning Image Analysis: A Practical
Hands-on Tutorial Using Aivia — January 31, 2020

8) Evaluation of Deep Learning-Based Segmentation of
Nuclei from Fluorescence Microscopy Images —
March 3, 2020

CBIIT Scientific Computing Program Team

In support of another CBIIT strategic goal, the FNL
staff coordinated and supported the meeting to launch a
cohesive effort for the CBIIT Scientific Computing
Program Team, led by Dr. Carl McCabe. The group aims
to help connect NCI staff to the scientific computing
community and includes BIDS experts in data manage-
ment and storage, high-performance computing, and
outreach and engagement, along with the NCI federal staff.

NCI Data Science Training Huddle

The FNL staff guided, coordinated, facilitated, and
performed outreach for the monthly NCI Data Science
Training Huddle of NCI training directors and stake-
holders. Interest in participating in the Huddle continued
to increase in FY2020. New members include Dr. David
Goldstein, associate director of the CCR Office of Science
and Technology Resources, and Dr. Oliver Bogler, director
of the NCI Center for Cancer Training (CCT).

The Huddle has become a synergistic information-
sharing and planning resource. For example, a long-term
goal identified by CBIIT leadership, NCI training
directors, and stakeholders is to develop a cohesive
communication strategy for data science training across
NCI. Discussions among the Huddle on this important
topic are ongoing. Highlights of the Huddle’s other
collaborative endeavors include:

e Collaborative input in the CCT, DCEG, and Division
of Cancer Control and Population Sciences (DCCPS)
survey of fellows’ preferences for data science and
training topics. Along with feedback from the
CBIIT/FNL workshop attendees, four main areas of
interest (data science, machine learning, statistics,
and software engineering) were identified and helped
guide the CBIIT/FNL staff in planning.

e Being invited to present an overview of CBIIT
resources to two sessions of CCT’s orientation for
new fellows (at NCI at Frederick and NCI at
Bethesda)

e Discussion on common data science training needs
and challenges, such as attracting fellows who are
skilled in data science and promoting the need and
opportunities for cancer scientists to learn basic
coding
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e Sharing information about data science training
programs across NCI, including:

o Bioinformatics Training and Education Program
(BTEP) resources and workshops

o CBIIT’s Computational Genomics and
Biomedical Informatics training

o FNL’s “Statistics for Lunch” series and
Bioinformatics Users Forum

o DCEG’s Cloud4Bio — Weekly Hackathon on
Cloud Computing and Data Science (focusing on
the use of cloud and web computing for cancer
research)

e Reporting (by the FNL staff) on data science training
initiatives across NIH that were presented at the NIH
Data Science Town Hall meetings, including the
National Library of Medicine’s Data Science
Training Program and the Data Science Online
Learning Community. In addition, the FNL staff
engaged with the directors of NIH programs and with
the NCI at Frederick librarian to discuss common
interests and share resources and information.

NCI Data Science Learning Exchange

At the onset of required telework resulting from the
COVID-19 pandemic, the FNL staff in BIDS collaborated
with the CBIIT Infrastructure and Information
Technology Operations Branch to create and launch a
remote virtual learning network within three weeks. The
NCI Data Science Learning Exchange is a virtual
community that engages NCI staff to learn data science
skills with peer-to-peer support. The community includes
fellows, staff scientists, program staff, and others who
want to build data science skills.

As part of the CBIIT strategic initiative on cancer data
science training, the Learning Exchange was originally
envisioned to provide remote learning opportunities
during telework and to connect NCI scientists interested
in cancer data science.

Developed in consultation with NCI training directors
through the NCI Data Science Training Huddle and with
feedback from their teams, the Learning Exchange offers
numerous resources, including: aggregated learning
resources for all levels of learners, from novice to
advanced; a user-friendly website on GitHub; and a
Microsoft Teams site, with 16 channels on the data
science topics and tools most requested by the
community, including Biowulf, data visualization,
Git/GitHub, Python, R, and others.

Based on ongoing feedback from users, the Learning
Exchange also offers access to structured instructional
content, including licenses for the Biostar Handbook, a
bioinformatics virtual textbook. The FNL staff facilitated
the procurement of licenses for Dataquest.io, a collection
of interactive data science guides and tutorials.

The Learning Exchange is growing and is expected to
become a long-term, self-sustaining learning resource for
data science at NCI. The community includes enthusiastic

data science learners, from beginner to advanced; frequent
feedback and updates; and support from NCI Data
Science Training directors.

Since the launch in mid-April, more than 138 federal
staff and contractors have joined the community.
Scientists from nearly every NCI DOC have participated,
including various laboratories in CCR, the Center for
Research Strategy, DCCPS, DCEG, the Division of
Cancer Prevention, and several programs (e.g., CCR
Radiation Oncology Branch, Laboratory of Cancer
Biology and Genetics Microscopy Core, Macromolecular
Crystallography Laboratory, Laboratory of Cellular
Oncology, Laboratory of Pathology, and Molecular
Imaging Clinic). The National Institute of Allergy and
Infectious Diseases, NIDDK, and scientists from FNL
also participated, along with others from CBIIT, NCI’s
Office of Communications and Public Liaison, and NCI’s
Office of the Director.

,,,, ~

020 2015-2019 death records in All States by
COVID-19 (CDC), latest record: Tue Jun 09

Figure 5. Comparing 2020 with 2015-2019 death records in all
states by COVID-19, latest record Tuesday, June 9.

The Learning Exchange also includes remote, hands-
on tutorials, workshops, and presentations. The
CBIIT/FNL data science training workshops are now
offered as part of the NCI Data Science Learning
Exchange. In June, DCEG’s chief data scientist, Dr. Jonas
De Almeida, presented the COVID-19 Mortality Tracker
to an audience of 220 remote attendees from across NCI,
including NCI Division of Extramural Authorities
scientific review officers.

In July and August, FNL scientists presented tutorials
on Machine Learning for Drug Classification and
Exploratory Data Analysis (EDA) for Clinical Datasets.

Milestones:

e Announced via an all-NCI email on April 7, 2020,
and on MyNCI

e Promoted by NCI training directors and others in the
NCI Data Science Training Huddle

e Received more than 138 registrations

e Held a kickoff webinar on April 16, 2020, presented
by the FNL staff

e Provided scientific software licenses (Dataquest.io
and the Biostars Handbook)
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e Hosted the DCEG webinar on the COVID-19
Mortality Tracker with over 220 attendees

e  Offered hands-on tutorials on Machine Learning for
Drug Classification

Cancer Data Science: Data Services
Data Services Program Support and User Support

KEY ACCOMPLISHMENTS

e Archived over 600 TB of scientific data and analyses
from nine user groups across NCI

e Onboarded four new groups onto the Data
Management Environment (DME)

e Implemented and deployed the DME Archival
Workflow, enabling end-to-end automation of the
archival process

e Facilitated data-sharing with external collaborators

o Deployed several operational and performance
improvements to DME

e  Setup Cloudian as the default S3 provider, with the
ability to easily switch between multiple object stores

e Introduced multipart upload to improve throughput
and enable easier recovery from network issues

e Expanded existing technical documentation to
include videos detailing the archival and data
retrieval processes

Data Services Program Support and User Support
includes providing technical support for scientific groups
and third-party applications using data services, helping
with onboarding to the DME, providing data curation and
data archiving support, and ensuring continuity of
operation of the DME. The following were the focus areas
of this group during FY2020:

e  User Group Onboarding: The below groups
onboarded onto DME in FY2020:

o National Cryo-Electron Microscopy (Cryo-EM)
Facility: More than 175 TB of annotated cryo-
EM images from 69 projects have been archived
since October 2019.

o Surgery Branch: More than 65 TB of annotated
genomics data from 375 patients have been
archived since March 2020.

o Cancer Imaging Program: More than 16 TB of
annotated data from five genomic data sets have
been archived since October 2019.

o NIH Intramural Cryo-EM Facility: More than
22 TB of annotated cryo-EM images have been
archived since June 2020.

e  Archival Workflow: A generic, configurable
workflow was designed and deployed to enable large-
scale automated archiving. This is an extension of the
prototype developed in FY2019 for archiving High-

Throughput Imaging Facility data sets. Salient
features include:

o Fault tolerance and multi-threading for
uninterrupted operation and high throughput

o Ability to scan a directory path at configured
intervals

o Ability to ingest custom metadata from a
spreadsheet and to decipher it from source folder
structures, file names, and user-defined rules

o  Option to tar and/or compress files at any depth,
as well as include or exclude files or directories

o Automated reporting of archival status.

e  User Support: User support activities performed in
FY?2020 included technical support, user training,
data archiving support, assistance with data transfer
to and from external collaborators, and assistance
with Globus account setup. As in FY2019, detailed
technical documentation was provided for all new
features and enhancements deployed during the
monthly software releases.

e  Operational and Performance Improvements: As part
of the continuous improvements to provide a best-in-
class, round-the-clock archival system, the FNL staff
deployed several enhancements to the DME targeted
toward improving system reliability, system use, and
transaction isolation. In addition, automated retries
were built into registration and data retrieval
commands to improve error handling, and multipart
upload was introduced to improve throughput and
enable easier recovery from network issues.

Data Services Environment Development

KEY ACCOMPLISHMENTS

e Enhanced and expanded the Data Services API core
and added new command line utilities

e Enhanced the DME web application to provide new
graphical user interface features

e Enabled enrollment of non-NCI users from other
institutes/centers across NIH

e Integrated Google Drive as a data source option
(in addition to AWS S3 and Globus end point)

e Integrated AWS S3 as an archival store option,
enabling extension of archiving to the cloud

e Added the ability to configure S3 provider and object
stores separately for each DOC

e Added support for integration with third-party
applications, including a single-sign-on
authentication scheme

e Added support for selectively permissioning
personally identifiable information metadata

This effort aims to address the ongoing need for
storing scientific data and analyses generated at NCI.

The primary functions include, but are not limited to,
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expanding and enhancing the capabilities of data services e Engaged the NCI and the NIH community by

environments, including the DME, while extending preparing, organizing, and deliverating four data

integrations with the cloud and other computing science workshops

resources. The following were the areas of focus in

FY2020: Description of work:

o Data Services APl Core: New REST APIs were e  Education and outreach (Lead: Dr. Carl McCabe,
added to the Data Services API suite, and several CBIIT):

existing APIs were enhanced to provide expanded
capabilities in the area of data retrieval, data
archiving, data and metadata management, and user
account management.

e Web Application Enhancements: The DME web
application was enhanced to improve user
experience; simplify onboarding; and provide
enhanced data discovery, permissions management,

o Planned and delivered two workshops on next-
generation sequencing, drugs, and image
denoising in collaboration with the NIH.Al
forum

o Prepared and delivered two data science
workshops for NCI staff on image segmentation
and exploratory data analysis

and data archiving capabilities. The FNL team also o Builtawebsite for the NCI Data Science

introduced soft links to enable users to set up custom Learning Exchange

views without data duplication. Tumor-immune microenvironment cell interaction
e Google Drive Integration: In accordance with the (Principal Investigator: Dr. Houssein Abdul Sater,

strategy to give users flexibility in their choice of CCR):

data sources, the FNL staff added support for o Developed features of densities and probability

performing transfers to and from Google Drive. Data density functions for describing spatial

can now be archived from and downloaded to Google heterogeneity in the tumor-immune

Drive through the DME web application. This is in microenvironment

addition to the existing integrations with AWS S3
and Globus end points.

e AWS S3 Archiving: The FNL staff added support for

archiving data to AWS S3 buckets, in addition to
on-premises object stores. This capability, along with

o Working on finding patterns in these spatial
heterogeneity features using machine/deep
learning methods in an effort to assess effects of
an experimental drug

the ability to configure multiple object stores for a e Testand evaluation of an accelerated computing
DOC through separate base paths, will enable a DOC server for radiation therapy simulation (Lead: Dr. Jeff
to distribute data sets across on-premises and cloud Buchsbaum, Radiation Research Program):
storage. o Ran accelerated computing test program on 20

e  Flexible S3 Provider Configuration: In order to field-programmable gate array cards
provide flexibility in the choice of the S3 object store o ldentified limitation of the server and
for a DOC, the DME was enhanced to support multiple communicated recommendations for features in
S3 providers, with the ability to independently an updated server

configure the object store for each group.

e Third-party Integration: The FNL staff implemented
single sign-on to enable integration with third-party
applications and web clients. This was successfully
piloted on the Palantir platform, enabling users to
access archived data sets through DME from Palantir.
In addition, new APIs were added to enable third-
party applications to access data, metadata, and
configurations information for an authenticated user.

e Evaluation of neural network models for instance
segmentation (Lead: Dr. Gianluca Pegoraro, CCR):

o Designed, implemented, tested, and ran in
production a snakemake pipeline for evaluation
of deep learning instance segmentation models:
Feature Pyramid Network?2 - WaterShed (FPN2-
WS) and Mask-RCNN (MRCNN).

Scientific Computing Program Development and \ )|
Intramural Research Program Support '

Testing and Scoring

MRCNN T

KEY ACCOMPLISHMENTS o S 7 —

e Defined, developed, and ran three data science O ]» RSSO e . %
pipelines/analysis related to nuclei instance ol B B e e o s
segmentation, tumor microenvironment
quantification, and accelerated computing for
radiation therapy Figure 6. Deep learning nuclear segmentation pipelines.
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o Openly shared the work on GitHub; submitted a

paper describing the work for review; and

compared the pipeline with Jacobkie, a state-of-

the-art solution.

GT Inference GT XOR Inference

MRCNN  FPN2-WS  Jacobkie

MRCNN  FPN2-WS  Jacobkie

MCF10A

u20s

Eosinophils HCT116

Figure 7. Visualization of nuclear segmentation inference
performance of the optimized training strategy for the MRCNN and
FPN2-WS model architectures as compared to the pre-
trained Jacobkie model architecture.

F1 Score

Figure 8. Line plot of the test F1 score (higher is better) at
increasing Intersection over Union thresholds for the MRCNN and
FPN2-WS models and for the pretrained Jacobkie model.

Prior work with the High-Throughput Imaging

Facility group that has been published:

“Transcriptional Bursting and Co-bursting
Regulation by Steroid Hormone Release Pattern and
Transcription Factor Mobility” (Stavreva et al., Mol
Cell, 2019)

Best Poster Award: “Live Imaging of Gene
Expression in High-Throughput and at the Single
Transcription Site Level” (Wan et al., Society of
Biological Imaging and Informatics, 2019)

The FNL staff conducted the following outreach

activities in FY2020:

Continued to support the CBIIT group (Dr. Keyvan
Farahami) as they prepared to host the Codalab
challenge platform

Advised and defined, shared, and engaged in a

collaboration between Bellvitge Biomedical Research

Institute (Barcelona, Spain) and DCEG. The
collaboration explores applying machine learning
methods for early diagnosis and classification of
endometrial cancer.

Cancer Data Ecosystem

KEY ACCOMPLISHMENTS

FNL continues to hold workshops supporting the
Cancer Data Ecosystem (CDE).

FNL procured a consultancy agreement with

Dr. Bradley Malin and hired Synectics for
Management Decisions. Together, they identified top
candidates for software to support CDE.

FNL is procuring test licenses for the top four
candidates for further evaluation.

FNL has established a partnership to conduct the
performance evaluation.

The CDE is a part of the National Cancer Data

Ecosystem (NCDE). CDE is an NCI research initiative
that aims to create an ecosystem where researchers,
clinicians, and patients will be able to participate,
contribute, and analyze the cancer data. While the
NCDE’s scope is envisioned to be broader than NCI, FNL
is laying the groundwork for the infrastructure.

FNL is managing the following tasks:

Task 1 — Provide meeting support, convening the
stakeholders to gather the expert community’s
advice. FNL will use this counsel to guide the CDE’s
architectural design and guide identification of key
data elements and contributors. These meetings are
envisioned as a platform to educate, engage, and
learn from the cancer research community.

Task 2 — Conduct a systematic research and
evaluation of the available privacy-preserving patient
record linkage software (P3RLS) and recommend a
short list of the best P3RLS for NCI’s consideration.
FNL will recommend record linkage tools that have
the ability to connect disparate data sources at the
patient level, making it available to researchers but
without compromising patient privacy or
confidentiality. This connectivity should include data
generated from a variety of sources and representing
different aspects of each cancer patient’s experience
over time. This task has two phases:

o Phase one is a landscape analysis of P3RLS,
where a meta-analysis of the available P3RLS is
performed based on market research and
publications review.

o Phase two is the performance evaluation of the
candidate P3RLS identified in phase one.

For Task 1, three of the five planned workshops have

been held. One occurred in 2018; the other two were held
in FY2020:
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Figure 7. Visualization of nuclear segmentation inference performance of the optimized training
strategy for the MRCNN and FPN2-WS model architectures as compared to the pre-trained Jacobkie
model architecture.
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e Participation in the “Architectural think tanks -
AMIA 2019,” held November 19-20, 2019.

e “Workshop on De-ldentification of Narrative
Clinical Text Documents,” held February 25-26,
2020.

For phase one of Task 2, FNL procured a consultancy
agreement with Dr. Bradley Malin, a leading expert in the
field of de-identification and of health data. The FNL staff
also hired Synectics for Management Decisions to conduct
the landscape analysis of existing P3RLS, working with
FNL, the NCI federal leads, and Dr. Malin. After eight
months of meticulous requirements gathering, researching,
interviewing the P3RLS vendors, Synectics gave FNL a
detailed report of its systematic research identifying top
P3RLS candidates for further performance evaluation.

Based on Synectics’ report, FNL has initiated phase
two of Task 2, working closely with NCI to procure test
licenses for the top four candidate P3RLS for further
evaluation. FNL has established a partnership to conduct
the performance evaluation. The partner is the honest
broker for the cancer registries, and the data from some of
the cancer registries will be used as test data for the
evaluation. FNL anticipates completing the evaluation of
the chosen candidates by July 2021.

Expand Data Commons

KEY ACCOMPLISHMENTS

e FNL initiated the Center for Cancer Data
Harmonization (CCDH) on September 26, 2019.

e FNL started the Cancer Data Aggregator (CDA)
project on May 6, 2020.

e The Cancer Data Services (CDS) is fully operational
on NCI Cloud One and is providing data from
multiple projects to the CRDC Cloud Resources.

e  The first draft of the Clinical Trials Data Commons
(CTDC) was completed on time on April 14, 2020.
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ton _ Cancer Proteomics  Genomic o
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Authentication & Authorization
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Figure 9. NCI Cancer Research Data Commons.

The Expand Data Commons project supports a variety
of data nodes, search capabilities, and semantics that
enhance the capabilities and utility of the NCI CRDC.

During FY2020, the IDC partnership kicked off the
development of the IDC with a minimum viable product
release scheduled for late summer 2020. This FISMA
Low repository will initially host images from TCIA and
make those images available to all CRDC users. The
partner will develop the IDC on Google Cloud. This has
resulted in substantial interest from Google as IDC will
make use of the Google Healthcare APl and Google
Data Loss Prevention API, which focuses on image
de-identification.

The CCDH project is running well and has completed
its first two major deliverables. The first deliverable, a
preliminary version of the harmonized CRDC-H data
model, was presented in February 2020. This model will
provide a core reference point for all of CRDC, especially
the CDA. The CCDH project then applied the lessons
learned from the first phase and delivered a significant
update in May 2020. This update includes mapping to the
BRIDG data model standard from the Food and Drug
Administration and NCI as well as mapping to the Health
Level Seven International Fast Healthcare Interoperability
Resources standard. These mappings will help the CRDC
stay in sync with international data standards. The
CCDH?’s rapid progress will be a significant benefit to all
of CRDC as new data come in.

The launch of the CDA in May 2020 represents the
start the last major project originally envisioned in
Expand Data Commons project. This project, led by the
Broad Institute, involves all of the current CRDC Cloud
Resources, which is a major benefit as the Cloud Resources
will also be the first significant customers of the CDA
project. While this project is only just getting underway,
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rapid progress is expected, as the CDA software will use
software from a similar project that Broad has been
working on for the NIH data commons efforts.
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Figure 10. Cancer Data Aggregator.

The CDS project is fully operational and is currently
housing data from several projects, including Genetics
and Epidemiology of Colorectal Cancer Consortium
(GECCO), Advanced Prostate, and the LCCC 1108 study
at the Lineberger Comprehensive Cancer Center. CDS is
designed to house data that cannot be accepted by the
Genomic Data Commons and is expected to have
significant future growth. In addition, CDS has been
actively contributing to investigations with the SEER; the
Prostate, Lung, Colorectal, and Ovarian Cancer Screening
Trial; and the Applied Proteogenomics Organizational
Learning and Outcomes Network to determine whether
CDS can serve as an in-project data repository and
provide cloud storage to the project teams as they analyze
their data.

The CTDC project attained its goal of being ready for
deployment by April 14, 2020. CTDC re-uses
components originally developed for the Integrated
Canine Data Commons, which resulted in a rapid
development and deployment cycle. CTDC will initially
support NCI-MATCH as it publishes data. CTDC is
currently in a holding pattern as NCI-MATCH finalizes
the clinical data for release. During this hold, CTDC will
continue to pursue an Authorization to Operate at FISMA
Moderate.

CBIIT-DOE Collaboration Support

In 2016, NCI and the DOE established a collaboration
supported through a memorandum of understanding to
jointly accelerate cancer research and develop exascale-
ready tools, algorithms, and capabilities through a new
program—JDACS4C.

Three JDACSAC integrated precision oncology pilot
projects were created:

e  Pilot 1: Predictive Modeling for Pre-Clinical
Screening, led by Argonne National Laboratory
(ANL), NCI Division of Cancer Treatment and
Diagnosis, and FNL

e Pilot 2: Improving Outcomes for RAS-Related
Cancers, led by Lawrence Livermore National
Laboratory (LLNL) and FNL

e Pilot 3: Population Information Integration, Analysis,
and Modeling for Precision Cancer Surveillance
(population level), led by Oak Ridge National
Laboratory and the NCI Surveillance Research
Program and supported by FNL

Two cross-cutting efforts were also created:

Cancer Distributed Learning Environment
(CANDLE), led by ANL

e Uncertainty Quantification, led by Los Alamos
National Laboratory

The Accelerating Therapeutics for Opportunities in
Medicine (ATOM) Consortium is also part of the NCI-
DOE Collaboration project, distinct from the JDACS4C
program. ATOM founding members are
GlaxoSmithKline; LLNL; FNL; and the University of
California, San Francisco.

The BIDS Directorate is responsible for the overall
coordination of the NCI-DOE collaboration. These
activities include capabilities transfer, community
engagement and development, and support for the
identification and development of new collaborative
projects. They are described below.

Capabilities Transfer

Data, Model, and Software Capabilities Sharing

The Model and Data Sharing Clearinghouse was
developed in support of NCI’s efforts to transition
software and computational capabilities developed in the
NCI-DOE collaborations. As part of the deliverables
identified for Phase 1 of the project, a public-facing web
application was deployed in the NIH security domain to
enable sharing of JDACSAC data sets with the broader
cancer research community. It provides a graphical user
interface for the NCI-DOE researchers to enter large
annotated data sets into a data-sharing repository. This
application leverages the Data Services API suite in the
back end to provide access to the S3 object store and
data- and metadata-management capabilities. Salient
features include:

e  Generic, expandable data hierarchy and metadata
structure

e A three-level data management policy:
o Controlled (restricted) access to upload data sets
to the repository and add/edit metadata

o Open, registered (through user accounts) access
to perform data downloads

o Open, un-registered access to execute metadata-
based searches and view metadata associated
with any program, study, or data set
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e Ability to keep data sets private or restricted (group-
level access) until ready for sharing (e.g., useful for
pre-publication data)

e  Support for data transfers to/from Globus and AWS
S3 endpoints

e  Ability for users to track the status of their uploads
and downloads

Phase 2 of the project will enable public access to the
ATOM Consortium’s generated data, software, and
models in accordance with the ATOM Cooperative
Research and Development Agreement data- and model-
release policies. This includes expanding the current
metadata structure, enabling connectivity through REST
APIs from the ATOM Modeling Pipeline (AMPL), and
supporting conversions to/from standard model formats.
Efforts are also underway to enable NCI intramural
investigators to leverage the application to share data and
models with external collaborators.

NCI-DOE Collaboration Capabilities Transfer and
Support

KEY ACCOMPLISHMENTS

e Coordinated with ATOM to share AMPL with the
NCI community via cloud resources and FNL’s high-
performance computing cluster, FORCE

e Continued to develop usability enhancements,
education, and training to enable CANDLE’s use
within the NCI and NIH community

o Developed and presented a workshop demonstrating
how to generate small-molecule features and use
them to build models for predicting drug function

This year, the FNL staff has accelerated its efforts to
transfer the capabilities generated as part the NCI-DOE
collaboration.

e ATOM:

o The team has contributed to training and
supervising interns from Butler University who
are supporting ATOM this summer.

o The ATOM team is planning a project that will
address several important questions (efficacy,
uncertainty, and transfer learning) in COVID-19
drug discovery. The long-term goal is to extend
the findings beyond COVID-109.

e CANDLE:

o The team has continued its work to enable
CANDLE use for the NCI and NIH community.

o The CANDLE interface was simplified by
combining all the configuration parameters for
CANDLE into a single file.

o Anew feature has been added to the CANDLE
interface to simplify hyperparameter
optimization of programs called from bash
scripts, the typical mechanism of executing

works on Biowulf. This feature reduces the effort
to port existing applications to use CANDLE.

A known task inefficiency of CANDLE,
impacting runs requiring only central processing
units, was addressed to improve performance of
these jobs.

Formulated and presented a workshop to the
NIH’s graduate school Foundation for Advanced
Education in the Sciences class on using
CANDLE to run hyperparameter optimization
using variational autoencoder, a common
machine learning algorithm. An additional
CANDLE training workshop will be offered

in late summer 2020.

Continued participation in CANDLE developer
hackathons with DOE colleagues.

e JDACSAC Pilot 1:

o

Working with the project management team to
create a Knowledge/Capability-Transfer
Workflow standard. This workflow can be
applied to other projects (e.g., ATOM).

