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BIOMEDICAL RESEARCH PROGRAM INTRODUCTION AND OVERVIEW

Since 2001, the Florida Legislature has recognized the need to support vital research
conducted in both academic and private institutions throughout the state through the William
G. “Bill” Bankhead Jr. and David Coley Cancer Research (Bankhead-Coley) Program
(section 381.922, Florida Statutes) and the James and Esther King Biomedical Research
(King) Program (section 215.5602, Florida Statutes). In fiscal year (FY) 2019-2020, this
funding continued to improve the health of Florida’'s families, expanded the research
infrastructure of the state, and advanced efforts to bring external research funding to the
state. Total funding, in the amount of $16,451,500, was awarded to Bankhead-Coley and
King grantees. This funding resulted in 15 Bankhead-Coley and 11 King new research
grants.

In 2018, the Legislature appropriated $3 million in research funding as part of the Live Like
Bella Pediatric Cancer Research Initiative (Bella). In the first year, five grants were awarded.
During FY 2019-2020, nine new grants were awarded to universities and cancer research
centers across the state, to support researchers in their efforts to improve prevention,
diagnosis, treatment, and to develop cures for childhood cancer.

Research grants are issued based on a competitive peer-review process. Awards are based
on scientific merit, as determined by independent peer review involving experts located
outside Florida who are free from conflicts of interest. Researchers at any university or
established research institute in the state are eligible to apply for state funding. Per statutory
requirements, a FY 2019-2020 progress report is to be submitted that includes the following
information:

e Alist of recipients of program grants or fellowships. For each research project supported

by grants or fellowships awarded under the program, the report must include:

(1) A summary of the research project and results or expected results of the research;

(2) The status of the research project, including whether it has concluded or the
estimated date of completion;

(3) The amount of the grant or fellowship awarded and the estimated or actual cost of
the research project;

(4) A list of principal investigators under the research project;

(5) The title, citation, and summary of findings of a publication in a peer-reviewed
journal resulting from the research;

(6) The source and amount of any federal, state, or local government grants or
donations or private grants or donations generated as a result of the research
project;

(7) The status of a patent, if any, generated from the research project and an economic

analysis of the impact of the resulting patent; and

(8) A list of postsecondary educational institutions involved in the research project, a
description of each postsecondary educational institution’s involvement in the
research project, and the number of students receiving training or performing
research under the research project.

e The state ranking and total amount of biomedical research funding currently flowing into
the state from the National Institutes of Health (NIH).
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Progress toward programmatic goals, particularly in the prevention, diagnosis, treatment,
and cure of diseases related to tobacco use, including cancer, cardiovascular disease,
stroke, and pulmonary disease.

Recommendations to further the mission of the programs.

WILLIAM G. "BILL" BANKHEAD, JR., AND
DAVID COLEY CANCER RESEARCH
PROGRAM

The Bankhead-Coley Cancer Research Program advances progress toward cures for
cancer. Cancer is the second leading cause of death for Floridians, with heart disease
being number one. Florida continues to have the second highest cancer burden in the
nation. Funding through the Bankhead-Coley program significantly improves cancer
research and treatment in the state by:

Attracting new research talent and grant-producing researchers.

Funding proposals that demonstrate the greatest ability to attract federal research
grants.

Encouraging the development of bioinformatics to allow researchers to exchange
information.

Facilitating technical collaboration, business development, and support for intellectual
property related to research.

Aiding multi-disciplinary research through greater participation in clinical trials networks
and reducing the disparate impact of cancer on certain groups.

THE LIVE LIKE BELLA PEDIATRIC CANCER
RESEARCH INITIATIVE

The purpose of the Live Like Bella Pediatric Cancer Research Initiative is to advance
progress toward curing pediatric cancer through grants awarded through a peer-reviewed,
competitive process. The Initiative will provide grants for research to further the search for
cures for pediatric cancer, by pursuing the following goals:

Significantly expand pediatric cancer research capacity in Florida.

Improve both research and treatment through greater pediatric enrollment in clinical
trials networks.

Reduce the impact of pediatric cancer on disparate groups.
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THE JAMES AND ESTHER KING
BIOMEDICAL RESEARCH PROGRAM

The purpose of the James and Esther King Biomedical Research Program is to advance
cures in tobacco-related diseases. The King program funds research initiatives that seek
new insights and innovative solutions in the prevention, diagnosis, treatment, and cure of
Floridians afflicted by tobacco-related diseases including cardiovascular disease, stroke,
lung disease, and tobacco-related cancers, the leading causes of death in Florida and
nationally.

