
  

 

                  

 

24th Annual  
Cancer Research  

Symposium 
 

September 27 – 28, 2018 
 

 

Comprehensive Cancer Center Auditorium 

4501 X Street, Sacramento, CA 

 

 

  

         

 



 

 
 



 

 

 
I am pleased to welcome you to the UC Davis Comprehensive 
Cancer Center’s 24th Annual Symposium.  Our annual symposium 
brings together the many talents and passions of investigators 
devoted to solving the problem of cancer across the entire spectrum 
from prevention to survivorship. As such, we organized our event into 
three sessions: Session I – Clinical Research: Precision Oncology, 
chaired by Dr. Karen Kelly; Session II – Basic Science: DNA Repair 
and Chromosome Biology, chaired by Dr. John McPherson; and 
Session III – Population Sciences and Health Disparities, chaired by 
Dr. Moon Chen.  As before, we continue to waive the registration fee 
to this conference for UC Davis faculty, students, and staff.  By doing 
so, I believe we can enhance participation from all of our Cancer 
Center members and the cancer research community. 
 
In addition to our guest speakers, we are also highlighting new 

innovative cancer research from within UC Davis.  This event has allowed us to introduce new faculty, 
feature research by students, and promote programmatic and multidisciplinary interactions.  It is my 
hope that through these efforts we can continue our development in cancer research and treatment 
as we seek to address and reduce the cancer burden in our catchment area. 
 
I am certain that you will find this event to be a remarkably productive experience.  Our team looks 
forward to interacting with you and sharing new knowledge through this forum. 
 
Thank you for your continued support. 
 
Sincerely, 
 
 
 
Primo N. Lara, MD 
Director, UC Davis Comprehensive Cancer Center 
Executive Associate Dean for Cancer Programs 
Professor, Division of Hematology and Oncology, Department of Internal Medicine 
Codman-Radke Endowed Chair for Cancer Research 
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AGENDA 

Thursday, September 27, 2018 
SESSION I: Clinical Research – Precision Oncology 

Chair: Karen Kelly, MD 
Time Title Presenter Location 

8:00-8:30 am Continental breakfast 

Cancer 
Center 
Auditorium 

8:30–8:40 am Introduction and Welcome 
Primo Lara, MD 
Director, UCD Comprehensive Cancer 
Center 

8:40-9:30 am Keynote Presentation: “New ways to target 
EGFR signaling in lung cancer” 

Christine Lovly, MD, PhD 
Assistant Professor, Division of 
Hematology and Oncology 
Co-Leader, Translational Research and 
Interventional Oncology Program, 
Vanderbilt Ingram Cancer Center 

9:30-9:40 am Q&A 

9:40–9:55 am “Defining malignant and normal Ras/ERK 
signaling profiles at the single cell level”  

John Albeck, PhD 
Assistant Professor, Department of 
Molecular and Cellular Biology, UC 
Davis  

9:55-10:00 am  Q&A 

10:00–10:15 am 
“A Phase I Trial of CB-839 with stereotactic 
radiotherapy (SBRT) for early stage and 
oligometastatic NSCLC”  

Jian Jian Li, MD, PhD 
Professor, Department of Radiation 
Oncology, UC Davis  

10:15–10:20 am Q&A 

10:20–10:30 am  Break 

10:30–10:45 am “Patient-derived models of cancer for 
translational research in cancer” 

Chong-xian Pan, MD, PhD 
Professor, Division of Hematology & 
Oncology, UC Davis 

10:45–10:50 am Q&A 

10:50–11:05 am  
“Selective inhibition of nuclear export: a new 
approach to treatment of renal cell carcinoma 
and urothelial carcinoma” 

Mamta Parikh, MD, MS 
Assistant Professor, Division of 
Hematology & Oncology, UC Davis 

11:05-11:10 am Q&A 

11:10-11:25 am 
“Daunorubicin-containing CLL1-targeting 
nanomicelles have anti-leukemia stem cell 
activity in acute myeloid leukemia” 

Tzu-yin “Cindy” Lin, DVM, PhD 
Assistant Researcher, Department of 
Internal Medicine, UC Davis 

11:25-11:30 am Q&A 

11:30-11:45 am “Transformable nanotheranostics for 
precision image-guided drug delivery” 

Yuanpei Li, PhD 
Associate Professor, Department of 
Biochemistry and Molecular Medicine, 
UC Davis 

11:45-11:50 am Q&A 

11:50–11:55 am  Cancer Center Shared Resources  

John McPherson, PhD 
Deputy Director and Associate Director 
for Basic Sciences, UCD 
Comprehensive Cancer Center 

 

12:00–2:00 pm Poster Session and Lunch All 
Cancer 
Center 
Breakout 
Rooms 
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SESSION II: Basic Science - DNA Repair and Chromosome Biology 
Chair: John D. McPherson, PhD 

Time Title Presenter Location 

2:00-2:50 pm 

David R. Gandara Lectureship on 
Developmental Therapeutics: “Synthetic 
lethal targeting of defects in DNA repair as 
cancer therapy” 
 

Alan Ashworth, PhD, FRS 
President, UCSF Helen Diller Family 
Comprehensive Cancer Center, 
Senior Vice President of Cancer 
Services, UCSF Health, 
Professor of Medicine, Division of 
Hematology-Oncology, 
E. Dixon Heise Distinguished Professor 
in Oncology, UCSF 

Cancer 
Center 
Auditorium 
 2:50–3:00 pm Q&A 

3:00-3:15 pm  “Frequency of DNA repair gene mutations in 
localized and metastatic prostate cancer” 

Marc Dall’Era, MD 
Professor, Department of Urologic 
Surgery, UC Davis   

3:15-3:20 pm  Q&A 

3:20-3:40 pm Break 

3:40–3:55 pm   "DNA fragile site breakage and chromosomal 
rearrangements"  

Jacqueline Barlow, PhD 
Assistant Professor, Department of 
Microbiology and Molecular Genetics, 
UC Davis  

Cancer 
Center 
Auditorium 

3:55–4:00 pm  Q&A 

4:00–4:15 pm “Physiological and pathological roles of the 
BRCA2-SYCP3 interaction”  

Neil Hunter, PhD 
Professor, Department of Microbiology 
and Molecular Genetics, UC Davis  

4:15–4:20 pm Q&A 

4:20–4:35 pm “Binding to DSS1 and ssDNA drives 
monomerization of human BRCA2” 

Jie Liu, PhD 
Assistant Project Scientist, Department 
of Microbiology and Molecular Genetics, 
UC Davis 

4:35–4:40 pm Q&A 

4:40–4:55 pm “PARP inhibition: translation to clinical trials” 
Jonathan Riess, MD, MS 
Assistant Professor, Division of 
Hematology & Oncology, UC Davis 

4:55–5:00 pm Q&A 

End of Day 1 
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Friday, September 28, 2018 
Time Title Presenter Location 

7:30–9:00 am Poster Session and Continental 
Breakfast All 

Cancer Center  
Breakout  
Rooms 

SESSION III: Population Sciences and Health Disparities 
Chair: Moon Chen, Jr., PhD, MPH 

9:00–9:50 am 

Keynote Presentation: “Research on HPV 
infection and HPV-related cancers among 
Hispanic populations: Implications for cancer 
prevention and control” 

 
Ana P. Ortiz Martinez, PhD, MPH 
Associate Director of Epidemiology, 
Professor of Epidemiology and 
Biostatistics, 
University of Puerto Rico 
Comprehensive Cancer Center 

Cancer Center 
Auditorium 

9:50–10:00 am Q&A  

10:00–10:15 am  “Addressing gastric cancer disparities 
through genomic research” 

Luis Carvajal-Carmona, PhD 
Associate Professor, Department of 
Biochemistry and Molecular 
Medicine, Genome Center, UC 
Davis 

10:15–10:20 am Q&A  

10:20–10:35 am 

“Impact of a smoke-free-living educational 
intervention for smokers and household 
nonsmokers: A randomized trial of Chinese 
American pairs” 

Elisa Tong, MD, MA 
Associate Professor, Department of 
Internal Medicine, UC Davis 

10:35–10:40 am Q&A  
10:40–10:50 am Break 

10:50–11:05 am 
“Quality of life concerns for patients entering 
clinical trials: An exploration of 
heterogeneity” 

Laurel Beckett, PhD 
Distinguished Professor and Chief, 
Division of Biostatistics, UC Davis 
Director, Biostatistics Shared 
Resource, UC Davis 
Comprehensive Cancer Center 

11:05–11:10 am Q&A  

11:10–11:25 am 
“The SEER Cancer Registry of Greater 
California:  A resource for surveillance and 
research” 

Rosemary Cress, DrPH 
Adjunct Professor, Department of 
Public Health Sciences, UC Davis 
Public Health Institute, Cancer 
Registry of Greater California 

11:25–11:30 am Q&A  

11:30–11:45 am 
“Utilizing electronic health systems to 
increase screening and linkage to care for 
chronic Hepatitis B” 

Eric Chak, MD, MPH 
Assistant Professor, Division of 
Gastroenterology and Hepatology, 
UC Davis 

11:45–11:50 am Q&A  

11:50–12:00 pm Closing Remarks and Poster Awards 
Announcement 

Primo Lara, MD 
Director, UCD Comprehensive 
Cancer Center 

Symposium Close 
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KEYNOTE SPEAKER BIOGRAPHICAL INFORMATION 
 

Christine M. Lovly, MD, PhD 
Assistant Professor of Medicine, Division of Hematology-Oncology 
Co-Leader, Translational Research and Interventional Oncology Program 
Vanderbilt Ingram Cancer Center 
Vanderbilt University Medical Center 
 

Christine M. Lovly, MD, PhD is currently an Assistant Professor of 
Medicine at the Vanderbilt University Medical Center and Vanderbilt 
Ingram Cancer Center. She received a BA in chemistry from Johns 
Hopkins University followed by MD and PhD degrees as part of the 
Medical Scientist Training Program at Washington University in St. Louis, 
MO. She then completed internal medicine residency and medical 
oncology subspecialty training at Vanderbilt University. During her final 
year of fellowship, she was the Jim and Carol O'Hare Chief Fellow. She 
started on faculty at Vanderbilt as Assistant Professor in July 2013. Her 
laboratory research is directed at understanding and developing 
improved therapeutic strategies for specific clinically relevant molecular 
subsets of cancer. 
 
Dr. Lovly has received grant funding from Uniting Against Lung Cancer, 

the Conquer Cancer Foundation of the American Society of Clinical Oncology, the Sarcoma 
Foundation of America, the American Cancer Society, the Damon Runyon Foundation, the 
LUNGevity Foundation, the V Foundation, the American Association for Cancer Research, and Lung 
Cancer Foundation of America / International Association for the Study of Lung Cancer. She is an 
active member in the American Society of Clinical Oncology (ASCO), the International Association for 
the Study of Lung Cancer (IASLC), and the American Association for Cancer Research (AACR). She 
is co-Editor-In-Chief for the website www.mycancergenome.org, a Vanderbilt initiated, freely available 
website which aims to provide health care practitioners, patient, and advocates with up-to-date 
information regarding genetically informed cancer medicine. Dr. Lovly is also an elected member of 
the American Society for Clinical Investigation (ASCI). 
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KEYNOTE SPEAKER BIOGRAPHICAL INFORMATION 

David R. Gandara Lectureship on Developmental Therapeutics 

Alan Ashworth, PhD, FRS 

President, UCSF Helen Diller Family Comprehensive Cancer Center, 
Senior Vice President of Cancer Services, UCSF Health, 
Professor of Medicine, Division of Hematology-Oncology, 
E. Dixon Heise Distinguished Professor in Oncology, UCSF 
 

Alan Ashworth is currently the President of the Helen Diller Family 
Comprehensive Cancer Center at University of California, San 
Francisco and Senior Vice President for Cancer Services, UCSF 
Health. In this role, he is responsible for both cancer research and 
cancer clinical services. He has spent much of his research career 
focused on uncovering and utilizing genes involved in cancer 
susceptibility to predict and treat cancers. Dr. Ashworth was a key 
member of the team that discovered the BRCA2 gene in 1995, which is 
linked to an increased risk of breast, ovarian and other cancers. In 
2005, he identified a way to exploit genetic weaknesses (synthetic 
lethality) in cancer cells with mutated BRCA1 or 2 genes, leading to a 
new approach to cancer treatment, PARP inhibition. Three different 
PARP inhibitors have now been approved by the FDA for the treatment 
of ovarian cancer and breast cancer based on this work. He has 
received a number of awards including the European Society for 

Medical Oncology Lifetime Achievement Award, the Samuel Waxman Cancer Research Foundation 
David Workman Memorial Award, the Meyenberg Foundation Cancer Research Award, the Basser 
Global Prize, the Genetics Society Medal, the Drexel Prize in Cancer Biology and the Brinker award. 
He is an elected Fellow of the Royal Society.  
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KEYNOTE SPEAKER BIOGRAPHICAL INFORMATION 
 
Ana P. Ortiz Martinez, PhD, MPH 
Associate Director of Epidemiology, 
Professor of Epidemiology and Biostatistics, 
University of Puerto Rico Comprehensive Cancer Center 
 

Dr. Ortiz has more than 14 years of experience in cancer prevention and 
control research, and teaching graduate level courses. She is an 
investigator at the Division of Cancer Control and Population Sciences, 
and the Associate Director of Epidemiology at the University of Puerto 
Rico Comprehensive Cancer Center. Additionally, she is a Professor in 
Epidemiology at the Department of Biostatistics and the Graduate School 
of Public Health at the University of Puerto Rico Medical Sciences 
Campus. She completed an MPH and a PhD in Epidemiology from the 
University of Michigan, Ann Arbor, where she was a scholar at the Center 
for Research on Ethnicity, Culture and Health (CRECH), sponsored by the 
NIH. She was also a scholar in the NCI Cancer Prevention and Control 
Summer Course which focuses on public health and molecular 

epidemiology.  Dr. Ortiz has more than 120 publications in peer-reviewed journals, most of which are 
within the field of cancer prevention and control.  Her research interests include HPV and HIV, cancer 
epidemiology, and health disparities research, as well as student mentorship in cancer prevention 
and control research.  Among several active research projects, she is a researcher at the Puerto Rico 
site of the AIDS Malignancy Consortium (AMC) (2UM1CA121947-09), of the ANCHOR Study: Anal 
Cancer/ HSIL Outcomes Research Study (U01CA121947), and of The University of Puerto 
Rico/University of Texas MD Anderson Cancer Center (MDACC) Partnership for Excellence in 
Cancer Research Grant (5U54CA096297-07).  In addition, she is a PI in a multi-PI R21 study entitled 
Cross-sectional associations of oral microbiota with oral HPV infection among high-risk Hispanic 
adults (NIDCR, 1R21DE027226-01A1). 
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ABSTRACTS OF ORAL PRESENTATIONS (THURSDAY) 
 

SESSION I:  Clinical Research – Precision Oncology 
Chair: Karen Kelly, MD 

 
 
KEYNOTE LECTURE: NEW WAYS TO TARGET EGFR SIGNALING IN LUNG CANCER 

Christine Lovly, MD, PhD, Assistant Professor, Division of Hematology and Oncology, Co-Leader, 
Translational Research and Interventional Oncology Program, Vanderbilt Ingram Cancer Center 

Background:  The prospective identification and rational therapeutic targeting of tumor genomic alterations has 
revolutionized the care of patients with lung cancer and is now the accepted standard of care for lung cancer 
patients worldwide. This era of precision medicine in lung cancer was heralded by the discovery that activating 
mutations in the EGFR tyrosine kinase domain are found in 15-20% of patients with non-small cell lung 
cancer.  Now, more than a decade since the initial discovery of EGFR mutations, the field is still finding new 
ways to target aberrant EGFR signaling in lung cancer and other tumor types. Ongoing studies in the Lovly 
laboratory focus on three distinct areas within the scope of EGFR signaling, and this seminar will encompass 
our work in each distinct area. First, we will discuss the “rediscovery” of EGFR-mutant lung cancer through the 
identification of novel oncogenic EGFR alterations. These novel alterations include EGFR exon 18-25 kinase 
domain duplication (EGFR-KDD), EGFR-RAD51 fusions, and EGFR transmembrane domain mutations. The 
common thread amongst these variants is that they all involve oncogenic activation of EGF receptor in the 
absence of a ‘canonical’ kinase domain mutation. The structure and functional aspects of these variants will be 
elaborated on. Next, we will discuss “revising” current EGFR TKI treatment strategies – specifically through 
understanding the molecular mechanisms of acquired resistance to 3rd-generation, mutant-selective EGFR 
inhibitors. We will describe our on-going studies aimed at understanding both ‘on-target’ and ‘off-target’ 
mechanisms of acquired resistance to osimertinib and other mutant-selective EGFR inhibitors. Finally, we will 
discuss “repurposing” EGFR TKI therapy for other oncogene-driven types of lung cancer. More specifically, 
activation of EGFR and other ErbB family members (HER2, HER3) was identified as a therapeutic escape 
mechanism in patients with ALK+ lung cancer who develop acquired resistance to ALK TKI therapy. Overall, 
our goals are to identify the best strategies to optimize utilization of therapies targeting EGF receptor and 
inform clinical trial development.  Additional details will be presented during the meeting. 
 