Using machine learning models for classification
of next-generation sequencing data: Pilot 1 has
been creating models and tools to predict drug
response on cancer cell lines and PDX models.
Part of the capabilities transfer is to document,
reproduce, and share these data science
workflows with the cancer research community.
Initial focus has been on the Pilot 1 benchmark,
TC1, that classifies cancer type based on
RNA-Seq data. The following improvements
have been carried out, and these steps will form
the basis for future knowledge-transfer efforts:

o Developed a protocol for creating genomic
expression data sets from public sources
(e.g., TCGA), which forms the basis for
many Pilot 1 projects

e Created documentation and supporting
Jupyter Notebooks for reproducibility

e Wrote a stand-alone code for carrying out
machine learning. This code with the new
data has similar performance to the Pilot 1
TCL1 project model.

o Created a procedure for using models for
inference

e Worked with the Uncertainty Quantification
Team (DOE) to improve the model
performance

Educational Workshops:

e The first workshop will introduce concepts
and tools in machine learning to generate
molecular descriptors for drug function
classification. Details of the workshop are
available at https://github.com/ravichas/ML-
predict-drugclass.
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e  The second workshop will show how the
TC1 model has been created and trained by
taking genomic expression profiles of cancer
samples as input and creating a machine
learning model for classifying cancer types
(e.g., breast, lung, etc.). The model in our
hands performs well (approximately 95
percent accuracy) and will be a great tool for
cancer research. Codes and supporting
documents are available from the following
GitHub repository:
https://github.com/ravichas/ML-TCL.

e  Uncertainty Quantification: Actively working with
the Los Alamos National Laboratory team to apply
uncertainty quantification to one of the classification
models related to next-generation sequencing data.
This model will be shared with the NCI
community to run in inference mode.

e Outreach to the intramural community:

o Therapeutically Applicable Research to Generate
Effective Treatments (TARGET) classification
(Dr. Daoud Meerzaman): Performed
classification of pediatric cancer types by
developing machine/deep learning models using
gene expression data from NCI’s TARGET
program

o Exploratory data analysis, machine
learning/modeling, and feature selection of acute
myeloid leukemia cancer omics data:

e Using the Meerzaman laboratory’s acute
myeloid leukemia data, the FNL staff
addressed common issues with omics data
modeling and provided solutions for the
following problems: high feature space
dimensionality, feature selection, outcome
class imbalance, and hyper-
parameterization.

e To accomplish this task, CANDLE scripts
were developed to demonstrate the ease of
hyperparameter tuning in a high-
performance computing (HPC)
environment. The FNL staff used R and
Python technologies for Exploratory data
analysis and machine learning. Importantly,
using extensive modeling/analysis,
improvements were proposed to
Dr. Meerzaman’s laboratory’s machine
learning pipeline, especially in the areas of
cross-validation for imbalanced data.

e The FNL staff presented the results in a
seminar and shared the results, markdown
files, and HPC Biowulf batch script files
with the Meerzaman laboratory.

For one of FNL’s prominent publications on these
efforts, please see Bhattachary et al., Front Oncol, 2019,
in Appendix B.

Community Engagement and Development

Envisioning Computational Innovations for Cancer
Challenges Community Engagement and Development

KEY ACCOMPLISHMENTS

e  Envisioning Computational Innovations for Cancer
Challenges Community (ECICC) held Cancer
Challenges and Advanced Computing MicroLabs:

o Second MicroLab: Developed use cases and
identified critical next steps to shape future
research in computational oncology

o Third MicroLab: Focused on the Digital Twin
cancer challenge area and generated interest in
the ideas laboratory held in July 2020

e ECICC five-day ideas laboratory: Toward Building a
Cancer Patient “Digital Twin”

ECICC Cancer Challenges and Advanced Computing
MicroLabs

ECICC community engagement efforts focused on
expanding participation among thought leaders in cancer
research, artificial intelligence, and advanced computing
technologies to develop concepts and refine the
aspirational computational innovation challenge ideas
generated at the 2019 ECICC Scoping Meeting (ECICC
Hub Site: https://ncihub.org/groups/cicc).

Second MicroLab: Building on the breakout
discussions from the first MicroLab (held in June 2019), a
multidisciplinary group of more than 100 clinicians,
researchers, and academics in cancer and computational
sciences participated in our second virtual, ECICC
Community MicroLab. Participants developed use cases
for real-life situations and then identified the research
challenges that need to be overcome to achieve them. The
use cases were based on various personae derived from
the four cancer challenge areas developed at the ECICC
Scoping Meeting held in March 2019. The breakout
session notes are posted on the ECICC Hub Site.

Third MicroLab: This virtual, interactive event
brought together more than 120 scientists from 41
organizations, 61 of whom were new to ECICC events.
Participants included cancer researchers, clinicians,
biomedical engineers, bioinformaticians, Al researchers,
data scientists, computational scientists, and mathematical
modelers. The focus of this MicroLab was to identify the
necessary elements of a road map for cutting-edge
research in support of digital twin technology; provide a
preview of the forthcoming ideas laboratory; and offer
opportunities to connect with other applicants and join
interactive breakout sessions. Forty-seven people
participated in breakout sessions to discuss approaches for
exploring the next steps required to build a digital twin of
an individual cancer patient. The breakout session notes
are posted on the ECICC Hub Site.
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ECICC ldeas Laboratory: Toward Building a Cancer
Patient “Digital Twin”

The five-day virtual ideas laboratory, Toward
Building a Cancer Patient “Digital Twin,” was a focal
point for community-engagement activities in 2020 and is
an outgrowth of the ECICC Scoping Meeting. The goal of
the ideas laboratory was to develop innovative cross-
disciplinary collaborations and shape the future of
predictive modeling across scales from biology to clinical
care. The FNL team worked with Knowinnovation to
frame, plan, coordinate, and facilitate the event. A
steering committee from across NCI and DOE provided
guidance. The ideas laboratory was originally planned as
an in-person workshop at FNL, but due to the COVID-19
pandemic, the planning team decided to hold an all-virtual
event. Knowinnovation’s unique, proprietary technologies
and vast experience in holding virtual events was essential
to the success.

The FNL team did extensive promotion, including
diversity outreach, across NCI, NIH, academia, national
laboratories, and professional associations in cancer and
scientific computing. As a result, more than 130 people
with expertise in all the targeted areas—cancer research,
computational and data science, mathematical modeling,
Al, bioinformatics, biomedical engineering, healthcare
delivery, and clinical practice—applied for 30 spots to
attend the workshop.

Of note, a long-standing objective of ECICC
community engagement has been to recruit more
oncologists and clinical care providers, with the goal of
identifying key issues that impact patients. This year, the
FNL team recruited two prominent oncologists to serve as
mentors for the ideas laboratory. Six mentors representing
medical oncology, radiation research, mathematical
modeling, HPC and data analytics, computational science,
and deep learning/HPC and Al for healthcare guided
project teams on research project proposal development.
FNL and the DOE Office of Science provided
opportunities and mechanisms for the successful project
teams to apply for seed funding after the ideas laboratory,
with awards expected in FY2021.

ECICC Outreach and Engagement

KEY ACCOMPLISHMENTS

e Led, developed, and moderated workshops and
presentations at the Supercomputing 19 (SC19)
meeting (held in November 2019), including:

o Fifth Computational Approaches for Cancer
Workshop (CAFCW-2019). The work presented
by the JDACSAC Pilot 2 team at the workshop
was selected as best paper at SC19.

o Panel: “Edge to Exascale: Computational
Innovations in Cancer and the Future for
Learning Health Systems”

o Birds of a Feather session: “Impacting Cancer
with HPC: Challenges and Opportunities”

e Moderated a panel at the DOE X-Lab Atrtificial
Intelligence Summit

e Developed and promoted workshops and
presentations for the upcoming Supercomputing 20
(SC20) meeting, including the Sixth Computational
Approaches for Cancer Workshop (CAFCW20)

Fifth Computational Approaches for Cancer Workshop

FNL staff in BIDS coordinated and facilitated
CAFCW-2019 in conjunction with SC19: The 31st
International Conference for High Performance
Computing, Networking, Storage, and Analysis. The day-
long workshop focused on cross-disciplinary
collaborations and future innovations to accelerate the
progress in computationally and data-driven cancer
research and clinical applications, specifically the role of
computing in drug discovery for cancer. The workshop
was organized by the BIDS Directorate head and
colleagues from NCI, the DOE, and the extramural
community. Participants included academicians; industry
representatives; NCI-DOE collaboration JDACS4C pilot
leads; and principals from the DOE Office of Science,
DOE national laboratories, NCI, and FNL.

The JDACSAC Pilot 2 team presented a paper entitled
“Massively Parallel Infrastructure for Adaptive Multiscale
Simulations: Modeling RAS Initiation Pathway for
Cancer,” which was named best paper at SC19. The paper
describes the workflow driving a first-of-its-kind
multiscale simulation on predictively modeling the
dynamics of RAS proteins. The Pilot 2 team delivered a
presentation on their paper at the CAFCW-2019 workshop.

Edge to Exascale: Computational Innovations in Cancer
and the Future for Learning Health Systems Panel at
SC19

The FNL staff coordinated and facilitated the “Edge to
Exascale: Computational Innovations in Cancer and the
Future for Learning Health Systems” panel at SC19. This
event focused on (i) how innovations (e.g., medical
Internet of things devices, gathering and integrating
rapidly growing volumes of information, and use of
scalable computing from the edge and at exascale) affect
the practice of medicine and (ii) how to frame new
challenges and explore new opportunities to envision a
dynamic learning environment for improving cancer
research, prevention, diagnosis, and—ultimately—care.

Birds of a Feather Session: Impacting Cancer with HPC:
Challenges and Opportunities

The FNL staff helped to coordinate the SC19 Birds of
a Feather session, “Impacting Cancer with HPC:
Challenges and Opportunities.” The session focused on
opportunities in cancer research and clinical applications
for HPC, emphasizing the data challenges and opportunities
with artificial intelligence in key applications, such as
drug discovery and disease diagnosis. Specific topics
included data availability, model validation, sharing and
adoption of developed models, and opportunities for
broader collaborative efforts.
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DOE X-Lab Artificial Intelligence Summit

The FNL staff moderated a panel session on the use of
Al in precision medicine at the DOE X-Lab Artificial
Intelligence Summit. Panelists discussed Al in drug
discovery, including an emphasis on ATOM. Sponsored
by the DOE’s new Artificial Intelligence & Technology
Office, the session engaged with scientists from several
additional DOE laboratories, including existing
collaborators at ANL, Brookhaven National Laboratory,
Oak Ridge National Laboratory, and LLNL. It also
identified new partners at Ames National Laboratory
interested in integrated biological modeling
(https://blogs.anl.gov/aixlab/ai-at-doe/).

Sixth Computational Approaches for Cancer Workshop

The core planning team for last year’s workshop led
the development of the CAFCW20 workshop
(https://ncihub.org/groups/cafcw?20). This day-long event
is planned for November 13, 2020, in conjunction with
SC20: The 32nd International Conference for High
Performance Computing, Networking, Storage, and
Analysis (https://sc20.supercomputing.org/). A special
emphasis for CAFCW?20 is the role of HPC and artificial
intelligence to address research challenges when data are
limited by availability, variability, and size, as is
frequently found in clinical applications and cutting-edge
research activities.

Broader Outreach and Engagement

The FNL staff continued to foster community
engagement and build new relationships by attending
meetings with key stakeholders and groups, including the
NIH Data Science Town Halls; NIH National Institute of
Biomedical Imaging and Bioengineering Interagency
Modeling and Analysis Group meetings; the NIH
artificial intelligence healthcare workshop, Artificial
Intelligence Healthcare: From Prevention & Diagnostics
to Treatments (https://datascience.nih.gov/news/artificial-
intelligence-healthcare-oct-1-2019); the Al for Science
Town Hall (the culmination of four DOE events held in
various U.S. cities); the NIH Common Fund Stimulating
Peripheral Activity to Relieve Conditions (SPARC)
MicroLab and ideas laboratory
(https://commonfund.nih.gov/SPARC); and others.

JDACSA4C Cross-Agency Communication

The FNL staff facilitated a refreshed JDACS4C
Communications Committee meeting with NCI, DOE,
and FNL communications liaisons and led collaborative
development of a strategic and comprehensive
communication plan to identify goals, target audiences,
dissemination vehicles and individuals/teams for
outreach, and communications and capabilities transfer
for the work of the NCI-DOE Collaboration.

ATOM: Accelerating Therapeutics for Opportunities
in Medicine

KEY ACCOMPLISHMENTS
e Released AMPL software
e Developed baseline molecular optimization models

e Developed models to predict pharmacokinetic (PK)
properties

e Developed models to predict drug-induced liver
injury (DILI)

Supported by NCI, FNL is a founding member of the
ATOM Consortium (https://atomscience.org), a public—
private partnership that aims to transform drug discovery
by accelerating the development of more effective
therapies for patients. ATOM is developing a preclinical
drug design and optimization platform that leads with
computation to help shorten the drug discovery timeline.
ATOM’s approach employs data-driven modeling and
generative molecular design to determine design criteria
that consider pharmacology, safety, efficacy, and
developability in the context of lead optimization.
ATOM’s active learning design platform aims to
selectively incorporate results from mechanistic
simulation and human-relevant experimentation to
generate and optimize new drug candidates significantly
faster and with greater success than conventional processes.

" Machine Learning Pipeline

Figure 11. The ATOM platform, an active learning drug discovery
framework.

Released ATOM Modeling Pipeline Software

The ATOM Consortium has developed and released
AMPL, an open-source, comprehensive machine learning
modeling pipeline for predicting molecular activities and
properties for drug discovery
(https://github.com/ATOMconsortium/AMPL). AMPL
enables reproducible and reusable models specifically
tailored for quantitative structure—activity relationship and
drug discovery applications. AMPL supports a range of
machine learning models, including chemical deep
learning models, through DeepChem.

AMPL has been evaluated on a diverse set of
pharmaceutical PK and safety panel data sets. Different
model features and model parameters were tested,
resulting in more than 11,000 models fit for these tasks.
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Accurate models with high utility were developed for a
wide range of PK and safety properties.

Modal
_ Featurization Training +
Tuning

Prediction Visualization
Generation + Analysis

Lan L]

Figure 12. AMPL, software for reproducible, end-to-end, data-
driven modeling.

Data Ingestion +
Curation

Baseline Molecular Optimization Models

The models fit with AMPL form a baseline set to
predict bioassay activities, including efficacy,
physicochemical, PK, and toxicity properties. This panel
is useful for a variety of modeling purposes, including
de novo molecule property prediction, virtual screening,
and optimization, and forms a critical part of generative
molecular design machine learning models. In this way,
the models may be used to inform and optimize key
medicinal chemistry and PK parameters of lead
compounds in molecular design methods.

Pharmacokinetic Property Prediction
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Figure 13. Pharmacokinetic property prediction methods for
human steady-state volume of distribution.

ATOM has developed and tested a collection of
models to predict animal and human PK properties. One
key PK parameter is the steady-state volume of
distribution (VVDss) of a compound, defined as a
theoretical volume of blood (plasma) necessary to contain
the amount of drug present in the body at the same
concentration as in the plasma. Lead compounds must
have volumes of distribution high enough to enable
exposure to their target.

ATOM has conducted a comprehensive study to
compare in vitro and computational models to predict
in vivo VVDss for more than 1,000 compounds. Three
major approaches were compared:

e Direct machine learning models to predict in vivo
volume of distribution

e  Allometric scaling of predictions of animal volume of
distribution

e  Mechanistic models using experimental molecular
physicochemical properties or computationally
predicted properties to predict how compounds
partition into tissues

In addition, empirical studies were completed for
more than 250 compounds to collect new
physicochemical property data and cellular partitioning
data. This will be a significant and valuable public data
set for PK volume of distribution studies.

Drug-Induced Liver Injury Prediction

One important yet difficult-to-predict source of
toxicity is DILI. ATOM colleagues have developed
multiple in vitro and biochemical assays toward
predicting DILI in animals and humans. These include
high-throughput cell health assays, cellular imaging
assays, and assays for inhibition of liver transporters
linked to DILI. These assays will be an important source
of empirical data for the models developed to predict
DILI and other liver toxicity.

An important DILI is cholestatic liver injury, caused
by the buildup of bile salts within hepatocytes. This
condition is associated with inhibition of bile salt export
pump (BSEP) proteins, which may be caused by
compounds that bind and inhibit bile salt transport. AMPL
was applied to fit classification models using BSEP
inhibition data. These models are useful to accurately
identify BSEP inhibitors and will be used as input for
further mechanistic DILI models. The models to predict
BSEP inhibition have been released as part of the AMPL
distribution. A manuscript for this work is under review.

For two of FNL’s prominent publications on ATOM
in FY2020, please see Minnich et al., J Chem Info Model,
2020, and Hinkson et al., Front Pharmacol, 2020, in
Appendix B. We have also submitted two additional
manuscripts for publication.

Center for Cancer Research

Support Provided by the Applied and
Developmental Research Directorate

ADRD: Clinical Laboratory Support

Clinical Laboratory Support

KEY ACCOMPLISHMENTS

e Insupport of the Pediatric Oncology Branch, the
Clinical Trials Processing section of the Clinical
Services Program Clinical Support Laboratory (CSL)
received more than 643 samples of whole blood,
serum, plasma, leukapheresis products, elutriation
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cell fractions, bone marrow, cerebrospinal fluid, and
DNA from six clinical research protocols, with
approximately 1,926 vials produced. In addition,
another 87 patient specimens were processed for
DNA nucleotide extraction. Additionally, the CSL
Lymphokine Testing section performed short
turnaround time cytokine testing (for four
inflammatory cytokines) under a stringent lab-based
assay validated for the Clinical Laboratory
Improvement Amendments (CLIA) to support the
chimeric antigen receptor immunotherapy clinical
trial. For research purposes only, an additional 441
human plasma samples were submitted as 11 requests
for tests using a panel of 13 cytokines on the Meso
Scale Discovery (MSD) platform. A total of 5,733
sample data points was provided to the requester.
Finally, the CSL Flow Cytometry section finished
developing its immunophenotyping panels to perform
on patient samples coming from the Rare Tumor
Initiative, directed by Dr. Karlyne Reilly. A technical
advance was to combine six individual panels into
two 14-plex panels. This was accomplished through
adoption of a more advanced flow cytometer, the
LSR Fortessa. After staff training and assay
validation, a total of 30 patient samples and normal
control samples have been run to date.

In support of the Surgery Branch, the CSL Clinical
Trials Processing section processed 196 blood
samples from Dr. Steven Rosenberg’s patients that
were received in Cell Preparation Tube vacutainer
tubes for isolation and cryopreservation of
mononuclear cells, with 860 vials produced. The
laboratory responded to multiple investigator requests
to pull samples from the repository for return to the
Surgery Branch for their testing. The Clinical Trials
Processing section also processed 123 blood samples
from Dr. James Kochenderfer’s patients for isolation
of their immune cells. Like other investigators’ vials
that CSL handles, these 504 vials generated were sent
to the NCI at Frederick Central Repository for storage.

In support of the Neuro-Oncology Branch, the CSL
Clinical Trials Processing section processed 90 blood
samples, generating 428 cryopreserved vials, from
Dr. Mark Gilbert’s clinical trial to treat glioblastoma
by adding pembrolizumab to the standard treatment
of radiation and temozolomide.

In support of the Lymphoid Malignancies Branch, the
CSL Clinical Trials Processing section coordinated
sample processing in support of seven clinical
research protocols, including three off-site trials of
the Cytokine Immunology and Immunotherapy
section. A total of 376 clinical specimens were
processed, resulting in the generation of 1,538 vials
of serum or cells cryopreserved for Dr. John Janik. In
support of Dr. Wyndham Wilson of the Lymphoma
Therapeutics section of the Lymphoid Malignancies
Branch, the Clinical Trials Processing section
processed an additional 796 samples in support of

nine clinical research protocols, with approximately
1,843 vials of cells or serum produced. The CSL
Cell-Mediated Immunity section performed its six-
day cell proliferation testing on two samples,
resulting in a total of 45 data points for Dr. Thomas
Waldmann, co-chief of the Lymphoid Malignancies
Branch (Metabolism Branch). Dr. Waldmann also
requested CLIA-regulated assays to support
assessments of patient status with testing of anti-
interleukin-15. Each assay requires testing each
patient sample at multiple dilutions. Clinical testing
included 31 tests on a total of 40 patient samples. His
clinical specimens were also tested for other analytes
by the Lymphokine Testing (biomarker) section,
though these were performed as “research use only”
assays, and included the testing of 36 samples in a
cytokine 6-plex panel as well as sIL2-Ra.

Support of the Experimental Transplantation and
Immunology Branch, specifically Dr. Christian
Hinrichs’ work on T-cell receptor discovery,
continued. His approach is for CSL to expand and
select only those low-abundance T cells expressing
receptors to novel antigens that are unique to tumor
cells. The CSL Cell-Mediated Immunity section
continued to perform and refine the standard
operating procedures from Dr. Hinrichs’ laboratory.
CSL work product is to operate these procedures that
include three sequential stimulations of donor cells
with unique peptides, a consecutive antigen-
presenting cell preparation, followed by co-culture of
the antigen-presenting cells and peptide-stimulated
T cells. The tests performed include separate
enzyme-linked immunosorbent assays (ELISAS)
(Interferon-gamma) of co-cultures and flow
cytometry to measure for positivity to tetramer-
selected cells. This year, eight rounds of expanding
and selecting T cells to tumor cell antigens has
occurred on a total of 46 human samples. In
conjunction with this project, the CSL Lymphokine
Testing (biomarker) section measured the IFN-y
responses coming from all 3,072 unique conditions.
In a separate project for Dr. Hinrichs, 76 clinical
samples were received for evaluation using MSD’s
7-plex cytokine panel for a total of 532 data points.

In support of the Vaccine Branch, the CSL Clinical
Trials Processing section received 190 human blood
samples for processing from four clinical research
protocols being overseen by Dr. Hoyoung Maeng,
with 529 vials produced. She also requested the CSL
Cell-Mediated Immunity section evaluate seven
clinical patients using enzyme-linked immunospot
(ELISpot) to identify the presence of anti-HER2
T-cell immunity following vaccination, for a total of
802 data points. Additionally, Dr. Barbara Felber
requested ELISpot scanning on 13 samples from the
Cell-Mediated Immunity section. Finally, in support
of Dr. George Pavlakis, the CSL Lymphokine
Testing (biomarker) section performed MSD
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multiplex electrochemiluminescence cytokine testing
on 757 samples. These were multiplex texts with
investigations to assess 10-plex or 61-plex nonhuman
primate analytes in a single sample. The total number
of resulting data points generated was 46,177. One of
those projects was to advance a mRNA/liposomal
nanoparticle formulation used in their HIV RNA
vaccine in order to inform their industry collaborator,
who wished to test it in their COVID-19 vaccine
under development.

The CSL Clinical Trials Processing section provided
support to 28 clinical research protocols under the
direction of Dr. Jeffrey Schlom and Dr. James
Gulley, Laboratory of Tumor Immunology and
Biology, including several trials conducted at offsite
locations that required additional coordination of
couriers and close interaction with clinical staff. A
total of 1,015 samples were received, including
peripheral blood mononuclear cells from blood and
leukapheresis products, serum, plasma, urine, and
swabs, with over 8,109 vials of clinical materials
produced. CSL also performed MSD multiplex
electrochemiluminescence ELISA testing on 226
mouse samples in 10-plex. The total number of
measured cytokine data points was 2,260.

In response to six requests from the Cancer and
Inflammation Program for multiplex testing of
human and mouse samples, a total of 23 sets of
cytokine assays were performed on 1,514 total
samples, resulting in the evaluation of 6,683
biomarker data points.

For Dr. Adam Tai Chi Cheuk and Dr. Javid Khan of
the Genetics Branch, the CSL Lymphokine Testing
(biomarker) section performed MSD multiplex
(3-analyte) testing on 628 samples.

In response to a request from Dr. Christina
Annunziata, head of the Translational Genomic
Section of the Women’s Malignancies Branch, the
CSL Cell-Mediated Immunity section performed
antibody-dependent cell-mediated cytotoxicity
testing. A total of 66 monoclonal antibody samples
were assayed, resulting in the generation of 1,634
data points. In addition, the CSL Lymphokine
Testing section evaluated 113 human samples for
Dr. Annunziata using the MSD 10-plex assay for a
total of 1,130 data points.

In support of the Thoracic and Gastrointestinal
Malignancies Branch, the CSL determined the
quantity of LMB-100 (RO6927005) immunotoxin in
305 blood samples from patients using 17 free-drug
pharmacokinetic assays. Additionally, the CSL
Lymphokine Testing section evaluated samples from
patients treated with recombinant immunotoxin using

ELISA to detect the presence of specific antibodies to

the LMB-100 immunotoxin by performing 10
immunotoxin neutralization assays on 115 samples
and also provided a newly developed assay to a
university collaborator of Dr. Ira Pastan that

measures antibodies directed to D2C7, a related
immunotoxin, on a total of 157 samples. Finally,
using a newly adopted Luminex platform, the
Lymphokine Testing section tested 41 samples
derived from co-cultures of liver immune cells with
supernatants derived from tumor-cell cultures for 33
cytokines and chemokines to identify potential
candidates that drive plasticity in an immune-cell
population for Dr. Tim Greten.

In support of Dr. Brid Ryan, head of the Integrative
Molecular Epidemiology Unit of the Laboratory of
Human Carcinogenesis, the CSL Lymphokine
Testing section quantified immune and inflammation
proteins using the 26-plex MSD assay on 836 human
samples for a total of 21,736 data points and
evaluated 143 human serum samples using the MSD
10-plex assay for a total of 1,430 data points.

In response to a request from Dr. Laura Schmidt of
the Urologic Oncology Brach, CSL offered
transformed B-cell lines from five patients’ blood
with Epstein-Barr virus immortalization.

In support of Dr. Anish Thomas of the
Developmental Therapeutics Branch, the CSL Cell-
Mediated Immunity section performed IFN-gamma
ELISpot assays on peripheral blood mononuclear
cells from nine patients, in which three peptides were
narrowed down after Dr. Thomas previously screened
tumor-specific neoantigens. Fifty data points were
generated.

The CSL also performed the following NCI at
Frederick Accessioning System requests for other
non-Center for Cancer Research (CCR) NCI support
laboratories and various NIH institutes:

o Division of Cancer Prevention (DCP) — The
Flow Cytometry section supported Dr. Yurong
Song and other Frederick National Laboratory
for Cancer Research (FNL) staff in Applied
Developmental Research Directorate (ADRD)
with a flow cytometry panel involving multiple
fluorescence channels to immunophenotype
seven cancer cell lines. The work product was a
total of 50 conditions.

o Division of Cancer Epidemiology and Genetics
(DCEG) — The table following (Table 1) lists
totals of blood samples (left) and skin samples
(right) that were received and completed by the
Cell Culture section from DCEG investigators
into EBV-transformed B-cell lines and fibroblast
cell cultures:
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Investigator EBV* Primary Fibroblast**
Dr. Sharon Savage/ 22 21
Dr. Kenneth Kraemer
Dr. Blanche Alter 3 7
Dr. Doug Stewart 3 3
* - Completed

** _ Collaborator

o

Biopharmaceutical Development Program

(BDP) — The Lymphokine Testing section
supported Dr. Trevor Broadt, FNL, by
performing two bioassays to assess the biological
activity of a manufacturing lot (current Good
Manufacturing Practice [cGMP]) of lyophilized
interleukin-12 drug product. This stability test
has been performed annually using this method
for the material being maintained in a stability
program. Assays were performed to evaluate
product stability and confirm assay performance.
A total of two assays were set up to evaluate four
test samples.