The long-term goals of the program are to:

Improve the health of Floridians by researching better prevention, diagnoses,
treatments, and cures for cancer, cardiovascular disease, stroke, and pulmonary
disease.

Expand the foundation of biomedical knowledge relating to the prevention, diagnosis,
treatment, and cure of diseases related to tobacco use, including cancer,
cardiovascular disease, stroke, and pulmonary disease.

Improve the quality of the state’s academic health centers by bringing the advances
of biomedical research into the training of physicians and other health care providers.

Increase the state’s per capita funding for research by undertaking new initiatives in
public health and biomedical research that will attract additional funding from outside
the state.

Stimulate economic activity in the state in areas related to biomedical research, such
as the research and production of pharmaceuticals, biotechnology, and medical
devices.
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BIOMEDICAL RESEARCH GRANT ADVISORY BOARD OVERVIEW AND MEMBERSHIP

The Biomedical Research Advisory Council (section 215.5602(4), Florida Statutes) advises
the State Surgeon General regarding the direction and scope of the biomedical research
program. The responsibilities of the council include, but are not limited to:

(a) Providing advice on program priorities and emphases.

(b) Providing advice on the overall program budget.

(c) Participating in periodic program evaluation.

(d) Assisting in the development of guidelines to ensure fairness, neutrality, and adherence to
the principles of merit and quality in the conduct of the program.

(e) Assisting in the development of appropriate linkages to nonacademic entities, such as
voluntary organizations, health care delivery institutions, industries, government agencies,
and public officials.

(f) Developing criteria and standards for the award of research grants.

(g) Developing guidelines relating to solicitation, review, and award of research grants and
fellowships, to ensure an impartial, high-quality peer review system.

(h) Reviewing reports of peer review panels and making recommendations for research grants
and fellowships.

(i) Developing and providing oversight regarding mechanisms for the dissemination of research
results.

(i) The council shall select, by majority vote, six members of the council who must combine
with seven members of the Florida Cancer Control and Research Advisory Council to form a
joint committee to develop performance measures, a rating system, a rating standard, and
an application form for the Cancer Center of Excellence Award created in Section 381.925,
Florida Statutes.

The names and positions of each Biomedical Research Grant Advisory Council
Member, as of June 2019, are listed below. There is currently one vacancy.
(Biographical statements or curriculum vitae available upon request):

Daniel Armstrong, PhD (Chair), Senior Associate Dean for Child Health; Director, Mailman
Center for Child Development; Professor and Executive Vice Chair, Department of Pediatrics
University of Miami Miller School of Medicine; Seat: American Cancer Society

Richard Nowakowski, PhD (Vice-Chair), Professor and Department Chair of Biomedical
Sciences at Florida State University College of Medicine; Seat: Governor

Charles Evans Wood, PhD, Professor and Chair, Department of Physiology and
Functional Genomics, University of Florida; Seat: American Heart Association

Allison Eng-Perez, Principal, Deloitte and Touche, LLP; Seat: Governor

David A. Decker, MD, FACP, Professor and Attending Physician, Orlando Veterans
Administration Medical Center and University of Central Florida; Seat: Governor

Richard Houghten, PhD, President and CEO, Torrey Pines Institute for Molecular
Studies; Seat: Senate

Tushar Patel, MB, ChB, Dean of Research, Mayo Clinic; Seat: Senate
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Conor Lynch, PhD, Associate Member, Moffitt Cancer Center; Seat: House of
Representatives

Mary P. Martinasek, PhD, MPH, Associate Professor and Assistant Dean of College
of Natural and Health Science, University of Tampa; Seat: American Lung
Association

Vacant Seat: House of Representatives

Strategic Goals

In 2014, the Biomedical Research Advisory Council (BRAC) created a strategic plan for
Florida’s biomedical research funding to specify defined objectives to be accomplished
in specific time frames. The strategic plan focuses on the health impact of research and
making Florida a destination for cancer care and research. This strategic plan also
demonstrates the Florida Department of Health’s (Department) commitment to
transparency in communicating program priorities, defines the BRAC’s substantive
areas of focus, specifies time frames for evaluating success, and guides funding
opportunities issued by the Department. The BRAC recommended that the following
strategic goals be included in the funding opportunity announcement.