DEFINING MALIGNANT AND NORMAL RAS/ERK SIGNALING PROFILES AT THE SINGLE CELL 
LEVEL 
 John Albeck, PhD, Department of Molecular and Cellular Biology, UC Davis 

The EGFR/Ras/ERK signaling pathway is a primary driver of cancer cell proliferation and metastasis in many 
cancers. While the signaling activity of this pathway is frequently amplified in tumors, it is not understood how 
the kinetic aspects of its activation in tumors differ from normal cellular signaling. Using live-cell reporters of 
ERK signaling in genetically defined cells, we have found that ERK activity driven by mutant Ras alleles is 
similar in amplitude to non-malignant cells but has a higher basal level. In a model of breast cancer 
progression, ERK activity is more highly dynamic and disordered in malignant cells relative to non-invasive 
cells, due to amphiregulin-mediated autocrine signaling by invasive cells. These differences in Ras/ERK 
signaling suggest that Ras mutations exert their primary effect at the level of long-term changes in the 
expression of ERK target genes including Fra-1, c-Myc, and Egr1. Using direct observations of Fra-1 
expression using a CRISPR-based genomic tag, we have confirmed this link between time-varying Ras/ERK 
activity and heterogeneity of gene expression profiles. Our findings establish a mechanism for the generation 
of tumor cell plasticity, in which paracrine signaling in the microenvironment is translated into continually 
shifting diversity in gene expression profiles, helping drive the phenotypic heterogeneity of tumor cells.  To 
examine patient and provider characteristics associated with HPV vaccine uptake defined as HPV vaccination 
coverage with: a) ≥ 1 dose; b) ≥ 2 doses; and c) ≥3 doses among patients ages 11-12 of a large primary care 
network.  
 



14 

A PHASE I TRIAL OF CB-839 WITH STEREOTACTIC RADIOTHERAPY (SBRT) FOR EARLY 
STAGE AND OLIGOMETASTATIC NSCLC 

Megan Daly1, Arta Monjazeb1, Lu Zhang1, David Gandara2, Jian Jian Li1 

1Department of Radiation Oncology, University of California Davis, California 
2Division of Hematology and Oncology, University of California Davis, California 

Background:  Glutamine is an important metabolic fuel that is required to meet the energy demands for ATP 
production, biosynthetic precursors, and reducing agents in fast growing cells such as cancer cells. 
Glutaminase is an amidohydrolase enzyme that plays a key role in generating glutamate from glutamine. CB-
839 is a novel, orally bioavailable glutaminase inhibitor that inhibits the conversion of glutamine to glutamate 
and may act as a radiosensitizer. Stereotactic Body Radiation Therapy (SBRT) is a standard, curative-intent 
treatment for medically inoperable, early stage NSCLC. Ablative radiation doses are delivered to the tumor 
over 1-5 treatments using advanced technologies that limit dose to surrounding structures. SBRT has also 
emerged as a treatment option for limited, or “oligometastatic” tumor deposits from a variety of solid tumors. In-
field failure typically ~10-15% at 3 years, but higher for high-risk scenarios (large tumors, central tumors with 
under-dosing of target).  

 
Results:  We have found that the growth rates of radioresistant lung cancer cells were almost zeroed in cell 
culture medium depleted of glutamine. CB-839 treatment inhibited clonogenic survival and tumor growth with 
enhanced tumor radiosensitivity. In addition CB-839 also induced remarkable cell necrosis and apoptosis.  
 
Conclusion:   CB-839 is a potential efficacious metabolic target to sensitize lung cancer cells to radiotherapy. 
This Phase I trial to combine CB-839 with SBRT to improve the effectiveness and long-term control for 
NSCLC. The cellular and in vivo tests will be discussed with a putative plan for clinical trial.  
    

 

 

 

 

 

  

 

 
 
 
 
 
 
 
PATIENT-DERIVED MODELS OF CANCER FOR TRANSLATIONAL RESEARCH IN CANCER 

Chong-xian Pan, MD, PhD, MS, Division of Hematology and Oncology, UC Davis 

Cancer cell lines and their derived cancer models have made tremendous contributions to cancer research, 
drug development and patient cancer care. Since they have been maintained in vitro for a long time, these 
models acquire additional genetic aberrations and epigenetic modifications, and can behave dramatically 
different from patient cancers. In recognition of these limitations, patient-derived models of cancer (PDMCs) 
have been developed recently and are widely recognized as more physiologically relevant preclinical models 
than cell lines. UC Davis has collaborated with The Jackson Laboratory, and established over 400 patient-
derived xenografts (PDXs) across many cancer types. PDXs maintain the fidelity of histopathological features 

CB-839 
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and genetic alterations of parental cancer patients. We have shown that these PDMCs potentially can be used 
to screen multiple therapeutic agents simultaneously to identify the most efficacious drugs or drug 
combinations, re-purpose FDA-approved drugs, decipher the mechanisms of primary resistance, decrypt the 
mechanisms of secondary resistance, guide drug development, and identify biomarkers. Recently our $6.3 
million U54 grant entitled “University of California Minority Patient-Derived Xenograft (PDX) Development and 
Trial Center (UCaMP) to Reduce Cancer Health Disparities” has been funded. This program (PIs: Carvajal-
Carmona, Chen and Pan) includes four NCI-designated Comprehensive Cancer Centers (UC Davis, UC Irvine, 
UCLA and UCSF), and will establish 200 PDXs, mainly from minority patients with bladder, lung squamous, 
gastric and liver cancers, to study health disparity, targeted therapy and precision medicine.      
 
SELECTIVE INHIBITION OF NUCLEAR EXPORT: A NEW APPROACH TO TREATMENT OF 
RENAL CELL CARCINOMA AND UROTHELIAL CARCINOMA 

Mamta Parikh, MD, MS1, Robert Weiss, MD, MS2, Maria Mudryj, PhD3 

1Department of Internal Medicine, Division of Hematology Oncology, UC Davis 
2Department of Internal Medicine, Division of Nephrology, UC Davis 
3Department of Medical Microbiology and Immunology, UC Davis 

While cancers of the urinary bladder and kidney cancers account for 5% each of all new cancer cases in the 
United States, nearly 17,000 patients die from urothelial carcinoma and about 15,500 disease-related deaths 
occur due to renal cell carcinoma annually. Recent advances in immune checkpoint inhibitor therapies have 
established the role of antibodies such as pembrolizumab in the treatment of metastatic urothelial and renal 
cell carcinomas. Nevertheless, overall response rates (ORR) with pembrolizumab treatment are modest, with 
ORR of 24-38% in treatment of urothelial and renal cell carcinoma. These modest response rates indicate the 
need for new approaches to the treatment of these solid tumors, and ideally to develop combination therapies 
that could improve the response rates of immune checkpoint inhibitors. 
 
The nuclear exportin-1/chromosome region maintenance 1 protein (XPO1) is implicated in the transport of 
numerous tumor suppressor proteins (TSPs) and cell cycle regulators. Overexpression of XPO1 is observed in 
a variety of hematologic malignancies and solid tumors, with higher expression correlating to more aggressive 
disease in many cases. Selinexor, an orally bioavailable, first-in-class selective inhibitor of nuclear export 
(SINE), has been demonstrated a tolerable safety profile in patients with encouraging clinical efficacy 
demonstrated in a variety of hematologic malignancies, most notably multiple myeloma. Novel preclinical 
research done at UC Davis indicates that XPO1 inhibition with selinexor may have benefit in metastatic renal 
cell carcinoma and metastatic urothelial carcinoma, respectively; this research will be reviewed in this 
presentation. 
 
Additional preclinical data also indicate that selinexor may also enhance the activity of immune checkpoint 
inhibition, potentially by increasing recruitment of natural killer cells and CD4+ T-cells. As such, a clinical trial is 
proposed to evaluate the combination of selinexor with pembrolizumab in patients with either metastatic 
urothelial carcinoma or metastatic renal cell carcinoma, which will be outlined in detail. The trial will evaluate a 
critical population of patients, those who have progressed on immune checkpoint inhibitor therapy, and will 
incorporate evaluation of biomarkers to determine response. 
 
DAUNORUBICIN-CONTAINING CLL1-TARGETING NANOMICELLES HAVE ANTI-LEUKEMIA 
STEM CELL ACTIVITY IN ACUTE MYELOID LEUKEMIA 

Tzu-yin Lin1,2*, Yanjun Zhu3, Yuanpei Li4, Hongyong Zhang1, Ai-Hong Ma1, Qilai Long3, James Keck4, 
Rick Harse6, Kit S. Lam4, Chong-xian Pan1,7,8, and Brian A. Jonas1,8*  
1Department of Internal Medicine, 4Department of Biochemistry and Molecular Medicine, and 6Department of 
Radiation oncology, 7Department of Urology, University of California Davis, Sacramento, CA 95817, USA. 2LP 
Therapeutics, Inc, Davis, CA;  3  Department of Urology, Zhongshan Hospital, Fudan University, Shanghai, 
200032, China ; 5The Jackson Laboratory, Sacramento, CA, USA;  8VA Northern California Health Care System, 
Mather, CA. 

Patients with acute myeloid leukemia have a very poor prognosis related to a high rate of relapse and drug-
related toxicity. The ability of leukemia stem cells (LSCs) to survive chemotherapy is primarily responsible for 
relapse, and eliminating LSCs is ultimately essential for cure. We developed novel disulfide-crosslinked CLL1-
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targeting micelles (DC-CTM), which can deliver high concentrations of daunorubicin (DNR) into both bulk 
leukemia cells and LSCs. Compared to free DNR, DC-CTM-DNR had a longer half-life, increased DNR area 
under the curve concentration by 11-fold, and exhibited a superior toxicity profile. In patient-derived AML 
xenograft models, DC-CTM-DNR treatment led to significant decreases in AML engraftment and impairment of 
secondary transplantation compared to control groups. Collectively, we demonstrate superior anti-LSC activity, 
anti-AML efficacy, and preferable pharmacokinetic and toxicity profiles of DC-CTM-DNR compared to free 
DNR. DC-CTM-DNR has the potential to significantly improve treatment outcomes and reduce therapy-related 
morbidity and mortality for patients with AML. 
 
This project was supported by R01 CA176803 (PI: Pan), K12CA138464 (PI: Jonas) and NCI contract grant 
HHSN261201400042C (PI: Lin).  
 
TRANSFORMABLE NANOTHERANOSTICS FOR PRECISION IMAGE-GUIDED DRUG DELIVERY 
 Xiangdong Xue1, Yee Huang ,1 Tzu-yin Lin2, Yuanpei Li1 * 

1Department of Biochemistry and Molecular Medicine, UC Davis Comprehensive Cancer Center, University of 
California Davis, Sacramento, CA 95817, USA.  
2Division of Hematology/Oncology, Department of Internal Medicine, University of California Davis, Sacramento, 
California 95817, USA.  
* Corresponding author: lypli@ucdavis.edu  

Nanotheranostics with integrated diagnostic and therapeutic functions show exciting potentials towards 
precision nanomedicine. However, targeted delivery of nanotheranostics is hindered by several biological 
barriers. Here, we developed a dual size/charge- transformable, “Trojan Horse” nanovehicle (pPhD NP) for 
delivery of ultra-small, full active pharmaceutical ingredients (API) nanotheranostics with integrated dual-modal 
imaging and tri-modal therapeutic functions. pPhD NPs exhibited ideal size (79 nm) and surface charge (12 
mV) for drug transportation. In tumour micro-environment, the pPhD NPs responsively transformed to full API 
nanotheranostics with ultra-small size (~4 nm) and higher surface charge (35 mV), which dramatically 
facilitated the tumour penetration and cell internalization. pPhD NPs enabled “visualization” of the 
biodistribution by near-infrared fluorescence imaging, tumour accumulation and therapeutic effect by magnetic 
resonance imaging. Moreover, the synergistic trimodality therapy (photothermal-, photodynamic- and chemo-
therapies) achieved a 100% complete cure rate on both subcutaneous and orthotopic oral cancer models. This 
nanoplatform with powerful delivery efficiency and versatile theranostic functions shows enormous potentials to 
improve cancer diagnosis and therapy. 
 
We thank the financial support from NIH/NCI (R01CA199668), NIH/NICHD (R01HD086195) and UC Davis 
Comprehensive Cancer Center Support Grant (CCSG) awarded by the National Cancer Institute (NCI 
P30CA093373). 
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SESSION II:  Basic Science – DNA Repair and Chromosome 
Biology 

Chair: John McPherson, PhD 
 
KEYNOTE LECTURE:  

Alan Ashworth, PhD, FRS, President, UCSF Helen Diller Family Comprehensive Cancer Center, Senior 
Vice President of Cancer Services, UCSF Health, Professor of Medicine, Division of Hematology-
Oncology, E. Dixon Heise Distinguished Professor in Oncology, UCSF 

Tumors arising in BRCA1 or BRCA2 mutation carriers lack wild-type BRCA1 or BRCA2 function but normal 
tissues retain a single wild-type copy of the relevant gene. This is a potentially targetable alteration that 
provides the basis for new mechanism-based approaches to the treatment of cancer. BRCA1 and BRCA2 are 
central to the repair of DNA double strand breaks by homologous recombination (HR) resulting in a deficiency 
in this pathway in BRCA1 and BRCA2 mutation-associated tumors. This biochemical difference in capacity to 
carry out HR between the tumour and normal tissues provides the rationale for this approach. Inhibiting the 
DNA repair protein Poly(ADP)Ribose Polymerase (PARP) results in the generation of specific DNA lesions that 
require BRCA1 and BRCA2 specialized repair function(s) for their removal. This combinatorial effect is known 
as synthetic lethality. Three different PARP inhibitors exploiting this effect are now licensed by the FDA for 
cancer treatment. Increasing data indicates that multiple tumor types might display ‘BRCAness’ that is a defect 
in HR in the absence of germ line BRCA1 or BRCA2 mutations.  Such tumors are also candidates for 
treatment with PARP inhibitors. In this talk I will discuss the lessons learned from the development of PARP 
inhibitors as well as new potentially clinically useful synthetic lethal interactions.   
 
In addition I will spend some time discussing the UCSF Helen Diller Family Comprehensive Cancer Center and 
the University of California Cancer Consortium. 
   
Lord, C.J. and Ashworth, A. (2017) PARP Inhibitors: Synthetic Lethality in the Clinic Science 355, 1152-1158. 
Ashworth, A. and Lord, C.J. (2018) Synthetic Lethal Therapies for Cancer: What’s next after PARP Inhibitors? 

Nat Rev Clin Oncol 15, 564–576.  
 
FREQUENCY OF DNA REPAIR GENE MUTATIONS IN LOCALIZED AND METASTATIC 
PREOSTATE CANCER 
  Marc Dall’Era, Ryan Hartmaier, Ralph deVere White, John McPherson, Primo N. Lara Jr. 
  UC Davis Comprehensive Cancer Center 

Background: DNA repair gene mutations are important molecular alterations in prostate cancer 
pathogenesis.  Germline mutations in DNA repair genes, particularly BRCA2, were recently recognized as 
associated with metastatic prostate cancer.  Prostate tumors with DNA repair defects may also be particularly 
sensitive to platinum based chemotherapy and PARP inhibitor therapy.  We sought to characterize alterations 
in DNA repair pathway genes in both primary and metastatic prostate tumors. 
  
Methods:  We studied the distribution of DNA repair gene mutations in 936 prostate cancers harvested from 
localized and metastatic tumors.  Tumor DNA underwent hybrid capture for all coding exons of 287 or 395 
cancer-related genes plus select introns from 19 or 31 genes frequently rearranged in cancer. Captured 
libraries were sequenced to a median exon coverage depth of >500x using Illumina sequencing and were 
analyzed for base substitutions/insertions, copy number alterations and rearrangements.  We utilized two 
described lists of DNA repair gene mutations: our own in-house list of 74 genes identified as involved in DNA 
repair (UCD) and a list of 20 DNA repair genes associated with cancer predisposition syndromes utilized in a 
recent publication by Pritchard et al.  Nine genes were in common between the two lists yielding a total of 85 
unique DNA repair genes.  We further stratified the frequency of mutations by tissue site (prostate versus 
metastases).  Only tissues represented by at least 10 samples in the set were included (868). Frequencies of 
DNA repair defects were compared across metastatic sites by Pearson’s Chi-squared test.  
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Results:  We identified 228/936 unique samples with at least one mutation in a DNA repair gene 
(24.4%).  Mutations were identified in 20.1% of prostate tumors (13% UCD, 18.4% Pritchard et al.) and in 
18.8% of bone metastases.  The highest rates of DNA repair mutations were found in visceral metastases 
including brain, pelvis and liver, which were significantly higher than either prostate tissue or bone sites 
(p=<0.01).  The most commonly (≥1% of samples) mutated genes in the DNA repair pathways are: BRCA2 
(11.43%), ATM (5.77%), MSH6 (2.46%), MSH2 (2.14%), ATR (1.60%), MLH1 (1.28%), & BRCA1 (1.18%). 
  