National Institute of Environmental Health
Sciences (NIEHS) — CSL provided ongoing
support to five studies. After another FNL lab,
BioProcessing and Trial Logistics, prepared and
shipped specimen-collection kits to trial
participants, CSL received and processed clinical
specimens and extracted DNA. In addition, RNA
extraction was accompanied by the measurement
of the RNA Integrity Number using agarose gel
electrophoresis. Multiple specimens from
patients or family members were shipped to CSL
from outside sources. The laboratory processed
271 clinical specimens, with 1,247 vials of cells,
DNA, RNA, or serum produced. The number of
these samples on which nucleotide isolations
were performed included 58 and 51 specimens
for DNA and RNA, respectively.

National Center for Advancing Translational
Sciences (NCATS) — CSL provided newly
established support to Dr. Marc Ferrer, head of
the Early Translation Branch. Using Luminex
human magnetic bead assays, the lab
characterized the cytokine/chemokine expression
profile (with a 37-Plex and 3-Plex panels) of
culture supernatants from a virus-infected human
3D-lung model. If a body's immune response has
overactive cytokines, it begins to attack its own
cells rather than just the virus, resulting in severe
lung damage. Prior to using laboratory strains of
SARS-CoV-2, they used influenza virus for this
preliminary work in the 3D lung model. The
Lymphokine Testing section of the laboratory
generated 1,760 data points.

o National Institute of Neurological Disorders and
Stroke (NINDS) — In support of clinical trial
12N0137, CSL continued the processing and
cryopreservation of peripheral blood
mononuclear cell samples from patients. The
laboratory processed four blood samples, with
eight vials produced. Additionally, the Cell-
Mediated Immunity section performed seven sets
of ELISpot assays on a total of 99 stored patient
samples and generated 1,244 datapoints to
monitor the patients for T-cell recognition to
their earlier viral vector treatment in response to
a request from Dr. John Heiss.

o National Institute of Dental and Craniofacial
Research (NIDCR) — In support of clinical trial
15D0129, CSL continued the processing and
cryopreservation of peripheral blood
mononuclear cell samples from patients
receiving gene therapy for Dr. John Chiorini.
The laboratory processed 12 blood samples, with
40 vials produced. The generation of primary
fibroblast cell lines was also performed by the
Cell Culture section, with three completed.

o National Human Genome Research Institute
(NHGRI) — CSL received seven whole-blood
samples from patients enrolled in clinical
research protocols 00-HG-0209 (Dr. Elizabeth
Garabedian) for density gradient separation into
mononuclear cell fractions. Each day that
samples were received, a healthy donor research
sample was also received for processing. The
Cell-Mediated Immunity section utilized these
cells to compare to samples from the seven
patients with a variety of immunodeficiency
disorders using flow cytometry proliferation
assays, totaling 268 endpoints.

In support of Dr. Robert Yarchoan, the AIDS
Monitoring Laboratory (AML) provided
immunological monitoring for eight active clinical
research protocols involving patients with
HIV/AIDS, AIDS-related malignancies, and viral-
induced tumors. The laboratory is responsible for
receiving, processing, and cryopreserving a variety of
clinical specimens. The laboratory also performs
immunophenotypic analysis of whole-blood
specimens and performs ELISAs for a wide range of
serum/plasma biomarkers. This work resulted in the
processing of 333 whole-blood specimens, 240 serum
specimens, 456 plasma specimens, 26 pleural effusions,
41 cerebral spinal fluids, 17 bronchoalveolar
specimens, 93 urine specimens, and 3 ascites fluids.
AML performed 57 cell immunophenotype
determinations by flow cytometry and 1,905 cytokine
measurements. AML cryopreserved and stored 1,049
vials of patient peripheral blood mononuclear cells
(PBMCs), 2,183 vials of serum, 574 vials of pleural
effusion fluid, 45 vials of cerebral spinal fluid, 873
vials of urine, 2,918 vials of plasma, 77 vials of
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bronchoalveolar fluid, 45 vials of ascites fluid, and
830 vials of PBMC pellets. AML coordinated 10
shipments of clinical specimens to investigators and
institutions located at various domestic sites.

e Insupport of clinical protocols 16-C-0047 and 16-C-
0171, AML examined programmed death-ligand 1
(PDL-1) expression on monocytes and neutrophils in
whole blood using a custom, three-color immuno-
phenotyping panel. PD-L1, also known as cluster of
differentiation 274 (CD274) or B7 homolog 1
(B7-H1), is a protein that, in humans, is encoded by
the CD274 gene. PDL-1 has been thought to play a
significant role in suppressing the immune system
during events such as autoimmunity. In mouse
models, activated monocytes have been shown to
greatly upregulate PD-L1. PD-L1 has been shown to
act as a positive co-stimulatory molecule in
intracellular infection. Additionally, AML analyzed
PD-L1 expression in 42 patient specimens.

e Insupport of Drs. Ramya Ramaswami and Robert
Yarchoan, AML measured 10 biomarkers in
127 patient sera specimens.

Support Provided by the Basic Science
Program

CCR Basic Science Program

Molecular Inmunology Section, Cytotoxic Cell
Studies Group

The Cytotoxic Cell Studies Group supports the
Laboratory of Cancer Immunometabolism (LCIM) by
uncovering the innate immune response’s function and its
potential application to cancer treatment. This group also
provides expertise in molecular biology in support of
LCIM. The characterization of receptors that regulate the
activation of natural killer (NK) cells is a major focus.
This group cloned and characterized many of the murine
receptors (Ly49 gene family) for major histocompatibility
antigens that control NK-cell activation. The study of the
Ly49 gene family led the group to a major discovery in
the field of gene regulation: a probabilistic transcriptional
switch that controls Ly49 gene activation. This discovery
has important implications for the control of stem cell
differentiation and may lead to techniques for modulating
cell fate in differentiating systems such as bone marrow
cultures.

FNL staff’s current research is focused on the human
killer-cell immunoglobulin-like receptor (KIR) proteins, a
family of receptors for major histocompatibility complex
class | molecules, and the regulation of the HLA-C gene,
the principal ligand for the KIR receptors. A novel NK-
specific promoter has been identified in the HLA-C gene
and has been shown to drive differential expression of
HLA-C in NK cells during development. Probabilistic
switches have been identified in the KIR genes, even
though this gene family is not related to the murine Ly49

genes. In addition, each KIR gene has been found to
contain multiple promoters that are active at different
stages of NK development. The current research and
future plans for this project will test the proposed role of
each KIR promoter in the control of gene expression.
Direct targeting of the four promoter regions described
has been performed using the CRISPR-Cas9 system, and
the phenotypic effects of deleting or altering promoter
elements are currently being tested in NK cells and stem
cells differentiated into NK cells in vitro. In addition, a
novel project that expands the scope of the investigation
of bidirectional promoters in development has been
initiated. A series of lineage-defining transcription factors
have been identified that produce stable antisense
transcripts, and the ratio of sense to antisense transcripts
varies with cell type, suggesting an important role of
bidirectional transcription in their regulation. The novel
RNAscope® Technology has been used to demonstrate
that a bidirectional promoter in the RORC gene acts as a
binary switch. Future work will investigate the switching
between transcripts at the single-cell level by RNA
sequencing and in situ hybridization, and how this
switching affects differentiation.

KEY ACCOMPLISHMENTS

Further investigation of an NK-specific promoter that
was discovered in the HLA-C gene (Li, et al., PLoS Genet,
2018), has revealed that NK-specific transcripts are
differentially spliced in NK cells derived from blood as
compared to bone marrow and spleen. The splice
isoforms display a wide range of translatability that may
serve to modulate NK activity in specific tissues
(Goodson-Gregg, et al., Front Immunol, 2020). The NK-
intrinsic regulation of HLA-C represents a novel
mechanism controlling the lytic activity of NK cells
during development. Overall, these findings provide
insight into the mechanisms of NK cell development and
the tuning of lytic activity, as well as a method to identify
individuals with high NK activity that may provide
superior outcomes in hematopoietic stem cell transfer
(Goodson-Gregg, et al., Immunogenetics, 2020). Current
and future work on this project will examine the
developmental and tissue-specific control of NK cell
HLA-C expression as well as the specificity and function
of upstream transcripts from the HLA-A and HLA-B genes.

Computational Structural Biology Section

The Computational Structural Biology Section
(CSBS) provides support to the Laboratory of Integrative
Cancer Immunology (LICI) by advancing experimental
techniques, accumulating unprecedented genome-scale
experimental data, and addressing fundamental questions
on cellular behavior under physiological conditions and
disease. These questions relate to molecular interactions,
principles of biomolecular recognition, and mechanisms
of signal propagation involving functionally impaired
mutant molecules. To function, biomolecules must
interact in specific ways involving distinct atomistic
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interactions and are regulated by certain signals and
cellular events involving dynamic behavior, which is
modulated by the extracellular and intracellular
environment. Understanding these dynamics as a function
of conditions, such as other binding, covalent or
noncovalent, or mutational events, is essential for
grasping the mechanistic underpinnings of molecular—
and thus cellular and organismal—function. Perturbations
in intra- and intermolecular communications often lead to
cellular malfunction and disease. CSBS seeks to obtain an
in-depth grasp of the biophysical principles underlying
individual interactions as well as their organization in
cellular networks, processes, and mechanisms. We target
protein function and dysfunction in disease and attempt to
unravel key factors that could aid drug discovery. CSBS
focuses on cancer and inflammation, aiming to figure out
the mechanism of key oncogenic proteins, such as
KRAS4B, their signaling pathways, and pathways that
may emerge in drug resistance and thus may conceivably
be targeted prophylactically. In line with the Center for
Cancer Research (CCR), National Cancer Institute (NCI),
and the National Institutes of Health (NIH) at large, CSBS
has also begun exploring pathogenic microbiota and their
mode of hijacking cell signaling. CSBS has also taken
steps in personalized cancer medicine to help inform
clinical decisions at the point of care.

KEY ACCOMPLISHMENTS

e CSBS resolved the mystery of Rapl suppression
of oncogenic RAS. Decades ago, Rapl, a small
GTPase very similar to RAS, was observed to
suppress oncogenic RAS, reverting its
transformation. The proposed reason was that there
is competition between RAS and Rapl for a
common target. Yet, none was found. Another thing
that puzzled researchers was Rap1’s suppression of
RAF1 versus activation of BRAF. CSBS recently
envisaged Rapl as a model for RAS suppression
by inhibitors. CSBS explained these observations
and showed that a potent Rap1-like inhibitor
appears unlikely.

e GRB2 is an adaptor protein that recruits SOS1, a
RAS-specific guanine nucleotide exchange factor, to
the plasma membrane. SOS1 exchanges guanosine
diphosphate by guanosine triphosphate, activating
RAS. GRB?2 consists of an SH2 domain flanked by
N- and C-terminal SH3 domains (nSH3/cSH3).
CSBS showed that nSH3/cSH3 binding peptides,
which effectively interrupt GRB2-SOS1 association,
can serve as tumor suppressors. The GRB2-SOS1
mechanism that CSBS outlined offers new venues for
future therapeutic strategies for upstream mutations
in cancer, such as in EGFR.

e PI3K lipid kinases phosphorylate signaling lipid PIP,
to PIP; in the PI3K/Akt/mTOR pathway to regulate
cellular processes. PIP, and PIP; are the second- and
third-most frequently mutated lipids in cancer,
respectively, and, to date, there are still no drugs to

target them. CSBS determined the PI3Ka activation
mechanism at the atomic level and proposed two new
paradigms for their inhibition.

e CSBS showed that oncoviruses can drive cancer by
rewiring signaling pathways through interface
mimicry. Oncoviruses rewire host pathways to
subvert host immunity and promote their survival and
proliferation. However, exactly how is challenging to
understand. By employing the first interface-based
host-microbe interaction prediction method, CSBS
explored a pivotal strategy oncoviruses use to drive
cancer: mimicking binding surfaces, or interfaces, of
human proteins. CSBS showed that oncoviruses can
target key human network proteins and transform
cells by acquiring cancer hallmarks.

Molecular Genetic Epidemiology Section, Basic
Research Laboratory

The Molecular Genetic Epidemiology Section of the
Basic Research Laboratory is focused on understanding
the genetic basis for global health disparities in the U.S.
and in Africa, particularly for complex conditions such as
chronic kidney disease (CKD) and cardiovascular disease
and the interaction between host genetic factors and
infectious diseases. The APOL1 protein, a component of
high-density lipid particles, lyses most strains of
trypanosomes, causing trypanosomiasis, but not the two
strains responsible for human African trypanosomiasis.
Two coding variants in the APOL1 gene restore protection
against human African trypanosomiasis at the cost of
increased risk for CKD in homozygotes. These variants
are prevalent throughout Africa and the African diaspora.
Approximately 13 percent of African Americans carry
high-risk genotypes, which cause a spectrum of CKDs,
including progressive HIV-associated nephropathy and
COVID-19-associated nephropathy.

KEY ACCOMPLISHMENTS

We have led or contributed to multiple studies
investigating extrarenal manifestations of APOL1,
including a meta-analysis demonstrating that APOL1
high-risk genotypes, in conflict with some other studies,
were not associated with incident cardiovascular events or
death (Grams et al., J Am Soc Nephrol, 2019). Although
APOL1 is strongly associated with kidney failure, and
accounts for nearly all excess risk of progressive CKD in
African Americans, we found that APOLL1 is associated
with decreased all-cause and specific-cause mortality
(Gutiérrez et al., Am J Kidney Dis, 2019). The apparent
decrease in mortality among carriers of APOL1-variant
genotypes may be because variant APOL1 is associated
with decreased intimal arteriosclerosis calcification, a risk
factor for cardiovascular disease. We contributed to a
study showing that APOL1 is associated with a 25 percent
increased risk of incident sepsis, which disproportionality
affects African Americans (Chaudhary et al., Clin J Amn
Soc Nephrol, 2020).
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Previously, we published the first report that APOL1
high-risk status of the fetus is associated with a two-fold
higher risk of preeclampsia in the mother, accounting for
approximately one eighth of pregnancies complicated by
preeclampsia, a leading cause of fetal prematurity, low
birth weight, and maternal and fetal morbidity and
mortality. Preeclampsia is two-fold more common in
Blacks compared to others. We have now shown that fetal
APOL1 high-risk genotype as well as fetal-maternal
APOL1 allele mismatch are independently associated with
increased preeclampsia in African Americans (Hong et al.,
under revision).

We are investigating serum uric acid levels in health
and disease, using genetics to identify uric acid
transporter gene targets for uric acid level lowering drug
development. Dr. Sung Kweon Cho, using genome-wide
association study data from 6,881 Koreans, identified two
low-frequency and six common, independent variants
associated with serum uric acid levels and developed a
polygenic risk score, which was validated in an
independent cohort (Cho et al., Sci Rep, 2020).

In collaborative studies with investigators at
Vanderbilt University, Duke University, Georgetown
University, Icahn School of Medicine at Mt. Sinai
Hospital, and King’s College London, we are
investigating the long-term consequences of APOL1
genotypes in patients with COVID-19 in the setting of
treated HIV-infection and in the general population of
COVID-19 survivors. We are investigating the role of
APOL1 and sickle-cell trait in Africans and African
Caribbeans with HIV infection living in the United
Kingdom on kidney function pre- and post-COVID-19
exposure. We are also contributing to a clinical trial in
Nigeria assessing the efficacy of RAS blockade on
prevention of kidney function decline in persons with
HIV-associated proteinuria.

e Invited to write an editorial for Frontiers in Genetics
(An et al., “Editorial: Host Genetics in Viral
Pathogenesis and Control,” Fron Genet, 2019)

e Invited to write a commentary for the Clinical
Journal of the American Society of Nephrology
(Kopp and Winkler, “Genetic Testing for APOL1
Genetic Variants in Clinical Practice: Finally Starting
to Arrive,” Clin J Am Soc Nephrol, 2020)

e Awarded two NIH Bench-to-Bedside and Back
Program awards for single-cell transcriptome studies
in preeclampsia and nephrotic syndrome

Hematopoiesis and Stem Cell Biology Section

The Mouse Cancer Genetics Program, Hematopoiesis
and Stem Cell Biology Section (HSCBS) is working to
define the molecular events that regulate hematopoietic
stem cell (HSC) quiescence, survival, self-renewal, and
cell-fate decisions, and translate these findings into
therapies to treat hematopoietic malignancies. HSCBS is
currently focused on defining the physiological function
of uncharacterized transcriptional regulators in these
processes. In addition, we are focused on how these

transcription factors are integrated into wider
transcriptional regulatory networks and how
combinatorial transcription factor interactions within
these networks maintain HSC quiescence, promote self-
renewal, and drive lineage-specific gene expression
programs. HSCBS is pursuing these studies to improve
our understanding of stem cell quiescence and self-
renewal; methods to expand and transplant HSCs for
regenerative medicine and gene therapy; and treatment of
hematopoietic malignancies, myeloproliferative disorders,
and/or anemia.

KEY ACCOMPLISHMENTS

HSCBS has continued its efforts to define the
physiological function of inhibitors of DNA-binding
proteins in normal and malignant hematopoiesis.
Specifically, HSCBS found that Inhibitor of
differentiation 1 (Id1)-/- HSCs show enhanced self-
renewal in serial bone marrow transplantation (BMT)
assays. HSCBS showed that HSCs were preserved during
serial BMT and that transplanted HSCs show increased
quiescence under chronic proliferative stress. HSCBS
found that 1d1”- HSCs are protected from exhaustion in
other models of chronic stress including chronic
genotoxic and inflammatory stress and aging. Thus,
targeting 1d1 may be therapeutically useful for improving
HSC survival and function during BMT and other models
of chronic proliferative stress and aging. Current studies
are focused on evaluating if small-molecule inhibitors of
Id1 can protect mouse and human bone marrow cells from
exhaustion during BMT. Since Id genes are induced in
HSPCs downstream of oncogene activation in
myeloproliferative neoplasia’s with FIt3, Jak2, and Tet2
mutations, HSCBS hypothesized that Id genes could
contribute to leukemia progression by promoting HSPC
proliferation and increasing mutational load. HSCBS
found that reducing Id1 levels in a mouse model of
myeloid leukemia, Tet2”- mice, rescued HSPC expansion
and myeloid cell skewing and increased the mice’s
survival. HSCBS found that ablation of Id1 in Tet2”- mice
reduces genomic instability and is evaluating if mutation
load is decreased in HSPCs from Tet2”-1d1” progenitors
compared to Tet2”-1d1*"* mice. We have planned future
studies to determine the molecular mechanism(s) of 1d1
action in Tet2”- HSPCs. In contrast to 1d1, HSCBS found
that 1d2 is highly expressed in HSCs and that the intrinsic
loss of 1d2 in vivo results in HSC exhaustion and BMT
failure indicating that 1d2 is required to maintain HSCs
during steady-state hematopoiesis, a function quite
distinct from 1d1. HSCBS provided preliminary evidence
that ablation of 1d2 in HSCs results in HSC activation that
is linked to the loss of HIF-1a expression. Current studies
are investigating the proliferation/activation status of 1d2”
HSCs, if reduced HIF-1a levels in 1d27- HSCs mediate
loss of HSC numbers and function, how 1d2 regulates
HIF-1a levels in HSCs, and if 1d2 regulates quiescence in
human HSCs and leukemic stem cells. Finally, HSCBS
completed studies demonstrating that targeted loss of Id
genes in adult endothelial cells results in a progressive
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disruption in sinusoidal integrity that results in HSC
activation and exhaustion that becomes more severe over
time. Mechanistically, sinusoidal endothelial cells (SECs)
and type-H vessels that connect SECs to arteries showed
reduced proliferation mediated by an increase in cyclin-
dependent kinase inhibitor expression and increased
apoptosis that resembled aging. Collectively, these studies
showed that Id1 and 1d3 are required for the survival and
steady state regeneration of bone marrow (BM) SECs,
which maintain HSC quiescence and survival

(Gadomski, S., Cell Rep, 2020).

Epigenetics Section

The Mouse Cancer Genetics Program, Epigenetics
Section’s research efforts include dynamic regulation of
chromatin accessibility as a key feature of cellular
differentiation during embryogenesis, but the precise
factors that control access to chromatin remain largely
unknown. The Epigenetics Section has discovered
Lymphoid Specific Helicase (Lsh), an ATPase-dependent
SNF2 family member that regulates chromatin
accessibility in vitro and in vivo. Lsh modulates
nucleosome structure, the smallest unit of chromatin, and
controls chromatin organization and DNA-methylation
pattern establishment during cellular differentiation. The
Epigenetics Section has previously shown that targeted
deletion of Lsh in mice is perinatal lethal, and Lsh mutant
embryos display multiple organ and stem cell defects.

Mutation of human Lsh causes an Immunodeficiency,
Centromeric Instability and Facial Anomalies (ICF) 4
syndrome, which is characterized by recurrent fatal
respiratory and gastrointestinal infections associated with
hypogammaglobulinemia and immunodeficiency. Despite
the discovery of HELLS mutations associated with the
ICF syndrome, the pathophysiological pathways
underlying the disease remain unresolved including the
causes of reduced immunoglobulin levels. Because
constitutive deletion of Lsh in mice is lethal, the
Epigenetics Section generated a conditional knockout
mouse to study Lsh’s role in the hematopoietic system
and to identify the causes of severe immunodeficiency.
Their mouse model provides novel insights into the
molecular pathways of Lsh’s function and into the
pathophysiology of ICF4.

KEY ACCOMPLISHMENTS

To uncover the role of Lsh in ICF4 and to study the
effect of Lsh in the hematopoietic system, the Epigenetics
Section created a conditional Lsh knockout mouse that
allows tissue-specific deletion of exon 9 and exon 10 of
the Lsh gene. Exon 9 and 10 comprise an ATP-binding
domain and a DEAD-box motif that are critical for the
chromatin remodeling function of Lsh. To delineate the
role of Lsh in adult hematopoietic stem cells, the mice
were crossed with Mx1-Cre and Vav-Cre recombinase
transgenic mice that allow cre-recombinase specific
expression in blood cells and lead to specific deletion of
Lsh in hematopoietic stem cells.

Using a combination of competitive and non-
competitive BMTSs, the Epigenetics Section found that
Lsh-depleted hematopoietic stem cells exhibited
significantly reduced reconstitution potential and
impaired ability for B-lymphocyte development. The
reconstitution assays revealed that the defect in B-cell
differentiation was caused by hematopoietic cell-
autonomous effects of Lsh deletion rather than indirect
effects via the bone marrow microenvironment and that
Lsh is required for a specific step in B-lymphocyte
differentiation.

Mice that had not received BMTs suffered from
severe immunodeficiency due to low immunoglobulin
serum levels and Lsh-depleted purified B cells failed to
generate in vitro certain immunoglobulin isotypes in
response to stimulation. Resting naive B cells express
IgM but undergo class-switch recombination upon
stimulation, a process which reshuffles genes in order to
express immunoglobulin isotypes. A series of cell
biologic and molecular analysis revealed that Lsh-
deficient B cells failed to undergo class-switch
recombination, which resulted in lower levels of
immunoglobulin isotype surface expression and isotype
secretion. Notably, cellular expansion and apoptosis of
Lsh-deleted B cells were not affected, indicating that the
failure to generate immunoglobulins could not be simply
explained by compromised cell growth or survival. To
delineate the nature of the immunoglobulin deficiency,
the Epigenetics Section assessed initiation of class-switch
recombination, a process in which genomic DNA is
modified through the generation of double-stranded DNA
breaks, deletion of intervening DNA, and an end-joining
process that generates a novel genomic segment encoding
a specific immunoglobulin isotype. A combination of
protein, RNA expression, and a novel technique, known
as EnD-seq analysis, in which double-stranded DNA
breaks are captured with streptavidin-coated beads and
detected by high-throughput sequencing, revealed that the
initiation phase of class-switch recombination was not
affected. This indicated that Lsh-deficient cells were
capable of DNA cleavage in switch regions and that the
defect in switch recombination was downstream of
chromatin accessibility and the formation of double-
stranded breaks. To determine directly whether the defect
in immunoglobulin production is at the level of
recombination, they assessed the capacity to generate
switch junctions using digestion-circularization
polymerase-chain-reaction analysis and high-throughput,
genome-wide translocation sequencing. These assays
allow researchers to track the formation of DNA breaks in
donor- and acceptor-switch regions, which are then joined
by a nonhomologous end-joining repair pathway. The
analysis of frequency and genomic distribution of
junctions suggested a reduced efficiency of the classical
end-joining pathway, while microhomology analysis
suggested that there was no increase in alternative joining
process in the absence of Lsh.
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Employing a chromosomal double-stranded break
reporter assay that induces genomic breaks at specific
genomic locations through Cas9 expression, the
Epigenetics Section identified the molecular defect in
Lsh-deficient B cells. Lsh depletion diminishes the ability
to perform DNA end joining efficiently which impairs
class switch recombination proficiency, reduces
immunoglobulin isotype generation, and leads to severe
immunodeficiency.

In summary, the Epigenetics Section uncovered the
molecular defect leading to ICF4. Using conditional Lsh
knockout mouse models, the Epigenetics Section
discovered a hematopoietic cell-intrinsic role of Lsh in
B-cell development and a failure of Lsh-deficient B cells
to conduct the step of DNA end joining that is required to
yield a variety of immunoglobulin isotypes during class-
switch recombination. Their results indicate an essential
role of Lsh in immunoglobulin production, which could
lead to improved therapeutic options to treat ICF4 patients.

HLA Immunogenetics Section

The Laboratory of Integrative Cancer Immunology,
HLA Immunogenetics Section aims to understand the
genetic basis for resistance or susceptibility to human
disease conferred by polymorphic-immune-response loci
through direct testing for such effects on specific disease
outcomes followed by molecular and cellular biological
approaches to determine the biological basis for the
genetic association. We study a large variety of disorders
including cancer, transplantation outcome, autoimmunity,
and infectious diseases.