e Prevention and Treatment

o Conduct research with a focus on prevention and improved treatment or care
delivery that contributes to decreased deaths due to lung cancer by 15 percent,
breast cancer by 15 percent, prostate cancer by 20 percent, colon cancer by 25
percent, and melanoma by 15 percent within 10 years.

o Develop innovative basic and clinical research studies focused on lower incidence of
high mortality/high morbidity cancers (e.g., sarcomas, pancreatic tumors, central
nervous system (CNS) tumors, myeloma, leukemia/myelodysplastic syndrome) that
result in significant improvement in survival/quality of survival in adults and children
in at least two of these cancers.

o Enhance understanding of the relationship between obesity, healthy weight, and
cancer.

o Improve screening accuracy, detection of high-risk subgroups, and/or improved
implementation of cancer screening programs that result in a 20 percent increase in
early detection of cancer or preventable cancer within 10 years.

e Technology Transfer Feasibility (TTF)
o Establish at least five Investigational New Drug applications or Investigational Device
Exemptions based on Florida investigator drug discovery, biologic, or other

therapeutics that result in at least two multi-center collaborative clinical trials within
10 years.
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o Design research protocols that lead to academic-industry development of five new
biotechnology products/companies that subsequently obtain incremental commercial
funding (beyond Florida funding) within 10 years.

e Health Disparities

o Develop research that contributes to reductions in deaths due to lung cancer by 30
percent, breast cancer by 30 percent, prostate cancer by 30 percent, colon cancer by
30 percent, and melanoma by 30 percent resulting from health disparities due to
race, ethnicity, or income within 10 years.

e Tobacco Use

o Reduce tobacco use in children and adolescents to less than 4 percent and adults to
less than 15 percent within 10 years.

o Treatment Related Morbidities

o Expand upon research that improves scientific understanding of causes and
subsequent impact of cancer/cancer treatment-related morbidities in other systems
(e.g., cardiovascular, pulmonary, endocrine, lymphatic, CNS, reproductive,
developmental).

o Investigational New Drug (IND) or Investigational Device Exemption (IDE)

o Supports the development of IND and IDE applications to the United States Food and
Drug Administration (FDA) as part of an application for marketing. The intent is to
support promising new drug discovery and commercialization of new drugs.

FY 2019-2020 funding cycle awards were made to support the following research priorities
for Bankhead-Coley, King, and Bella initiative grants:

27 Awards — Prevention and Treatment: (12 Bankhead-Coley, 8 King, and 7
Bella) Research with a focus on prevention and improved treatment or care
delivery that contributes to a reduction in deaths in at least one of the following
types of cancers: pediatric, lung, breast, prostate, colon, or melanoma.

No Award —TTF: The goals of the TTF grant mechanism are to stimulate technology
transfer activities for promising research discoveries that could lead to innovations in
the prevention, diagnosis, treatment, and/or cure of cancer and strengthen a
project’s economic feasibility and commercialization prospects.

2 Awards — Health Disparities: (2 Bankhead-Coley but 1 was relinquished because of
receiving federal research grant funds) Research that contributes to reductions in deaths
due to the cancers listed above resulting from health disparities due to race, ethnicity, or
income.

No Award — Tobacco Use: Reduction of tobacco use in children, adolescents, and
adults.
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1 Award — Screening: (1 Bella) Improve screening accuracy, detection of high-risk
subgroups, and/or improved implementation of a cancer screening program that
results in an increase in early detection or prevention of at least one of the cancers

listed above.

5 Awards — Treatment-Related Morbidities: (2 Bankhead-Coley but 1 was
relinquished because of receiving federal research grant funds and 3 King) Expand
upon research that improves scientific understanding of causes and subsequent
impact of cancer/cancer-treatment related morbidities in other systems (e.g.,
cardiovascular, pulmonary, endocrine, lymphatic, CNS, reproductive, developmental

impairment, graft-versus-host disease).

2 Awards —IND or IDE: (1 Bankhead-Coley and 1 Bella) The goal of this mechanism
is to expand upon research that supports the development of IND and IDE
applications to FDA as part of an application for marketing. The intent is to support

promising new drug discovery and commercialization of new drugs.

Figure 1: Bankhead-Coley Applications and Funded Projects
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Figure 1: In FY 2019 - 2020, 124 grant applications were submitted in response to the
Bankhead-Coley funding opportunity announcement. In FY 2019-2020, 15 cancer-related

disease research projects were awarded.
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Figure 2: King Applications and Funded Projects
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Figure 2: In FY 2019 - 2020, 90 grant applications were submitted in response to the
King funding opportunity announcements. During FY 2019 - 2020,11 tobacco-related

disease research projects were awarded.