Conclusions:  DNA repair gene mutations are more common in metastatic than localized prostate 
tumors.  Visceral metastases appear enriched for these mutations compared with localized tumors or bone and 
lymph node metastases.  Genomic profiling may identify prostate cancers potentially sensitive to platinum-
based chemotherapy or PARP inhibition.  These data form the basis for a phase II neoadjuvant clinical trial of 
the PARP inhibitor Niraparib for men with high-risk localized prostate cancer and DNA repair alterations.  
 
DNA FRAGILE SITE BREAKAGE AND CHROMOSAL REARRANGEMENTS 

Jacqueline Barlow, Irina Vaysertreyger, Katya Popovitch, Krista Anderson 
Department of Microbiology and Molecular Genetics, UC Davis 

Replication is a potent source of DNA damage in proliferating cells, and likely plays an important role in the 
initiation and evolution of cancer. We identified a novel class of early replicating fragile sites—ERFS—that 
break in response to replication stress, distinct from late-replicating common fragile sites. Previous work 
suggests that ERFS loci break spontaneously and are efficiently repaired using homologous recombination. 
Supporting this hypothesis, we observe frequent spontaneous breaks at the ERFS locus GIMAP sites in cells 
lacking the homologous recombination protein Xrcc2. However, no method exists to measure successful DNA 
repair at endogenous genomic loci. We have devised a method called SCE-FISH that effectively measures 
successful DNA repair at distinct loci in primary cells by combining sister chromatid exchange (SCE) with 
fluorescent in situ hybridization (FISH). Using SCE-FISH, we measured successful and unsuccessful DNA 
repair at four fragile sites—the ERFS GIMAP and BCL2, and the CFS IMMP2L (FRA12C1) and FHIT 
(FRA3B)—and two control loci. We find that the ERFS loci GIMAP and BCL2 are sites of spontaneous 
homologous recombination-mediated repair in WT and Xrcc2-deficient primary B cells. CFS also exhibit an 
elevated frequency of spontaneous SCE, albeit 2.5-times less frequent than ERFS. In response to inhibition of 
the DNA damage checkpoint kinase ATR, we observe an increase in the number of SCEs and breaks at both 
ERFS and the CFS IMMP2L. However SCEs are suppressed at the CFS FHIT, located very near the 
centromere in mouse.  Though the incidence of fragile site breakage increases with ATR inhibition, the relative 
frequency of SCEs at ERFS and CFS is similar to untreated cells. To determine if this is true for other sources 
of replication stress, we exposed cells to the DNA polymerase inhibitor aphidicolin. Again, the number of SCEs 
and breaks increased, however the frequency of breaks at fragile sites was similar to untreated cells. These 
results show that ERFS and CFS are sites of spontaneous DNA damage, suppressed by ATR activity and 
exacerbated by the presence of aphidicolin. In particular, ERFS-associated breaks are frequently repaired by 
homologous recombination, and Xrcc2 suppresses persistent DNA breaks and genome rearrangements at 
fragile sites. We predict that ERFS and CFS accumulate frequent changes in copy number and chromosomal 
rearrangements in rapidly proliferating cells, and elevated levels of recombination measured using SCE-FISH 
may serve as an early indicator of tumorigenesis.  
 
PHYSIOLOGICAL AND PATHOLOGICAL ROLES OF THE BRCA2-SYCP3 INTERACTION 

Sumit Sandhu1,2, Ash Sundaram1, Hang Phuong Le1, Jie Liu1, Wolf-Dietrich Heyer1, Neil Hunter1,2 
1Department of Microbiology and Molecular Genetics, University of California Davis 
2Howard Hughes Medical Institute 

BRCA1 and BRCA2 are major breast tumor suppressor proteins. Both proteins promote genome stability 
through their essential functions in chromosome repair via a process called homologous recombination. 
SYCP3 is normally confined to the germ line where it functions during meiosis to regulate recombination and 
thereby facilitate the development of sperm and eggs. However, SYCP3 is aberrantly expressed in some 
cancer cells where it is proposed to interact with BRCA2 and interfere with its function, contributing to cancer 
progression and mortality. We are investigating both the physiological relevance of BRCA2-SYCP3 interaction 
for meiotic recombination, and how SYCP3 perturbs normal BRCA2 function in cancer cells. 
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In mouse meiocytes (spermatocytes and oocytes), SYCP3 is a component of homolog axes, linear structures 
that span the lengths of meiotic chromosomes and function to organize chromatin and regulate recombination. 
Unexpectedly, BRCA2 specifically localizes along the homolog axes, closely following the dynamics of SYCP3 
even in the absence of recombination. Moreover, BRCA2 localization is dependent on SYCP3 and both 
proteins co-precipitate from testis cell extracts suggesting direct interaction. While the function of the SYCP3-
BRCA2 interaction during meiosis remains unclear, phenotypes of Sycp3 mutant mice suggest roles in 
regulating recombination. Using recombinant proteins in vitro, we have confirmed that BRCA2 directly interacts 
with SYCP3 in solution. Importantly, SYCP3 partially inhibits the ability of BRCA2 to mediate DNA strand-
exchange via the RecA-family protein, RAD51, consistent with the idea that aberrantly expressed SYCP3 could 
promote tumorigenesis by perturbing BRCA2 function. Together our studies begin to unveil the physiological 
and pathological significance of BRCA2-SYCP3 interaction.  
 
BINDING TO DSS1 AND SSDNA DRIVES MONOMERIZATION OF HUMAN BRCA2 

Xiaoyan Ma1, Jorge Vaquero1, Fei Guo2, Lubomir Kovacik3, Dongchun Ni3, Henning Stahlberg3, Wolf-
Dietrich Heyer1,2, Jie Liu1 
1Department of Microbiology and Molecular Genetics, University of California, Davis, Davis, CA 95616-8665, USA 
2Department of Molecular and Cellular Biology, University of California, Davis, Davis, CA 95616-8665, USA 
3Center for Cellular Imaging and NanoAnalytics, Biozentrum, University of Basel, Basel, Switzerland 

Germline mutations in the cancer susceptibility gene BRCA2 predispose individuals to breast, ovarian, and 
other cancers. The BRCA2 protein functions to maintain chromosome integrity and genome stability by 
promoting homologous recombination, a high-fidelity DNA repair pathway. The key role of BRCA2 is to 
facilitate RAD51 filament formation on RPA-covered single-stranded DNA (ssDNA) to initiate homology search 
and DNA strand exchange. DSS1 is a crucial BRCA2 partner for this process. In this study, we combined 
biochemical and structural approaches to demonstrate that the architecture of BRCA2 is modulated by DSS1 
and ssDNA. By itself, BRCA2 mainly exists in solution as a mixture of monomers, dimers, and some higher-
order oligomers. Binding to DSS1 and ssDNA synergistically stabilizes monomeric BRCA2 independent of the 
ssDNA-binding protein RPA. The dimer to monomer transition is accompanied by a major conformational 
change of BRCA2, like two clasping hands separating into two fists. A 3D structure of the negatively stained 
BRCA2-DSS1-ssDNA complex is obtained at a 23 Å resolution based on single particle analysis. The structure 
reveals a potential ssDNA wrapping mechanism that BRCA2 could employ to destabilize RPA-ssDNA 
interaction and facilitate RAD51 filament formation. Our findings provide additional mechanistic insights on how 
DSS1 controls the architecture of BRCA2 as a structural adapter to regulate the function of this critical tumor 
suppressor in recombinational repair of DNA. 
 
PARP INHIBITION: TRANSLATION TO CLINICAL TRIALS 

Jonathan Riess, MD, MS, Division of Hematology and Oncology, UC Davis 

[No abstract available] 
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ABSTRACTS OF ORAL PRESENTATIONS (FRIDAY) 
 

SESSION III:  Population Sciences and Health Disparities 
Chair: Moon Chen Jr., PhD, MPH 

 
 
KEYNOTE LECTURE: RESEARCH ON HPV INFECTION AND HPV-RELATED CANCERS 
AMONG HISPANIC POPULATIONS: IMPLICATIONS FOR CANCER PREVENTION AND 
CONTROL 

Ana P. Ortiz Martinez, PhD, MPH, University of Puerto Rico Comprehensive Cancer Center 

Background:  Human papillomavirus (HPV) is the most common sexually transmitted infection in the United 
States of America (USA). Persistent infection with oncogenic HPV types is associated with cervical, vaginal, 
vulvar, penile and oropharyngeal cancer.  Hispanics, the largest racial/ethnic minority population in the USA, 
are disproportionately affected by certain HPV-related cancers, as well as by the HIV epidemic, an important 
risk factor for HPV-related cancer occurrence.    
Methods: Using data from epidemiologic and clinical research studies, we describe the epidemiology of HPV 
infection and HPV-related cancers among Hispanic populations, as well as data from cancer prevention and 
intervention trials in this field.   
 
Results:   Similar to other populations, Hispanics have a high burden of HPV infection, with higher prevalence 
of infection among HIV-infected individuals.  This ethnic group has higher rates of cervical and penile cancer 
than non-Hispanic whites and non-Hispanic blacks (both in the general population and among HIV-infected 
individuals). Among HIV-negative individuals, we have seen an association between severe periodontal 
disease and oral HPV infection, associations of chlamydia antibodies and anal HPV infection with cervical HPV 
infection (in women), and an increased risk of secondary anal cancer in women with primary HPV-related 
gynecological malignancies as compared to women from the general population, and to women with other 
primary cancers.  Among HIV-infected individuals, we have identified a strong association between anal high-
risk HPV infection and anal high grade squamous intraepithelial lesions (HSIL), and an increased risk of HPV-
related cancers (except oropharyngeal cancer) as compared to the general population.  
 
Conclusions:  Research among Hispanic populations is essential for the development of cancer prevention and 
control strategies for HPV-related malignancies in this and other population sub-groups.  HPV vaccination and 
cervical cancer screening should be optimized to reduce the burden of HPV-related cancers.  Our studies also 
highlight the importance of screening for anal high-risk HPV infection and anal SIL among high-risk individuals, 
as well as the need for continued research and education in the field of HPV-related malignancies.    
 
ADDRESSING GASTRIC CANCER DISPARITIES THROUGH GENOMIC RESEARCH 

Luis Carvajal-Carmona, PhD, Department of Biochemistry and Molecular Medicine, UC Davis 

Each year gastric cancer (GC) accounts for nearly 1 million new cases and 728,000 deaths worldwide. 
Prognosis remains dismal because most patients are diagnosed with advanced tumors.  Gastric cancer 
outcomes will therefore benefit from better methods for identification of at-risk individuals and from better ways 
to treat advanced disease. One approach to targeting high-risk populations is to identify individuals who are 
genetically predisposed to gastric cancer, as up to 15% of all patients report family history of the disease. Over 
the past decade, genome-wide association and next-generation sequencing studies have identified low 
penetrance genetic variants and high-risk genes, considerably increasing our understanding of gastric cancer 
risk. From these studies, PALB2 has emerged as new familial gastric cancer gene, a finding that have been 
pioneered by our UC Davis research group. In this presentation, we summarize the role of genetics in gastric 
cancer etiology and the implications of genetics findings for the prevention of this malignancy. I will also 
highlight the current NCI funded studies that our groups is currently carrying out to address existing research 
gaps on gastric cancer etiology, molecular diagnositcs, cancer health disparities and precision medicine. 
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IMPACT OF A SMOKE-FREE LIVING EDUCATIONAL INTERVENTION FOR SMOKERS AND 
HOUSEHOLD NON-SMOKERS: A RANDOMIZED TRIAL OF CHINESE AMERICAN PAIRS 

Elisa Tong1, Anne Saw2, Lei-Chun Fung3, Chin-Shang Li4, Yu Liu5, Janice Tsoh6 
1Department of Internal Medicine, University of California-Davis, Sacramento, California. 
2Department of Psychology, DePaul University, Chicago, Illinois. 
3Chinatown Public Health Center, San Francisco, California. 
4Department of Public Health Sciences, University of California-Davis, Sacramento, California. 
5Department of Statistics, University of California-Davis, Sacramento, California. 
6Department of Psychiatry, University of California-San Francisco, San Francisco, California. 

Background:  Chinese American men smoke at a high rate, which puts household nonsmokers at risk. The 
objective of this study was to evaluate the effectiveness of a brief-intensity versus moderate-intensity smoke-
free-living educational intervention for household pairs. 
 
Methods:  The authors conducted a randomized controlled trial of Cantonese-speaking Chinese American 
smoker and household nonsmoker pairs in San Francisco, California. Pairs were randomized to moderate-
intensity or brief-intensity group sessions with their household partner. The moderate-intensity group received 
2 group sessions, a laboratory report of their baseline smoke exposure, as measured by 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL), and 3 follow-up calls over 6 months. The brief-intensity 
group received 1 group session on tobacco-cessation resources. Primary outcomes were biochemically 
validated, past-month smoking abstinence and elimination of nonsmoker household exposure at 12 months. 
 
Results:  Participant pairs (n = 203) were male smokers, one-half of whom did not intend to quit within 6 
months, with mostly female spouses as household nonsmokers. Approximately three-quarters of nonsmokers 
in both groups already had smoke-free home rules. At 12 months, smokers in both groups had similar 
biochemically validated 30-day abstinence rates (moderate-intensity group, 0%-20.7%; brief-intensity group, 
0%-20.0%; P = .002 over time). More smokers in the moderate-intensity group used subsequent cessation 
group classes (moderate-intensity group, 50%; brief-intensity group, 24%; P = .004). Household nonsmokers in 
both groups had similar biochemically validated rates of no home exposure (moderate-intensity group, 24.5%-
42.2%; brief-intensity group, 24.8%-33.3%; P = .0001 over time). 
 
Conclusion:  A moderate-intensity smoke-free-living educational intervention for Chinese-speaking household 
pairs was not more effective than a brief-intensity intervention for smoking abstinence and elimination of 
household nonsmoker exposure. Abstinence rates were similar to those achieved with standard group 
counseling.  
 
Acknowledgements:  Funding and support from the American Cancer Society’s Research Scholar Grant 
(RSGT‐10‐114‐01‐CPPB) and the National Cancer Institute’s Asian American Network for Cancer Awareness 
Research and Training (U54 CA153499). 
 
QUALITY OF LIFE CONCERNS FOR PATIENTS ENTERING CLINICAL TRIALS: AN 
EXPLORATION OF HETEROGENEITY 
 Laurel A. Beckett PhD, Yueju Li, MS, Frederick J. Meyers, MD, MACP 
 University of California, Davis 

Cancer patients experience distress not only from the physical consequences of disease and its treatment, but 
also from concerns that are often categorized as psychological, social, and spiritual. Patients enrolling in 
investigational clinical trials may face even greater challenges to their quality of life, as they confront 
uncertainties about their future and about the effects of treatment. As a Comprehensive Cancer Center, UC 
Davis has a commitment to supportive care for our patients, especially those in clinical trials. A past 
interventional study led by Dr. Frederick J. Meyers examined the effect of a standardized cognitive-behavioral 
problem-solving educational intervention on patients enrolled in investigational clinical trials and their 
caregivers. We found that patients entered the study with considerable variation in their levels of distress. I will 
present a secondary analysis that explored the patterns of reported quality of life, using Mallows models to 
estimate a hierarchy of the most troubling specific concerns, and whether there were subgroups with markedly 
different hierarchies of concerns. We found that patients fell into two groups of roughly equal size. In both 
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groups, the most distressing concern was for the patient’s family; in one group, physical concerns were the 
next most troubling, while in the other group, in contrast,  physical concerns ranked lower but spiritual concerns 
were much more prominent. Our findings suggest that not only should supportive care be available for patients 
entering trials, but also that it should be adaptive to individual needs.  
 