KEY ACCOMPLISHMENTS

Complete and precise human leukocyte antigen
(HLA)-matching of unrelated donors is used to lower the
risks of complications after haemopoietic stem cell
transplantation (HSCT); however, many patients do not
have compatible donors, particularly patients of non-
white backgrounds. Although transplantation from donors
with one HLA mismatch can offer life-saving therapy,
severe acute graft-versus-host disease (GVHD) limits the
broad utility of HLA-mismatched transplantation. The
features that define risky HLA mismatches remains an
important research question. HLA-B is the most
polymorphic protein-encoding locus in the human
genome. Clinically relevant variation can include epitopes
of the expressed HLA-B molecule as well as leader
peptides. Not currently considered in clinical practice are
the HLA class | leader peptides, which are preferentially
bound by HLA-E, the ligand for CD94/NKG2 NK
receptors. The rs1050458C/T dimorphism at position —21
of exon 1 of HLA-B gives rise to leader peptides with
either methionine (M) or threonine (T) at the second
residue of the processed leader peptide, whereas virtually
all HLA-A and HLA-C leaders have M. M and T leaders
differentially influence HLA-E expression and the
strength of inhibitory and activating NK and T-cell
responses. Given the extreme polymorphism of HLA-B,

and the high risks of GVHD associated with HLA-B
mismatching, we sought to evaluate the role of the
HLA-B leader dimorphism in GVHD in collaboration
with Dr. Effie Petersdorff. Using multivariate regression
models, we showed that among HLA-B-mismatched
transplantations, acute GVHD risk was higher with leader
mismatching than with leader matching (OR =1-73;

p = 0-042 for grade 2—4) and with an M-leader-shared
allotype compared with a T-leader-shared allotype

(OR =1-98; p = 0-0001 for grade 3-4). In a further study,
we showed that the impact of the patient-leader genotype
on acute GVHD and mortality varied across different
mismatched HLA loci. Non-relapse mortality was higher
among HLA-DQB1-mismatched MM patients compared
with HLA-DQB1-mismatched TT patients (hazard
ratio=1.35; p = 0 .01). Grades-IlI-to-1V GVHD risk was
higher among HLA-DRB1-mismatched MM or MT
patients compared with HLA-DRB1-mismatched TT
patients (OR = 2.52 and 1.51, respectively). The data
suggest that success of HLA-mismatched unrelated
transplantation might be enhanced through the judicious
selection of mismatched donors for a patient’s leader
genotype.

The group previously reported that the risk of GVHD
associated with HLA-DPB1 mismatching was influenced
by the HLA-DPB1 rs9277534 expression marker. Among
recipients of HLA-DPB1-mismatched transplants from
donors with the low-expression allele, recipients with the
high-expression allele had a high risk of GVHD. We
subsequently confirmed the significance of HLA-DPB1
expression for the risk of acute GVHD in a large
independent cohort. In transplant recipients matched to
HLA-A, HLA-B, HLA-C, HLA-DRB1, and HLA-DQB1,
donor mismatching against one high-expression patient
HLA-DPB1 increased moderate (OR = 1.36; p = 0.001)
and severe acute GVHD (OR = 1.32; p = 0.0016) relative
to low-expression patient mismatches, regardless of the
expression level of the donor’s mismatched HLA-DPBL.
Among transplant recipients with one HLA-A, HLA-B,
HLA-C, HLA-DRB1, or HLA-DQB1 mismatch, the odds
of acute GVHD increased with increasing numbers of
HLA-DPB1 mismatches but not with the level of
expression of the patient’s mismatched HLA-DPB1
allotype. Thus, the level of expression of patient HLA-
DPB1 mismatches informs the risk of GVHD after
unrelated HSCT matched to HLA-A, HLA-B, HLA-C,
HLA-DRB1, and HLA-DQB1, and the total number of
HLA-DPB1 mismatches informs the risk of GVHD after
HLA-mismatched unrelated HSCT. Prospective
consideration of HLA-DPB1 may help to lower GVHD
risks after transplantation.

Additionally, FNL staff found that HLA-DPB1
expression is also a risk factor for severe aplastic anemia
(SAA). The etiology of acquired SAA is not understood
but is likely related to abnormal immune responses and
environmental exposures. In collaboration with
investigators in the DCEG, a genome-wide association
study of individuals with SAA genetically matched to
healthy controls was performed. The top SNP
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(rs1042151A > G; Met76Val) that associated with SAA
(OR =1.75, p = 1.94x1053) is located in the P4 peptide
binding pocket of HLA-DPB1. We determined that the
risk variant G associates with significantly higher
HLA-DP cell-surface expression in healthy individuals.
Imputation of HLA-DPBL1 alleles revealed increased risk
of SAA associated with Val76-encoding alleles
(rs1042151G). The data suggest that alteration of
HLA-DP peptide-binding specificity, as well as changes
in HLA-DP cell-surface expression and/or other factors
affecting HLA-DP function, contribute to SAA etiology.

It is unknown whether humoral and/or cellular
immune responses protect against SARS-CoV-2. The
highly polymorphic HLA genes are major determinants of
the level of efficacy of these immune responses across
subjects; class | for CD8+ cytotoxicity responses and
class Il for CD4 T-cell helper responses. HLA genotyping
is central for identification of viral epitopes that should be
targeted in vaccine design. The Immunogenetics Section
concentrates heavily on genotyping the HLA class | and 1l
genes, the most polymorphic genes in the human genome.
This is the only CCR core laboratory that performs high-
resolution HLA genotyping using next-generation
sequencing technology. Cohorts of individuals infected
with or exposed to SARS-CoV-2 as part of the Greater
Boston Consortium on Pathogen Readiness are being
studied in detail across many disciplines of science. These
cohorts will include hospitalized patients and home-care
patients with active COVID-19, patients cured of
COVID-19, healthcare staff with likely exposure to
SARS-CoV-2, and individuals with likely community
exposure to the virus. The laboratory is currently
performing genetic analyses of these cohorts, which
includes HLA, NK cell receptors, cytokines involved in
COVID-19 lung disease, and receptors/molecules
essential for viral entry into cells. These studies are
important for designing vaccines and as potential
biomarkers for therapeutic interventions. The FNL team is
also contributing data to the COVID-19 Host Genetics
Initiative, a collaboration among the human genetics
community worldwide to share, generate, and analyze
data. More than 190 studies are currently underway. This
data will be combined with that from other laboratories
for meta-analysis, adding statistical power to results.

Molecular Targets Group

The Molecular Targets Group is organized into three
subgroups: (i) assay development and screening,
(ii) natural products chemistry, and (iii) protein chemistry
and molecular biology. All three groups work extensively
with each other and collaborate with CCR investigators to
develop and apply assays focused on specific cancer-
related targets and/or pathways. Their goals are to identify
bioactive molecules through high-throughput screening
(HTS) and to subsequently characterize the activities of
active compounds. The group aims to identify novel
compounds (and novel activities of known compounds)
from natural product extracts obtained from the NCI

Natural Products Repository and academic collaborators.
A typical workflow starts with the development of highly
reproducible, cell-based, biochemical or biophysical
assays compatible with HTS and for use with natural
product extracts. This is followed by a screen of pure
compound libraries (currently up to roughly 70,000
compounds) and of natural product extracts (more than
200,000 partially purified samples and approximately
40,000 crude extracts from various sources) for samples
able to affect the molecular target or pathway of interest.
Active components from active extracts are identified,
purified, and characterized. The group works directly with
the CCR Molecular Targets Program (MTP) and has more
than a dozen currently active collaborations of interesting
molecules in further development with other CCR
laboratories (or sections), CCR clinical branches, and
non-NCI (including international) laboratories. The group
coauthored two reviews on applications of HTS to natural
products drug discovery (Grkovic et al., ACS Chem Biol,
2020; and Wilson et al., Nat Prod Rep, 2020).

KEY ACCOMPLISHMENTS

For the purposes of this report and because the work
of the three Molecular Targets Group subgroups is closely
coordinated and highly interactive, their accomplishments
are combined. Many targets are being investigated in the
laboratory. The Molecular Targets Group had 15 to 20
active projects at any given time in the past year. Each
subgroup contributed to focus on the following targets
(references noted were coauthored by FNL personnel in
the Molecular Targets Group):

Covid-19 related projects. The group is working on
three projects targeting the SARS-CoV-2 virus and
focusing on targets and/or platforms that are also
applicable to cancer targets and cellular phenotypes.

e  Pseudovirus (PsV) model for identification of
inhibitors of infectivity. The group has developed
PsV preps containing the SARS-CoV-2 spike protein
(required for binding to target cells) and a luciferase
reporter-based infectivity assay (measurement of
luciferase incorporation into target cells).

e  Human topoisomerase 3f has been identified as a
host factor required for efficient replication of
different types of viruses including coronaviruses and
SARS-CoV-2. The group has established a cell-based
assay to identify selective inhibitors targeting cells
with wild-type human topoisomerase 3f to inhibit
viral replication in cells. HTS is underway.

e Anassay to identify compounds that can bind to the
SARS-CoV-2 spike-protein receptor binding domain
using differential scanning fluorimetry (DSF) is
being developed using purified spike proteins.
Preliminary feasibility studies have been completed
and a possible HTS configuration is being tested.
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Antiviral proteins.

e The group has initiated structural analysis of a novel
anti-HIV protein, isolated from a coral, genus
Alertigorgia.

e The group has demonstrated the ability of Griffithsin,
as well as an engineered trimeric variant of
Griffithsin, a previously identified antiviral protein,
to block entry of Nipah viral infectivity in cellular
and animal models (Lo et al., J Infect Dis, 2020).

Cbl-b. Screening of natural product extracts by the
group is near completion. Thirty-nine pure compounds
have been isolated from 11 active marine and fungal
extracts. Biochemical evaluation of their activity and
publication of the assay are in progress.

Dendrocyte activation. A novel approach to cancer
immunotherapy based on activation of dendritic cells in
tumors has been proposed. The group is characterizing a
reporter cell line to detect activation of dendritic-like cells
for feasibility for HTS assay development.

DUOX2 (inhibition of reactive oxygen species
generation). The group has developed and validated a
low-to-medium-throughput screening assay to gauge the
effect of test compounds and extracts on reactive oxygen
species generation after ionomycin stimulation. Over
20,000 prefractionated natural product extracts have been
screened using this assay.

Glypican3 (protein binding). To discover and develop
imaging agents that can potentially also treat hepatocellular
carcinoma, the group has developed an HTS DSF-based
screen with human Glypican3. It is in the final stages of
optimization.

IRG1 (protein binding). The group has optimized a
DSF screening platform with the current batch of IRG1
proteins in order to identify compounds that bind and
either stabilize or destabilize the protein’s conformation.
Binders are being further assessed using a novel liquid
chromatography—mass spectrometry method for profiling
enzymatic product formation (itaconic acid) for functional
evaluation of hits.

MALT?1 (inhibition of a protease implicated in B-cell
lymphoma). The group has completed structural and
biochemical characterization of active natural products,
including identification of a series of active fungal
metabolites. (Tran et al., Phytochemistry, 2019).

Merkel cell carcinoma (MCC). The group has
completed HTS with a cell-based assay to identify
substances able to preferentially kill MCC cells and/or to
distinguish between virus(+) and virus(-) forms of MCC.
Characterization of active compounds identified by the
screen is underway, particularly focusing on cell death
mechanisms.

Multidrug resistance (ABCG2). In a follow-up study,
the activity of botryllamide G (natural product discovered
after HTS) as an ABCG2 inhibitor was analyzed in a
mouse model of drug uptake in collaboration with an NCI
molecular pharmacology laboratory (Strope et al., Cancer
Biol Ther, 2020).

Osteosarcoma metastatic potential. An assay for
differential inhibition of proliferation of high metastatic
potential osteosarcoma cells along with characterization
of a series of fungal metabolites from an active extract
was published by the group and collaborators (Long et al.,
Chem Biol Drug Des, 2020).

PAX3-FOXOL1 (fusion transcription factor involved in
rhabdomyosarcoma). The group has initiated development
of spheroid mono- and mixed-cell cultures for further
characterization of active inhibitors. The binding of the
PFI1-90 hit that emerged in the screen has been evaluated
for binding interaction with the KDM3B, a histone lysine
demethylase involved in the PAX3-FOXO1’s chromatin
dysregulation pathway.

Programmed cell death receptor 1/programmed
death ligand 1. Griffithsin, originally discovered in the
MTP as an antiviral lectin-like protein, is being
investigated by the group for its ability to bind peptides
from physiologically/therapeutically relevant cellular
proteins. In particular, anti-programmed-death-ligand-1
antibodies and peptides known to perturb the protein-
protein interaction are being assessed for potential
modulation of the cellular immune response against
cancer cells.

RAS-RAF (modulation of dimerization). The group
completed screening on two flavors of this assay,
inhibition and enhancement of RAS-RAF binding.
Purification of compounds from active natural product
extracts has identified multiple structural families that are
being analyzed for effects on RAS-RAF-MEK-ERK
signaling. A novel series of inhibitory cyclic peptides
from an active marine extract have been characterized and
published in collaboration with natural products chemists
(Kim et al., J Nat Prod, 2020).

Thbata (reversal of Thata-induced growth arrest). The
group has developed and validated an HTS assay using
mifepristone-induced Thata-expressing thymus cells.
Screening has started with pure compounds and
prefractionated extracts.

TDP1 assay (inhibition of phosphodiesterase activity).
The group has completed structural characterization of the
allosteric peptide modulator recifin (discovered via HTS
and follow-up of active extracts). Based on its unique
structure and function, an Employee Invention Report has
been filed and a manuscript is in preparation.

TDP2 assay (inhibition of phosphodiesterase activity).
The group continues to isolate new compounds from
active extracts for submission for secondary assay
evaluation with our collaborators. Analogs of several hits
have been obtained from an academic chemistry
collaborator for structure—activity relationship analysis.

Yeast chemical genomics. The group’s application of
this platform has provided novel insight into the activity
of a series of natural products and synthetic derivatives of
madecassic acid as disrupters of mitochondrial function
(Valdeira et al., J Nat Prod, 2019).

Other support activities. The group has been very
active in supporting the continued expansion and
application of new MTP-screening libraries, both new
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pure compound samples and novel natural product
extracts. The group has also continued evaluating
potential new MTP projects (six formal project proposals
and multiple informal discussions in the last year) and
managing new projects (including projects under the
specific guidance of group members along with others to
which the group contributes).

Biophysics Resource Group

The Biophysics Resource Group (BRG) maintains
scientific instruments and computational infrastructure
operations supporting research in the Structural
Biophysics Laboratory (SBL), and by operating open-
access biophysics resource and nuclear magnetic
resonance (NMR) facilities, they provide support to a
large group of CCR researchers.

Each BRG member is embedded in separate sections
of the SBL:

e The SBL NMR Facility, which operates six NMR
spectrometers dedicated to structural biology research
and provides one open-access walk-up spectrometer
to all CCR researchers. The NMR facility currently
has more than 40 active users across all systems.
Spectrometers were optimized for remote access to
minimize in-person presence in the facility. NMR
facility staff provided user training and technical
support, which extends beyond the SBL NMR
Facility to include all NMR spectrometers currently
in operation in Fort Detrick and at the Advanced
Technology Research Facility (ATRF), a total of 13
spectrometers.

e  The Biophysics Resource is an open-access facility
operated by SBL, which provides multidisciplinary
support to CCR and NIH laboratories by maintaining
and operating a broad range of scientific instruments
and offering user training, protocol development, and
multilevel cooperation.

e The Information Technology (IT) Infrastructure
Support group maintains and expands high-end
computational infrastructure that supports structural
biology research. This includes maintaining over 20
scientific workstations, computational clusters, and
high-capacity storage for data archiving and providing
instruction to staff on high-end computing needs.

KEY ACCOMPLISHMENTS

e NMR Facility: set-up and configuration for remote
operation of Bruker Neo 700 MHz spectrometer at
the ATRF NMR Facility. It is now in full operation,
serving RAS research efforts.

e BioPhysics Resource: FNL staff trained 45 new
users, supervised their work, and performed studies
on a collaborative basis with nine research teams,
resulting in coauthorship on one publication and eight
acknowledgements in peer-reviewed publications.

e IT Infrastructure Support: designed and implemented
high-speed data transfer protocols and set up high-
capacity data storage for the Arctica cryo-electron
microscopy instrument for the CryoEM facility.

Bioinformatics and Structural Biology Section

The Bioinformatics and Structural Biology section
provides computational and experimental support for
various fields. Computational approaches are utilized for
RNA design, RNA bioinformatics, computer-aided drug
design, and immunogenetics, as well as for the refinement
and analysis of protein structures. Experimental work in
the area of structural biology focuses on X-ray
crystallography and cryo-electron microscopy.

KEY ACCOMPLISHMENTS

e Previously, RNA nanostructures resembling cubes as
well as hexagonal rings were reported and
characterized. It was shown that they form stable
complexes that can be delivered into cells using
delivery agents such as bolaamphiphiles. Such RNA
nanostructures can be connected via linking RNA
helices into even larger supramolecular structures.
Recently this has been accomplished in the form of
an RNA nano-architecture resembling a truncated
tetrahedron that consists of six hexameric ring units
interconnected by RNA helices. FNL staff developed
a novel algorithm for the in-silico design and
characterization of such RNA-nanostructures and
performed molecular dynamics simulations.

e FNL staff developed a convolutional neural network
that is designed for recognizing RNA structural
motifs of various sizes. In a recent publication, we
showed that the predicted scores of selective
2'-hydroxyl acylation analyzed by primer extension
correlate well with the experimental data. We also
showed that the approach outperforms computational
approaches solely based on thermodynamics,
especially in regions with known sequence motifs
such as translation start sites. This is an important
step toward utilizing modern machine-learning
approaches for predicting RNA properties.

e Computational chemistry utilized for identifying
inhibitors targeting C-terminal binding protein.
The C-terminal binding protein (CtBP) is associated
with poor outcome in a variety of cancers. Therefore,
CtBP represents an attractive target for small
molecule inhibitors.

FNL staff used a quantitative structure-activity
relationship approach as well as computational docking to
identify a set of candidate small-molecule inhibitors
targeting CtBP. From these initial candidates, four lead
compounds were identified using functional assays.
Further characterization of the impact of CtBP inhibition
with the identified compounds demonstrated a disruption
of CtBP dimerization as well as decreased cellular
invasion and migration in the triple-negative breast-cancer
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cell line MDA-MB-231. This suggests that CtBP
inhibition is a promising avenue for cancer therapy. The
utilized methodology also demonstrates the synergy
between computational chemistry approaches and
experimental functional assays for expediting the
identification of small molecule lead compounds that are
potent inhibitors of a cancer drug target.

Crystal structure of the Yersinia pestis UDP-
glucose pyrophosphorylase (UGP) enzyme. The
bacterium Y. pestis causes the bubonic plague. While
Y. pestis is treatable with a small number of
antibiotics, resistant strains have been reported. One
potential novel drug target is the bacterial UGP.
UGPs exhibit a high amount of amino acid sequence
similarity between bacterial species but not with their
eukaryotic counterparts. This makes UGP an
attractive target for the development of antibacterial
therapeutics.

Recently, the crystal structure of UGP has been
solved to 2.17 A resolution. FNL staff crystallized
the protein, and collected, processed, and analyzed
the data. A structural comparison with other bacterial
UGP homologs revealed a highly conserved active
site. This suggests that the design of broad-spectrum
UGP inhibitors may be feasible and a promising
approach for developing anti-plague therapeutics.

Figure 1. Ribbon representation of the crystal structure of the

Yersinia pestis UDP-glucose pyrophosphorylase at 2.17 angstroms
resolution.

Structural Characterization of Tyrosyl-DNA
phosphodiesterase 1 (Tdp1l) Inhibitors. Tdpl has
been implicated with counteracting topoisomerase |
inhibitors that are used in cancer therapy. Therefore,
Tdp1 inhibitors could be beneficial for augmenting
topoisomerase | inhibitor-based therapy. Using a
crystallographic screening campaign, two molecular
fragments were identified that bind the Tdp1 active
site and have inhibitory activity. FNL staff designed
the experiment, crystallized the complex with

fragments, and collected, processed, and analyzed the
data. The crystal structures of the protein-ligand
complexes revealed that the bound fragments had a
similar orientation to a previously published Tdpl
inhibitor. Next, molecular derivatives of the
identified two fragments were characterized
biochemically. These results are an important step
toward developing therapeutic Tdp1 inhibitors.

Crystallographic and calorimetric analysis on
Pleurotus ostreatus lectin and its sugar complexes.
Carbohydrate recognition is established as a property
of lectins and implicated in many functions including
immunity and defense against pathogens. Many
lectins are characterized and proposed for various
applications owing to the above-said recognition. The
crystal structure of a lectin from P. ostreatus has
been determined and shown to be calcium-dependent.
The overall structure is a tandem repeat of two p-jelly
roll domains, a new fold for lectins. The calcium
dependence of sugar binding is analyzed in detail
through isothermal titration calorimetry. The
serendipitous observation of malonate and glycerol,
the intentional N-Acetyl-D-galactosamine,
D-Galactose and L-Rhamnose binding to P. ostreatus
lectin by Ca2+ coordination revealed that the binding
site is promiscuous. Among these sugars, Rhamnose-
binding was found to be thermodynamically most
favorable. In all these structures, a vicinal diol motif,
one at axial and the other at equatorial positions,
could be established as a specific requirement for
binding. Interestingly, when compared with other
calcium-mediated lectin structures; this geometric
requirement is found conserved. This observation
could lead to the conclusion that lectins are not
“molecule-specific” but “geometry-specific,” such
that any molecule not necessarily a sugar may be
recognized by this lectin if the geometry exists. FNL
staff conducted the crystallographic study and
analyzed the data.

Structural study of fluorescent protein FusionRed.
The crystal structure of monomeric red fluorescent
protein FusionRed (Aex/Aem 580/608 mn) has been
determined at 1.09 A resolution and revealed two
alternative routes of post-translational chemistry,
resulting in distinctly different products. FNL staff
conducted the crystallographic study and collected,
processed, and analyzed the data. The refinement
occupancies suggest the 60:40 ratio of the mature
Met63-Tyr64-Gly65 chromophore and uncyclized
chromophore-forming tripeptide with the protein
backbone cleaved between Met63 and the preceding
Phe62 and oxidized Ca-Cf bond of Tyr64. We
analyzed the structures of FusionRed and several
related red fluorescent proteins, identified structural
elements causing hydrolysis of the peptide bond, and
verified their impact by single-point mutagenesis.
These findings advance the understanding of the
post-translational chemistry of GFP-like fluorescent

Subject to the restrictive markings located on the inside cover page of this document.



Figure 1. Ribbon representation of the crystal structure of the Yersinia pestis UDP-glucose
pyrophosphorylase at 2.17 angstroms resolution.



Frederick National Laboratory

proteins beyond the canonical cyclization-
dehydration-oxidation mechanism. They also show
that impaired cyclization does not prevent
chromophore-forming tripeptide from further
transformations enabled by the same set of catalytic
residues. Our mutagenesis efforts resulted in
inhibition of the peptide backbone cleavage, and a
FusionRed variant with approximately 30 percent
improved effective brightness.

e Engineering of receptor tyrosine kinases
controlled with near-infrared light. Optically
controlled receptor tyrosine kinases (opto-RTKSs)
allow regulation of RTK signaling using light. Until
recently, the majority of opto-RTKSs were activated
with blue-green light. Fusing a photosensory core
module of Deinococcus radiodurans bacterial
phytochrome (DrBphP-PCM) to the kinase domains
of neurotrophin receptors resulted in opto-RTKs
controlled with light above 650 nm. To expand this
engineering approach to RTKs of other families, we
combined the DrBpP-PCM with the cytoplasmic
domains of EGFR and FGFR1. The resultant
Dr-EGFR and Dr-FGFR1 opto-RTKs are rapidly
activated with near-infrared and inactivated with far-
red light. The opto-RTKs efficiently trigger ERK1/2,
PI3K/Akt, and PLCy signaling. Absence of spectral
crosstalk between the opto-RTKs and green
fluorescent protein-based biosensors enables
simultaneous Dr-FGFR1 activation and detection of
calcium transients. DrBphP-PCM represents a
versatile scaffold for engineering of opto-RTKs that
are reversibly regulated with far-red and near-infrared
light. FNL staff designed the experiments, analyzed
the data, and performed structural modeling.

e Structure-based rational design of two enhanced
bacterial lipocalin blc tags for super-resolution
microscopy. Super-resolution fluorescent imaging in
living cells remains technically challenging due in
large part to the photodecomposition of fluorescent
tags. Protein point accumulation for imaging in
nanoscale topography (protein-PAINT) is the only
super-resolution technique available for prolonged
imaging of proteins in living cells. It is realized with
complexes of fluorogen-activating proteins,
expressed as fusions, and solvatochromic synthetic
dyes. Once photobleached, the dye in the complex is
replaced with a fresh fluorogen available in the
sample. With suitable kinetics, this replacement
creates fluorescence blinking required for attaining
super resolution and overcomes photobleaching
associated with loss of irreplaceable fluorophores.
We have developed two protein-PAINT tags based
on the 1.58 A crystal structure of DiB1-M739
complex: an improved green-emitting DiB3/F74V-
M739 and a new orange-emitting DiB3/F53L-M739
that outperform previously reported DiB-based tags
to become best-in-class biomarkers for protein-
PAINT. These tags advance protein-PAINT from the

proof-of-concept to a reliable tool suitable for
prolonged super-resolution imaging of intracellular
proteins in fixed and living cells and two-color
PAINT-like nanoscopy with a single fluorogen. FNL
staff designed the experiment, contributed to the
crystallographic study, and analyzed the results.

Bacterial Genetics Group

The Bacterial Genetics Group (BGG) uses the
bacterial virus A and its host, Escherichia coli, as
paradigms for ongoing developmental and gene-
regulation studies. Coevolution of A with E. coli has
produced genetic systems that are exquisitely connected
to the most basic functions of the bacterial host. By
examining the interface between A and host systems, BGG
follows the trail of the virus to understand what is most
important and vital to cellular life and how all viruses
might exploit cellular systems. The virus provides clues
as to how those cellular functions work and how to study
them. Recent characterizations of the A genetic network
have provided a framework for systems biology
approaches using A as a prototype for theoretical
modeling methodologies, which have become important
for addressing signal transduction, cancer development,
and other complex genetic networks of eukaryotes.

KEY ACCOMPLISHMENTS

e BGG has developed recombineering, a highly
efficient technology for precise in vivo DNA
manipulation in bacteria using homologous
recombination and requiring only short homologies.
Recombineering is used to modify genome segments
on bacterial artificial chromosomes (BACSs); altered
genomic sequences can then be introduced back into
the organism of interest.