Figure 3: Bella Applications and Funded Projects
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Figure 3: In FY 2019 - 2020, 14 grant applications were submitted in response to the Bella
funding opportunity announcement. During FY 2019 - 2020, nine pediatric cancer research
projects were awarded. As the program continues to become known, it is anticipated that

more grant applications will be submitted.
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NIH RESEARCH FUNDING AND STATE RANKING

For the past four years, the state of Florida has remained 12th in the United States for federal
funding. There was an increase in the total amount of funding for FY 2019-2020.

Figure 4: NIH Research Funding from the FY 2019 - 2020 Reporting
Period

NIH Biomedical Research State Funding and
Rankings FY 2019 - 2020
State Total Funding Rank
CA $4,591,581,664 1
MA $3,024,098,902 2
NY $2,891,776,354 3
PA $1,944,017,304 4
MD $1,920,138,523 S
NC $1,589,742,045 6
TX $1,370,180,699 7
WA $1,135,332,133 8
IL $1,012,456,813 9
OH $883,089,814 10
MI $826,532,093 11
FL $705,023,328 12
MO $655,608,101 13
GA $630,030,140 14
MN $619,407,697 15
CT $603,000,869 16
TN $585,280,713 17
VA $506,061,472 18
Wi $493,137,164 19
CcO $42,723,332 20

Figure 4: The top 20 states in NIH funding is displayed. With over $705 million in NIH
funding, Floridais ranked 12th in the nation. (Source: NIH Research Portfolio Online
Reporting Tools (RePORT).)
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Figure 5: NIH funding for Florida has increased to over $700 million. These results reflect
Florida’s initiative to expand upon research to improve scientific understanding of
various diseases and health disparities.

NIH Funding for Florida Fiscal Years 13/14 - 19/20
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Grant #

Organization

Bankhead-Coley Cancer Biomedical Research Program

Principal Investigator

Appendix A
Fiscal Year 2020-2021 Newly Awarded Active Grants

Award Amount

Life to Date
Expenditure

Unspent
Funds

Executed

Date

End Date Patents

Publications

Follow-on
Funding

2001 | All Children's Research |- Masanobu Komatsu, $636,611 $35,365  $601,246| 5/19/20 4/30/23 No No No
Institute PhD
20B02 |Mayo Clinic Jacksonville| Derek Radisky, PhD $99,999 $33,000 $66,999| 5/1/20 10/31/20 No No No
20803 | Moffitt Cancer Center | <€nneth Iaga'”’ PhD, $636,610 $0.00| $636,610| 5/12/20 | 5/31/23 No No No
20B04 Moffitt Cancer Center | Paulo Rodriguez, PhD $636,610 $0.00 $636,610| 5/20/20 5/31/23 No No No
20B05 Moffitt Cancer Center RELINQUISHED $0.00 $0.00 No No No
20B06 Moffitt Cancer Center Andry Marusyk, PhD $636,610 $35,367 $636,610, 5/5/20 4/30/23 No No No
20B07 Moffitt Cancer Center Lixin Wan, PhD $636,610 $0.00 $636,610| 4/22/20 5/31/23 No No No
20B08 Moffitt Cancer Center | John M. Koomen, PhD $253,555 $0.00 $253,555| 5/15/20 5/31/23 No No No
20B09 | Moffitt Cancer Center RELINQUISHED $0.00 $0.00 N/A N/A N/A
20B10 | Moffitt Cancer Center N'Cho'asgh'[')a"‘”e”ce* $636,610 $0.00|  $636,610] 5/29/20 | 11/30/22 No No No
20B11 | University of Florida | '@ 7 Sayour, PhD, $636,610 $0.00  $636,610] 6/11/20 | 5/31/23 No No No
20B12 University of Miami Sabitu Roy, PhD $636,610 $0.00 $636,610| 5/28/20 5/31/23 No No No
20B13 University of Miami Jamie Merchan, MD $636,610 $0.00 $636,610| 6/16/20 5/31/23 No No No
20B14 University of Miami  |Marzenna Blonska, PhD $636,610 $0.00, $636,610| 6/16/20 5/31/23 No No No
20B15 University of Miami Lluis Morey, PhD $636,610 $0.00 $636,610 6/5/20 5/31/23 No No No
20B16 | University of Miami Pa”'ol\;’g‘hg'r:% MSc, $750,000 $0.00]  $750,000, 6/1/20 5/31/23 No No No
20B17 Moffitt Cancer Center Jiandong Chen, PhD $636,610 $0.00 $636,610| 6/17/20 6/30/23 No No No
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1. Grant #: 20B01 Reprogramming Tumor Immune Landscape by High Endothelial Venule
Formation