The parent intervention study was supported by National Institutes of Health/National Cancer Institute 
(NIH/NCI) grant R25 95260 and by grant number UL1 RR024146 from the National Center for Research 
Resources (NCRR), a component of the NIH, and NIH Roadmap for Medical Research. Dr. Beckett is Director 
of the UCD Comprehensive Cancer Center Biostatistics Shared Resource, supported by NCI P30CA093373.  
 
THE SEER CANCER REGISTRY OF GREATER CALIFORNIA: A RESOURCE FOR 
SURVEILLANCE AND RESEARCH 

Rosemary D. Cress, DrPH1,2, Amy Klapheke, MPH, PhD(c)1,2 
1Department of Public Health Sciences, University of California Davis, Davis, CA  
2Public Health Institute, Cancer Registry of Greater California, Sacramento, CA 

The Cancer Registry of Greater California (CRGC), a program of the Public Health Institute, is an NCI/SEER-
funded population-based cancer registry located in Sacramento. CRGC covers 48 of California’s 58 counties, 
including the 19 county catchment area of the UC Davis Comprehensive Cancer Center (UCDCCC).  Data 
about diagnosis, incidence, treatment, and survival are collected on all residents.  This information can be used 
to evaluate the burden of cancer in the catchment area and target interventions to reduce incidence and 
mortality.   
 
Data also are used as the basis for evaluating disparities in incidence, treatment and survival for California’s 
diverse population, and UCDCCC researchers have played a significant role in carrying out this research.  
Examples of publications with UC Davis collaborators in recent years include identifying a recent increase in 
metastatic prostate cancer in California, likely a result of changes in screening recommendations, determining 
patterns of use of brachytherapy and survival for women with cervical cancer, describing disparities in use of 
chemotherapy for patients with metastatic bladder cancer, conducting a detailed analysis of the influence on 
survival of lymph node dissection during lung cancer surgery, identifying an increase in the proportion of 
patients diagnosed with early stage hepatocellular carcinoma, and documenting under-utilization of gene 
expression profiling for patients with early stage breast cancer.   
 
In recent years, the CRGC has participated in an NCI-funded pilot program to collect and process 
biospecimens identified through the registry assisted by Dr. Gandour-Edwards, director of the cancer center’s 
Biorepository Shared Resource.  The CRGC looks forward to contributing tumor specimens to future research 
projects.  In April, NCI awarded the Public Health Institute a 10-year contract to continue its work to conduct 
research and surveillance in its catchment area.  We are excited to continue our collaboration with the 
UCDCCC to further cancer research. 
 
USING ELECTRONIC HEALTH SYSTEMS TO INCREASE SCREENING AND LINKAGE TO CARE 
FOR CHRONIC HEPATITIS B 

Eric Chak1, Amir Taefi1, Moon S. Chen, Jr.1, Chin-Shang Li1, Scott MacDonald1, Aaron M. Harris2, 
Christopher L. Bowlus1 
1UC Davis Medical Center, 2Centers for Disease Control and Prevention 

Background:  An estimated 850,000 persons are living with chronic hepatitis B virus (CHB) infection in the 
U.S., resulting in about 14,000 deaths annually.  Current USPSTF and CDC recommendations are to screen 
foreign-born persons born in countries with a hepatitis B prevalence of >2% with hepatitis B surface antigen 
(HBsAg). The use of alerts and reminders in the electronic health record (EHR) has been used to increase 
screening for other common conditions. The aim of our study was to measure the effectiveness of an EHR 
alert on the implementation of HBsAg screening of foreign-born Asian and Pacific Islander (API) American 
patients.  
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Methods:  We used a novel algorithm to identify at-risk API patients, using self-identified ethnicity, surname, 
country of origin, and language preference within the EHR of UC Davis Health System. Previously tested 
patients and those with Medicare were excluded because Medicare did not reimburse for HBsAg screening.  
The remaining at-risk API patients were randomized 1:1 to have the alert activated in their EHR or not 
(control). The EHR alert was active from January 2016–January 2017. Outcomes measured were HBsAg 
testing rates, rate of HBsAg-positive cases, and indication for testing.  
 
Results:  We found 15,058 patients at risk for CHB; 12,418 were not previously tested. We excluded 9,431 
Medicare patients. Of the remaining 2,987 patients, 1,503 patients were randomized to the control group and 
1,484 patients were randomized to the EMR alert group. There were no baseline differences between these 
two groups with respect to gender, age (39.0 + 14.9 y vs. 38.5 + 14.7 y), and English as primary language. In 
the alert group 119 patients were tested for HBsAg compared to 48 in the control group (OR = 2.64, 95% CI = 
1.88–3.73, P< 0.0001). In multivariable logistic regression analysis, only the presence of the alert (OR 3.1 
(95% CI = 2.2–4.5), P < 0.0001) and having an office visit (OR 1.2 (95% CI = 1.1–1.2), P < 0.0001) were 
associated with testing. The number of tests performed were similar between groups when the indication for 
testing (control vs. alert) was for Prenatal Screening (9 vs. 11) or symptom/abnormal liver tests (11 vs. 10); but 
greater in the alert group for Screening (28 vs 98).  In the control group, 5 of 48 (10.4%) tested HBsAg-positive 
compared to 4 of 119 (3.4%) HBsAg-positive tests in the alert group (P = 0.12). Time trend analysis did not 
show any evidence of saturation of testing.  
 
Conclusion:  An EHR alert increased testing for CHB among API by primary care physicians.  The lack of an 
increase in HBsAg positive patients identified may be related to the exclusion of higher-risk patients with 
Medicare insurance. 
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9. Evaluation of Yttrium-90 PET/CT for Liver Radioembolization Post-Treatment Monitoring  
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J. Skye Kelty, X. Ding, Laura S. Van Winkle 
 
 



27 

13. Targeting the Insulin-like Growth Factor-1 Receptor in MTAP-deleted Renal Cell 
Carcinomas 
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Pan 
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Elisabeth A. Messner, Ruiwu Liu, Paramita M. Ghosh 
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THURSDAY POSTER PRESENTATIONS (ABSTRACTS) 
<<1>> COMBINATORIAL CHEMISTRY AND CHEMICAL BIOLOGY SHARED RESOURCE 

(CCCBSR) 
Ruiwu Liu1, Urvashi Bhardwa1j, Yousif H. Ajena1, Kit S. Lam1 

1Department of Biochemistry & Molecular Medicine, UC Davis Comprehensive Cancer Center, University of 
California Davis, Sacramento, CA 95817 

Combinatorial Chemistry and Chemical Biology (CCCB) shared resource provides a high throughput screening 
platform for users to discover unique chemical probes against biological targets using various one-bead one-
compound (OBOC) and one-bead two-compound (OB2C) combinatorial libraries. In addition, CCSR provides 
custom synthesis of telodendrimer-based micellar nanoparticle platform for efficient drug delivery, and polyvinyl 
alcohol (PVA)-based nanomicelles for loading or conjugation of drugs. The CCCB shared resource provides 
hand-on training for resource users at all levels and interacts closely with users. Examples of available 
services include 1) providing diverse pre-made OBOC and OB2C combinatorial libraries; 2) optimization of the 
lead compounds identified from library screening via focused libraries and standard medicinal chemistry 
techniques; 3) design, synthesis and screening of custom-made combinatorial libraries; 4) re-synthesis of 
compounds (peptides, peptidomimetics, peptoids and small molecules) in on-bead and soluble form for in vitro 
and in vivo evaluation; 5) assisting users who use shared resource technology to apply for grants. The CCCB 
Shared Resource continues to develop new technologies for chemical biology. One newly added service is the 
preparation of peptide microarray, which will be useful for studying structure-activity relationships (SAR) and 
optimization of lead compounds using microfluidic synthesis technology. This shared resource is located in 
Oak Park Research Building at the Sacramento campus and has a satellite site in Tupper Hall in Davis. The 
whole list of services and instruments available for on-campus and outside users from the shared resource will 
be presented. Cancer center members will receive discounted price. 
 
The Combinatorial Chemistry and Chemical Biology shared resource is funded by the UC Davis 
Comprehensive Cancer Center Support Grant (CCSG) awarded by the National Cancer Institute (NCI 
P30CA093373).The authors would like to thank Xiaocen Li, Jiannan Li, Jonathan S. Huynh, Bethany Ming-
Choi Pan and Tingrui Pan for their contributions. 
 
<<2>> FLOW CYTOMETRY SHARED RESOURCE (FCSR) 

Bridget McLaughlin, Jonathan Van Dyke 

Introduction:  The Flow Cytometry Shared Resource (FCSR) provides UC Davis labs and external clients with 
access to separative and analytical cytometry equipment and services to support research, clinical trials and 
products. The ever-increasing demand for high-content flow cytometry is driven by the need for high 
throughput measurements of up to 24 individual cell surface and cytoplasmic biomarkers. With Flow 
Cytometry, it is possible to correlate the phenotype and function of millions of cells from blood, tissue and other 
biological specimens in minutes, comprehensively characterizing individual cells with confidence and precision 
not afforded by methods that include bulk cell preparations. The field of cytometry has expanded over the past 
30 years to include cell labeling and selection approaches that are useful for studying a wide range of 
biological systems including human disease (cancer, genetic and viral) research, animal disease and models, 
agricultural research (livestock and plant crops), and marine studies. The FCSR assists users with 
experimental design, instrument operation, cancer research, virus research, cardiology, cell signaling data 
analysis and provides education on cutting edge and routine applications. 
 
Services and Equipment Provided: Recently the FCSR has added new equipment to support multiparameter 
characterization of cancer immune correlates for human and large animal studies. The new Cytek Aurora 
spectral cytometer offers Cancer researchers the option of designing 24+ staining panels using fluorophores 
that are indistinguishable by traditional spectral deconvolution methods, but are readily discernable using each 
dye’s unique spectral characteristics. Three main advantages are: 

1. Increased multiplexing capability 
2. Higher resolution, lower background, tissue and cellular autofluorescence subtraction 
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3. Panels can combine common fluorophores, an advantage for canine, feline and other large animal 
immunological studies where reagent availability is challenging 

 
Financial support for targeted, pilot studies:  Pilot and Feasibility Awards 
Recently designated as a full-service “Campus Research Core Facility” by the Research Core Facility Program 
within the Office of Research, the FCSR facilitates interactions among researchers using cytometry techniques 
and stimulates the development of new approaches for cancer research. As a Campus Research Core Facility, 
the FCSR is eligible to enroll investigators in an award program to fund pilot projects aimed at generating 
preliminary data and exploring the feasibility of new techniques. Three types of services are eligible: 

1. Cell sorting using the Astrios (Davis campus) or inFlux (Sacramento campus) multiparameter cell 
sorters 

2. Single cell genomics & transcriptomics “complete pipeline” approaches that include cell sorting, single 
cell encapsulation, lysis, sequencing and bioinformatics analysis.  

3. Multiparameter (up to 24 color) cellular profiling of tumor and responding immune cells using the newly 
available, high-resolution Aurora spectral cytometer on the Davis campus. 

Details on the Pilot and Feasibility Award Program can be found at: 
https://research.ucdavis.edu/research/core-facilities-services/core-resources/ 
 
Supported by NCI Cancer Center Support Grant P30CA093373 (PI: Lara). 
 
<<3>> GENOMICS SHARED RESOURCE (GSR) 

Clifford G. Tepper, Stephenie Y. Liu, Ryan R. Davis, Jeffrey P. Gregg 

Departments of Biochemistry and Molecular Medicine and Pathology and Laboratory Medicine, UC Davis 
School of Medicine and UC Davis Comprehensive Cancer Center, Sacramento, CA  95817. 

The Genomics Shared Resource (GSR) provides expertise and comprehensive services to accomplish virtually 
every application of next-generation sequencing (NGS), microarray, and Nanostring nCounter-based genomics 
research, including whole transcriptome profiling (RNA-Seq), mutation/variant screening (WES), copy number 
analysis, epigenomics, and metagenomics. The GSR also provides a wide range of services for translational 
and clinical genomics research with optimized protocols for the preservation and analysis of clinical samples 
from a broad range of sources (e.g., FFPE tissue, whole blood, serum, saliva, PDXs) and of extremely small 
amounts. Moreover, investigator-driven projects are supported by the development of customized protocols 
and reagents, including targeted NGS panels and methods for the analysis of circulating tumor DNA, exosomal 
miRNA, viral genomes, and long-range chromatin interactions. Ancillary services are also available for nucleic 
isolation, qPCR validation, and project design. To complement these services and to help achieve productive 
outcomes from genomics experiments, the GSR provides extensive data analysis and integrative 
bioinformatics support. Investigators are invited to attend our monthly Genomics Pop-in Workshops for 
presentations on various topics in genomics, and to discuss design and approaches for their own projects. 
Please contact the Genomics Shared Resource (mpsr@ucdavis.edu) for additional information and/or 
https://gsr.youcanbook.me/ to schedule an appointment. 
 
Supported by NCI Cancer Center Support Grant P30CA093373 (PI: Lara). 
 
<<4>> MOUSE BIOLOGY SHARED RESOURCE (MBSR) 

Kent Lloyd 

The Mouse Biology (MB) Shared Resource (SR) dedicates resources and expertise to make genetically (e.g., 
knockout) and surgically (e.g., PDX) –modified mouse models for cancer research, including Mouse Model 
Creation Services (generation of knockout, knockin, and transgenic mouse strains by microinjection, gene 
targeting by homologous recombination in ES cells and CRISPR/Cas9 targeting in embryos, genotyping, 
procurement, importation and rederivation to generate pathogen-free mice, cryopreservation and resuscitation 
of embryos and germplasm, assisted reproduction procedures, and PDX/PetDx model creation), Mouse 
Husbandry and Maintenance Services (colony management, health surveillance and disease prevention, 
sharing and distribution of strains), and Mouse Phenotyping Services (gross and microscopic pathology, small 
animal imaging procedures) to support members of the UC Davis Comprehensive Cancer Center (CCC).  
Mouse models used as animal surrogates for humans is essential for contributing new scientific knowledge 

https://research.ucdavis.edu/research/core-facilities-services/core-resources/
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that advances our understanding of cancer processes and mechanisms of action.  To do so requires expertise 
and adeptness in mouse biology and genetics, molecular transgenesis, gene targeting, genome editing 
cryopreservation and cryorecovery, pathophysiological phenotyping, PDX/PetDX modeling, expansion, and 
testing, molecular analyses, and other techniques.  In this context, the MBSR provides CCC members access 
to technologies, services, and scientific consultation that assists, facilitates, and supports the application of 
mouse models in cancer-related research.  The MBSR is physically located in facilities strategically located 
between the Davis and Sacramento campus’ and within close proximity and reasonable access to CCC 
members across all research program areas.  By ensuring greater stability, reliability, cost-effectiveness, and 
quality control, the MBSR enhances scientific interaction and productivity of CCC researchers using mouse 
models to study cancer. 
 
Supported by NCI Cancer Center Support Grant P30CA093373 (PI: Lara). 
 
<<5>> MOLECULAR PHARMACOLOGY SHARED RESOURCE (MPSR) 

Meijuan Tu, Anthony Martinez, Aiming Yu  

The Molecular Pharmacology Shared Resource (MPSR) provides a variety of services to support clinical trials 
and preclinical drug development at the NCI-designated Comprehensive Cancer at UC Davis. The MPSR 
offers a mechanism for high-quality collection, processing and analysis of clinical specimens for 
pharmacokinetic and correlative studies from clinical trial patients. Furthermore, the MPSR conducts preclinical 
assessment of novel anti-cancer agents to test hypotheses and develop the scientific rationale required for 
translation of laboratory concepts into clinical trials, including the investigation of drug 
metabolism/pharmacokinetics/pharmacodynamics (DM/PK/PD) properties, pharmacological mechanisms and 
possible biomarkers and molecular signatures. In this presentation we will present the structure and expertise 
at MPSR and exemplify the services offered to clinicians and investigators that can leverage the practice of 
clinical therapy and advances in cancer pharmacology and drug development at UC Davis Cancer Center. 
 
Supported by NCI Cancer Center Support Grant P30CA093373 (PI: Lara). 
 