Recombineering with double-strand DNA can
precisely replace a defined region with a drug
marker, enabling the creation of null gene mutants.
Recombineering with single-strand DNA
oligonucleotides can be extremely efficient, with
greater than 50 percent of viable cells becoming
recombinant. Single-strand recombination can be
used to introduce point mutations on large DNAS,
such as BACS; recombinants are identified with a
polymerase chain reaction screen. This technology
enables high-efficiency targeted mutagenesis.
Recombineering can also be used to assemble
multiple linear DNA fragments with short terminal
homologies int o intact replicating plasmids in vivo.
Mutation of a 3’ single-strand exonuclease, Exol,
stimulates recovery of linear DNA assembly plasmid
products. In vivo assembly has a low error rate and
provides a viable alternative to Gibson assembly.

e BGG is collaborating on a project exploring the
possibility of making vaccines by displaying
potential antigenic epitopes on the surface of
bacteriophage A virions. Using recombineering, BGG
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has constructed many such A phages displaying
different heterologous proteins. The recombinant A
display phages are promising candidates for vaccine
production targeting three diseases and/or their
causative agents: (i) chronic lymphatic leukemia;
(i) Plasmodium falciparum, the malaria parasite; and
(iii) SARS-CoV-2, the coronavirus causing

COVID 19. BGG makes the A phage display
constructs and passes them on to the Developmental
Genetics Section, Laboratory of Molecular Biology
within CCR. The Developmental Genetics Section
confirms the presence of displayed proteins in the
purified phages by Western blot and makes large
amounts of high-titer phage purified free from
bacterial endotoxins. The reactivity of these purified
recombinant A phages will be tested for immuno-
genicity in animals in collaboration with other
laboratories. For A SARS-CoV-2 display phages,
reactivity will be tested against serum from humans
who have had COVID-19 but survived the disease,
since it is assumed these individuals have antibodies
against the SARS-CoV-2 coronavirus in their serum.
|
Lk
The bacterial virus A has two developmental
lifestyles: active viral reproduction and lysogeny, or
viral latency, where the virus exists as a prophage.
Bacterial viruses are excellent model systems for
mammalian viruses, which are responsible for a
number of human diseases, including cancer.
Understanding how this quiescent E. coli virus
reactivates will enhance our understanding of viral
reactivation in general. BGG is characterizing the
region of the viral chromosome responsible for
maintenance of lysogeny to better understand
repression and reactivation. For a A prophage, the
repressor protein Cl prevents expression of most viral
genes by binding to operator sites flanking lytic
promoters. A second repressor, Cro, binds to the
same operator sites with a different pattern of
affinities, shutting off CI repressor expression and
allowing lytic growth to proceed. The interaction of
Cl and Cro with the operator sites forms a bistable
genetic switch. BGG has found that two
bacteriophage functions, RexA and RexB, modulate
this switch, and an imbalance in the two proteins
makes viral reactivation defective (Lynn Thomason,
Mol Microbiol, 2019). BGG has recently
demonstrated that the RexA protein stabilizes the
Iytic configuration of the switch, and that the RexB
protein antagonizes the effect of RexA, elucidating
another layer of regulation controlling the phage A
bistable switch.

e As RNA polymerase transcribes the ribosomal RNA
(rRNA) operons in bacteria, it complexes with a set
of proteins collectively called Nus that confer
enhanced rates of transcription elongation, correct
folding of rRNA, and proper rRNA assembly with

ribosomal proteins to generate a functional ribosome.
BGG studies the role of transcription pausing
mediated by the Nus transcription factors and the
transcription termination factor Rho and their effect
on cellular function. Experimentally, E. coli and
Bacillus strains are depleted for these activities, then
the number of transcription pauses and their
distribution across the bacterial genomes is compared
to a wild-type reference strain, using RNA-Seq and
NET-Seq in combination with bioinformatic analysis.
Since most genes encoding the Nus factors and Rho
are essential, depletion is accomplished using a
gRNA/dCas9 system made by recombineering. All
the transcription factors are efficiently repressed
under optimized growth conditions and the results
show that several of these factors, particularly Nus,
play roles in transcription pausing.

Urologic Oncology Group

The Urologic Oncology Group (UOG) within the
Urologic Oncology Branch of CCR discovers and
characterizes kidney cancer susceptibility genes through
studies of families with rare, inherited renal cancer
syndromes and deep sequencing of sporadic histologically
defined renal tumors, providing insight into the molecular
mechanisms that lead to the development of renal cancer.
In-depth study of the metabolic pathways dysregulated in
these inherited renal cancer syndromes and their sporadic
counterpart tumors has informed the design of potential
molecularly targeted therapies for renal cancer. UOG is
developing genetically engineered mouse models of renal
cancer as an important research tool for in vivo functional
studies and efficacy studies of novel therapeutic agents. In
collaboration with the Dana Farber Cancer Institute, UOG
developed an orthotopic syngeneic mouse model of clear
cell renal cancer using CRISPR/Cas9 gene editing of
kidney cancer susceptibility genes.

Characterization of mouse tumors from this model has
demonstrated clear cell histology and successful gene
editing. Targeted therapies are currently being evaluated
in this model, which, if successful, will provide the basis
for a clinical trial in kidney cancer patients. UOG has also
been successful in the generation of a genetically
engineered mouse model of TFE3-translocation kidney
cancer (tTfe3-RCC) which is a highly aggressive form of
kidney cancer that mainly affects children and young
adults for which there are no effective therapies. Renal
tumors from these mice were successfully implanted
orthotopically in immunocompetent recipient mice,
thereby enabling the evaluation of immunotherapies to
treat this aggressive disease.

Synthetic Biologics and Drug Discovery Facility,
Laboratory of Cancer Inmunometabolism

The Synthetic Biologics and Drug Discovery Facility
develops chemical biology tools and designs and
generates drug candidates for various molecular targets,
mainly focusing on “undruggable” proteins. This year, we

Subject to the restrictive markings located on the inside cover page of this document.

33



Frederick National Laboratory

identified candidates by virtual screens and rational
design that act as potent small-molecule inhibitors for
important targets such as SARS-CoV-2 NSP9, NSP10,
NSP15, NSP16, Nucleocapsid, and Spike proteins, which
play a vital role in infectivity and replication of the
coronavirus, and the KRAS G12V mutant protein, a key
player in many cancers. For SARS-CoV-2 proteins, novel
technologies such as nano-differential scanning
fluorimetry and microscale thermophoresis have
permitted the performance of binding experiments with
inhibitors to identify the best leads, which are now being
tested in fluorescence and functional assays. The most
potent KRAS compounds, identified through toxicity
assays in different human-lung-carcinoma cell lines and
Nano-Differential Scanning Fluorimetry binding
experiments, are now being used in the Microscale
Thermophoresis and Fluorescence Polarization assays for
binding affinity determination. Importantly, one of the
peptide KRAS inhibitors developed in the laboratory is
undergoing preclinical studies in tumor mouse models.

Vaccine Branch

The Vaccine Branch focuses on developing new
immunotherapy procedures. The hetlL-15 trial developed
by the Vaccine Branch and supported by Novartis,
generated large numbers of clinical samples for further
study of the pharmacokinetics and pharmacodynamics
revealed by this first-in-human trial, which were
evaluated by advanced flow cytometry, RNAseq, and
other techniques to identify optimal treatment protocols
and biomarkers for further clinical development. We
demonstrated that hetlL-15 has activity against tumors
and optimized administration in mouse orthotopic breast
cancer models. Additionally, the Vaccine Branch has
studied the tumor microenvironment using transcriptomics,
proteomics, and metabolic measurements leading to the
discovery of a new type of intratumoral dendritic cell
found only after hetlL-15 treatment, which was presented
at the recent American Association for Cancer Research
2020 meeting. A substantial finding was that these
dendritic cells correlate with tumor regression and the
development of long-term memory against the tumor,
which does not permit tumor formation after re-challenge.
Further metabolic and immunological analysis of tumor
samples during hetlL-15 treatment has revealed important
intratumoral changes that facilitate tumor treatment.

Chemoattractant Receptor and Signal Section,
Laboratory of Cancer and Immunometabolism

The Chemoattractant Receptor and Signal Section is
focused on defining the critical role of a group of
G-protein-coupled chemoattractant receptors hamed
formylpeptide receptors (FPRs) in host defense against
cancer and inflammatory responses. This year, we
identified FPR1, which plays a role in exacerbating
diabetes-promoted cancer progression. The group has also
demonstrated a key role of two mouse FPR analogues,
FPR1 and FPR2, in host defense against E. coli infection.

Additionally, we have performed studies with germ-free
mice to address the contribution of the host microbiome
to the development of colon crypts and colitis.

Microbiome and Genetics Core, Laboratory of
Integrative Cancer Imnmunology

The Microbiome and Genetics Core (MGC) of the
Laboratory of Integrative Cancer Immunology runs its
microbiome facility with a team of two technicians, two
bioinformaticians, one scientist, and one postbaccalaureate.
The group is focused on characterizing the role of the
microbiota in cancer and inflammatory processes. Having
established reliable and reproducible methods to isolate
and characterize nucleic acids of microbiota isolated from
feces and other sources, the core has worked with a range
of source materials and about 50 principal investigators in
10 National Institutes, to help effectively determine changes
in microbial representation between experimental samples.

Robotic sample preparation platforms (Eppendorf
5073 and 5075) are used to maximize throughput and
reproducibility, both for nucleic-acid isolation and for
barcoded-library preparation. Quantification is
accomplished using quantitative polymerase chain
reaction or spectroscopy. Following purification,
barcoding, and quantification, an Illumina MiSeq® is used
to sequence amplicons of 16S rRNA genes. For genomic
approaches, the same DNA isolation process is used, and
as little as one ng of DNA is subjected to breakage and
library preparation by transposon-driven “tagmentation.”
Whole-genome sequencing from isolates is done on the
MiSeq platform, and shotgun metagenomes of the
microbiota are run on the higher-capacity NextSeq or
NovaSeq®. Shotgun approaches are being used in LICI
and NCI projects as well as for collaborators from other
NIH institutes, and terabytes of sequenced base pairs of
data are being generated and analyzed from these
platforms. Across the projects, different challenges have
been met successfully, including finding a way to isolate
DNA from high-bacterial or lower-bacterial biomass
sources, developing a method to partition analyses from
different sources, and determining which treatments
maximize the signal-to-noise ratio of experiments. We are
handling samples associated with both clinical and basic
scientific research.

Illumina’s cloud server as well as a backup system at
FNL’s computer center address the bioinformatic
challenges of storing, delivering, and backing up large
amounts of information. This FNL team favors the
QIIME analytical approach to determining microbial
abundances from 16S data. The analyses are also limited
by the quality of databases of rRNA. We continue to
develop a database of fully vetted, high-quality rRNA
sequences for use in identifying components of the
microbiome in samples.

The core continues to expand its process repertoire
from 16S ribosomal amplicon-based metagenomics
through whole-genome sequencing of microbial isolates
to shotgun metagenomics. MGC has isolated microbiomal
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DNA from a variety of sources, including swabs, fecal
pellets, tissue samples, and a variety of source organisms
while metatranscriptomic approaches to microbiome
characterization are underway. We have incorporated
fungal characterizations by 18S ITS amplicon analysis
into our repertoire. The broad experimental repertoire will
enable examination of potential metabolic pathway
changes induced by changes in compaosition, gene
content, and transcriptional activity of the microbiota.
This has enabled MGC to undertake microbiome
characterizations across a range of health fields from
cancer to vaccinations and autoimmune and infectious
disease studies.

For shotgun metagenomics, we utilize JAMS, a
versatile pipeline developed at CCR (McCulloch et al.,
in preparation), which offers insights into the genomic
data generated by interogating taxonomy, metabolic
pathways, and gene family abundances. Continuing work
includes characterization of shotgun metagenomes in
checkpoint inhibition therapy of cancer; therapeutic
responses to fecal transplantation; microbiota in human
esophageal biopsy; microbiota and bile acid metabolism
in liver cancer; microbiome characterization in
hematopoiesis reconstitution; microbiota from human oral
samples related to outcomes from transplantation;
characterization of salivary microbiota in hepatitis
infection; and shotgun metagenomic analysis of human
tooth microbiota in two distinct monogenic neutrophil
deficiency syndromes. New undertakings include
characterization of an 880-individual mother-infant cohort
and a case-control study in chronic fatigue syndrome. We
have worked with microbiota in mouse models for other
diseases or health interventions. Over the past year, MGC
members have coauthored eight papers in addition to
multiple acknowledgments elsewhere.

The core continues to support analysis in genetics,
particularly regarding the role of HLA expression in
autoimmune disease, infections, and transplantation
medicine. The MGC has recently been involved in
publications on topics including uncovering the role of
HLA-B leader peptide polymorphisms in determining
transplantation outcomes (Petersdorf et al., Lancet
Haematol, 2020) and determination of the role of HLA-
DPB in severe aplastic anaemia (Savage et al., Am J Hum
Genet, 2020).

Small-Angle X-ray Scattering Core

The Small-Angle X-ray Scattering Core group
supports a wide range of investigators and laboratories,
including CCR laboratories, as well as NIH intramural
and extramural groups, in structural investigations of
biomacromolecules and their complexes in solution. We
have supported 23 users/groups in the past year,
excluding the time period from March 1, 2020 through
June 30, 2020 due to service interruption caused by
COVID-19. We have contributed to one doctoral thesis
and 13 peer-reviewed publications, including seven
coauthorships.

Flow Cytometry Core

The CCR-Frederick Flow Cytometry Core Laboratory
is an essential resource for NCI-Frederick investigators.
Administratively embedded in the LCIM, the core
primarily serves CCR investigators; requests from
investigators outside CCR but within FNL are accepted
on a limited basis.

The core’s primary services are: (i) Analysis using
flow cytometry including data collection, statistical
reduction, and presentation; (ii) Cell Sorting, or physical
separation of defined cells from mixed samples;

(iif) Training investigators for cytometer use;

(iv) Technology Oversight including instrument
maintenance, quality assurance, life-cycle planning, and
evaluation of emerging instruments, software, reagents,
and applications; and (v) Consulting for assay
development and troubleshooting.

The core currently operates 10 cytometers: seven
analytical and three sorting instruments, housed across
two adjacent laboratories, including a nested biosafety
level (BSL)-2+ laboratory for human cell sorting. The
instruments are configured with optical layouts such that
experiments designed and analyzed using a particular
instrument may be replicated on other instruments within
the laboratory, providing flexibility in scheduling.

To date, the core has performed 1,170 billable services
including 163 cell sorts. The core recorded 62 users from
the following programs:

e Cancer and Developmental Biology Laboratory
e Division of Cancer Treatment and Diagnosis

e HIV Dynamics and Replication Program

e Laboratory Animal Sciences Program

e Laboratory of Cancer Immunometabolism

e Laboratory of Cell and Developmental Signaling
e Laboratory of Integrative Cancer Immunology
e Laboratory of Molecular Cell Biology

e Laboratory of Protein Dynamics and Signaling
e Mouse Cancer Genetics Program

e RNA Biology Laboratory

KEY ACCOMPLISHMENTS

e Response to COVID-19: The core leadership joined
with other NCI cytometry cores to draft and publish
guidelines for handling human samples within NCI
flow cytometry laboratories; guidance was reviewed
by laboratory chiefs and distributed to investigators.
Recognizing the need for clear communication
describing precautions and evolving guidance to the
core’s users, we developed and distributed a modified
reservation policy to investigators in a one-sheet
visual summary.

e Enhancement of Training Program: The core
joined with other NCI cytometry cores to develop
and present flow cytometry educational lectures at
the NIH Bethesda campus in May and November
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2019. We coordinated vendor training days with
lectures and supervised hands-on training for two
new cytometers procured and installed in 2019 by
Miltenyi Biotec and BDBiosciences. We continue to
improve our ad-hoc user trainings with facility-
specific software tutorials recently converted to self-
paced YouTube-style videos.

e Keeping Pace with Evolving Cytometry: As of
August 2020, the core is installing two high-
dimensional cytometers, each with five lasers,
capable of measuring more than 30 simultaneous
parameters, thus keeping pace with emerging
trends in cytometry and proteomics. The Cytek
Aurora represents a new class of cytometer that
uses the entire spectrum, from ultraviolet to
infrared and deconvolute-fluorescent signals; this
added analytical power can derive more usable
data from limited samples like tumor-infiltrating
leukocytes. The BD Biosciences Symphony S6 is
capable of high-speed separation of finely defined
immune cell subsets into up to six distinct types
simultaneously or depositing single defined cells
into 96- or 384-well plates for cloning or deep
sequencing. Two instruments manufactured in
2007 and 2009 with pending vendor obsolescence
will be retired.

e Special Recognition: A member of the core team
earned the Specialist in Cytometry credential by the
American Society of Clinical Pathology, indicating
“broad proficiency of technical and operational
aspects of cytometry and shared resource (core)
laboratories.”

Media Laboratory

The Media Laboratory has been in operation since
1984, and employees are skilled at making
microbiological media for both bacterial and yeast work.
They routinely make buffers and other reagents for
biochemistry, molecular biology, and genetics research.
All media are custom-made (liquids and plates); thus,
additives such as antibiotics, isopropyl-B-D-1-
thiogalactopyranoside, counter-selective agents, anti-
cancer drugs, and reverse-transcriptase inhibitors can be
added at the request of the researcher. (Ingredients not
commonly used by most laboratories need to be provided
by the ordering laboratory).

The Media Laboratory is usually able to accommodate
requests for new reagents when provided with a recipe.
Because it is located on the NCI Frederick Campus, staff
members are available to answer questions. They can also
accommodate requests for dispensing products in a
variety of sizes (e.g., 10 bottles of LB at 100 ml/bottle).
All products use the highest-quality reagents: only Difco
Agar, Tryptone, and Yeast Extract are used. Most
products are delivered within three business days after the
Media Laboratory receives the order. The laboratory
provides service to about 57 laboratories. On-site media
and reagent preparation is a highly cost-effective and

valuable resource for many scientific laboratories that
require microbiological media or other molecular biology
reagents.

A reasonable cost-sharing pricing system is utilized
for media pricing. Under the cost-sharing system, buffers,
plates, and reagents fall into different pricing tiers,
depending on the cost of the reagents and labor involved.
The Media Laboratory bills monthly to facilitate
everyone’s bookkeeping.

This year, during the COVID-19 pandemic mandatory
laboratory closures, Media Laboratory employees came
into the laboratory on a few occasions, by special request,
to make media for COVID-19-related research.

Media Laboratory Products

e Bacterial growth media: LB, TB, and Minimal Broth
and plates using Difco products, with or without
antibiotics or other additives

e Diagnostic growth media: MacConkey agar with
carbohydrate of choice, EMB agar with carbohydrate
of choice

e Yeast growth media: YEPD, YEA, Amino acid drop-
out plates

e Buffers and solutions: Tris buffers, Q-buffers

e  Gel electrophoresis and transfer buffers: Tris-glycine
buffer, SDS-Page buffer, Tris-acetate EDTA buffer

e Bacteriophage growth media for phage lambda and
M13: TB, NZY, YT.

The Media Laboratory provides services to NCI CCR
Laboratories at two Frederick locations, the NCI Campus
at Frederick and the ATRF, as well as to laboratories at
NIH Bethesda.

Support Provided by the Biomedical
Informatics and Data Science Directorate

Bioinformatics and Computational Science

KEY ACCOMPLISHMENTS

e National Cancer Institute (NCI) Comprehensive
Oncologic Molecular Pathology and Sequencing
Service (NCI-COMPASS): Analytical and clinical
validation of TruSight Oncology 500 was completed
in September 2019. The analytical validation of
whole-exome sequencing assay and RNA-Seq was
also completed.

e The Center for Cancer Research (CCR) Sequencing
Facility received 302 requests and processed more
than 14,000 samples, including Illumina short-read,
Pacific Biosciences long-read, and single-cell
projects, delivering more than 133 trillion base pairs
of data to more than 190 investigator laboratories
across NCI, the National Institute of Allergy and
Infectious Diseases (NIAID), and the National
Institutes of Health (NIH).
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The CCR Collaborative Bioinformatics Resource
(CCBR) performed data analysis for Dr. Christian
Hinrichs’ laboratory to study regression of epithelial
cancer in patients following engineered T-cell
therapy. This was a clinical trial of engineered T-cell
therapy targeting human papillomavirus (HPV)-16
E7 for the treatment of metastatic HPV-associated
epithelial cancers. It was discovered that one of the
only patients to have almost no response to the
treatment also had evidence of a nonsense mutation
at human leukocyte antigen (HLA)-A*02:01, a
necessary component of the E7 T-cell receptor target
peptide HLA complex.

The Bioinformatics Training and Education Program
(BTEP) provided expanded bioinformatics training
and workshops for NCI staff who were teleworking
due to the COVID-19 pandemic. More than 300
participants have accessed the resources during

this time.

COVID-19 and Teleworkforce Support Activities

HIV Dynamics and Replication Program: FNL staff
screened the human genome to make sure there are
no cross-reactions of the single-copy assay primers to
the human genome. They also worked to screen the
primer/probe sets to make sure there are no cross-
reactions to the human genome and to other severe
acute respiratory syndrome coronaviruses.

CCBR developed an automated way to download the
latest SARS-CoV-2 complete genomic sequences
from GeneBank/RefSeq and run multiple sequence
alignment in an automated manner to find a
consensus sequence for Dr. Thomas Schneider’s
sequence logo generator (makelogo:
http://users.fred.net/tds/lab/delila/makelogo.html).
CCBR also created a Docker container that includes
multiple alignment using fast Fourier transform
(MAFFT) and a wrapper script called “covid" that
allows automated download of the latest sequences
and runs multiple sequence alignment. This Docker
image is freely available on Docker Hub here:
https://hub.docker.com/repository/docker/nciccbr/cch
r_mafft.

BTEP online classes and webinars during the
COVID-19 extended telework period: The enforced
teleworking introduced in response to the COVID-19
pandemic has resulted in a great interest in
bioinformatics training. Fortunately, this timing
coincided with the expansion of BTEP’s online
training initiatives that had been piloted (DataCamp)
in the previous year within the Staff Scientists and
Staff Clinicians Technical Enrichment Program.
Thus, BTEP has been able to offer “homebound”
researchers two new tracks for learning
bioinformatics skills:

o BTEP allocated 76 of 100 purchased licenses for
the Biostar Handbook. The group has been

holding a class “Bioinformatics for Beginners
using the Biostar Handbook™ since April 2020
and is currently on week 10 of class.

o The group also made licenses available to
dataquest.io, an online platform for learning
programming in Unix, Python, R, SQL, and
more. To date, the group is using 80 licenses for
NCI/CCR scientists.

e Additionally, in response to the enforced telework,
BTEP has moved all its seminars and workshops to
webinars and is setting up virtual workshops in which
CCR scientists can pose questions to a panel of
subject-matter experts.

o  Workshops, Seminars, and Software

e  ChIP-Seq Data Analysis: Probing DNA-
Protein Interactions (303 attendees)

e Biostars/Bioinformatics Recipes (led by
Dr. Istvan Albert [Pennsylvania State
University], 280 attendees)

e Data Science Using Apache Spark for
Biomedical Applications (35 attendees)

e Single-Cell RNA-Seq Analysis (91 attendees)

o  Overview of Common Statistical Tests (47
attendees)

e Variant Analysis in NGS data (50 attendees)

e Qlucore Omics Explorer (several sessions,
10-20 attendees per session)

o Partek Flow bulk and single-cell RNA-Seq
(several sessions, attendees limited to 20 per
session)

e Palantir/NIH Integrated Data Analysis
Platform training courses (26 in-person
classes conducted in FY2020)

e CCR Sequencing Facility (priority efforts for
COVID-19)

o VirScan to Determine the History of Viral
Exposure Including COVID-19 Patients (Dr. Xin
Wei Wang, NCI): The FNL staff delivered
primary/secondary/tertiary analysis for three
batches, including 576 samples for 159 patients.

o ldentifying Combinations of Small Molecules
for Targeting COVID-19 Replication (Dr. Eytan
Ruppin, NCI): The FNL staff provided data
analysis support, including building a custom
reference, which was generated with
Chlorocebus sabaeus (African green monkey)
and Wuhan seafood market pneumonia virus
isolate Wuhan-Hu-1.

Sequencing Facility

Bioinformatics Support for Production Next-Generation
Sequencing Data Analysis

Since September 2019, the FNL staff in the
Sequencing Facility received 302 requests. The team has
processed more than 14,000 samples, including IHlumina
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short-read, Pacific Biosciences long-read, and single-cell
projects, and delivered more than 133 trillion base pairs of
quality-controlled data to more than 190 investigator
laboratories across CCR, NIAID, NIH, and academic
institutes. The samples increased more than 20 percent
from the same period in FY2019.

Highlights for Scientific Collaboration Studies

e FNL staff provided bioinformatics analysis support
for serological profiling of the viral infection history
in 899 individuals from an NCI-University of
Maryland case-control study using a synthetic human
virome, VirScan. The viral exposure signature
defines early onset of hepatocellular carcinoma. The
resulting manuscript has been published (Liu et al.,
Cell, 2020).

e FNL staff provided sequencing analysis for bulk
RNA-Seq and single-cell RNA-Seq, as well as T-cell
immune profiling analysis, to explore the role of
mannose receptor (CD206) activation in tumor-
associated macrophages. The results of this study
have been published (Jaynes et al., Sci Transl Med,
2020).

o FNL staff provided sequencing quality control and
variant analysis to the NCI Data Science Laboratory
for a study of whether targeting purine synthesis in
ASS1-expressing tumors enhances the response to
immune checkpoint inhibitors.

o FNL staff provided single-cell sequencing data
analysis to the NCI Laboratory of Immune Cell
Biology (Dr. Remy Bosselut) to analyze the response
of tumor-specific CD4+ tumor-infiltrating
lymphocytes and draining lymph node (dLN) T cells.
(Magen et al., Cell Rep, 2019).

o FNL staff provided collaborative bioinformatics
support for analyzing whole-genome sequencing
(WGS), whole-exome sequencing (WES), and RNA-
Seq for “Evaluation of Next-Generation Sequencing
of DNA and RNA from Archival FFPE Pancreatic
Cancer Tissue: A Pilot Study of the SEER-Linked
Virtual Tissue Repository.”

e FNL analysts analyzed Pacific Biosciences 1s0-Seq
data to identify alternative splicing events for the
RNA Biology Laboratory and found that novel,
abundant Drosha isoforms are deficient in miRNA
processing in cancer cells.

Contributions to Community-Wide Research and Best
Practice Development

FNL staff and the Food and Drug Administration
single-cell team, as well as other members from
Sequencing Quality Control Phase Il consortium, have
conducted a multicenter cross-platform benchmarking
study of single-cell RNA-Seq using two well-
characterized cellular reference samples.