Principal Investigator: Masanobu Komatsu, PhD

Organization: All Children’s Research Institute, Inc./ Johns Hopkins University

Abstract of Proposed Research: Checkpoint immunotherapies have recently become an
extremely promising strategy for cancer treatment because this type of cancer therapy has
shown the complete cure of malignant cancers in some patients. An important advantage of
immunotherapy is that it causes relatively few significant side effects compared with
chemotherapy. To date, however, only a fraction of patients has responded to immunotherapies
in lung, breast, and other types of cancer. The success of checkpoint immunotherapy depends on
patient’s own immune cells, which fight against cancer cells and kill them. T-cells are immune
cells primarily responsible for anti-tumor immune activity and have a potential to eradicate cancer
cells. However, cancer cells create a type of environment around themselves that inhibits the T-
cells from penetrating into the tumor interior. If our team can remodel the tumor environment in
such a way that T-cells can penetrate the tumor, immunotherapies could work for most, if not all,
patients. High Endothelial Venues (HEVS) are a type of blood vessels specialized for recruiting T-
cells to the site of chronic inflammation. HEVs are also known to form in some cancer patients’
tumors and serve as a gateway for T-cells to enter the tumor interior and destroy the cancer cells.
Consistent with this T-cell recruiting role of HEVs, a high density of HEVs in patients’ tumors
strongly correlates with favorable clinical outcomes. These clinical observations suggest that
enhanced HEV formation in tumors will create a richly T-cell infiltrated tumor environment and
that such a reprograming of immune landscape renders tumors to be highly responsive to
checkpoint immunotherapy. The mechanism of HEV formation is poorly understood at present.
The new findings from our laboratory suggest that a Ras homolog protein R-Ras, which is
expressed in the inner lining of tumor blood vessels, promotes the formation of HEVS in patients’
tumors. Through comprehensive genetic analyses of HEVs, our staff also identified additional
“signature” molecules of HEVs that are thought to be important for the regulation of HEVs. Our
team hypothesize that the manipulation of these molecules would lead to abundant T-cell infiltration
and greater anti-tumor T-cell immunity via increased HEV formation. In this proposal, our team will
investigate these HEV signature molecules in human lung cancer and other types of cancer. Our
team will establish correlations between their expression, abundance of HEVs, infiltrating

immune cell profile, Th1/Th2 cytokine profile, and the retrospective clinical outcomes of each
corresponding patient. In the short-term, the successful outcome of this study will determine how
tumor vasculature may be targeted to generate highly inflammatory tumor environment that is
sensitive to checkpoint immunotherapies. The current low response rate to checkpoint
immunotherapy is one of the most important clinical challenges in cancer treatment. In the long-
term, the new understanding gained from this study will allow the team to explore novel strategies
to create immune stimulatory environment in patients’ tumors, thereby making the non-responder
patients to be responders of the immunotherapies. If this approach is found to be feasible and
effective, there will be a direct and significant impact of such a finding to the care of cancer
patients.

Follow-on Funding: None at the time of reporting
Collaborations: None at the time of reporting

Journals: None at the time of reporting
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Patents: None at the time of reporting

Grant #: 20B02 Involution-Based Biomarkers of Breast Cancer Risk

Principal Investigator: Derek Radisky, PhD
Organization: Mayo Clinic Jacksonville