<<6>> NOVEL NONTOXIC NINETEEN PD-1 D-PEPTIDE ANTAGONIST FOR CANCER 

IMMUNOTHERAPY 
Tsung-Chieh Shih1, Xiaocen Li1, Yunpeng Fan1, Keng-Chang Tsai2, Xiao-Jia Chen3, Xiaojun Deng1, 
Ting Wang4, Yong Duan4, Kit S. Lam1,5 
1 Department of Biochemistry and Molecular Medicine, University of California Davis, Sacramento, California, 
USA 
2National Research Institute of Chinese Medicine, Taipei, Taiwan 
3 Institute of Biomedicine & Cell Biology Department, Jinan University; National Engineering Research Center of 
Genetic Medicine; Guangdong Provincial Key Laboratory of Bioengineering Medicine; Guangdong Provincial 
Engineering Research Center of Biotechnological medicine, Guangdong, Guangzhou, China 
4 Genome Center, University of California Davis, Davis, California, USA 

5 Comprehensive Cancer Center, University of California Davis, Sacramento, California, USA 

Six US Food and Drug Administration approved antibodies for checkpoint blockade cancer immunotherapy 
have been associated with several immune-related adverse events (irAEs). The most frequently occurring 
irAEs affect skin, colon, endocrine organs, liver and lungs. Others are very infrequent, but may be very serious, 
even lethal, such as neurological disorders and myocarditis. irAEs may due to the antibodies’s long half-life 
ability to occupy PD-1 receptors resulting in overactive T-cells and increase production of cytokines that can 
harm healthy tissues. This may mean that improved symptoms of irAEs can be pursued by PD-1 inhibitors with 
low or middle half-life such as peptide. Through the one-bead one-compound (OBOC) ultra–high throughput 
screening method, we discovered 3 novel PD-1 binding D-octapeptides. Our preliminary functional 
experiments have shown that 3 D-peptides were able to restore T-cell activation and cytokine production in the 
co-culture of human peripheral blood mononuclear cells (PBMCs) with PD-L1+ tumor cells. Through Structure 
Activity Relationship (SAR) studies of peptides and PD-1, a 19-mer chimera peptide was created by covalently 
linking two of the most active peptides together. In silico molecular docking studies predicted that the binding 
site of PD-1 for 19-mer chimera peptide is the same with the site for PD-L1. In vivo toxicity and therapeutic 
efficacy studies showed that both 19-mer chimera peptide and anti-PD-1 antibody were able to suppress tumor 
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growth over the two week period and that 19-mer chimera peptide was more potent than anti-PD-1 antibody. 
Most importantly, no irAEs was observed in the 19-mer chimera peptide treated mice. In contrast, two of the six 
mice in the anti-PD-1 group died prematurely, with severe irAEs. Thus we named 19-mer chimera peptide 
“NNN” (Novel Nontoxic Nineteen peptide, PD-1 antagonist) which may provide novel low-middle half-life drug 
candidates for cancer immunotherapy. 
 
<<7>> IDENTIFICATION OF miRNA BIOMARKERS IN RESPONSE TO EARLY AND LATE 

EXPOSURES AFTER INTERNALIZED 131I-MIBG TREATMENT  
Tim Setzkorn1, Angela C. Evans2,3,11, Haley R. Segelke2, Paul F. Wilson3, Andrew Vaughan3,  
Clifford G.  Tepper4, Stephenie Liu4, Ryan Davis4, Katherine K. Matthay5, M. Meaghan Granger6, Araz 
Marachelian7, Daphne A. Haas-Kogan8,9, Steven G. DuBois8, Thomas E. Schmid10,  
Matthew A. Coleman2,3. Contact information: coleman16@llnl.gov 
1California Cancer Reporting and Epidemiologic Surveillance Program, University Of California Davis Health, 
Institute for Population Health Improvement 
2University of California Davis, Graduate Group in Epidemiology 
3Public Health Sciences, University of California Davis 
4Center for Oncology Hematology Outcomes Research and Training (COHORT) and Division of Hematology 
and Oncology, University Of California Davis School of Medicine 

Neuroblastoma is the most common solid tumor outside the brain in infants and children, commonly arising in 
the adrenal gland. Metaiodobenzylguanidine (mIBG) is a radiopharmaceutical that can be combined with 
radioactive iodine to deliver targeted radiation therapy (RT). Its significant anti-tumor effect against 
neuroblastoma is well studied. For children suffering from advanced neuroblastoma, iodine-131 mIBG (I-131 
mIBG) is one of the most active therapeutic agents. There remains much uncertainty to predict clinical 
outcomes after 131I-mIBG RT. Biological markers of ionizing radiation exposure are therefore of great interest 
not only for biodosimetry but also in radiation oncology. It is known that changes in transcript expression levels 
can persist even days after irradiation exposure. In this study, whole blood was drawn and RNA was extracted 
before 131I-mIBG treatment (baseline untreated) as well as 72 hours and 15 days after exposure (treated) for 
differential analysis. Affymetrix miRNA Array 4.0 was used to perform differential expression analysis to 
compare biomarkers of internalized 131I-mIBG in peripheral blood. At 72 hours of treatment, we observed 26 
up-regulated and 13 down-regulated miRNAs as compared to untreated controls. At 15 days of treatment, we 
detected 137 up-regulated and 75 down-regulated miRNAs (fold change +/-1.5, ANOVA p<0.05). TP53 plays a 
crucial role in IR responses and was identified as a major contributor to both the 72-hour and the 15-day 
timepoints. Ingenuity Pathway Analysis outlined the top associated networks, displaying five differentially 
expressed miRNAs at 72 hours and 17 differentially expressed miRNAs at 15 days post-131I-mIBG treatment. 
Comparing the untreated baseline of cancer patients to non-cancer healthy control samples, we identified 
significant up- and down-regulation (1,937 up; 182 down). Main biological networks known to be associated 
with numerous human cancers were also detected, including TP53, MYC and AGO2. These findings aim to 
elucidate novel miRNA biomarkers of irradiation exposure at 72 hours and 15 days. These miRNA markers will 
complement on-going gene expression analysis and may be predictive of neuroblastoma patient outcomes. 
 
This project was supported by funds from LLNL LDRD 18-ERD-045. This project was supported by funds from 
the NIH/NCI (R01CA172067) and Columbia University NIH/NIAID Pilot Grant U19 AI067773. Support was also 
obtained from the Campini Foundation, Alex Lemonade Foundation MIBG Infrastructure Grant, and NIH/NCRR 
UCSF-CTSI Grant Number UL 1 TR000004. This work is also supported by the Translational Research 
Institute for Space Health through Cooperative Agreement NNX16AO69A. The UC Davis Comprehensive 
Cancer Center Genomics Shared Resource is supported by Cancer Center Support Grant P30CA093373 from 
the NCI. Funding was also provided by the U.S. Department of Energy under contract number DE-AC52-
07NA27344. 
 
 
 
 
 

mailto:coleman16@llnl.gov
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<<8>> MICROARRAY ANALYSIS IN RESPONSE TO 131I-MIBG TREATMENT USING 
LYMPHOCYTES FROM RELAPSED AND REFRACTORY NEUROBLASTOMA 
PATIENTS: IDENTIFYING BIOMARKERS OF CANCER AND IRRADIATION EXPOSURE 
Angela C. Evans1,2,9, Haley R. Segelke1, Andrew Vaughan2, Paul F. Wilson2, Clifford G. Tepper3, 
Stephenie Liu3, Ryan Davis3, Katherine K. Matthay4, M. Meaghan Granger5, Araz Marachelian6, 
Daphne A. Haas-Kogan7,8, Steven G. DuBois7, Matthew A. Coleman1,2. Contact information: 
aceevans@ucdavis.edu or coleman16@llnl.gov 
1Lawrence Livermore National Laboratory, Livermore, CA 
2Department of Radiation Oncology, University of California Davis, School of Medicine, Davis, CA 
3Department of Biochemistry and Molecular Medicine, University of California Davis, School of Medicine, Davis, 
CA 
4Department of Pediatrics, University of California San Francisco School of Medicine, San Francisco CA. 
5Cook Children’s Hospital, Fort Worth, TX 
6Children’s Hospital Los Angeles, Los Angeles, CA 
7Department of Pediatrics, Dana Farber Cancer Institute, Boston, MA. 
8Brigham and Women’s Hospital, Boston MA 
9Pharmacology and Toxicology Graduate Group, University of California, Davis, Davis, CA 

131I-metaiodobenzylguanidine (131I-mIBG) is a radionuclide commonly used as a targeted therapy for 
neuroblastoma, a sympathetic nervous system cancer of children. We have previously demonstrated that 
peripheral blood biomarkers can be used to predict internal ionizing radiation dosage after 131I-mIBG treatment. 
Here, we investigated transcriptional biomarkers of cancer and internalized irradiation exposure within 
peripheral blood. RNA was extracted prior to treatment (untreated) and 72 hours after 131I-mIBG exposure 
(treated). First, we compared neuroblastoma patients to healthy control patients, identifying 433 significantly 
up-regulated and 3,366 significantly down-regulated genes. Networks associated with neuroblastoma included 
the proto-oncogene MYC, as well as factors involved in hormonal dysregulation, such as NR3C1, and 
malfunctioning apoptosis regulation, such as BCL2L1. Interestingly, 5 of the top 10 activated upstream 
regulators indicated miRNA differences between neuroblastoma patients and healthy controls. Next, we 
investigated markers of internalized 131I-mIBG exposure. We identified 442 significantly up-regulated and 2,555 
significantly down-regulated genes 72 hours after 131I-mIBG treatment. Unsupervised hierarchical clustering 
and principal component analysis identified distinct groups between treated and untreated samples. The top 
pathways associated with treatment involved cellular signaling, protein translation, apoptosis, and oxidative 
phosphorylation. We also identified upstream regulators associated with 131I-mIBG treatment, including TP53 
(z-score 2.9), MYC (z-score -5.5), and NFIL3 (z-score -2.0). Biological networks included TP53, as well as 
RARA, ESR1, and BCL2. These results have led us to identify new biomarkers in response to 131I-mIBG 
treatment that may ultimately prove useful for internalized irradiation exposure, as well as represent 
biomarkers indicative of cancer metastasis or progressivity within relapsed or refractory neuroblastoma 
patients. Ongoing gene expression analyses will complement these findings and allow us to expand the 
biodosimetry panel for later time points after exposure, as well as predict biomarkers indicative of outcomes 
associated with treatment for neuroblastoma.  
 
This project was supported by funds from LLNL LDRD 18-ERD-045. This project was also supported by funds 
from the NIH/NCI (R01CA172067) and Columbia University NIH/NIAID Pilot Grant U19 AI067773. Support was 
also obtained from the Campini Foundation, Alex Lemonade Foundation MIBG Infrastructure Grant, and 
NIH/NCRR UCSF-CTSI Grant Number UL 1 TR000004. This work is also supported by the Translational 
Research Institute for Space Health through Cooperative Agreement NNX16AO69A. The UC Davis 
Comprehensive Cancer Center Genomics Shared Resource is supported by Cancer Center Support Grant 
P30CA093373 from the NCI. Funding was also provided by the U.S. Department of Energy under contract 
number DE-AC52-07NA27344.  
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<<9>> EVALUATION OF YTTRIUM-90 PET/CT FOR LIVER RADIOEMBOLIZATION POST-
TREATMENT MONITORING 
Emilie Roncali1, Benjamin Spencer2, Michael Rusnak2, Denise T. Caudle2, Cameron Foster2, Ramsey 
Badawi1,2, Simon R. Cherry1,2, Catherine T. Vu2 
 1Department of Biomedical Engineering, UC Davis  
2Department of Radiology, UC Davis  

Objective:  To improve individualized liver radioembolization with quantitative yttrium-90 (90Y) positron emission 
tomography (PET)/CT post treatment. We are conducting a pilot study (n=10 patients) to evaluate the use of a 
commercial time-of-flight PET scanner to image 90Y activity distribution immediately after treatment. 
 
Rationale:  Liver cancer (e.g. hepatocellular carcinoma, metastatic colorectal cancer) is one of the deadliest 
cancers in the U.S. and worldwide, with rising incidence. Yttrium-90microspheres radioembolization is a 
treatment in which a catheter is inserted in the patient’s hepatic artery to deliver radioactive 90Y microspheres 
to the liver. It is increasingly utilized to treat patients with unresectable liver tumors in second or third line, but 
some of its potential to improve overall survival is still untapped. One major challenge is the difficulty in 
imaging90Y with adequate resolution and quantification. This complicates the planning and treatment 
monitoring, which both require in vivo imaging to prescribe the 90Y activity to administer and to assess the 
dose-to-tumor and extrahepatic activity post-treatment. Post-treatment monitoring is typically done by imaging 
Bremsstrahlung with a gamma camera or SPECT, however this produces noisy images with poor 
quantification. Better post-treatment imaging would allow for the assessment of the dose delivered to individual 
tumors to ensure that each received a tumoricidal dose (recently established as ~50 Gy by 3 independent 
studies). PET can image the very limited positron emission (32 ppm) from 90Y with an image signal-to-noise 
ratio much more favorable to quantification of the 90Y activity and absorbed dose in tissue than Bremsstrahlung 
imaging. Challenges remain in optimizing the reconstruction and correction of PET data to achieve 
quantification for dosimetry. 
 
Methods:  All measurements were performed with a clinical GE discovery 690 PET/CT scanner with time-of-
flight (TOF) capability. Quantification of the activity was first optimized through scanner calibration using the 
NEMA 2007 / IEC 2008 phantom that includes a cold background compartment and 6 fillable spheres 
(diameter 10-37 mm). The phantom was filled with 4.5 GBq of 90Y solution with a sphere-to-background ratio of 
7.4 and imaged on day 0 to 7 to measure the activity decay. Several reconstructions were performed to 
evaluate the effect of TOF, filtering, and number of iterations. The main objective of this pilot study is to scan 
10 patients post-radioembolization. Two patients were enrolled so far and underwent PET/CT shortly after 
radioembolization and Bremsstrahlung imaging. Each patient was scanned for 30 minutes (15 minutes x 2 bed 
positions) to measure the 90Y activity in the liver and lungs. 
 
Results:  Initial quantification of the phantom data indicated 
that TOF combined with a larger number of iterations 
decreased bias while increasing noise. Figure 1 shows the 
fused PET/CT images of patient 1, reconstructed with TOF 
and point spread function (PSF) modeling. Qualitative 
analysis shows that most of the activity is located in the 
tumor or its periphery, and no activity was observed in the 
lungs. Images therefore indicated successful 
radioembolization.  Figure 1. PET/CT post radioembolization 
 
Conclusions:  The first patient scan confirms the potential of PET/CT to perform quantitative analysis of the 
dose-to-tumor compared to Bremsstrahlung imaging. Next steps will consist in the optimization of the 
reconstruction and data correction for optimal quantification (not necessarily matching the best qualitative 
images) of the activity in the liver, and segmentation of the tumor from the CT images. We expect to enroll 10 
patients in this study and compare the post-treatment images with Bremsstrahlung images. 
 
This work was supported by a Cancer Center Support Grant (NCI P30CA093373). 
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<<10>> BIOENGINEERING OF SINGLE ncRNA MOLECULE FOR MULTI-TARGETING AGAINST 
NSCLC 

Hannah Petrek, Pui Yan Ho, Qianyu Zhang, Neelu Batra, Joseph L. Jilek, Ai-Ming Yu 
Department of Biochemistry & Molecular Medicine, Comprehensive Cancer Center, UC Davis School of Medicine, 
Sacramento, CA 95817, USA 

Lung cancer is the second most common cancer among both men and women in the United States. The 
majority of lung cancer cases are classified as non-small cell lung cancer (NSCLC). Current NSCLC 
treatments include resection surgery, radiation, and pharmacotherapy which all provide some benefits and 
have limitations. As a result, lung cancer caused deaths account for about 27% of all cancer deaths in the US. 
Therefore, new therapeutic agents are highly demanded for NSCLC. MicroRNAs (miRNA or miR) are a class 
of genome-derived, small noncoding RNAs (ncRNA) in cells that govern target gene expression through mRNA 
degradation or translational inhibition. Some miRNAs such as miR-34a, miR-124 and let7c are commonly 
downregulated in NSCLC tissues/cells and target various oncogenes such as CDK6, STAT3, and Ras. 
Restoring the expression or function of such dysregulated, tumor suppressive miRNAs represents a new 
strategy for cancer therapy. Aiming at simultaneously introducing multiple miRNAs in NSCLC cells for multi-
targeting, we employed our recently developed ncRNA bioengineering technology to produce a single ncRNA 
molecule bearing multiple miRNAs. Our data showed that multi-targeting ncRNA agents were successfully 
expressed in E. coli. We were able to purify recombinant ncRNAs to a high degree of homogeneity using anion 
exchange FPLC methods. We further demonstrated that treatment of human NSCLC cells with bioengineered 
ncRNAs elevated cellular miR-34a, miR-124 and let-7c levels, reduced protein levels of target genes including 
CDK6, STAT3 and Ras, and consequently inhibited NSCLC cell proliferation. Therefore, using single ncRNA 
agent for multi-targeting may be more effective for the treatment of NSCLC. 
 
Acknowledgements: This study was supported by grants R01GM133888 and U01CA175315 from NIH. 
 