CCR Collaborative Bioinformatics Resource

Representative scientific collaborations:

Regulatory relationships between CLIC4 and miR-
142-3p in head and neck squamous cell cancers
(Carofino et al., Oncotarget, 2019)

Bioinformatic support for the Retroviral Replication
Laboratory resulted in publication of the first
evidence that CRISPR/Cas9 technology can be
applied to knock out the ORF57 gene from all
approximately 100 copies of the Kaposi sarcoma—
associated herpesvirus genome (BeltCappellino et al.,
J Virol, 2019).

Epigenetic modifications in breast cancer metastasis
demonstrating the effect of DNMT3B in epigenetic
modifications, allowing cancer cells to colonize
different tissues. FNL staff provided analytical
support for Methyl-Seq analysis showing differences
in methylation between metastases and primary
tumors. (So et al., Cancer Res, 2020).

Induction of phenotypic changes in HER2-postive
breast cancer cells in vivo and in vitro is a
collaboration with Dr. Gilbert Smith’s group (Basic
Research Laboratory) and Dr. Brian Booth’s
laboratory (Clemson University). The FNL staff
analyzed RNA-Seq data sets derived from mice that
received transplants of different ratios of co-cultured
normal epithelial cells and cancer-derived cells. The
analysis showed that the cancer-derived cells
appeared to have nearly normal expression patterns
when co-cultured with sufficient normal cells.

ZBP1, not RIPK1, mediates tumor necroptosis
during tumor development. In this study, the FNL
staff provided a critical link to in vivo conditions by
identifying 15 cancer types for which appropriate
data were available through The Cancer Genome
Atlas and analyzing them for the expression of
relevant genes. Additionally, ZBP1 was found to be
significantly upregulated in all stages of breast
cancer, with a slight decrease in stage 1V cancers,
which supports their model of ZBP1’s involvement
with metastasis.

Regression of epithelial cancer in patients following
engineered T-cell therapy. In collaboration with

Dr. Hinrichs’ laboratory, this was a clinical trial of
engineered T cells targeting HPV-16 E7 for the
treatment of metastatic HPV-associated epithelial
cancers. The FNL staff focused on RNA-Seq and
exome sequencing data sets derived from tumor and
normal samples taken from patients. An interesting
finding of this analysis was the discovery that one of
the only patients to have almost no response to the
treatment also had evidence of a nonsense mutation
at HLA-A*02:01, a necessary component of the E7
T-cell receptor target peptide HLA complex.
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Bioinformatics Support for the Vaccine Branch

Representative projects include:

e  Characterization of type 2 natural killer T-cell
immunosuppressive subsets by RNA-Seq analysis

e Vaccine-induced microRNA expression in rhesus
monkeys and their correlation with protection from
simian/human immunodeficiency virus challenge

e  Effects of peritumoral-administered interleukin-15
treatment on tumors and draining lymph nodes in
macaque breast cancer models

Bioinformatics Support for the Radiation Oncology
Branch

e Release of SL-BioDP: a comprehensive web tool for
predicting synthetic lethality (Deng et al., Cancers
(Basel), 2019)

e Investigation of radiation-driven evolution of
glioblastoma orthotopic xenografts (McAbee et al.,
Cancer Res, 2019)

Laboratory and Bioinformatics Support for the
Laboratory of Pathology and NCI-COMPASS

e The FNL staff completed analytical and clinical
validation of TruSight Oncology 500 (TSO500) in
September 2019. The TSO500 assay is in production
and has provided clinical results since October 2019,
with a weekly sample volume of 24. FNL also
completed analytical validation of a WES assay and
RNA-Seq. The project is currently at the final phase
of the clinical validation of both the WES and RNA-
Seq assays. These clinical next-generation
sequencing assays are expected to be in production in
the third and fourth quarters of 2020, respectively.
Installation of the NovaSeq6000 (Illumina, Inc.) was
completed.

e During FY2020, the FNL analysts embedded in the
NCI-COMPASS computational team performed the
following tasks:

o Developed a bioinformatics pipeline to analyze
the DNA and RNA data sequenced through
Illumina TSO500 and TSO170 panels,
respectively. The Variant Call Format (VCF)
files and RNA fusion detection output from the
TSO500 pipeline are used as input to custom
Python scripts that create a data package. This
data package is sent programmatically to
QIAGEN Clinical Interpretation services for data
interpretation and clinical sign-out.

o The Methylation Classifier pipeline was
developed to analyze the DNA methylation data
sequenced through the lllumina EPIC array. In
brief, raw data generated by the Illumina iScan
reader are used as input for the classifier. Quality
control plots are generated for staining,
hybridization, specificity, and restoration.

A customized classifier report is created with
plots for copy-number variants and promoter
methylation predictions for the MGMT gene
locus. Finally, t-distributed stochastic neighbor
embedding (t-SNE) plots are generated for each
sample using the IDAT files as input.

Support for Dr. Javed Khan'’s Laboratory,
Oncogenomics Section, Genetics Branch

Multi-omic analyses of patients with disease that is
sensitive vs. resistant to CD19 CAR-T treatment. The
project involves several data types and analyses, such as
single-cell RNA-Seq data analysis and analysis for copy-
number variations, high-parameter cytometry (CyTOF),
bulk RNA-Seq, methylation, and cellular indexing of
transcriptomes and epitopes by sequencing (CITE-seq).

CCR Office of Information Technology Labmatrix

Labmatrix is currently used by more than 80 principal
investigators from more than 30 NCI
laboratories/branches to support their clinical and
translational research. The FNL staff’s efforts in FY2020
were focused on users and laboratory support, training,
and data migration.

Support for Molecular Targets Program

FNL staff bioinformatics and chemoinformatics
support in FY2020 was expanded to streamline data
management in the laboratory and develop web interfaces
for automating specimen requests, tracking, and analysis
workflows.

Support for the RNA Biology Laboratory

FNL staff developed custom analysis pipelines to
interrogate high-throughput sequencing of RNA isolated
by crosslinking immunoprecipitation (CLIP-seq), RNA-
Seq, RNA-Seq for noncoding RNAs, and SHAPE data.
This has allowed identification of the presence of RNA
editing sites, RNA-binding protein targets, and
noncanonical Drosha targets, as well as the detection and
measurement of poly(A) tails in preRNA and small-
molecule binding structures in RNA riboswitches.

T-Cell Receptor Epitope Discovery

KEY ACCOMPLISHMENTS
e Processed more than seven cell lines

Identified several epitopes that are promising
candidates

Began to cross-correlate candidate epitopes between
antibody experiments by Dr. Hinrich’s laboratory and
mass spectrometry experiments on the same cell lines
This is an investigator-initiated project to identify
human T-cell receptor epitopes that putatively could be
immune system targets. FNL was tasked with helping
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coordinate the necessary activities that involve multiple
principal investigators: Dr. Hinrichs (CCR), Dr. Clint
Allen (National Institute on Deafness and Other
Communication Disorders), Dr. John Sunwoo (Stanford
University), Dr. Joshua Elias (Stanford University), and
Dr. Ellis Reinherz (Dana-Farber Cancer Institute). Target
human tumor cells are immunoprecipitated and then
analyzed via mass spectrometry to identify putative T-cell
receptor epitopes. The aim is to more fully document/
characterize the naturally processed and presented (via
HLA-associated complex) epitopes of high-therapeutic-
potential and public (not unique to one tumor in a patient)
antigens from tumor cells. Most epitopes of interest for
targeting are unknown and cannot be deduced in silico
with bioinformatic algorithms. Discovery of the most
relevant epitopes will enable more focused efforts on
developing effective T-cell receptor therapy.

This project aims to identify tumor antigen epitopes
that tumor cells naturally process and high-allelic-
frequency HLA molecules present to T cells. The method
of discovery requires immunoprecipitation of HLA
molecules (complexed with peptides) from the surface of
tumor-based cell lines (prioritized and provided by NCI).
Following immunization, samples are exposed to mass
spectrometry, and the output spectra are analyzed to
identify the peptides bound to the HLA molecules.
Experiments are being performed in an iterative manner,
with the target antigens and HLA allele frequency
determining the priority. The number of antigens and
alleles under study are dependent on the success rate for
each discovery experiment. Also notable is that two
different types of mass spectrometry are being used: data-
dependent acquisition and data-independent acquisition.
Input cell-line-derived samples are being provided by
NCI, but Dr. Sunwoo will also generate mouse xenografts
from tissue sourced and appropriately consented as part of
his clinical practice. This is a multi-year project.

Support Provided by the Business Services
Directorate

Center for Cancer Research

The Business Services Directorate (BSD) provides
purchasing, logistics, operational, and administrative
support across many division and centers across the
Federally Funded Research and Development Center Task
Order. At this time, the BSD Purchasing & Logistical
Support Team is primarily focused on supporting the
research needs of the Center for Cancer Research. These
orders were for laboratory supplies, biologicals/
chemicals/reagents, sequencing and oligos, radioisotopes,
and capital equipment. The Purchasing & Logistical
Support Team also facilitates several seminar series, as
well as scientific travel for Frederick National Laboratory
employees who make up the Basic Science Program (BSP).

KEY ACCOMPLISHMENTS

e 6,633 blanket orders were placed (19,304 lines),
totaling $3,670,333.

e 5,123 credit card orders were placed (10,946 lines),
totaling $3,570,579.

e 1,160 purchase requests (3,534 lines) were submitted
to Purchasing or Research Subcontracts for action,
totaling $27,158,695.

e 26 travel packages for Frederick National Laboratory
employees were processed.

e 24 seminar speakers’ travel was facilitated, and
expenses and honoraria were reimbursed.

Support Provided by the Cancer Research
Technology Program

Center for Cancer Research Dedicated Cores

Protein Expression Laboratory (PEL)

The six full-time equivalent (FTE) employees in the
Center for Cancer Research dedicated Protein Expression
Laboratory (CCR-PEL) carry out cloning, protein
expression, and protein purification in support of CCR
activities. In FY2020, the group continued to focus on
protein production projects supporting structural biology
and drug discovery projects. They also provided urgent
support for COVID-19-related projects.

e The Cloning and Nucleic Acids Group, led
by Carissa Grose, constructed 107 entry and
expression clones for 29 investigators in FY2020.
Most of these clones were developed for use in
protein expression within PEL, but a small number
were follow-on clones for projects previously carried
out in the laboratory. All cloning and subcloning was
done using Gateway recombinational cloning on our
in-house-developed combinatorial cloning platform.

e The Protein Production Group (PPG), led by Jane
Jones, provides protein purification and production of
cells and cell-derived products via expression in
bacterial, insect, and mammalian systems. Primary
expression activities include production of
cytoplasmic and secreted recombinant proteins from
E. coli, baculovirus-infected insect cells, and
transfected mammalian cells. Following expression,
PPG carries out high-throughput, micro-scale
purification methodologies to screen samples for
positive lead constructs and/or expression conditions
and then proceeds to scale up purification using
affinity, ion exchange, and size-exclusion
chromatography to purify native and recombinant
proteins. During the time period covered in this
report, PPG worked on 47 projects for 33 investigators.
PPG carried out more than 50 protein purification
scouting projects and performed scale-up purification
for a total of 34 projects.
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e CCR-PEL supported COVID-19 projects by rapidly
generating a series of essential proteins during the
period in which work was restricted to mission-
critical operations. In this time, we produced eight
SARS-CoV-2 proteins for Dr. Nadya Tarasova to
support in silico drug discovery validation efforts,
over 20 mg of SARS-CoV-2 receptor binding domain
protein for Dr. Liang Cao for serology assay
development, and SARS-CoV-2 nucleocapsid and
spike proteins for Dr. Barbara Felber for vaccine
research. In addition, staff consulted with various
CCR investigators on matters related to SARS-
CoV-2 spike protein production for serology assays.

Protein Characterization Laboratory (PCL)

The laboratory continued to support CCR on diverse
projects involving global and targeted proteomics and
metabolite analysis, macromolecular interactions
(protein—protein, peptide—protein, and protein-DNA), and
analysis of protein posttranslational modifications. Many
of the proteomics projects involving both global protein
and posttranslational modification analysis incorporate
tandem mass tag labeling for higher-precision
quantification. We worked on multiple projects
developing targeted assay for a variety of metabolites,
followed by quantitative measurement of the metabolite
of interest. The Protein Characterization Laboratory
(PCL) established a process to conduct a global
untargeted metabolite analysis, and we also started
developing procedures to carry out both targeted and
untargeted metabolite isotopic tracing analysis. In
addition, we provided binding affinity and kinetic-
constant estimation for interactions between two
molecules using surface plasmon resonance.

e  One substantial effort focused on MHC | peptide
discovery in collaboration with Dr. James Yang and
Dr. Christian Hinrichs. Our work with Dr. Yang has
resulted in the identification of multiple potential
neoantigens that have now been validated. We
continued to develop HLA peptide identification
methods using our continuing Laboratory Directed
Exploratory Research program funding and in
collaboration with CCR investigators.

e PCL worked on several large global and
phosphorylation proteomics projects using a tandem
mass tag multiplexing experimental configuration for
several CCR investigator (Dr. Johnson, Dr. Shern,
Dr. Doroshow, and Dr. Lal). We worked in
collaboration with Dr. Lisa Jenkins on global
phosphorylation analysis for Dr. Merlino.

e PCL started focusing on developing methods and
procedures for in-depth proteomics analysis of very
low abundant samples and establishing methods for
affinity purification of common posttranslational
modification other than phosphorylation, which is
very well established in the laboratory.

e  We worked on several highly challenging
posttranslational modification analyses, such as

GalNAc modification on Tyr with Dr. Gildersleeve
and cystine modification with Dr. McVicar.

e We carried out two global untargeted metabolite
analyses for Dr. Winkler and Dr. Roberts.

e Our novel affinity capturing/liquid chromatography—
mass spectrometry analytical assay for quantifying
highly charged Host Defense Peptides in complex
biological matrices was published in collaboration
with Dr. Udo Rudloff (O’Neill et al., J Pharm
Biomed Anal, 2020).

Optical Microscopy and Analysis Laboratory
(OMAL)

OMAL collaborates with CCR labs in the area of
quantitative microscopy for spatial-temporal
understanding of carcinogenesis at the molecular and
tissue level. Technical developments achieved by
OMAL make it an integrated resource for for analysis of
biological samples across multiple scales, from atoms to
animals.

OMAL provides substantial optical microscopy,
atomic force microscopy (Figure 1), sample preparation,
and image analysis support to over 40 CCR labs
(Zakrevsky et al., Nanoscale, 2020; Gadomski et al., Cell
Rep, 2020; Fernandez et al., J Virol, 2019; Leng et al.,
Nucleic Acids Res, 2020). Some research highlights from
the reporting period follow.

Figure 1. 356 nt fragment of the 5'UTR region of HIV-1 RNA
imaged in buffer by atomic force microscopy. In support of
Dr. Connie Rink and Dr. Alan Rein, CCR.

With Dr. David Wink (CCR), we are investigating the
immune-suppressive role of inflammation and hypoxia in
cancer using the 4T1 mouse model of human triple
negative breast cancer (Somasundaram et al., Redox Biol,
2020; Philippou et al., Br J Cancer, 2020). The approach
is two-fold: 1) a live-cell hypoxia-gradient chamber to
model the in vitro tumor micro environment (Figure 2),

Subject to the restrictive markings located on the inside cover page of this document.

41



Figure 1. 356 nt fragment of the 5'UTR region of HIV-1 RNA imaged in buffer by atomic force
microscopy. In support of Dr. Connie Rink and Dr. Alan Rein, CCR.
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and 2) multiplex immunofluorescence (MIF) done in
house and in collaboration with Dr. Noemi Kedei and

Dr. Jingiu Chen (Collaborative Protein Technology
Resource) to spatially phenotype the cells comprising
actual tumors (Figure 3). The chamber was shown to
recapitulate key features of tumorigenesis (epithelial to
mesenchymal transition, metabolism, expression of
inflammation-associated enzymes Nos2 and Cox2),
including alterations in these features when 4T1 cells
were co-cultured with macrophages (manuscript
submitted). A key result using MIF was conversion of
immunologically cold 4T1 tumors in mice to hot tumors
using the anti-inflammatory indomethacin (unpublished).
While MIF analyzes scores of molecular markers in each
tissue sample, quantitative accuracy is limited because
only an arbitrary fraction of each cell is present in the thin
(5 pm) section. Therefore, in collaboration with the
Division of Cancer Treatment and Diagnosis and through
collaboration and a contract with Oxford University, UK,
we are developing methods to analyze thick sections to
preserve whole cells in their 3D context. Physical
expansion of thick tissue leads to an effective four-fold
increase in spatial resolution (Figure 4) (Sahabandu et al.,
J Microsc, 2019). Super-resolution fluorescence
microscopy is a rapidly evolving field, and OMAL
utilizes this technique to support CCR (Figure 5).

Figure 2. A, Schematic of the hypoxia-gradient chamber. Cells
cultured in the chamber generate hypoxic gradients by consuming
oxygen diffusing through the opening in the chamber top. B, 4T1
cells cultured in the chamber for several days form disks. The image
shows the disk immunofluorescence labeled against hypoxia
inducible factor 1-alpha (HIF1a), a marker of intercellular hypoxia.
Cells are present inside the HIF1a- positive ring but are unlabeled.
The dashed circle represents the hole in the chamber top. Scale bars
=600 pm.

Figure 3. MIF used to study hypoxia and inflammation in mouse
tumor tissue. Scale bar 50 um.

Figure 4. Tissue expansion to increase the effective spatial
resolution. A Confocal microscope depth slice through 4T1 mouse
tumor tissue showing Yopro-1 labeled nuclei. Scale bar 25 um. B
Equivalent slice after expansion. Scale bar 100 um.
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Figure 2. A, Schematic of the hypoxia-gradient chamber. Cells cultured in the chamber
generate hypoxic gradients by consuming oxygen diffusing through the opening in the
chamber top. B, 4TI cells cultured in the chamber for several days form disks. The image
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(HIF ] @), a marker of intercellular hypoxia. Cells are present inside the HIF I a- positive
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Figure 3. MIF used to study hypoxia and inflammation in mouse tumor tissue. Scale bar: 50 um.



Figure 4. Tissue expansion to increase the effective spatial resolution. A: Confocal microscope depth
slice through 4T1 mouse tumor tissue showing Yopro-1 labeled nuclei. Scale bar: 25 yum.
B: Equivalent slice after expansion. Scale bar: 100 um.
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Figure 5. Multicolor DNA PAINT imaging of cilia and
centrosomal proteins performed on N-STORM microscope with
reagents from Massive Photonics Inc. In support of Dr. Jadranka
Loncarek, CCR.

Single Cell Analysis Facility (SCAF)

The Single Cell Analysis Facility (SCAF) provides
integrated support for CCR investigators to perform
analysis at single-cell resolution using cutting-edge
sequencing-based technologies and informatic tools.
SCAF’s goal is to make the broad range of existing and
emerging methods in the field of single-cell biology
accessible to basic and clinical research projects. This
support is accomplished with six full-time employees and
is based at the NIH main campus for timely processing of
samples.

KEY ACCOMPLISHMENTS

In the past year, SCAF supported over 95 projects
from over 30 CCR investigators, which included more
than 1,200 droplet-based and more than 1,200 plate-based
single cell libraries, with approximately 4 million cells
analyzed. The size and complexity of projects have
increased over this past year, with a considerable increase
in the number of patient-associated research studies
supported.

e In addition to the high-throughput characterization of
single-cell gene expression profiles, T-cell receptor
and B-cell receptor sequences, and chromatin
accessibility at single-cell resolution, we have
supported the transition to new version of these
chemistries, supported increased use of combined
measurement of gene expression along with cell
surface proteins, and continued to improve on sample
multiplexing techniques to improve experimental
design and decrease cost.

e Completed evaluation of a single-cell clonal culturing
system for studying cell phenotype heterogeneity and
for automating aspects of TCR discovery workflows
with Drs. Steve Cappell, Christian Hinrichs, and
Steve Rosenberg’s laboratories.

e Enabled expanded plate-based single-cell sequencing
technologies with the offering of full-length
transcriptomic profiling and the improved
implementation with the evaluation and purchase of a
flow sorter that is co-managed between SCAF and
the Building 37 Flow Cytometry Core.

e Worked with the Bioinformatics and Training and
Education Program and other NIH entities such as the
NIH Library to provide educational workshops on
experimental design and analysis.

Genomics Core Support in Bethesda

One Scientist 11 full-time employee is provided to
support the Genomics Core located in Building 37 on the
NIH Bethesda main campus. This individual provides
expert molecular biology and advanced high-throughput
sequencing support. In addition, this staff member works
closely with the CCR Single Cell Analysis Facility team
to provide additional support when extra capacity allows.

Sequencing Facility (SF)

The primary mission of the Sequencing Facility (SF)
is to utilize high-throughput sequencing technologies to
enrich cancer research and ensure that the NCI
community can remain at the leading edge of next-
generation sequencing technology. SF provides CCR,
NCI, and NIAID investigators with access to two MiSeq
sequencers, three NextSeq 500 sequencers, two state-of-
the-art NovaSeq sequencers, one Pacific Biosciences
Sequel 11, Bionano Optical Mapping and 10X Single Cell
Technology.

KEY ACCOMPLISHMENTS

As of July 2020, The Illumina production team has
processed 6,027 samples for 108 different NIH
investigators. They expanded the automation capability
for both the quality control and library prep protocols this
past year and collaborated with the informatics group to
develop a pipeline for contamination check for the
samples before they are set up for production sequencing
runs. In addition to co-authoring nine manuscripts
published this year, during the three months shutdown,
the group worked on three different COVID-19 projects:
epigenetic profiling of COVID-19 patients, identifying
combinations of small molecules for targeting COVID-19
replication, and working with both NCI and NIAID
investigators on a VirScan method to determine the
history of viral exposure, including for COVID-19
patients. The Pacbio Production laboratory has prepared
81 library and 18 sequencing runs on Sequel | along with
10 sequencing runs on Sequel Il for 12 different principal
investigators.

The SF Bioinformatics Team delivered more than 133
trillion base pairs of pass quality control data to over
190 investigator laboratories from various branches across
CCR/NCI and NIAID institutes. In addition, the
bioinformatics team has developed new data analysis
pipelines for Assay for Transposase-Accessible
Chromatim (ATAC)-seq analysis, single-cell multiomics
analysis, and de novo assembly from both short-read and
long-read technologies. In collaboration with NCI
investigator laboratories, the SF laboratory and
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bioinformatics staff members have co-authored five
published manuscripts during the review period.

Center for Molecular Microscopy (CMM)/Cryo-
Electron Microscopy Group (CRYO-EM)

The Cryo-Electron Microscopy Group at the Center
for Molecular Microscopy focuses on 3D electron
microscopy of cellular and macromolecular assemblies.
Our goal is to use emerging technologies in cryo-electron
microscopy for biological and clinical research relevant to
NIH’s mission. With 58 active collaborations across 43
groups, primarily from CCR/NCI/NIH and the Ras
Initiative, we perform high-resolution structural studies of
proteins, nanomaterials, and pathogens using single-
particle cryo-electron microscopy (Cryo-EM) and cryo-
electron tomography (Cryo-ET). Our contributions this
fiscal year resulted in several publications. (Botos et al.,
Commun Biol, 2019; Chen et al., Stem Cell Reports, 2019;
Gao et al., Science, 2019; Yang et al., Virol Sin, 2019;
Zakrevsky et al. Nanoscale, 2020).

The primary mission supporting this goal is
maintaining a high-throughput and high-resolution cryo-
EM data collection infrastructure accessible to our
collaborators. The heart of this setup is our Titan Krios
cryo-electron microscope, which is equipped with direct
electron detectors. Our automation software, SerialEM,
can generate over 3,000 images per day, while
CryoSPARC Live monitors data quality and generates
high-resolution models in real time.

We also assisted our collaborators with data
processing, generating 15 structures from 2A to 4A
resolution during this fiscal year. Traditionally, cryo-EM
data processing is computationally expensive, requiring
several days to generate a high-resolution structure. Our
GPU-based CryoSPARC computer clusters generated
three structures at 3A to 4A resolution each within hours.
This exceptionally quick turnaround time enables prompt
feedback to our collaborators.

To address challenging samples, we improved our
robust cryo-EM sample optimization workflow.
Collaborating with a CCR research lab, we optimized
membrane protein samples, ultimately producing five
structures at 2A to 4A resolution. We are expanding our
setup to include specialized specimen supports such as
graphene, which is superior to commercial products.

Our group has been on the front lines in the fight
against COVID-19. In collaboration with six different
research labs, we performed structural studies on 828
COVID-19 related samples at the early height of the
pandemic, while a stay-at-home order was still in effect
throughout Maryland. Our effort continues, with 90
additional samples at the end of July 2020.

As part of our dissemination efforts, we provided
cryo-EM training to 17 researchers, students, and interns
from CCR/NCI/NIH and Frederick National Laboratory
during this fiscal year.

Center for Molecular Microscopy (CMM)- Cellular
Imaging

The Cellular Imaging group at the Center for
Molecular Microscopy (CMM) is a highly collaborative
laboratory with cutting-edge tools for nanoscale-
resolution 3-D volume electron microscopy (VEM) of cell
and tissue samples. Development of focused ion beam
scanning electron microscopy (FIB-SEM) and array
tomography (AT), two central technologies in this nascent
field, is a major focus. We have made innovations in
sample preparation, image acquisition and processing,
correlative methods, computational analysis, and
visualization. We collaborate with intramural scientists to
apply these advances to biological problems, aiming to
garner high-impact co-authored publications. Our group
has around 12 active and deep collaborations with
CCR/NCI and other investigators.

KEY ACCOMPLISHMENTS

Collaborations

e InaJ Cell Biol paper with Orna Cohen-Fix, newly
developed high-pressure-freezing and FIB-SEM
approaches captured, for the first time, fleeting
intermediates during nuclear envelope breakdown in
the fertilized C. elegans embryo.

e A methods paper detailing the accompanying
technological advances is under review at Methods
Cell Biol.

e  As part of a consortium led by Dan Chertow
(National Institute of Allergy and Infectious
Diseases) and including Dr. Stephen Hewitt (NCI),
we are developing methods to image SARS-CoV-2
pathology by VEM in autopsy-derived tissue samples.

e Dr. Kedar Narayan is on an international team to
develop metadata recommendations for vEM and
correlative images in biology. Submitted to
Nat Methods.

e Dr. Kedar Narayan is organizing a one-day
“microlab” with scientists in the field to form a vVEM
community, with NCI/FNL as the hub of expertise.