Abstract of Proposed Research: Current risk prediction models for breast cancer rely on
clinical and epidemiologic features. In other tissues, prediction of cancer susceptibility occurs
optimally when a sample of the tissue at risk can be examined for evidence of premalignant
change (e.qg., cervix, colon). Over one million women per year in the United States undergo
breast biopsies diagnosed as Benign Breast Disease (BBD), and yet beyond this catch-all
diagnosis, biopsy findings are not effectively used to inform cancer risk models or clinical
decisions. Importantly, these breast tissue biopsies contain critical information, at both
morphologic and molecular levels, that could be used to predict later cancer susceptibility. One
such morphologic tissue feature is Elucidation and Targeting of Novel Molecular Determinants
of Tumor Progression and Dissemination the degree of age-related regression of background
normal lobules seen in a breast biopsy. Our team has shown that Lithium (Li) is independently
associated with reduced breast cancer risk, and the team hypothesize that delay of Li is linked
to molecular mechanisms of carcinogenesis in postmenopausal women. In this proposed
research, our staff will elucidate mechanisms controlling Li progression vs. delay and their
association with progression to cancer in two BBD cohorts. In the Mayo Clinic BBD cohort,
~14,000 primarily Caucasian women had breast biopsies with benign findings, with ~1400 later
breast cancers. In the Detroit BBD cohort of ~4,000 African American women, 222 breast
cancers have occurred to date. For all these patients, our team have extensive information on
the patients’ clinical histories, the patient’s benign biopsies, and the molecular features of the
cancers which derived from them. If women at high risk for later breast cancer can be identified
at the time of BBD, effective detection and prevention strategies can be pursued for these
women. The work presented here is designed to identify why Li is delayed in many women, to
identify the mediators of the processes that link delayed Li with breast cancer risk, and to reveal
how this information could be used for improved risk assessment. In addition to immediate
benefits from improved risk prediction, the proposed work has the potential to provide new
insight into the driving forces underlying breast carcinogenesis. Most breast cancers occur in
postmenopausal women, and incidence rates rise steeply during the perimenopausal years
when the process is occurring. Investigations with the BBD cohort have revealed that breast
cancer risk is concentrated in the 40% of postmenopausal women of whom the process of Li is
delayed. Here, the team will specifically investigate peri- and post- menopausal women in whom
the Li process is stalled or delayed defining the processes that govern Li and its connection to
cancer risk. The team proposes that by focusing on these women, the team will discover novel
insights about the relationship between aging and breast cancer. Moreover, it is expected that
this information will provide insight into how Li may be activated in high risk postmenopausal
women for physiological reduction of breast cancer incidence. At present, there is no
information about why Li is delayed in so many postmenopausal women or why these women
are at such increased risk for development of breast cancer, and these questions have now
been a focus of study. The team believe that our expertise and novel tissue resource will allow
our staff to fill this critical gap in knowledge, providing advance with direct clinical relevance.
Follow-on Funding: None at the time of reporting
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Collaborations: None at the time of reporting
Journals: None at the time of reporting

Patents: None at the time of reporting

Grant #: 20B03 Development of Novel Cancer Drugs for the Treatment of Multiple Myeloma and
Acute Myeloid Leukemia

Principal Investigator: Kenneth Shain, PhD, MD
Organization: H. Lee Moffitt Cancer Center and Research Institute

Abstract of Proposed Research: Despite the introduction of new treatments, hematological
(blood) cancers such as Multiple Myeloma (MM) and Acute Myeloid Leukemia (AML) remain
largely incurable. Understanding how these cancers acquire resistance to treatment is essential
if improved durable responses are to be realized. Pegylated Liposomal Doxorubicin (PLD) is a
frontline therapy for MM. The anti-cancer action of PLD is mediated through modulating the
activity of the DNA repair enzyme Topoisomerase Il Alpha (TOP2A) resulting in catastrophic
DNA damage and cancer cell death. Importantly, a common drug resistance mechanism in
these cancers is the export of TOP2A from the nucleus into the cytoplasm, rendering PLD and
other specific inhibitors of TOP2A ineffective.