<<11>>  RISK OF LUNG CANCER ASSOCIATED WITH MARIJUANA SMOKING: A META-

ANALYSIS 

Anne Liao, Stella Joh, Melinda Ng, Jose Puglisi, Craig Wetterer, Xiaodong Feng 
California Northstate University College of Psychology 

According to the 2016 National Survey on Drug Use and Health, marijuana (cannabis) is by far the most widely 
used recreational drug in the United States despite its controversy as a health risk and lack of regulations. 
Similar to tobacco, the most common route of marijuana consumption is smoking. Although tobacco smoking 
has been recognized as the major risk factor for developing lung cancer, in vitro and in vivo evidence suggest 
marijuana smoking may also be a significant contributor. The aim of our study is to analyze the potential risk of 
lung cancer associated with marijuana smoking through a meta-analysis of available clinical studies. 
  
A systematic search of PubMed (including MEDLINE), OVID, EBSCOhost, and ScienceDirect was performed 
using search terms “marijuana”, “cancer”, and “cannabis.” A total of 8,023 publications were available. Studies 
published prior to 1980, secondary articles, irrelevant article types and topics, and duplicate articles were 
excluded. Of 9 remaining studies that reported lung cancer, 2 studies did not report control groups and were 
not used for analysis. The remaining 7 studies (n=120,166) were performed in New Zealand, Canada, United 
Kingdom, Sweden, Tunisia, Algeria, and USA and included 2 cohort studies and 5 case-control studies. The 
association between lung cancer and having ever smoked marijuana was analyzed by calculating crude odds 
ratios (OR) and 95% confidence interval using Statdisk for the 7 studies. Subsequent pooled analysis was 
done separately for the 2 cohort studies and the 5 case-control studies.     
  
Forest plots of ORs were generated using the ESCI software. The crude pooled ORs and 95% confidence 
intervals were 1.005 CI(0.001 - 2.247) for pooled cohort studies and 0.654 CI(0.231 - 1.075) for pooled case-
control studies. Of the 5 case-control studies, Voirin 2006 and Berthiller 2008 studied only males in their 
populations; a separate pooled OR excluding these 2 studies was calculated to be 0.758 CI(0.275 - 1.242). 
Additionally, reported adjusted ORs of marijuana dosage from Hashibe 2006, Aldington 2008, and Zhang 2015 
were used to generate a Forest Plot. An overall crude OR 0.840 CI(0.605-1.075) showed no dosage-
dependent trend on the incidence of lung cancer. In conclusion, our analysis suggests no significant correlation 
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between marijuana smoking and incidence of lung cancer. However, inconsistent study design was the most 
significant limiting factor for this meta-analysis. No studies specifically defined the risk of small cell lung cancer 
versus non-small cell lung cancer. More prospective cohort studies and clinical trial-based studies are needed 
to further examine the association between marijuana smoking and incidence of lung cancer. 
 
<<12>> IN VITRO MODEL OF THE HEPATIC CONTRIBUTION TO LUNG EPITHELIAL CELL 

TOXICITY INDUCED BY NAPHTHALENE, STYRENE, AND ETHYLBENZENE  
J. Skye Kelty1, X. Ding2, Laura S. Van Winkle1 

1UC Davis, Davis, CA 
2SUNY Polytechnic Institute, Albany, NY 

Rationale:  Ethylbenzene (EB), styrene (ST), and naphthalene (NA) cause toxicity in the lung but this is thought 
to require metabolic activation by cytochrome P450 monooxygenases (P450s) in either the liver or the lung. 
We are developing an in vitro approach to determine whether hepatic bioactivation of these aromatic 
hydrocarbons can contribute to lung toxicity and carcinogenesis. We hypothesize that hepatic enzymes are 
capable of escalating lung epithelial cell damage caused by EB, ST, and NA. 
 
Methods:  Airway epithelial cells from either female mouse trachea (MuEC) or the human bronchiolar epithelial 
cell line, HBE1, were grown and differentiated at the air-liquid interface in transwell inserts. Cells were exposed 
to 5μM or 10μM EB, 5μM or 10μM ST, or 5μM to 3mM NA, in media containing female mouse liver 
microsomes. Liver microsomes were boiled to inactivate P450s for negative control experiments. Lung 
epithelial cell toxicity was assessed by measuring cell permeability and cell density.  
 
Results:  MuEC cells exposed to 10μM EB with liver microsomes present resulted in a 50% decrease in cell 
density. No significant MuEC cell death occurred with 10μM EB and boiled liver microsomes. The 5μM EB 
exposure did not result in significant cell death for MuEC cells. MuEC exposed to ST or NA at 5μM and 10μM 
resulted in no significant cell death with or without active liver microsomes. For a higher dose of NA, 20μM, 
MuEC cell death was observed, but the extents were similar in the active and boiled microsome groups (~50% 
decrease in cell density). No significant cell death was detected in HBE1 cells exposed to 5μM to 3mM NA 
without active liver microsomes present. With the active microsomes present during exposure to 3 and 0.3mM 
of NA, a significant (20%) drop in HBE1 cell density was detected. Conclusions: Liver microsome-generated 
EB metabolites are more potent than liver microsome-generated NA or ST metabolites in causing toxicity in the 
mouse trachea epithelial cells. MuEC, which are primary mouse trachea cells, had apparently greater intrinsic 
ability to generate toxic NA metabolites, and were more susceptible to NA toxicity, compared to the HBE1 
cells.  
 
Supported by:  R01 ES020867, P30 ES023513, NIOSH 2U54OH007550, and T32 HL007013. 
 
<<13>> TARGETING THE INSULIN-LIKE GROWTH FACTOR-1 RECEPTOR IN MTAP-DELETED 

RENAL CELL CARCINOMAS  
Jihao Xu1, Mu-Jen Huang1, Robert H. Weiss1, Ching-Hsien Chen1  

1 Division of Nephrology, Department of Internal Medicine, University of California Davis, Davis, California, USA  
Renal cell carcinoma (RCC) has emerged as a metabolic disease characterized by dysregulated expression of 
metabolic enzymes. Patients with metastatic RCC have an unusually poor prognosis and near-universal 
resistance to all current therapies. To improve RCC treatment and survival rate, there is an urgent need to 
reveal the mechanisms by which metabolic reprogramming regulates aberrant signaling and oncogenic 
progression. Through an integrated analysis of RCC metabolic pathways, we showed that methylthioadenosine 
phosphorylase (MTAP) and its substrate methylthioadenosine (MTA) are dysregulated in aggressive RCC. A 
decrease of MTAP expression was observed in RCC tissues and correlated with higher tumor grade and 
shorter overall survival. Genetic manipulation of MTAP studies demonstrated that MTAP expression inhibits 
epithelial-mesenchymal transition, invasion and migration of RCC cells. Interestingly, we found a decrease in 
protein-methylation level with a concomitant increase in tyrosine phosphorylation after MTAP knockout. A 
phospho-kinase array screen identified the type 1 insulin-like growth factor-1 receptor (IGF1R) as the 
candidate with the highest upregulation in tyrosine phosphorylation in response to MTAP loss. We further 
demonstrated that IGF1R phosphorylation acts upstream of Src and STAT3 signaling in MTAP-knockout RCC 
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cells. IGF1R suppression by a selective inhibitor of IGF1R, linsitinib, impaired cell migration and invasion 
capability of MTAP-deleted cells. Surprisingly, an increase in linsitinib-mediated cytotoxicity occurred in RCC 
cells with MTAP deficiency. Our data suggest that IGF1R signaling is a driver pathway that contributes to the 
aggressive nature of MTAP-deleted RCC. 
 
<<14>> PILOT TRIAL OF IBRUTINIB PLUS NIVOLUMAB IN PATIENTS WITH METASTATIC 

RENAL CELL CANCER (mRCC): RESULTS FROM A DOSE-FINDING COHORT 
Primo N. Lara, Jr.1,2, Mamta Parikh1, Daniel Robles1, Frances Lara3, Frederick J. Meyers2, Chong-
Xian Pan2 

1Comprehensive Cancer Center, UC Davis School of Medicine, Sacramento, CA 
2Division of Hematology Oncology, Department of Internal Medicine, University of California Davis, Sacramento, 
CA 
3Departement of Radiation Oncology, University of California Davis, Sacramento, CA 

Background:  Immune checkpoint inhibitor therapy (CIT) has transformed the management of patients (pts) 
with mRCC, with a fraction experiencing durable tumor responses. However, most eventually develop disease 
progression after either an initial response to CIT or while on CIT.  Newer agents that modulate immune 
response can possibly potentiate CIT therapy.  The ITK/ETK/BTK inhibitor ibrutinib has been reported to inhibit 
myeloid derived suppressor cells in preclinical models and to potentiate CIT. We conducted an investigator-
initiated pilot trial of ibrutinib plus the PD1 inhibitor nivolumab in mRCC pts, particularly in those previously 
exposed to CIT. Here we report initial safety and efficacy results from the dose-finding cohort. 
 
Methods:  Pts with mRCC of any histologic subtype and who have completed at least one line of prior systemic 
therapy including prior CIT were eligible. Pts must have acceptable end-organ function and Zubrod PS of 0-2. 
Treatment consisted of nivolumab 240 mg IV q2 weeks plus ibrutinib 560 mg (dose level 0) or 420 mg (dose 
level -1) orally once daily. Cycle length was 28 days. Dose limiting toxicity (DLT) was defined as any Grade(Gr) 
3+ adverse event (AE) attributable to therapy. 
 
Results:  As of 9/18/17, 12 pts have been enrolled, six to each dose level. Patient characteristics: Mean age = 
62 years (range 44-78); Male sex = 7 (58%); White race = 9 (75%); Prior CIT = 11 (92%). Three pts 
experienced one DLT each in dose level 0 (all Gr3): elevated lipase, hypoalbuminemia, & nausea. Only 1 DLT 
has been seen thus far in dose level -1 (Gr3 infection). The most common Gr3+ AEs include anemia (n=5), 
ALT elevation (4), AST elevation (3), nausea (3), hypoalbuminemia (2), esophagitis, infection, lipase increase, 
and vomiting (1 each). Two pts with prior CIT had partial tumor response (both confirmed). 
Conclusions: Ibrutinib at a dose of 420 mg orally once daily in combination with nivolumab 240mg IV q 2 weeks 
appears feasible and tolerable in mRCC patients. No unique immune-related AEs have been seen thus far. 
Anti-tumor activity was seen in 2 pts previously exposed to PD1-targeted therapy. Further evaluation of this 
combination is warranted.  
 
Supported by Pharmacyclics and UC Davis Comprehensive Cancer Center 
 
<<15>> COMORBIDITIES RISKS IN DIFFERENT BREAST CANCER TREATMENTS 

Davin Brar1, Radhika Gulhar1 

1California Northstate University College of Medicine 

Introduction:  There are various treatment regimens for breast cancer. It can be difficult to chose which therapy 
or combination will best benefit patients. Current therapies include chemotherapy, surgery, radiation, and 
hormonal therapy. We decided to look into the relationship between Charlson Comorbidity Index (CCI) and the 
different therapies to see which approaches decreased/increased mortality in breast cancer patients. The CCI 
was defined on a scale of 0, 1, 2, and >3 with increasing number representing increased number and severity 
of the comorbidities. Previous studies have shown that an increase in the CCI has been observed to increase 
mortality. This study is looking into which combination therapies for breast cancer treatment give the most case 
of lowest CCI and highest CCI. 
 
Methods:  We analyzed data from the NCDB (National Cancer Data Base) Benchmark reports on 2,385,971 
patients diagnosed with Breast Cancer. We compared patients Breast Cancer staging (0, I, II, III, IV) with their 
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designated CCI after different first course treatments. The treatments that were compared included surgery 
only, radiation only, chemotherapy only, hormone therapy only, biological response modifiers, and 
combinations of the above listed treatments. 
 
Results:  Of the patients undergoing the combination of surgery, radiation, chemotherapy, and hormone 
therapy 87.2% had a CCI of 0 and 0.3% had CCI of >3. This shows that the four regimen combination therapy 
had the lowest mortality rate as defined by the CCI. Of the patients undergoing hormone therapy only, 76.8% 
had a CCI of 0 and 2.8% had CCI of >3. Hormone therapy in breast cancer causes the most number of cases 
with increased mortality risk as defined by the CCI. We also noted that the combination of surgery and 
radiation had 85.5% patients with CCI of 0, while of the patients undergoing radiation only had 81.5% with CCI 
of 0 and patients undergoing surgery only had 82.8% with CCI of 0. This showed that the combination therapy 
of surgery and radiation had a lower CCI and hence decreased mortality risk as compared to the two 
treatments alone. 
 
Conclusion:  There are several different options for treating breast cancer however it can be difficult deciding 
which treatment or combination of treatments will be most efficacious for patients. We found that the highest 
survival rate was in patients who underwent a combination of surgery, radiation, chemotherapy, and hormone 
therapy. The risks and benefits should be considered on a case by case basis, however in general it seems 
that a combination of therapies shows increased survival rate among all stages of breast cancer. 
 
Acknowledgments: NCDB (National Cancer Data Base) Benchmark Reports for Data Collection 
 
<<16>> EXPERIENCE OF GYNECOLOGIC ONCOLOGISTS REGARDING ENDOMETRIAL 

ABLATION PATIENTS WHO DEVELOP ENDOMETRIAL CANCER  
Hui Chen, Allison M. Saiz, Arthur M. McCausland, Vance M. McCausland, Gary S. Leiserowitz 

Department of Obstetrics and Gynecology, University of California Davis, Sacramento, CA 

Objective: To understand the current experience of gynecologic oncologists in managing patients with 
endometrial cancer (EC) after endometrial ablation. 
 
Methods: A 17-question survey was sent out to Society of Gynecologic Oncology (SGO) members from Full, 
Associate, Candidate and Fellow-in-Training membership categories. Responses were collected from 
November 2017 to January 2018. The questionnaire asked SGO members about their experience in caring for 
women who have a history of post-ablation EC.  UC Davis IRB exemption status was obtained. 
 
Results: 138 of the 1299 gynecologic oncology SGO members responded, with a 10.6% response rate. 116 
out of 138 respondents (84.1%) completed the entire survey.  Most (70.4%) reported that endometrial ablations 
were performed “sometimes” or “frequently” in their communities. 93.8% of gynecologic oncologists had been 
referred symptomatic post-ablation patients for further evaluation. 18.5% reported managing over 20 post-
ablation patients in their practice.  Most respondents found that post-ablation intrauterine scarring made 
accurate evaluation of the endometrial cavity “moderately” (36%) or “extremely” (48%) difficult.  52.5% reported 
that a majority of symptomatic post-ablation patients require hysterectomy to make an accurate diagnosis. 
While 74.4% of respondents thought that at least some patients had a delay in diagnosis of EC due to post-
ablation intrauterine scarring, 21.4% believed that the majority of patients had a delay in diagnosis.  Finally, 
79.5% reported that they do not believe that there is a role for prophylactic endometrial ablation to decrease 
the risk of endometrial cancer.   
 
Conclusions: This study is the first to describe the current views of gynecologic oncologists in treating post-
ablation EC.  Most believe that post-ablation intrauterine scarring can make diagnosis of EC more difficult and 
delayed.  Although further research is needed, this study provides a glimpse at some of the long term 
consequences of endometrial ablation. 
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<<17>> SHORT-TERM ORGANOID CULTURE FOR DRUG SENSITIVITY TESTING IN HIGH-
GRADE SEROUS OVARIAN CANCER 

Kristin Gotimer, Hui Chen, Gary S. Leiserowitz, Lloyd H. Smith  

Objective: It is hypothesized that Multi-Cellular Spheroids (MCS) found in ovarian cancer malignant effusions 
contain cells with stem cell-like properties. The objective of this study is to develop a short duration culture in 
conditions selected to support organoid growth that can be used as a platform for empiric drug sensitivity 
testing. 
 
Methods: Ascites and pleural effusion specimens from high grade serous ovarian cancer (HGSOC) were 
collected. MCS were recovered from effusion fluid, cultured and recovered after 3 days of growth (Day 0). MCS 
were then resuspended and distributed into 96 well plates. On Day 1 (D1), drugs at single concentrations 
which approximate maximum plasma concentrations found when administered in the therapeutic setting, or 
control media were added to each well. Standard agents included Oxaliplatin, Paclitaxel, Olaparib, and 
combinations for dual therapy. Targeted agents included Mocetinostat, Trametinib, LY294002, AZD5363, 
BBI503, MK-1775, Sorafenib, APR-246, CB-5083 and Napabucasin. On Day 6 (D6), luminescence viability 
assays were performed using CellTiter Glo reagent and read using a Promega luminometer. Luminescence 
and organoid area were calculated for control media wells. The average percent inhibition for each drug was 
calculated and considered potentially clinically meaningful if it was greater than 50%. IC50 titrations were then 
performed on drugs with the greatest inhibition.  
 