Technology

e A Gemini Il SEM (Zeiss) and ATUMtome (RMC),
were acquired to develop AT for large volume VEM
imaging. A research associate was hired to operate
the new tools.

e A freeze-substitution device and robotic dispensor
arm were acquired to automate vVEM sample
preparation.

e Three short methods reports were accepted at
Microsc Microanal:

o A new cryo-fluorescence microscopy workflow
for large samples (partly funded via a
Cooperative Research and Development
Agreement with Carl Zeiss GmBH).
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o A neural network—based segmentation approach
for 3-D reconstructions of mitochondrial
architectures.

o A new module in a virtual reality (VR)
environment allowing users to interact with and
edit 3-D “skeletons” of mitochondria (beta test
agreement collaboration with arivis AG).

Electron Microscopy Laboratory (EML)

During this reporting period, the CCR Electron
Microscopy Laboratory (EML) received a total of 476
samples, which is sybstantially lower than previous
reports. This is mainly due to the COVID-19 stay-at-
home order in Maryland from March to July 2020.

CCR-EML provides a wide range of electron
microscopy (EM) services including but not limited to
legacy thin-sectioned transmission electron microscpe
virus diagnosis and ultra-structural analysis, mainly for
CCR users (E. Freed, A. Rein, W-S. Hu, V. Pathak,

J. Acharya); pre- and post-embedding immunogold
labeling (IEM) services (U. Rudloff, J. Schneider,

X-F. Liu, C. Liang, C Westlake); negative stain of
proteins and nanoparticles (J. Jones, Y. Hu, K.
Ramamurthi, S. Chopra, R. Labid); and correlated light
and electron microscopy analysis (K. Lee).

CCR-EML also provides EM analysis for users in
NIAID (D. Kuhns, T. Imamichi), NCATS (T. Deng,

V. Jovanovic), the National Eye Institute (A. Swaroop),
and the National Institute of Neurological Disorders and
Stroke (M. Holmgren). Also, EML supports the FNL
Nanotechnology Characterization Laboratory (J. Clogson)
and Biopharmaceutical Development Program (H. Dong).

In support of COVID-19 projects, CCR-EML received
several SARS-CoV-2—infected Vero cell pellet samples
for thin-sectioned EM and found both budding and mature
coronavirus virions with a diameter between 70 and 90nm
(presumably SARS-CoV-2). They are mostly found in
cell vacuoles, with fewer on cell surfaces. This study is
for the FIB-SEM group (K. Narayan) collaboration.

Another CCR-EML activity is to support the NIAID
Neutrophil Monitoring Laboratory (D. Kuhns). EML is
currently analyzing a COVID-19 patient’s neutrophil
samples by both thin-section EM and Scanning Electron
Microscopy (SEM).

CCR-Genomics Laboratory (GTL)

The CCR Genomics Technology Laboratory (GTL) is
funded by a Yellow Task with 6.25 full-time-equivalent
employees to provide dedicated genomics technology
core services to NCI CCR laboratories. GTL provides a
broad range of genomics services based on next-
generation sequencing (NGS) and other cutting-edge
genomics technology platforms. NGS-based services
include single-cell sequencing, whole-exome sequencing
(in conjunction with the CCR Sequencing Facility),
targeted gene panel sequencing, CRISPR-Cas9 high-
throughput screening and validation, retroviral integration

site analysis, and ImmunoSeq T-cell clonality analysis.
Other genomics technology services include gene
expression microarray, Illumina methylation array, drug
metabolizing enzymes and transporters array, OncoScan
array, quantitative polymerase chain reaction, droplet
digital polymerase chain reaction (ddPCR), NanoString,
and HTG EdgeSeq.

KEY ACCOMPLISHMENTS

e During the past year, GTL received 53 projects
through the NCI at Frederick Accessioning System,
including whole-exome sequencing, targeted exome
sequencing, DNA methylation, ddPCR, ImmunoSeq,
CRISPR-Cas9 screening, and nanostring. We
processed thousands of samples for CCR investigators.

e Inaddition to the standard core services, GTL
worked on many technology development projects
involving collaborations with NCI investigators. GTL
worked with Dr. Xin Wei Wang on the development
of a viral exposure signature detection system called
VirScan on liver cancer patients. This study was
recently published (Liu et al., Cell, 2020).

e  GTL has worked with Dr. Thomas Ried’s laboratory
to develop protocols using dissociated cells from
formalin-fixed, paraffin-embedded (FFPE) tumor
samples for whole-exome sequencing.

e GTL has witnessed many projects got delayed or
canceled with the challenging FFPE samples. GTL
teamed with Purigen to develop a new FFPE DNA
extraction method for exome sequencing. GTL
worked with Dr. Brid Ryan of NCI on a pilot project.
All previously failed FFPE samples were
successfully extracted and sequenced by whole-
exome sequencing. This technology will greatly
benefit other NCI laboratories.

e GTL has supported many CCR clinical laboratories,
particularly for NCI CAR T-cell therapies. These
include clinical trial support to Dr. Nirali Shah of
Pediatric Oncology Branch, Dr. Javed Khan of the
Genetics Branch, and Dr. Mitchell Ho of the
Laboratory of Molecular Biology. We designed
specific ddPCR assays or integration site assays for
CAR T-cell copy number analysis and CAR T-cell
integration.

Support Provided by the Clinical
Monitoring Research Program Directorate
and Clinical Research Directorate

Clinical Research Support

KEY ACCOMPLISHMENTS

e Contributed to approximately 50 publications related
to research conducted in the Center for Cancer
Research’s (CCR) Molecular Imaging Program
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e Completed quality control and third-party audits of
the Vector Production Facility and the Cell
Production Facility

e  Supported investigators with writing six COVID-19
protocols and submitting them to the Institutional
Review Board (IRB)

o Expanded access to care for study participants in
Brain Tumor Trials Collaborative and NCI-
Comprehensive Oncology Network Evaluating Rare
CNS Tumors trials during the COVID-19 pandemic
through partnerships with local physicians to provide
study drug and offer telemedicine appointments

o Initiated development of humanized antibody with
optimized epitope binding

Clinical Operations

FNL teams in the Clinical Monitoring Research
Program Directorate (CMRPD) and the Clinical Research
Directorate (CRD) provided clinical, administrative, and
regulatory support to various groups within CCR. FNL
supports CCR’s mission to improve the lives of cancer
patients by solving cancer research problems and
translating them to clinical applications and patient care.

FNL clinical professionals (e.g., physicians, nurse
practitioners) provide direct patient care to clinical trial
participants; scientists and technologists conduct
preclinical experiments, analyze data, operate positron
emission tomography/computed tomography (PET/CT)
and magnetic resonance imaging (MRI) scanners, and
support manuscript development; clinical nurse
administrators, patient care coordinators, and patient
liaisons support activities such as managing the transplant
program, coordinating donor searches, enrolling research
participants, scheduling treatment visits for active clinical
trial participants, and coordinating participants’ complex
care needs. These FNL staff members streamline operations,
increase patient accrual, support high-quality patient care,
and assist with dissemination of research results.

An FNL staff member in CRD helped lead the
National Institutes of Health (NIH) Hematopoietic Stem
Cell Therapy Program, overseeing a multi-institute
program and providing operational and clinical leadership
in the selection and procurement of unrelated donor stem
cell therapy products. Activities included coordinating the
NIH Matched Unrelated Donor (MUD) Hematopoietic
Stem Cell Transplant Program, a cross-institute program
that facilitates searches for and procurement of volunteer
unrelated donor and cord blood grafts for all applicable
intramural protocols. As part of selecting and procuring
the unrelated donor stem cell therapy products, the FNL
staff member reviewed approximately 150 searches for 30
transplants, liaised with the donor registry for donor
research activities, managed financial activities for
program contracts and subcontracts, and facilitated
accreditation. In addition, FNL supported intramural and
extramural collaborations for the CCR Experimental
Transplantation and Immunotherapy Branch, Pediatric
Oncology Branch, Surgery Branch, and Immune

Deficiency Cellular Therapy Program by providing donor
search and selection services through MUD, coordinating
education and support, and managing federally mandated
data reporting. Approximately 15 active intramural
cellular therapy protocols used the MUD program, as did
two protocols for facilitating unlicensed cord blood
transplants and four other protocols for data and
repository sample submission to the Center for
International Blood and Marrow Transplant Research
(CIBMTR). To support activities with CIBMTR, which
collaborates with the global scientific community to
advance hematopoietic cell transplantation and cellular
therapy, specifically CIMBTR’s audit process
improvement team, FNL created audit guidebooks,
database fields, and quality assurance tools to ensure team
members, CIMBTR monitors, and data managers
understood the relevance and processes for recording
accurate and complete data. As a result, the team received
a Clinical Center CEO award for quality and patient care.

Two publications (Goklemez S, et al., Am J Hematol,
2020; Dimitrova D, et al., Biol Blood Marrow Transplant,
2020), released this year, discuss results from recent
transplantation clinical trials supported through these
efforts. FNL coordinated the referral and care of patients
on the studies, researched and selected related and
unrelated donor matches in accordance with protocol
criteria, and assisted in manuscript development.

For the CCR Molecular Imaging Program (MIP), FNL
provided a range of project management services and staff
positions to support preclinical and clinical research
operations and the program’s mission to discover and
develop targeted imaging methods that accelerate the
translation of clinical research to first-in-human testing.
FNL scientists were instrumental in providing input on
therapeutic drugs and in developing the new MIP artificial
intelligence program, Al Resource, by researching new
imaging and diagnostic techniques. Advances using
artificial intelligence on prostate MRI scans may
overcome some of the current limitations; FNL
contributed to two recent publications (Sanford T, et al.,

J Magn Reson Imaging, 2020; Harmon S, et al., JCO Clin
Cancer Inform, 2020) on this topic. The cover of the
February issue of Health Phys featured a manuscript
about the contamination effects of 223Ra (Adler S,
Kwamena BK, et al.). In addition, the FNL scientists are
currently pioneering new instrument technology to push
the envelope of sensitivity and accuracy in radiation
detection measurement.

The FNL clinical research nurse and technologists
supported MIP clinical trials by managing patient care,
scheduling imaging scans, and operating the PET/CT and
MRI scanners. A laboratory technician managed day-to-
day operation of the preclinical laboratory. This employee
also maintained cell cultures and other in vitro elements
needed to test new molecular probes for MIP trials
studying new PET radioligands, single-photon emission
computed tomography, and other radionuclide animal
imaging methodologies, primarily for the study and
treatment of prostate cancer. FNL provided pathology
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results, data analysis, and publication support to several
recent manuscripts, including advances in prostate cancer
imaging research (Harmon SA, et al., Quant Imaging Med
Surg, 2020; Mena E, et al., J Nucl Med, 2020; Kobayashi
H, et al., Bioconjug Chem, 2020); the basic mechanism of
the effects of photoimmunotherapy on regulatory T cells
in carefully crafted animal models (Sato N, et al., Clin
Cancer Res, 2020); and the use of cell labeling and PET
imaging for in vivo tracking of adoptively transferred
natural Killer cells in rhesus macaques, along with
dosimetry analysis to demonstrate safety for clinical
translation (Sato N, et al., Clin Cancer Res, 2020).

On the preclinical side, MIP’s research progress
supported by FNL scientists also included: showing that
rapid depletion of intratumoral regulatory T cells induces
synchronized CD8 T and natural Killer cell activation and
IFN-y-dependent tumor vessel regression; demonstrating,
for the first time, the mechanism for glucocorticoid-
induced eosinophilia is CXCR4-mediated bone marrow
homing of eosinophils; establishing a preclinical model
for evaluating hepatocellular carcinoma (HCC)-selective
imaging and therapeutic agents; testing the first
humanized glypican-3 (GPC3) immunoPET sensor;
assessing a pilot study’s efficacy of alpha-particle-
emitting isotopes coupled to an antibody targeting GPC3
in a human liver cancer cell line model of HCC; and
evaluating a novel somatostatin-receptor-binding peptide
optimized to chelate the alpha-particle-emitting isotope,
actinium-225.

Quality Assurance/Quality Control and Regulatory
Compliance

FNL provides quality assurance and regulatory
compliance activities for the manufacturing of, and
clinical research with, investigational drugs, biologics,
and devices used in clinical trials. These functions support
the manufacture of retroviral vectors and cell therapies
under current Good Manufacturing Practice (cGMP) and
Good Tissue Practice regulations applicable to Phase I/11
clinical trials.

FNL staff members supported the following activities:

e  Transition from current MediaLab to new
MasterControl electronic documentation system

e Completion of third-party audits of quality control,
the Vector Production Facility, and the Cell
Production Facility, as well as initiation of corrective
and preventative action plans for continual
improvement

e  Production of first lot of vector in a renovated Vector
Production Facility suite

e Quality assurance review of all documents and plans,
from beginning of planning through commissioning
remediation, of a mobile cleanroom facility that is
capable of functioning as a GMP space

e  Substantial completion of qualification of the tumor-
infiltrating lymphocytes cell processing facility

e Qualification of Cooperative Research and
Development Agreement partner, Kite Pharma, as
vector supplier

In addition, FNL supported CCR’s recently
established Office of Sponsor and Regulatory Oversight,
which ensures regulatory compliance with drug sponsor
obligations for Investigational New Drugs (INDs) and
Investigational Device Exemptions, by assisting with
writing protocols, preparing safety review committee and
IRB submissions, writing CCR meeting summaries, and
administering scientific reviews.

Protocol Development Support

FNL medical writers and protocol coordinators in
CMRPD support CCR’s Protocol Support Office by
streamlining protocol development timelines, filing
regulatory documents with internal and external
authorities, ensuring quality administrative coordination
for regulatory activities, providing protocol navigation
services, assisting with new proposal/protocol and
progress report preparation for scientific review committee
(SRC) and IRB meetings, responding to IRB stipulations,
reviewing protocol amendments and other related
documents, helping to support all ancillary review
committees (e.g., safety monitoring, institutional biosafety,
radiation safety committees), and maintaining required
regulatory documents per local and federal regulations so
they are available for internal and external audit.

The FNL staff members also track training
requirements for CCR investigators to ensure compliance,
work with investigators and study teams to develop and
write new studies prior to regulatory submissions,
maintain active Investigational Device Exemption and
IND applications that require U.S. Food and Drug
Administration (FDA) review, and provide ongoing
administrative and regulatory coordination support.

During FY2020, FNL staff in CMRPD supported the
submission of five new studies using INDs to the FDA,
provided protocol writing and navigation services to
investigators for IRB submission of six COVID-19
projects, processed over 130 amendment submissions of
existing IND studies, coordinated more than 25 scientific
review meetings, navigated more than 270 protocols,
helped develop nearly 90 new protocols, and coordinated
more than 230 monitoring visits.

Clinical Program/Project Management

FNL staff in CMRPD provided technical project
management of several research subcontracts in support
of CCR. A subcontractor completed its task order
studying clinical workflow and operations of the Pediatric
Oncology Branch, and the analysis, conclusions, and
suggestions were shared with CCR leadership. Two
subcontracts provide the Molecular Imaging Program
with individuals who have expertise on PET/single-
photon emission computed tomography and other
radionuclide animal imaging methodologies, imaging
optimization, artifact determination, data quantification,

Subject to the restrictive markings located on the inside cover page of this document.

47



Frederick National Laboratory

and data analysis. Another subcontract supported the
Medical Oncology Service by providing hospitalists to
cover increased patient volumes at Suburban Hospital,
and FNL staff managed an agreement with the National
Marrow Donor Program (NMDP) to allow the NMDP-
maintained database of donors to be searched for potential
matches, supporting the cross-institute initiative
(described earlier in this report) to conduct donor testing,
search and procure graft products, and obtain other related
services for participants enrolled in NIH protocols that
require a matched, unrelated donor product.

Brain Tumor Trials Collaborative

The Neuro-Oncology Branch is a trans-institutional
initiative sponsored by both NCI and the National
Institute of Neurological Disorders and Stroke. The
branch works to develop novel diagnostic and therapeutic
agents for patients with primary central nervous system
(CNS) tumors. FNL staff in CMRPD support NCI’s role
as the lead institution for the Brain Tumor Trials
Collaborative (BTTC), which is a network of 32 medical
institutions with the expertise and desire to participate in
state-of-the-art clinical trials investigating new treatments
for malignant brain tumors. The FNL team provides
comprehensive administrative infrastructure, project
operations, and subcontract management support for the
BTTC Coordinating Center; coordinates data analysis and
database activities; supports the development of research
concepts into protocols; assists with IRB submissions
and regulatory document filings; and coordinates
communications to support a cohesive network
infrastructure.

The collaborative, funded in part by the philanthropic
organization Head for the Cure Foundation, was created
in 2003 to: (i) provide patients access to innovative
treatments through the BTTC clinical trials network,

(ii) accelerate the pace of translating laboratory findings
into hypothesis-based clinical trials, (iii) perform state-of-
the-art clinical trials emphasizing innovation and
mandating meticulous attention to protocol compliance
and data quality, and (iv) evaluate the impact of therapy
by integrating measures of cancer response and patient
outcomes.

The BTTC network also serves as the infrastructure
for NCI-Comprehensive Oncology Network Evaluating
Rare CNS Tumors (NCI-CONNECT) clinical studies,
which focus on rare adult brain and spine tumors. NCI-
CONNECT is the Neuro-Oncology Branch program
within the Rare Tumor Patient Engagement Network.
NCI-CONNECT aims to partner with patients, advocacy
organizations, and BTTC providers to advance
understanding about these rare cancers to improve
approaches to care and treatment.

During FY2020, FNL staff in CMRPD activated and
facilitated patient enrollment at six non-NIH sites in the
randomized, double-blind Pembro trial, a Phase Il trial of
surgery, radiation therapy, and temozolomide and
pembrolizumab in glioblastoma patients. This is the first

trial to investigate an autologous vaccine in combination
with immunotherapy for patients with newly diagnosed
glioblastoma.

FNL also continued to support five BTTC legacy trials
on ependymomas and recurrent high-grade gliomas,
facilitating data sweeps, coordinating site close-outs, and
collating feedback from BTTC investigators for the
publication of a primary manuscript for one of the trials.

The FNL team facilitated trial planning/logistics
discussions for ongoing and proposed BTTC & NCI-
CONNECT trials among NCI BTTC & NCI-CONNECT
leadership, NCI’s Technology Transfer Center, the
pharmaceutical partner, and collaborating BTTC
investigators. The FNL staff also facilitated three single-
center NCI-CONNECT trials, two that are currently
enrolling participants at NIH and one that was submitted
to the NIH IRB in June 2020. The tissue outcomes and
pregnancy substudy launched across the NCI-CONNECT
consortium in March 2020, and the NIH IRB approved
making the nivolumab rare CNS study multicenter.

During the COVID-19 pandemic, FNL supported
NCT’s efforts to partner with local physicians to provide
study drug and telemedicine appointments, reducing
potential virus exposure risks for BTTC and NCI-
CONNECT study participants who typically traveled to
NIH or another participating site. FNL collaborated with
many internal and external stakeholders to prepare time-
sensitive single-patient deviation submissions to the NCI
CCR Office of Sponsor and Regulatory Oversight and the
NIH IRB. Adding telemedicine for certain study visits to
BTTC and NCI-CONNECT protocols is expected to
continue, to allow study participants to be seen without
risking potential exposure to COVID-19 for site visits.

To support a coordinated approach to network
communications, FNL staff in CMRPD facilitated BTTC
& NCI-CONNECT meetings; helped to expand the
virtual, biweekly NIH Neuro-Oncology Tumor Board to
include BTTC investigators and to add a journal club
component; and coordinated the well-attended BTTC &
NCI-CONNECT investigator meeting at the Society for
Neuro-Oncology Annual Meeting in November 2019, at
which NCI-CONNECT leadership presented information
about the tissue outcomes study and the nivolumab rare
CNS trial.

Drug Discovery and Development Program

As a part of CCR’s Drug Discovery Committee, the
FNL Drug Discovery and Development Program initiated
the development of photoimmunotherapy, beginning with
the humanization of a murine antibody and in silico
modeling to improve antibody binding to targeted
regulatory T cells. Future efforts for this project will
include cGMP production of the antibody and conjugation
with the therapeutic agent, efficacy and toxicity studies,
and other preclinical development milestones leading to
an IND application.
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Support Provided by the Laboratory
Animal Sciences Program

LASP: CCR Support

Genome Modification Core

KEY ACCOMPLISHMENTS

e  Four published journal articles featuring the reagents
made by the Genome Modification Core

e Initiation of work with the Division of Cancer
Epidemiology and Genetics, which included the
hiring of a new research associate who onboarded in
April 2020

e More than a dozen transgenic mouse models, made in
collaboration with the Transgenic Mouse Model core,
achieving germline transmission

e  Procurement of two automated liquid handling
machines to facilitate higher-scale and higher-
throughput experiments

e Pilot project of large-scale production and
distribution of genome-wide CRISPR library viruses
to 22 different CCR investigators

The Genome Modification Core (GMC) has
successfully completed its second full year in operation.
Compared to the previous year, we observed almost
double the requests, including investigators making
multiple requests and new requests. A summary of
various metrics comparing this year and the previous year
are shown in Table 1.

Table 1: Usage Comparison Between CY2019 and CY2020

Metric CY2019 CY2020*
NCI Accessioning System 61 111
requests
Number of unique principal 41 65
investigators
Number of edited alleles 181 293
Transgenic mice 27 24
sgRNAs tested 742 877
Cas9/sgRNA constructs 189 389
made
Donor constructs made 116 87
Custom sgRNA libraries 34 29
Published articles 0 4

*Up to July 10, 2020

OuUTLOOK

Four key areas were outlined last year in regard to
development for this year: clonal cell line generation,
in vivo CRISPR screening, pooled CRISPR library
screens, and RNA editing. Substantial progress has been
made in all four areas.

In terms of clonal cell line generation, the interest in
this service has increased steadily. We have developed a
strategy for the rapid generation and screening of
hundreds of clonal populations and have piloted this with
a few NCI CCR investigators at the Frederick campus.
We hope to finalize a robust protocol for this service,
which will be published and subsequently deployed for
generation of cell lines for other National Cancer Institute
(NCI) Center for Cancer Research (CCR) investigators.

With respect to in vivo screening, we have initiated a
collaborative project with Dr. Nyall London who is
attempting to perform an in vivo screen to study the
development of Esthesioneuroblastoma in a mouse model.
We have generated some pilot constructs for Dr. London
to test to better understand the feasibility and limitations
of this approach. We anticipate completing this screen
sometime this year.

For pooled CRISPR screens, we had very robust
interest in this, with more than 20 investigators wanting to
perform such experiments. To meet demands in a timely
fashion and work with limited personnel, we initiated a
plan for large-scale virus production of the most
commonly used genome-wide CRISPR libraries and
provided single-experiment aliquots to investigators.
Overall, this approach worked well, and we are awaiting
feedback from users to decide if this initiative is worth
continuing this year.

Finally, we have received funding through the FNL to
recruit a trainee for the fall to develop the area of RNA
editing. We are collaborating with Dr. Jordan Meier, who
has developed a new method to quantify RNA cytidine
acetylation, to understand the impact of RNA acetylation
and potentially engineer site-specific RNA acetylation
enzymes.

Center for Advanced Preclinical Research

KEY ACCOMPLISHMENTS

e Working through the CCR Scientific Oversight
Committee, the Center for Advanced Preclinical
Research (CAPR) advanced several ongoing
collaborative research projects with CCR
investigators and initiated six new projects selected in
late 2019 from our latest request for applications.
Work has begun in a variety of malignancies,
including Kaposi’s sarcoma, small-cell lung cancer,
pancreatic neuroendocrine tumors, pancreatic
adenocarcinoma, and pancreatic acinar cancer.

e CAPR has completed a collaboration with Drs. Jack
Shern and Carol Thiele evaluating a bromodomain
and extra-terminal domain (BET) inhibitor in
combination with a topoisomerase-1 inhibitor. Both
patient-derived xenograft (PDX) rhabdomyosarcoma
and neuroblastoma genetically engineered mouse-
derived (GEM) allograft models were established and
characterized, tolerability studies were completed,
and single-agent and combination-efficacy studies
were carried out. Results indicated an increased
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benefit to the combination versus single agents, both
in delaying tumor progression and promoting tumor
regression. Importantly, BETi addition may allow
lower topoisomerase-inhibitor dosing, a goal of
clinical treatment. These results were pivotal for
initiating a clinical trial that will test this combination
therapy in pediatric patients.

PDX models and cell lines from RAS-driven pediatric
rhabdomyosarcoma and neuroblastoma tumors were
established for our collaboration with Dr. Marielle
Yohe. Pharmacokinetics and efficacy studies to
evaluate the combination of a dual BRD4/PI3K
inhibitor with histone-deacetylase inhibitors in these
difficult-to-treat tumor types are complete.

CAPR’s collaboration with Dr. Glenn Merlino to
model adjuvant versus neoadjuvant immune-
checkpoint blockade therapies for metastatic
melanoma is underway. Multiple melanoma models
have been characterized for metastatic spread post-
resection.

In collaboration with Dr. Christine Heske, we
evaluated indenoisoquinolines (11Qs) versus
irinotecan in periosteal PDX models of Ewing
sarcoma, including PK, administration route,
tolerability, and maximum tolerated dose for each of
the 11Qs and completed an efficacy study comparing
three 11Qs to irinotecan. We have processed 14 PDXs
and established six, which we are expanding for
additional efficacy studies.

Preliminary work for our study of epigenetic
modulation of PD-L1 and antigen presentation
machinery in small cell lung cancer (SCLC) with

Dr. Azam Ghafoor is complete. Two GEM SCLC
models (RP and RPM) were characterized by
histopathology for immune markers and MRI. A
combination immune-checkpoint inhibitor/targeted
drug study in the RPM model is underway. With

Dr. Christina Annunziata we evaluated a combination
of second mitochondrial activator of caspases
mimetic with taxanes in orthotopic allograft mouse
models for ovarian cancer and completed tolerability,
PD, and efficacy studies comparing two taxanes and
standard of care to treatment with second
mitochondrial activator of caspases mimetic,
birinapant, and its combination with taxanes.

CAPR has successfully generated and characterized
several PDX models from platinum-sensitive and -
resistant SCLC patients as part of a request-for-
applications collaboration with Dr. Anish Thomas to
identify predictive biomarkers of response and
resistance mechanisms to ataxia telangiectasia and
Rad3-related protein and topoisomerase-1 inhibition
in relapsed SCLC upon progression. Efficacy studies
are underway.

Our continuing collaboration with Dr. Christine
Alewine investigating mesothelin’s role in pancreatic
ductal adenocarcinoma (PDAC) yielded important

insights into the role of this molecule in metastasis
and produced an allelic series of humanized models
expressing human mesothelin (nMSLN) from the
endogenous murine locus. These models,
documented on NCI Employee Invention Reports,
will enable preclinical efficacy-versus-toxicity
evaluation of MSLN-targeting immunotoxins.