In previous studies the team demonstrated that the protein exportinl (XPO1) binds TOP2A at a
specific site called the nuclear export signal (NES) and actively exports TOP2A out of the
nucleus into the cytoplasm in MM, AML and breast cancer cells. Notably, preventing XPO1
binding to the NES of TOP2A, retains TOP2A in the nucleus sensitizing cancer cells to PLD -
induced death. Our team have demonstrated that inhibitors of XPO1 prevents TOP2A export
from the nucleus and sensitizes MM cells to PLD and other chemotherapies. However, XPO1
mediates the nuclear export of hundreds of cellular proteins and inhibition of XPO1 may result in
unwanted toxic side effects. Our team therefore searched for a NES inhibitor (NESI) that would
specifically bind to the NES of TOP2A preventing the nuclear export of only TOP2A. The protein
sequence of the NES of TOP2A is unique and could lead to the development of drugs that
exclusively block the NES of TOP2A and not affect XPO1-dependent export of other nuclear
proteins. Using a computer model of the 3-dimensional structure of TOP2A protein the team
screened 139,735 small molecules from the NCI database to assess whether any would block
the NES of TOP2A. From this compound library our staff identified three that were effective in
sensitizing MM to PLD. For example, NCI-9138 prevented TOP2A-XPO1 binding and the
selective export of TOP2A when tested in MM cells. When combined with the TOP2A inhibitor
PLD, NCI-9138 synergistically killed MM cells in culture and MM cells isolated from patient bone
marrow samples with minimal effects observed on normal non-cancerous cells. The focus of this
proposal is to improve the anti-cancer activity of the three compounds identified in our search of
the NCI database by specific modifications their chemical structures. Using structure- guided
design, an iterative medicinal chemistry approach and a battery of biochemical, biophysical
(SPR, NMR and co- crystallography) and cell-based assays integrated within a rigorous
research operating plan (ROP), the team will enhance the potency of the NES inhibitors. NESi
analogs with improved drug-like properties will be tested in bone marrow cells isolated from MM
patients and in two mouse models, one with human MM tumors and a mouse MM bone marrow
model. Patient MM cells will be examined for markers that predict response to the therapy,
which is essential for NESi in future clinical trials.
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Follow-on Funding: None at the time of reporting
Collaborations: None at the time of reporting
Journals: None at the time of reporting

Patents: None at the time of reporting

Grant #: 20B04 Notch Signaling Boosts T-Cell Based Immunotherapy
Principal Investigator: Paulo Rodriguez, PhD
Organization: H. Lee Moffitt Cancer Center and Research Institute

Abstract of Proposed Research: Malignant epithelial tumors, including melanoma and lung
carcinoma, create a chronic inflammatory milieu that impairs anti-tumor immunity, thereby
decreasing the potential benefit of different types of cancer treatment. Indeed, the highly
immunoinhibitory and metabolically constraining Tumor Microenvironment (TME) represents a
major limitation for the curative effect of T-cell -based immunotherapies, including Tumor-
Infiltrating T-cells (TILs) and Chimeric Antigen Receptor (CAR) T-cells. The expansion of
heterogeneous subsets of immunosuppressive myeloid cells in the TME de-activates
endogenous and adoptively transferred T-cells, thereby driving their functional suppression.
Therefore, development of strategies to render adoptively transferred T-cells refractory to the
TME, especially to tumor- infiltrating myeloid cells, could enable the implementation of the next
generation of T-cell based therapies that effectively eradicate solid tumors. Our preliminary
reports showed the primary role of the transcription factors, Notch1-2, in the function of T-cells.
Overexpression of Notchl intracellular active domain (N1IC) in T-cells, or expansion of T-cells
in the presence of high-affinity variants of Notch ligand-DLL4, boosted their anti-tumor effects
after adoptive transfer immunotherapy, which correlated with an increased mitochondrial fitness,
higher levels of major anti-oxidant mediators, and expansion of Tissue Resident Memory (TRM)
T-cell, a subset of tumor- reactive T-cells that resist metabolic restrictions and inhibitory signals
at the TME. Interestingly, Notch stimulation in CD8+ T-cells conferred resistance to myeloid-
derived suppressive cells (MDSC) related immunosuppression. Our team hypothesize that
activation of the Notch pathway makes endogenous and adoptively transferred T-cells highly
efficient at eliminating tumors through promotion of effector signals, differentiation into TRM T-
cells, and induction of primary drivers that confer resistance to immunoinhibitory myelopoiesis in
the TME. Thus, using adoptive transfer of tumor-specific T-cells and a recently developed model
of Chimeric Endocrine Receptors (CER), our team will combine expertise in Notch activity and
T-cell based therapies to determine the therapeutic effect of the modulation of Notch signaling in
adoptively-transferred T-cells in mouse models of melanoma, lung carcinoma, and ovarian
carcinoma. Our team propose the following Specific Aims: Aim 1: Define how the modulation of
Notch signaling significantly improves the therapeutic potential of adoptively transferred T-cells
in models of melanoma, lung and ovarian cancer. Aim 2: Elucidate the mechanisms whereby
Notch-active T-cells become refractory to myeloid cell -driven immunosuppression in tumors.
Aim 3: Define concurrent genetic interventions that synergize with ectopic Notch activity in
transferred T-cells. Information gathered from this effort is expected to provide insights into the
central mechanisms underlying T-cell de-activation in tumors, which could lead to the
development of the next generation of T-cell based therapies highly effective in solid
malignancies.
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Follow-on Funding: None at the time of reporting
Collaborations: None at the time of reporting
Journals: None at the time of reporting