Results: Twelve specimens from six individual patients with HGSOC were included in this study. Between D1 
and D6, organoids demonstrated 143% growth by ATP content and 187% growth by mean organoid area. 
Among standard agents, Oxaliplatin was only marginally inhibitory while Paclitaxel was the most effective 
inhibitor of organoid viability. Among targeted agents, multiple drugs showed significant inhibitory effect  
(Figure 1). The IC50 for MK-1775, Sorafenib, APR-246, CB-5083 were calculated for a subset of specimens. 
 
Conclusions: Short duration organoid culture of MCS from HGSOC malignant effusions can be used as a 
platform for empiric drug sensitivity testing. Using this model as a pre-treatment ex vivo assessment of a drug's 
anti-tumor activity could be helpful in the selection of the most active agents for each patient.  
 
Figure 1. Example of Standard and Targeted Drug Sensitivity Testing 
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<<18>>  GENOMICS OF ARSENIC-RELATED BLADDER TUMORS 
Alexa Morales Arana1, Ana Estrada-Florez1, Guadalupe Polanco-Echeverry1, Sienna Rocha1, Ted 
Toal1, Catterinna Ferrecio2, Juan Carlos Roa2, Craig Steinmaus3, Luis Carvajal-Carmona1,4,5 
1Genome Center, University of California, Davis 
2 Pontificia Universidad Cátólica de Chile, Santiago, Chile 
3Arsenic Health Effects Research Program, University of California, Berkeley 
4Department of Biochemistry and Molecular Medicine, School of Medicine, University of California, Davis 
5University of California Davis Comprehensive Cancer Center 

Millions of individuals around the world are chronically exposed to arsenic through drinking water, putting them 
at an increased risk of adverse health effects including cancer, heart disease, reproductive effects, and other 
disorders. Today, the US regulatory standard for arsenic in water is 10 μg/L. However, this standard is often 
not met. Around 15% of the US population uses private wells, but they are not subject to the same government 
contamination tests that public water systems undergo. Research, funded by the National Institute of 
Environmental Health Sciences, has identified high arsenic concentrations in the Central Valley of California. 
This emerging crisis is associated with the over-pumping of groundwater, made necessary by the recent 
drought, causing arsenic to be released into the environment. This presents a significant problem because the 
most affected communities are in rural areas with few resources for testing, education, or remediation. Our 
collaborative group has previously shown that high arsenic concentrations in drinking water are associated with 
a >5-fold increase in the risk of developing bladder tumors. In order to better understand the genomics of 
arsenic-related bladder tumors, we will be examining genome-wide mutation patterns in a Chilean population 
that historically have been highly exposed to arsenic. We hypothesize that the mutational patterns in bladder 
tumors from people exposed to high levels of arsenic differ from those not exposed to arsenic. To test this 
hypothesis, DNA from tumor and normal FFPE tissue of 34 patients from northern Chile will be extracted 
following the standard protocol of Qiagen’s FFPE DNA isolation kit. Seven of the samples included in the study 
were collected in high exposure (mean arsenic levels in drinking water= 860 μg/L) areas and seven of the 
samples were collected in low exposure areas (mean= 10 μg/L). An exome sequencing experiment will be 
performed by using SureSelectQXT Target Enrichment and the libraries will be sequenced in an Illumina 
HiSeq4000 to establish the main type of mutations present in arsenic-exposed tumors. The primary goal of this 
pilot study is to establish the main type of mutations present in arsenic-exposed tumors and its differences in 
respect to those not exposed to arsenic. Differences in mutation signatures between tumors from arsenic-
exposed and unexposed individuals, mutations previously reported, and the discovery of new mutations could 
lead to novel insights on arsenic-related tumorigenesis and cancer evolution. These insights can have 
therapeutic effects on developing new strategies for prevention, early detection, and treatment. The future 
directions of this study will include establishing collaborations in the Central Valley to develop community-
based research projects and educational programs and evaluate the etiological impact of arsenic in bladder 
cancer etiology in the state. This study will be the first to use targeted sequencing to investigate mutation 
patterns in arsenic-exposed humans and will focus on genome-wide mutation patterns of Hispanics, an 
understudied population who lack an abundance of mutation driver information. 
 
Acknowledgements: This project is being supported by UC Davis Environmental Health Center (grant 
P30CA093373 from the National Institute of Environmental Health Sciences) and UC Davis Cancer Center 
(grant P30CA093373 from the National Cancer Institute). AMA and SR are participants in the UC Davis CURE 
Program (grant P30CA093373 from the National Cancer Institute). CE receives funding from the National 
Institute of Environmental Health Sciences (Grants P42ES004505, R01ES014032 and R21ES027107). This 
content is solely the responsibility of the authors and does not necessarily represent the official views of the 
National Institutes of Health. AE-F is supported with a graduate fellowship from the Colombian National 
Science Foundation. LC-C acknowledges funding for University of California School of Medicine (Dean’s 
Fellowship in Precision Medicine). 
 
 
 
 
 
 



43 

<<19>> TARGETING THE N-TERMINAL DOMAIN OF THE ANDROGEN RECEPTOR IN IN VITRO 
MODELS OF CASTRATION RESISTANT PROSTATE CANCER 
Elisabeth A. Messner1,4, Ruiwu Liu2, Paramita M. Ghosh2,3,4 
1Graduate Group in Integrative Pathobiology, UC Davis, Davis, CA 
 2Department of Biochemistry and Molecular Medicine, UC Davis Medical Center, Sacramento, CA 
3Department of Urology, UC Davis Medical Center, Sacramento, CA  
4VA Northern California Health Care System, Mather, CA 

Background:  Direct or indirect inhibition of the androgen receptor (AR) ligand binding domain is the standard 
of care for castration resistant prostate cancer (CRPC). Within the tumor, cellular production of AR splice 
variants lacking the ligand binding domain help contributes to the subsequent inefficacy of standard of care 
treatment in all cases. This highlights the need for alternative AR inhibition strategies. Thus, we hypothesize a 
series of compounds targeted to the N-terminal domain (NTD) of the AR, in cells that contain a full-length 
and/or alternatively spliced AR, will reduce in vitro cell viability by inhibition of AR activity.  
 
Methods: A series of compounds designed to inhibit the AR NTD were constructed by Dr. Ruiwu Liu, 
Department of Biochemistry and Molecular Medicine, UC Davis Medical Center, Sacramento, CA. MTT assays 
were performed to determine the inhibitory roles of the compounds. Half maximal inhibitory concentrations 
(IC50) for each compound were calculated based on the data from the MTT assays. Immunoblot analysis and 
qRT-PCR elucidated the degree of AR inhibition via detection of total AR and PSA, a transcript primarily 
produced by AR activation. Finally, immunofluorescence detected AR localization within the cells.  
 
Results: C02, C05, C11, C14, C15, C20, C21, C22 reduce viability of C4 and C4-2 cells containing the full-
length AR, while all the compounds reduce the viability of 22Rv1 cells, known to contain both the full-length 
and an alternatively spliced AR. Total AR protein expression is not affected by treatment with the compounds 
in the tested cell lines. However, total PSA protein expression is definitively reduced in C4-2 and 22Rv1 cells 
treated with C14 compared to DMSO controls. This is supported by qRT-PCR analysis. No treatment alters AR 
localization to the nucleus.  
 
Conclusion:  The series of compounds targeted to the NTD of the AR appear to successfully reduce the 
viability of C4, C4-2, and 22Rv1 cells in vitro. Compounds including C11 and C14 do so not by blocking AR 
localization to the nucleus or by reducing AR mRNA and/or protein levels, but rather by reducing AR 
transcriptional activity. 22Rv1 cells appear more broadly susceptible to the compounds with respect to viability 
and PSA mRNA reduction compared to the C4 and C4-2 cells, which contain only the full-length AR. We 
continue to confirm the effects and specificity of these compounds. In addition, we seek to determine the 
effects of the compounds on AR splice variants in 22Rv1 cells. The outcome of this work may indicate 
alternative inhibition strategies to overcome castration resistance in prostate cancer. 
 
<<20>> EVALUATING GALECTIN-1 LEVELS IN 5 PATIENTS WITH HORMONE REFRACTORY 

PROSTATE CANCER TREATED WITH BICALUTAMIDE 
Rebecca E. Harris1, Ralph W. deVere White1, Chong-xian Pan2,4, Paramita M. Ghosh1,3,4 

Departments of 1Urology, 2Medicine and 3Biochemistry and Molecular Medicine, UC Davis Medical Center, 
Sacramento, CA, and 4VA Northern California Health Care System, Mather, CA 

Background:  Galectin-1 (Gal-1) is a member of a family of proteins with binding specificity for β-galactoside 
sugars. Increased Gal-1 expression by tumor and connective tissue is an indicator of malignant progression 
and correlates with aggressiveness and a metastatic phenotype. Gal-1 is frequently detected in the serum of 
human patients, including those with breast and colon cancer, thyroid cancer, glioma, squamous cell 
carcinoma, ovarian cancer, etc. However, no literature on serum levels of Gal-1 in patients with prostate 
cancer (CaP) were reported. Patients with localized CaP are usually treated by surgery or radiation therapy, 
while those with low grade disease remain on active surveillance. On the other hand, those who advance 
following local therapy are treated with androgen deprivation therapy (ADT). Many patients eventually become 
refractory to ADT and are further treated with androgen signaling inhibitors (ASI) or with chemotherapy. Of the 
currently used ASI, <25% respond to bicalutamide, while many more respond initially to enzalutamide or to 
abiraterone acetate. Here, we investigated if Gal-1 levels vary between patients with localized CaP vs. those 
who experienced hormone refractory CaP and were treated with bicalutamide.  
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Methods:  Sera from subjects enrolled in two different clinical trials were included in this study. Serum from 11 
men with histologically proven CaP who had two consecutive elevated PSA readings were accrued from the 
control (no treatment) arm of a trial for men who were following an active surveillance protocol for localized 
CaP (deVere White et al, Nutr Cancer. 2010 Nov; 62(8): 1036–1043). In addition, sera were obtained from 5 
men on a different study with histologically or cytologically confirmed diagnosis of CaP, deemed to be 
castration-resistant, who remained on ADT but were treated with bicalutamide as part of a trial (Chow et al, 
Cancer. 2016 Jun 15; 122(12): 1897–1904). Patients were given the anti-androgen bicalutamide 50 mg oral 
once daily, which is known to bind the ligand binding domain of the androgen receptor (AR), a transcription 
factor that regulates CaP growth. Patients were periodically evaluated clinically for side effects and response, 
and to undergo laboratory tests (PSA, CBC and CMP). Additional blood drawn at the time of clinical evaluation 
was used for determination of serum Gal-1 levels by ELISA (Raybiotech Life, Norcross, GA).  
 
Results:  Median Gal-1 levels in the patients with localized CaP was 12.6 (6.7-22.8), while that for the 
castration resistant patients was 19.4 (14.15 – 24.53) (p=0.0023). This is comparable to the numbers obtained 
for control patients in other studies. There was a general trend toward correlation between prostate specific 
antigen (PSA) levels and Gal-1 in the CRPC patients (R=0.5, p=0.05). However, in these CRPC patients, 
serum Gal-1 levels were not significantly altered in response to bicalutamide treatment, a result that is perhaps 
expected as historically only about 25% of these patients have been found to respond to bicalutamide. For 
comparison, the PSA levels were not significantly altered over 12 weeks during this treatment either.  
 
Conclusion:  Serum Gal-1 levels are elevated in CRPC patients who have become refractory to ADT compared 
to those with localized CaP. There was a trend towards correlation between PSA and Gal-1 in the CRPC 
patients, indicating that AR transcriptional activity, which regulates PSA levels, also regulates Gal-1. These 
results are in support of our previous findings in vitro and in animal models indicating the same (Shih et al, Clin 
Cancer Res. 2018 Sep 1;24(17):4319-4331). However, in keeping with their castration resistant status, serum 
Gal-1 levels from the CRPC patients were refractory to treatment with the anti-androgen bicalutamide. Future 
studies will involve investigation of Gal-1 levels in sera of patients treated with enzalutamide or abiraterone 
acetate.  
 
<<21>> OVERALL SURVIVAL IN PATIENTS WITH METASTATIC PROSTATE CANCER: ROLE 

OF STATINS AND PSA NADIR AFTER ANDROGEN DEPRIVATION THERAPY 
Salma Siddiqui1, Blythe P. Durbin-Johnson2, Stanley A. Yap1,3, Ralph W. deVere White3, Paramita M. 
Ghosh1,3,4 
1VA Northern California Health Care System, Mather, CA, Departments of 2Public Health Sciences, Division of 
Biostatistics, 3Urologic Surgery and 4Biochemistry and Molecular Medicine, University of California, Davis, CA 

Background:  Statins are known to reduce prostate cancer (CaP) aggressiveness in both localized and 
metastatic disease. Studies have indicated that the use of statin drugs to lower cholesterol levels was 
associated with decreased risk of localized CaP, less frequent high grade CaP and lower CaP volume, 
suggesting that statin use has a protective effect against localized CaP. Another study indicates that 
postoperative statin use was significantly associated with reduced risk of biochemical recurrence (BCR) 
following radical prostatectomy (RP). However, less is known about a role for statins in metastatic CaP 
(mCaP). While it is known that hypercholesterolemia is associated with the development of castration resistant 
prostate cancer (CRPC) after androgen deprivation therapy (ADT) in patients with bone metastasis, it is not 
known whether the sequence of statin and ADT affects outcome. In this project, we conducted a retrospective 
analysis of survival outcomes in patients with mCaP undergoing ADT who were also being treated with a statin 
drug for hypercholesterolemia to determine this issue.   
 
Methods:  Charts of 162 patients with mCaP treated at the VA Northern California Health Care System 
(VANCHCS) with ADT and statins between 1992 and 2016 were analyzed for age, weight, race and ethnicity, 
smoking history, hormonal therapy and statin use. Overall survival (OS) was followed until 12/2016. Dates of 
initial ADT, initial diagnosis of metastasis and initial statin use were noted from the medical records entered 
into the Computerized Patient Record System (CPRS). Time to event outcomes (with the exception of time to 
Nadir PSA, which was not censored) were analyzed using Cox proportional hazard models. PSA Nadir and 
time to PSA Nadir were analyzed using linear models, with outcomes log transformed. All models include age 
at PSA diagnosis and year of metastatic diagnosis as covariates. Analyses were conducted using R, version 
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3.3.3(R Core Team, 2017). Cox proportional hazards analyses were conducted using the R package survival, 
version 2.41-3.  
 
Results:  Of the 162 total patients, 110 were on ADT following BCR at the time of diagnosis with distant 
metastasis (ADT before mets, ABM) while 50 were diagnosed with a distant metastatic lesion at the time of 
ADT administration (mets before ADT, MBA). 46.3% of the patients did not receive statin treatment whereas 
41.4% received statins prior to diagnosis with distant metastasis, and 12.3% started statins after metastasis 
diagnosis (29% prior to ADT treatment and 24.7% after starting on ADT). There was no effect of statins on OS 
among those who had a diagnosis of metastasis prior to initial ADT (MBA group). On the other hand, among 
those who developed metastases while on ADT (ABM group), statin use significantly increased OS (based on 
the time of metastasis diagnosis). However, within this group, the largest benefit was in the patients that 
received statins after starting ADT (HR = 0.51, p=0.022). The same group (subgroup within the ABM group 
who initiated statins after ADT) also took longer to reach PSA nadir following ADT compared to those who 
never received statins (R=1.79, p=0.031) and also took longer to be diagnosed with mCaP following ADT 
compared to those who had never been  (HR=0.45, p=0.003). These advantages were not seen in patients in 
the ABM group who were already on statins at the time of ADT initiation, and no advantages of statins were 
seen in the MBA group.  
 
Conclusions: Our data indicate that treatment with statins initiated after the patient has undergone ADT is 
beneficial to patients who develop distant metastases while on ADT treatment.  
 
Acknowledgements:  This work was supported by a Biomedical Laboratory Research & Development (BLRD) 
Merit Award (I01BX000400, PMG) from the Department of Veterans Affairs, and by Awards R01CA133209 
(PMG) and R01CA185509 (PMG) from the National Institutes of Health.  
 