Results from our previous collaboration with

Dr. George Pavlakis suggested hetlL15 can

increase immune-cell infiltration into “cold” PDAC
tumors. These observations, combined with our
KRASC?P/p53/PDX1-Cre PDAC models expressing
hMSLN, led to an ongoing collaboration
investigating efficacy of hetIL15 and immunotoxins
in this model.

Promising results from our collaboration with

Dr. Udo Rudloff to favorably alter the PDAC tumor
microenvironment by inhibiting tumor-promoting
macrophages using host-defense peptide RP-182
resulted in a high-level publication and ongoing
follow-up study using a RP182-biomimetic small
molecule targeting the same populations of
infiltrating immune cells.

CAPR develops strategies for predictive preclinical

research using genetically and biologically engineered
murine cancer models and facilitates their routine
application in clinical research to achieve optimal
outcomes in cancer disease management.

Internal highlights and investigator-initiated pilot

projects:

Developed intra-adrenal orthotopic models from
PDX and GEM neuroblastoma tumors, characterized
by in vivo imaging.

Brcal- and Brca2-deficient and Brca-WT models for
human breast cancer developed with Dr. Robert
Shoemaker from the Division of Cancer Prevention.

A publication with Dr. Merlino characterizing four
GEM models of melanoma that respond differently to
checkpoint inhibitors. Models should prove useful for
understanding variability in clinical response to these
beneficial therapies.

Generation/characterization of GEM models for
ovarian cancer originating in fallopian tubes.

Characterization of innate immunologic signatures in
pancreatic models carrying different disease-driver
mutations by single-cell RNA sequencing.

Development/characterization of two histopathologic
subtypes of thyroid cancer models—papillary and
anaplastic.

Following earlier work and in support of an ongoing
metarrestin PDAC clinical trial, experiments in
genome-edited KRAS®2P/p53/PDX1-Cre model
expressing humanized eEF1A2—a key molecular
target of metarrestin.
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Building 567: Animal Facility

KEY ACCOMPLISHMENTS

e An animal procedure room was converted into an
animal holding room to increase animal housing
capability and provide flexibility to allow much-
needed floor repairs in the building to meet
Association for Assessment and Accreditation of
Laboratory Animal Care standards.

e The Laboratory Animal Sciences Program (LASP)
provided technical support for more than 40 animal
research studies. LASP maintained greater than 6,000
cages of complex rodent-breeding colonies to support
the research efforts, even during the pandemic. There
was less than five percent reduction in the cage
census during the pandemic.

e LASP continued to provide courier service with
shipping greater than 7,000 mice to Bethesda, MD,
and driving more than 23,000 miles.

e The autoclaves are getting new control panels to
provide consistent and uninterrupted operations,
which is very important for maintaining the health
status of animal colonies.

Building 567 is a dedicated animal facility to support
the research efforts of CCR’s Experimental Immunology
Branch, Laboratory of Genome Integrity, and Experimental
Transplantation and Immunotherapy Branch.

Division of Cancer Biology

Support Provided by the Cancer Research
Technology Program

Repository

The Tumor Microenvironment Network (TMEN) was
a program launched by NCI in 2006 and reissued in 2010
that funded research in basic cancer biology to study the
mechanisms of tumor-host interactions in human cancer.
TMEN was designed to provide infrastructure that
established repositories of critical reagent resources in
order to promote and facilitate progress towards
understanding the role of the tumor microenvironment in
sustaining human cancers. Although the TMEN research
program has officially ended, CRTP continues to store
and distribute the resultant TMEN reagents in support of
ongoing tumor microenvironment studies at academic and
clinical research laboratories.

Support Provided by the Clinical Research
Directorate

Human Tumor Atlas Pilot

KEY ACCOMPLISHMENTS

e  The Human Tumor Atlas Pilot Project (HTAPP)
successfully shared data and resources, such as
standard operating procedures (SOPs), with the
Human Tumor Atlas Network (HTAN) and with the
broader scientific community. HTAPP also published
multiple articles in high-profile journals, which
include Nat Med and Cell.

e HTAPP achieved 98 percent of the collection and
processing of biospecimens project goal.

e Single-cell/single-nucleus RNA-sequencing
(sc/snRNA-seq) methods and the majority of the
spatial/imaging-based assay protocols were
optimized, and sc/snRNA-seq data generation has
been successfully completed for all samples.

e  Site visits for SOP knowledge transfer were
successfully completed for four clinical sites.

The goal of HTAPP is to develop and contribute pilot-
scale tumor atlases from adult (metastatic breast) and
pediatric (neuroblastoma) cancers and to develop,
validate, and share SOPs detailing tissue procurement and
data generation with the HTAN and wider scientific
community.

The Frederick National Laboratory for Cancer
Research (FNL) project team (in continuous collaborative
discussions with the National Cancer Institute and
subcontracted stakeholders) made tremendous progress on
HTAPP during FY2020. Key accomplishments of
HTAPP include multiple high-profile publications: an
article describing sc/snRNA-seq methods optimization
published in Nat Med (Slyper M, et al. Nat Med,
26(5):792-802, 2020), the HTAN marker paper published
in Cell (Rozenblatt-Rosen O, et al. Cell, 181(2), 236-249,
2020), and a manuscript describing spatial assay method
optimization published on bioRxiv (Alon S, et al.
bioRxiv, doi: 10.1101/2020.05.13.094268, 2020). HTAPP
also made excellent progress toward the goal of
developing and sharing of resources generated under
HTAPP with the wider HTAN. HTAPP resources shared
with HTAN to date include 31 SOPs, a computational
pipeline package, basic clinical data and biospecimen
metadata for 79 samples, raw sc/snRNA-seq data for
82 samples, and HTAPP clinical data elements and
metadata elements (of these, three SOPs and all pipelines
are also publicly accessible). Biospecimen procurement,
as well as clinical data and biospecimen metadata
collection, has progressed very well. Collection and
processing of samples for sc/snRNA-seq have been
completed for all seven tumor types (219 samples total),
and 38 samples have passed pathology quality control for
downstream spatial/imaging-based assays (additional
samples are pending quality control as of July 2020). This
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marks 98 percent completion of the biospecimen
collection for this project. Collection of clinical data and
biospecimen metadata was completed for 90 percent of
the samples as of July 2020. The experimental method
optimization and data generation also progressed toward
completion. The team completed optimization of
sc/snRNA-seq method and data generation for all seven
tumor types. Laboratory method optimization, which
includes development and validation of cancer-specific
probe panels for the assays, was completed for several
spatial/imaging-based assays. HTAPP has also conducted
successful site visits for knowledge transfer via on-site
SOP training for sc/snRNA-seq at four clinical sites,
which include two sites serving underrepresented
populations.

The FNL HTAPP team will continue to provide
technical and project management oversight to ensure that
all experimental and computational analyses are being
conducted in accordance with the approved plan and,
moreover, that generated data and resources are being
shared (in a timely fashion) with the HTAN and,
ultimately, with the wider scientific community in
compliance with the Beau Biden Cancer Moonshot Open
Access Policy and the HTAN’s established guidelines
and policies.

Support Provided by the Laboratory
Animal Sciences Program

LASP: Maintenance and Distribution of
Cryoarchive Mouse Models

NCI Mouse Repository

KEY ACCOMPLISHMENTS

e  The repository currently maintains 154 strains as
cryoarchived stock, an increase from the 148 available
for distribution in FY2019. An additional strain is
currently being rederived for cryopreservation and
ultimately public distribution. Ten strains are pending
importation, and 23 strains that were accepted are
pending completion of paperwork (importation papers
or material transfer agreement) for inclusion in the
repository’s collection of cancer models.

e During this period, 40 orders have been received for
mouse germplasm, a decrease from the 69 orders
processed during FY2019. Among them, 29 have
been fulfilled and 11 are pending shipment to the
requesting organizations. Among the completed
shipments thus far, 17 (59 percent) are domestic
orders while 12 (41 percent) are international
requests. Ninety-seven percent of all requests have
been completed in support of extramural requestors.

Mouse models of human cancer have had a profound
impact on our current understanding of the mechanisms of
tumorigenesis and the pathways regulated by cancer-
related genes. These models hold the promise of serving
as critical tools in discovering and testing novel
therapeutics to be used in cancer prevention and

treatment. The NCI Mouse Repository is funded by the
National Cancer Institute (NCI), Division of Cancer
Biology (DCB) for maintaining and distributing mouse
cancer models and associated tool strains, in addition to
housing a unique collection of more than 1,500 mouse
embryonic stem (ES) cell clones bearing conditionally-
activated microRNA (miR) transgenes to facilitate in vivo
exploration of miR functions. The collection of cryoarchived
mouse models includes strains bearing conditional and
point-mutant alleles in cancer-related genes.

The NCI Mouse Repository makes its unique
collection of mouse strains, managed by FNL staff
in LASP, available to all members of the scientific
community (academic, non-profit, and commercial).
These models are cryoarchived and distributed as frozen
germplasm (embryos and/or sperm) worldwide. Detailed
information about this valuable resource may be accessed
through the Repository webpage:
https://frederick.cancer.gov/science/technology/mouserep
ository/MouseModels/Default.aspx. Researchers are
encouraged to submit their cancer models to the NCI
Mouse Repository for archiving and distribution and to be
reviewed and evaluated by the LASP director and
imported by the NCI Mouse Repository administrative
office once approved.

miRs are small, non-coding RNA molecules that play
important roles in fundamental cellular processes by post-
transcriptionally regulating gene expression. In an effort
to address the role that miRs play in human cancer, their
use as diagnostic tools, and their potential function as new
targets for therapeutic intervention in the treatment of
cancer, DCB has supported the generation of mouse
embryonic stem cells (MESCs) harboring mouse miRs. As
a result, 1,501 miR-ESC lines were generated at the Cold
Spring Harbor Laboratory using high-throughput
technology to produce clones that conditionally express
each known murine miR. Mice generated from these ES
clones will contain a tet-inducible miR transgenes to
facilitate investigation of the role of each miR in vivo,
providing a powerful tool for the study of miR biology.
Reversible transgene expression for each mESC clone is
controlled by either the tetracycline response element
(TRE) or TRE-tight promoters, to accommodate a wide
range of experimental designs. TRE-driven expression
permits the study of miR in a variety of tissues, while
TRE-tight promoters reduce leakiness, result in more
restricted expression, suited for tissue specificity, and are
especially useful for the study of miRs for which even the
smallest level of expression may cause sterility or lethality.

The entire collection of miRs was made available for
distribution to the scientific community in July 2013. The
NCI Mouse Repository poster presented at the 2019 RNA
Biology Symposium emphasized the value of this
resource for the scientific community throughout the
United States. Detailed information is available on the
NCI Mouse Repository web page:
https://frederick.cancer.gov/science/technology/mouserep
ository. The website also includes validation documentation
for each mESC clone and sequencing data for each miR.
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Appendices including all protocols used in the generation,
care, manipulation, and use of the available clones are
also provided. Although there has been only one order
submitted to date in FY2020, future presentations are
planned to further communicate the availability of the
valuable miR resource at the NCI Mouse Repository.
The miR ES cell resource is distributed to the scientific
community according to the following organizational
affiliations and prioritized in the following order:

(i) NCI-funded investigators; (ii) NIH-funded
investigators; (iii) government-funded researchers, other
than those funded by NCI or NIH; and (iv) investigators
from non-profit organizations without government
funding.

Support Provided by the Science and
Technology Group

Admin Support & Research Tool Delivery

Cancer Systems Biology Consortium/Physical
Sciences - Oncology Network Summer
Undergraduate Research Program

Each year, NCI convenes the Cancer Systems Biology
Consortium/Physical Sciences — Oncology Network
Summer Undergraduate Research Program to provide
unique opportunities for students to engage in innovative
and interdisciplinary approaches to cancer research. Each
year, NCI matches undergraduate applicants with
participating principal investigators across the country to
provide an immersive research experience. CRTP provides
administrative support for this initiative, including
maintaining the program website and providing student
housing, stipend support, and assistance with planning the
annual in-person meeting for the selected students.

This year, 16 undergraduate students were selected to
participate in the program. However, due to the COVID-19
pandemic and resultant quarantines at participating
research institutions, each participating research
institution withdrew from the program in summer 2020.
A full-time interactive online course was offered as an
alternative, in which all 16 selected students chose to
participate. CRTP has provided administrative support,
stipends, and access to Labster laboratory simulations in
coordination with the NCI as part of the virtual program.

STG: Pediatric Moonshot Core for the Division
of Cancer Biology

NCI Cancer Moonshot

NCI convened the Blue Ribbon Panel (BRP) in 2016
to provide recommendations for achieving the Cancer
Moonshot's goal of accelerating progress in cancer
research, now called the Beau Biden Cancer Moonshot
Initiative. The BRP was charged with assessing the state
of the science in specific areas and identifying major
research opportunities that could uniquely benefit from

the support of the Cancer Moonshot and could lead to
significant advances in our understanding of cancer and
how to intervene in its initiation and progression. The
recommendations focused on areas in which a coordinated
effort could profoundly accelerate the pace of progress in
the fight against cancer and were not intended to replace
existing cancer programs, initiatives, and policies already
underway. The BRP final report was approved by the
National Cancer Advisory Board and included a
recommendation for the development of a pediatric
immunotherapy translational science network that would
facilitate the testing of new immunotherapy approaches in
childhood cancer and establish a robust research pipeline
to help further advance this field of study. The 21st
Century Cures Act was signed into law in December 2016
to dedicate new funds to support efforts associated with
the Beau Biden Cancer Moonshot Initiative. In coordination
with the Division of Cancer Biology, the FNL has enlisted
the support of Cherie Nichols, an authority on NCI long-
term strategy, to monitor Moonshot efforts and assist in
identifying scientific opportunities.

Moonshot Pediatric Core

The Moonshot Pediatric Core (MPC) was established
as a dedicated resource to support the research teams from
the Pediatric Immunotherapy Discovery and Development
Network (PI-DDN) and the Fusion Oncoproteins in
Childhood Cancers (FusOnC2) Network. The two
networks were established to intensify research on the
major drivers of childhood cancers and to develop
immunotherapeutic approaches for children and
adolescents with cancer. The awards were provided by the
National Cancer Institute as part of the Blue Ribbon Panel
recommendations. The MPC works to accelerate the
development of new novel immunotherapies and improve
pediatric cancer treatments by providing FNL resources
and capabilities to the network groups.

The FusOnC2 Network advances understanding of the
biology of fusion oncoproteins in childhood cancers to
inform the development of targeted treatments for
pediatric cancer patients. The network brings together
researchers with expertise in structural biology,
proteomics, genomics, medicinal chemistry,
pharmacology, and cancer biology who are teaming up to
gain insights into the molecular drivers of childhood
cancers. The network is specifically focusing on
improving the knowledge of pediatric cancers that are at
high risk for treatment failure or for which there are
currently no known effective targeted therapies. This
network is moving the field of childhood fusion
oncoproteins forward towards new, more effective
treatments with fewer side effects for pediatric cancer
patients. As participants in the FusOnC2 Network, FNL’s
Science and Technology Group helps NCI plan and
coordinate fusion oncoprotein research initiatives,
including recruiting researchers to participate in FusOnC2
events in order to improve the quality of research
produced by the FusOnC2 consortium.
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The PI-DDN identifies and advances translational
immunotherapy research for children and adolescents
with cancer. This network is working to discover and
characterize new targets for immunotherapies, design
experimental models to test the effectiveness of pediatric
immunotherapies, develop new immunotherapy
treatments, and improve the understanding of tumor
immunity in pediatric cancer patients. This network is
also working to overcome major barriers in developing
effective immunotherapies for children, such as lower
expression of proteins that can be recognized by immune
cells and the immunosuppressive environments of tumors
in some pediatric cancers. Investigators in the PI-DDN
work together on multicomponent research studies
centered around a pediatric cancer research area and
individual pediatric immunotherapy projects. This
network is striving to advance pediatric immunotherapies
towards the treatment of children and adolescents with
high-risk cancers. As participants in PI-DDN, FNL’s
Science and Technology Group helps NCI plan and
coordinate pediatric immunotherapy research initiatives
and recruit outside researchers and clinicians to
participate in PI-DDN discussions in order to enhance the
impact of the PI-DDN consortium.

Division of Cancer Control and
Population Sciences

Support Provided by the Clinical
Monitoring Research Program Directorate

Clinical Program/Project Management

KEY ACCOMPLISHMENTS

e Completed two subcontracts supporting the
Surveillance, Epidemiology, and End Results (SEER)
Program’s data release and quality audit plan pilot,
with recommendations to the Division of Cancer
Control and Population Sciences

To support the Surveillance Research Program, which
is a leadering entity in the science of cancer surveillance
and disseminates reliable population-based cancer
statistics, Frederick National Laboratory for Cancer
Research (FNL) staff managed research subcontracts with
a subcontractor that supported the SEER Program within
the Surveillance Research Program.

For SEER’s data release effort, the subcontractor
developed a process map with key recommendations for
data release after identifying test cases, product lines,
potential release options, and a release prioritization
schedule. The subcontractor also completed eight pre-
quality-assessment-plan evaluations, developed
programmatic metrics for data collection reporting
metrics across SEER registries, and recommended
triggers for implementing and evolving a full quality
assessment plan.

FNL’s subcontractor supported SEER’s aim to
provide information on cancer statistics in an effort to
reduce the cancer burden among the U.S. population.

Support Provided by the Clinical Research
Directorate

SEER Program VTR Breast Cancer Technical
Pilot

KEY ACCOMPLISHMENTS

e  FNL subcontracted with a vendor to perform whole-
genome sequencing (WGS), whole-exome
sequencing (WES), Transcriptome Capture (TCap),
and the multigene PanCan Panel.

e FNL purchased services from a vendor to perform the
NanoString PanCancer Pathway Panel.

The National Cancer Institute (NCI) Surveillance
Epidemiology and End Results (SEER) Program consists
of population-based central cancer registries that cover
nearly 30 percent of the U.S. population. The Virtual
Tissue Repository (VTR) aims to establish the
infrastructure for using community-based tissue
specimens for biomedical research. When implemented,
researchers will be able to search de-identified SEER
abstracts along with de-identified pathology reports and
request residual tissue for research. Involving six of the
SEER cancer registries, the VTR Breast Cancer (BC) and
Pancreatic Ductal Adenocarcinoma (PDAC) Genomics
Studies will compare genomic and transcriptomic profiles
from BC and PDAC patients.

The technical pilots involve samples from case-control
pairs collected from patients: DNA extracted from
archival tumor; DNA extracted from normal formalin-
fixed, paraffin-embedded (FFPE) tissue; and RNA
extracted from archival FFPE tumor tissue. The PDAC
technical pilot will perform TCap and the NanoString
PanCancer Pathways Panel on tumor RNA specimens
extracted from 24 patients. The BC technical pilot will
perform WES and WGS on both tumor and normal DNA
extracted from 12 patients and will perform the multigene
PanCan Panel on tumor and normal DNA extracted from
eight patients. The scope also includes performing TCap
and the NanoString PanCancer Pathways Panel on tumor
RNA extracted from 32 patients. FNL is supporting the
NCI Division of Cancer Control and Population Sciences
by managing subcontractors to perform WGS, WES,
TCap, the multigene PanCan Panel, and the NanoString
PanCancer Pathway Panel.
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Division of Cancer Epidemiology
and Genetics

Support Provided by the Applied and
Developmental Research Directorate

ADRD: Repository Management

KEY ACCOMPLISHMENTS

The NCI at Frederick Central Repository
(Repository) continued to provide support for sample
management, shipments, receipts, inventory, tracking,
withdrawals, distributions, and storage of the
Division of Cancer Epidemiology and Genetics
(DCEG)’s 370 active studies, which come from

28 investigators and represent 10 branches. There are
currently approximately 11.3 million DCEG samples
in storage (equivalent to 15.1 million samples when
normalized for 2 ml vials occupying storage space).
DCEG currently owns 315 fridges and freezers,
including the Bahnson -80°C, which houses

1.8 million samples. The Frederick National
Laboratory for Cancer Research (FNL) oversight
team and American Type Culture Collection
subcontractor staff continued working closely with
Dr. Amanda Black and Ms. Marianne Henderson to
optimize freezer utilization and to streamline and
standardize sample data records for all DCEG studies.

Freezer optimization with plans to refresh the freezer
fleet and minimize the total number of units with a
continuous concerted effort to consolidate samples
are at full speed. The overall approach was identified
in FY2018 with a five-year plan to replace aging
mechanical units with high-energy-efficiency Varios
-80°C liquid nitrogen (LN2) freezers. The Vario
freezers are optimally designed to ensure sample
integrity, lower operational costs, greater capacity per
unit, and longer lifespan than mechanical freezers.

To address the projected higher need for LN2, the
NCI Office of the Director (NCI-OD), Office of
Scientific Operations, provided support for a large
infrastructure renovation project to expand the
number of LN2 drops. The expansion was completed
in February 2020, resulting in 86 additional multi-use
drops. The purchase and delivery of new Varios
freezers was tightly coordinated with the challenging
completion date of the LN2 expansion project. The
concerted approaches allowed for a faster pace of the
replacement units in FY2020. As a result, 39 new
units were delivered in February 2020, with all units
expected to be fully installed, qualified, and storing
samples by the end of FY2020. Furthermore, 25
additional units are expected to be purchased and
installed within the first two quarters of FY2021.

In addition to the freezer replacement plan,
consolidation opportunities and floor plan

organizations have been following a continuous
improvement plan with constant evaluation and
implementations. As samples continue to be
transferred from aging freezers to the new Vario
units, the percentage of DCEG’s mechanical freezers
that are older than 15 years continues to drop, as the
older freezers are surplus. Overall, the replacement,
consolidation, and organization plans allowed for
more free space and lower charges for DCEG
stakeholders.

The Repository also continued to provide support and
technical input to the large initiative directed by

Dr. Amanda Black to clean, standardize, and
streamline sample data records in the Biological
Specimen Inventory (BSI) for all DCEG studies. To
achieve the goals of DCEG’s “BSI clean-up project,”
the representatives of the Repository Quality Board
agreed to transfer all studies from the Center for
Cancer Research, NCI-OD, and small users from the
BSI NCI database to the BSI Cenrep database. These
efforts are nearing completion, with the transfer of a
large number of sample records to be completed by
September 2020.

ADRD: BioProcessing Laboratory

KEY ACCOMPLISHMENTS

Provided rapid response to a COVID-19 project that
required initiating a BSI study, developing laboratory
and shipping solutions, and integrating processes and
informatic system with an outside institute. The
clinical study is underway and successfully
submitting specimens to the laboratory for processing
with minimal changes to original project design.

Continued to expand the utilization of FluidX
automation-ready cryovials with embedded 2D
barcodes into other DCEG projects. The manual
manipulation of these tubes, meant for automation,
requires creative workflow redesign in laboratory
space but allows for improved usability in DCEG
laboratories and improved long-term storage
capabilities.

Continued to participate in discussions on updates to
the NCI instance of the BSI database to align new
DCEG studies with the new system structure, clean
up data from existing studies in the collection, and
modify existing relational tables to account for
previously unknown variables.

Provided guidance to intramural investigators for
planned studies to integrate cost-effective best
practices for specimen collection, specimen transport,
integration of FluidX tubes into new projects, and the
re-design of an aliquoting project for samples
received from an international laboratory. These
projects require extensive integration of different
functional areas such as international and domestic
transportation regulations, data management
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activities in three external databases in addition to the
BSI database, specimen collection kit design, kit
production, specimen processing, and specimen
distribution.

e Participated in weekly meetings with DCEG
committees to incorporate prior project knowledge
into the larger Connect for Cancer Prevention Cohort
Study planning and to update study design to scale up
the laboratory’s service. These planning meetings
include providing feedback on label design, database
design, collection tube options, transport influence,
courier options, kit design, and application for
permission to use the NIH mail permit.

e  Met with intramural investigators to discuss their
study needs and the application of knowledge from
prior studies for potential new collections. These
include the parameters involving multi-specimen
collections at multi-collection centers, questionnaire
design, specimen array, specimen distributions, data
management, and short and long-term specimen
storage (principal investigator (P1): Katherine McGlynn)
and new specimen acquisition (buccal-mouthwash) as
a pilot for a larger project (Pl: Emily Vogtmann).

Study Pl Material  # Vials
Hormone Britton Trabert Serum 69
Receptor
Testing
American Britton Trabert Plasma 2,026
Cancer
Society QC
specimen
aliquot and
batching
Buccal- Emily Buccal 80
Scope Pilot ~ Vogtmann cells
CONNECT Amanda Black Plasma, 13,645
pilot Serum,

Buffy
coat,
RBC

Support Provided by the Cancer Research
Technology Program

Hormone Anaylsis

PCL focused on analyzing steroid hormones
(estrogen, progesterone, and androgen) for DCEG during
FY?2020. Approximately 2,700 production runs were
performed using the isotopic dilution mass spectrometry
assay developed by PCL analyzing both for specific
steroid hormones and their derivatives and a panel of
different steroid hormone (parent hormone assay).

In addition to the steroid hormone analysis, PCL
carried out proteomics analysis for the Laboratory of
Translational Genetics, primarily focusing on identifying
allele-specific binding proteins.

While laboratory work was suspended due to the
coronavirus pandemic, the mass spectrometers were kept
up and running, allowing us to quickly start performing
quality control runs during the week leading up to the
reopening of the laboratory. This allowed us to start
analyzing samples from the first week we were allowed
back. Secondly, preventative maintenance was arranged
for the immunoanalyser in preparation for analyzing 682
samples for sex hormone binding globulin quantification.

During FY2019, PCL laboratory members were
co-authors on several peer-reviewed articles.

Support Provided by the Clinical Research
Directorate

Cancer Genomics Research Laboratory

KEY ACCOMPLISHMENTS

e  Supported more than 250 genomics and pathology
projects

e Updated laboratory procedures to support a COVID-
19 genome-wide association study and the
COVIDcode National Human Genome Research
Institute protocol

e Implemented a new automated sample store
e Used and developed cloud-based technologies
e Relocated all operations to new facility

The Cancer Genomics Research Laboratory (CGR)
investigates how germline and somatic genetic variation
contribute to cancer susceptibility and outcomes, in
support of the National Cancer Institute’s (NCI) Division
of Cancer Epidemiology and Genetics (DCEG) research.
Working in concert with epidemiologists, biostatisticians,
and basic research scientists in DCEG’s intramural
research program, CGR provides the capacity to conduct
genome-wide discovery studies and targeted regional
approaches to identify the heritable determinants of
various forms of cancer. CGR operates as a high-
throughput genomics laboratory with a focus on
automation and cutting-edge technology and innovation,
providing comprehensive genomics laboratory and
scientific research support from project inception through
specimen preparation, data generation, analysis, and
publication of findings. Publications 