Patents: None at the time of reporting

Grant #: 20B06 Impact of Stromal Architecture on the Response of Lung Cancers to Targeted
Therapies

Principal Investigator: Andriy Marusyk, PhD
Organization: H. Lee Moffitt Cancer Center and Research Institute

Abstract of Proposed Research: While highly effective, targeted therapies are not curative in
advanced metastatic lung cancers, as most tumors eventually develop resistance and relapse.
In most documented cases, the resistance is linked to specific mutations which confer cell-
intrinsic resistance by either reducing the ability of drugs to shut down their targets or make
tumor cells less dependent on the original oncogene. From the analyses of durations of
responses to therapies, and from the growing body of experimental studies, it appears that, in
most cases, resistance is acquired during treatment by tumor cells that, initially, can barely
survive the treatment. A higher numbers of tumor cells surviving treatment translates into higher
odds that some of them will eventually acquire resistance associated mutations, which will drive
relapse. While some tumor cells may survive due to intrinsic characteristics, others might be
able to survive only because the cells receive external pro-survival signals and cytokines
secreted by stromal (non-cancerous) cells. Cancer Associated Fibroblasts (CAFs), the most
abundant cell type in tumor stroma, appear to be especially important in this regard.
Experimental studies involving either co-culture of tumor cells with fibroblasts, isolated from
tumors, or supplementation of CAF-produced factors into tumor cell culture media,
demonstrated that CAFs could dramatically blunt the effect of targeted drugs, including
inhibitors of Epidermal Growth Factor Receptor (EGFR) and Anaplastic Lymphoma Kinase and
(ALK) in lung cancers. However, despite the accumulation of in vitro evidence for CAF mediated
stromal protection, its relevance to what is happening in real tumors remains unclear. CAFs that
grow in culture dishes do not fully recapitulate their counterparts within tumors. More
importantly, whereas in vitro tumor cells are usually well mixed with fibroblasts (or exposed to
same concentrations of CAF-produced survival factors), their counterparts in vivo experience a
much more uneven distribution of protective environments. Stroma and cancer cells form
spatially distinct clusters. As a result, tumor cells that reside close to stroma could experience
an abundance of pro-survival signals, while those tumor cells that reside far from stroma could
get little or none. Different tumors have vastly different patterns of topology of stroma and tumor
cells. Therefore, the degree of inequality in terms of the access to the putative pro-survival
signaling, is also highly variable. Our proposal will address two key questions. First, the team
will define how much stromal cells protect tumor cells from the effects of the drugs in vivo,
elucidating the relationship between the spatial location of tumor cells relative to stroma, and
their probability to die and to divide in the presence and absence of treatment. To address this
guestion, our team will develop new digital image analysis tools, re-tooling approaches from the
area of spatial ecology, and from the modeling of spatial physical diffusion processes. Second,
our team will address how the different patterns of spatial distribution of tumor cells and stroma
affect the depth of the initial response of lung cancers to targeted therapies. Successful
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completion of our studies will improve our ability to predict response of tumors to therapies, and
opens doors to the development of therapy approaches, based on the understanding of the
evolutionary dynamics.

Follow-on Funding: None at the time of reporting
Collaborations: None at the time of reporting
Journals: None at the time of reporting

Patents: None at the time of reporting

Grant #: 20B07 Characterizing Oncogenic Function of the Itchy E3 Ubiquitin Protein Ligase
(ITCH) in Melanoma

Principal Investigator: Lixin Wan, PhD

Organization: H. Lee Moffitt Cancer Center and Research Institute

Abstract of Proposed Research: The combination of BRAF gene and Methyl Ethyl Ketone
(MEK)-targeted therapies with anti- Programmed Death Cell Protein 1 (PD-1) immunotherapy is
now the standard of care for patients of BRAF-mutated melanoma. For BRAF wild-type
melanoma and other types of solid tumors, however, MEK inhibitor monotherapy often shows
little advantage over chemotherapies. Thus, new strategies for targeted therapy combination are
urgently needed. The Itchy E3 Ubiquitin Protein Ligase (ITCH) gene has been well
characterized as a key molecule in immune cells. Itch knockout mice develop autoimmune
phenotypes through several mechanisms modulating both T-cell and B-cell functions, and the
gene was therefore named after the itchy phenotype. On the other hand, roles of ITCH in
tumorigenesis, especially in the in vivo settings, are less explored. The team has recently
uncovered that ITCH promotes BRAF activatio