<<22>> OVERCOMING EGFR AND ERK-MEDIATED RESISTANCE TO ENZALUTAMIDE IN 

CASTRATION-RESISTANT PROSTATE CANCER 
Thomas M. Steele1,2, Maitreyee K. Jathal1,2, Salma Siddiqui1,Sisi Qin4,XuBao Shi3, Clifford G. 
Tepper3, Ralph W. deVere White2, Manish Kohli4, Liewei Wang4, Allen C. Gao2, Paramita M. 
Ghosh1,2,3 
1VA Northern California Health Care System, Mather, CA, Departments of 2Urology and 3Biochemistry and 
Molecular Medicine, UC Davis Medical Center, Sacramento, CA, 4Mayo Clinic, Rochester, MN 

Background:  The androgen receptor (AR) remains a major therapeutic target in patients with castration-
resistant prostate cancer (CRPC). Enzalutamide, an AR inhibitor that is FDA-approved for patients with CRPC, 
prevents ligand induced AR transcriptional activity, but many initial responders become resistant to the drug. 
We previously demonstrated that the expression and activity of the epidermal growth factor receptor (EGFR) 
family of receptor tyrosine kinases is upregulated in CRPC patients. The project was undertaken to determine 
whether activation of the EGFR family (EGFR/ErbB2/ErbB3/ErbB4) and downstream signaling effector (ERK 
1/2) play a role in enzalutamide resistance and whether treatment with ErbB or ERK inhibitors overcome this 
resistance. 
 
Methods:  Human prostate tumor cell lines were cultured in 10% FBS. Normal immunoblotting techniques were 
used. MTT assays were used to determine cell viability with enzalutamide, lapatinib (HER2/EGFR inhibitor), 
erlotinib (EGFR inhibitor), dacomitinib (pan-ErbB inhibitor), or ulixertinib (ERK inhibitor). Protein levels were 
reduced with siRNA. Whole genome sequencing was conducted at the UC Davis Comprehensive Cancer 
Center Genomics Core. Prostate tumor tissues harvested from patient derived xenograft (PDX) mice models 
were prepped with gentle MACs dissociators (MiltenyiBiotec, Bergisch Gladbach, Germany). Organoids were 
collected and treated with DMSO, enzalutamide, erlotinib, or the combination in the presence of DHT.  
 
Results:  After creating enzalutamide resistant C4-2B and 22Rv1 by culturing cells with drug, comparison of 
the genomic make-up of resistant cell lines to parental counterparts demonstrated that the ErbB signaling 
network was upregulated in the resistant lines. Genes encoding ligands that activate EGFR were upregulated 
in MDVR cells, and the transcribed proteins phosphorylated EGFR (Y1068 and others). Comparison of PCa 
cell lines demonstrated a strong correlation between phosphorylation at Y1068 and enzalutamide resistance. 
Knockdown of EGFR (not ErbB2, ErbB3) effectively reduced viability in CWR-R1. Erlotinib and dacomitinib 
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suppressed viability in combination with enzalutamide while lapatinib did not. Overexpression of EGFR in 
LNCaP cells conferred sensitivity to erlotinib whereas inhibition of EGFR had the opposite effect. Therefore, 
enzalutamide-resistant tumors with higher EGFR may respond more to erlotinib. Hence, organelles from PDX 
tumors with low or high EGFR were treated with erlotinib, enzalutamide, or combination, and tumors 
expressing high EGFR were more responsive to the combination. Finally, we investigated the cause for greater 
efficacy with erlotinib compared to lapatinib in PCa. Comparing different ligands’ effects revealed that both 
lapatinib and erlotinib both inhibit EGFR phosphorylation, but only erlotinib inhibits EGF-induced ERK 
phosphorylation, indicating an important role for ERK in the EGFR mediated enzalutamide-resistance. 
Continuous culture of enzalutamide-sensitive C4 cells with drug resulted in the appearance of constitutive ERK 
phosphorylation, and the now enzalutamide-resistant cell line was more susceptible to erlotinib. Additionally, 
only knockdown of EGFR (not ErbB2/ErbB3) inhibited ERK phosphorylation, and the direct ERK inhibitor 
ulixertinib reduced viability of enzalutamide-resistant lines, suggesting ERK as a possible therapeutic target. 
 
Conclusions:   We conclude that enzalutamide treatment causes an increase in EGFR ligands that result in the 
EGFR phosphorylation (Y1068), resulting in ERK phosphorylation. EGFR inhibitors that prevent ERK 
phosphorylation were effective in suppressing viability of enzalutamide-resistant CRPC cells, whereas ErbB2 
inhibitors that did not affect ERK phosphorylation were less effective. These results demonstrate why certain 
ErbB inhibitors failed to affect enzalutamide-resistant CRPC tumors but provide encouragement for others.  
 
Acknowledgements:  This study was supported by Medivation Inc./Astellas/Pfizer. This work was supported by 
a Biomedical Laboratory Research & Development (BLRD) Merit Award (I01BX000400, PMG) from the 
Department of Veterans Affairs, and by Awards R01CA133209 (PMG) and R01CA185509 (PMG) from the 
National Institutes of Health. 
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FRIDAY POSTER PRESENTATIONS (ABSTRACTS) 
 

<<1>> COMBINATORIAL CHEMISTRY AND CHEMICAL BIOLOGY SHARED RESOURCE 
(CCCBSR) 
Ruiwu Liu1, Urvashi Bhardwa1j, Yousif H. Ajena1, Kit S. Lam1 

1Department of Biochemistry & Molecular Medicine, UC Davis Comprehensive Cancer Center, University of 
California Davis, Sacramento, CA 95817 

Combinatorial Chemistry and Chemical Biology (CCCB) shared resource provides a high throughput screening 
platform for users to discover unique chemical probes against biological targets using various one-bead one-
compound (OBOC) and one-bead two-compound (OB2C) combinatorial libraries. In addition, CCSR provides 
custom synthesis of telodendrimer-based micellar nanoparticle platform for efficient drug delivery, and polyvinyl 
alcohol (PVA)-based nanomicelles for loading or conjugation of drugs. The CCCB shared resource provides 
hand-on training for resource users at all levels and interacts closely with users. Examples of available 
services include 1) providing diverse pre-made OBOC and OB2C combinatorial libraries; 2) optimization of the 
lead compounds identified from library screening via focused libraries and standard medicinal chemistry 
techniques; 3) design, synthesis and screening of custom-made combinatorial libraries; 4) re-synthesis of 
compounds (peptides, peptidomimetics, peptoids and small molecules) in on-bead and soluble form for in vitro 
and in vivo evaluation; 5) assisting users who use shared resource technology to apply for grants. The CCCB 
Shared Resource continues to develop new technologies for chemical biology. One newly added service is the 
preparation of peptide microarray, which will be useful for studying structure-activity relationships (SAR) and 
optimization of lead compounds using microfluidic synthesis technology. This shared resource is located in 
Oak Park Research Building at the Sacramento campus and has a satellite site in Tupper Hall in Davis. The 
whole list of services and instruments available for on-campus and outside users from the shared resource will 
be presented. Cancer center members will receive discounted price. 
 
The Combinatorial Chemistry and Chemical Biology shared resource is funded by the UC Davis 
Comprehensive Cancer Center Support Grant (CCSG) awarded by the National Cancer Institute (NCI 
P30CA093373).The authors would like to thank Xiaocen Li, Jiannan Li, Jonathan S. Huynh, Bethany Ming-
Choi Pan and Tingrui Pan for their contributions. 
 
<<2>> FLOW CYTOMETRY SHARED RESOURCE (FCSR) 

Bridget McLaughlin, Jonathan Van Dyke 

Introduction:  The Flow Cytometry Shared Resource (FCSR) provides UC Davis labs and external clients with 
access to separative and analytical cytometry equipment and services to support research, clinical trials and 
products. The ever-increasing demand for high-content flow cytometry is driven by the need for high 
throughput measurements of up to 24 individual cell surface and cytoplasmic biomarkers. With Flow 
Cytometry, it is possible to correlate the phenotype and function of millions of cells from blood, tissue and other 
biological specimens in minutes, comprehensively characterizing individual cells with confidence and precision 
not afforded by methods that include bulk cell preparations. The field of cytometry has expanded over the past 
30 years to include cell labeling and selection approaches that are useful for studying a wide range of 
biological systems including human disease (cancer, genetic and viral) research, animal disease and models, 
agricultural research (livestock and plant crops), and marine studies. The FCSR assists users with 
experimental design, instrument operation, cancer research, virus research, cardiology, cell signaling data 
analysis and provides education on cutting edge and routine applications. 
 
Services and Equipment Provided:  Recently the FCSR has added new equipment to support multiparameter 
characterization of cancer immune correlates for human and large animal studies. The new Cytek Aurora 
spectral cytometer offers Cancer researchers the option of designing 24+ staining panels using fluorophores 
that are indistinguishable by traditional spectral deconvolution methods, but are readily discernable using each 
dye’s unique spectral characteristics. Three main advantages are: 

1. Increased multiplexing capability 
2. Higher resolution, lower background, tissue and cellular autofluorescence subtraction 
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3. Panels can combine common fluorophores, an advantage for canine, feline and other large animal 
immunological studies where reagent availability is challenging 

 
Financial support for targeted, pilot studies:  Pilot and Feasibility Awards 
Recently designated as a full-service “Campus Research Core Facility” by the Research Core Facility Program 
within the Office of Research, the FCSR facilitates interactions among researchers using cytometry techniques 
and stimulates the development of new approaches for cancer research. As a Campus Research Core Facility, 
the FCSR is eligible to enroll investigators in an award program to fund pilot projects aimed at generating 
preliminary data and exploring the feasibility of new techniques. Three types of services are eligible: 

1. Cell sorting using the Astrios (Davis campus) or inFlux (Sacramento campus) multiparameter cell 
sorters 

2. Single cell genomics & transcriptomics “complete pipeline” approaches that include cell sorting, single 
cell encapsulation, lysis, sequencing and bioinformatics analysis.  

3. Multiparameter (up to 24 color) cellular profiling of tumor and responding immune cells using the newly 
available, high-resolution Aurora spectral cytometer on the Davis campus. 

Details on the Pilot and Feasibility Award Program can be found at: 
https://research.ucdavis.edu/research/core-facilities-services/core-resources/ 
 
Supported by NCI Cancer Center Support Grant P30CA093373 (PI: Lara). 
 
<<3>> GENOMICS SHARED RESOURCE (GSR) 

Clifford G. Tepper1,3, Stephenie Y. Liu2,3, Ryan R. Davis2,3, Jeffrey P. Gregg2,3 

1Departments of Biochemistry and Molecular Medicine, UC Davis School of Medicine 
2Pathology and Laboratory Medicine, UC Davis School of Medicine  
3UC Davis Comprehensive Cancer Center, Sacramento, CA  95817 

The Genomics Shared Resource (GSR) provides expertise and comprehensive services to accomplish virtually 
every application of next-generation sequencing (NGS), microarray, and Nanostring nCounter-based genomics 
research, including whole transcriptome profiling (RNA-Seq), mutation/variant screening (WES), copy number 
analysis, epigenomics, and metagenomics. The GSR also provides a wide range of services for translational 
and clinical genomics research with optimized protocols for the preservation and analysis of clinical samples 
from a broad range of sources (e.g., FFPE tissue, whole blood, serum, saliva, PDXs) and of extremely small 
amounts. Moreover, investigator-driven projects are supported by the development of customized protocols 
and reagents, including targeted NGS panels and methods for the analysis of circulating tumor DNA, exosomal 
miRNA, viral genomes, and long-range chromatin interactions. Ancillary services are also available for nucleic 
isolation, qPCR validation, and project design. To complement these services and to help achieve productive 
outcomes from genomics experiments, the GSR provides extensive data analysis and integrative 
bioinformatics support. Investigators are invited to attend our monthly Genomics Pop-in Workshops for 
presentations on various topics in genomics, and to discuss design and approaches for their own projects. 
Please contact the Genomics Shared Resource (mpsr@ucdavis.edu) for additional information and/or 
https://gsr.youcanbook.me/ to schedule an appointment. 
 
Supported by NCI Cancer Center Support Grant P30CA093373 (PI: Lara). 
 
<<4>> MOUSE BIOLOGY SHARED RESOURCE (MBSR) 

Kent Lloyd 

The Mouse Biology (MB) Shared Resource (SR) dedicates resources and expertise to make genetically (e.g., 
knockout) and surgically (e.g., PDX) –modified mouse models for cancer research, including Mouse Model 
Creation Services (generation of knockout, knockin, and transgenic mouse strains by microinjection, gene 
targeting by homologous recombination in ES cells and CRISPR/Cas9 targeting in embryos, genotyping, 
procurement, importation and rederivation to generate pathogen-free mice, cryopreservation and resuscitation 
of embryos and germplasm, assisted reproduction procedures, and PDX/PetDx model creation), Mouse 
Husbandry and Maintenance Services (colony management, health surveillance and disease prevention, 
sharing and distribution of strains), and Mouse Phenotyping Services (gross and microscopic pathology, small 
animal imaging procedures) to support members of the UC Davis Comprehensive Cancer Center (CCC).  

https://research.ucdavis.edu/research/core-facilities-services/core-resources/
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Mouse models used as animal surrogates for humans is essential for contributing new scientific knowledge 
that advances our understanding of cancer processes and mechanisms of action.  To do so requires expertise 
and adeptness in mouse biology and genetics, molecular transgenesis, gene targeting, genome editing 
cryopreservation and cryorecovery, pathophysiological phenotyping, PDX/PetDX modeling, expansion, and 
testing, molecular analyses, and other techniques.  In this context, the MBSR provides CCC members access 
to technologies, services, and scientific consultation that assists, facilitates, and supports the application of 
mouse models in cancer-related research.  The MBSR is physically located in facilities strategically located 
between the Davis and Sacramento campus’ and within close proximity and reasonable access to CCC 
members across all research program areas.  By ensuring greater stability, reliability, cost-effectiveness, and 
quality control, the MBSR enhances scientific interaction and productivity of CCC researchers using mouse 
models to study cancer. 
 
Supported by NCI Cancer Center Support Grant P30CA093373 (PI: Lara). 
 
<<5>> MOLECULAR PHARMACOLOGY SHARED RESOURCE (MPSR) 

Meijuan Tu, Anthony Martinez, Aiming Yu  

The Molecular Pharmacology Shared Resource (MPSR) provides a variety of services to support clinical trials 
and preclinical drug development at the NCI-designated Comprehensive Cancer at UC Davis. The MPSR 
offers a mechanism for high-quality collection, processing and analysis of clinical specimens for 
pharmacokinetic and correlative studies from clinical trial patients. Furthermore, the MPSR conducts preclinical 
assessment of novel anti-cancer agents to test hypotheses and develop the scientific rationale required for 
translation of laboratory concepts into clinical trials, including the investigation of drug 
metabolism/pharmacokinetics/pharmacodynamics (DM/PK/PD) properties, pharmacological mechanisms and 
possible biomarkers and molecular signatures. In this presentation we will present the structure and expertise 
at MPSR and exemplify the services offered to clinicians and investigators that can leverage the practice of 
clinical therapy and advances in cancer pharmacology and drug development at UC Davis Cancer Center. 
 
Supported by NCI Cancer Center Support Grant P30CA093373 (PI: Lara). 
 
<<6>> THE IMPACT OF THE AFFORDABLE CARE ACT DEPENDENT COVERAGE 

EXPANSION ON MEDICAID AT DIAGNOSIS ENROLLMENT AMONG ADOLESCENT 
YOUNG ADULT CANCER PATIENTS  
Frances B. Maguire1, Cyllene R. Morris1, Arti Parikh-Patel1, Kenneth W. Kizer1,2,3, Theresa H. M. 
Keegan4 
1California Cancer Reporting and Epidemiologic Surveillance Program, Institute for Population Health 
Improvement, University of California Davis  
2Department of Emergency Medicine, University of California Davis School of Medicine 

3Betty Irene Moore School of Nursing, University of California Davis 
4Center for Oncology Hematology Outcomes Research and Training (COHORT) and Division of Hematology 
and Oncology, University of California Davis School of Medicine 

Background:  Uninsured patients can qualify for Medicaid coverage after a cancer diagnosis. Beginning in 
September 2010, the Affordable Care Act Dependent Coverage Expansion (ACA-DCE) allowed young adults 
to remain on their parents’ health insurance plans until age 26. Little is known about the impact that the ACE-
DCE has had on enrollment in Medicaid at cancer diagnosis. 
 
Purpose:  To describe changes in insurance coverage among adolescent young adults (AYAs) diagnosed with 
cancer pre and post ACA-DCE. 
 
Methods:  AYA patients (ages 22-30) with twelve common cancers diagnosed from 2005-2014 were identified 
using California Cancer Registry data. This cohort was linked to California Medicaid enrollment files to 
determine continuous enrollment, discontinuous enrollment or enrollment at diagnosis, with other types of 
insurance determined from registry data. Multivariable logistic regression evaluated factors associated with 
enrollment in Medicaid at diagnosis for those diagnosed March 2005 to September 2010 (pre ACE-DCE) and 
for those diagnosed October 2010 to December 2014 (post ACE-DCE).   
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Results:  Among 7,286 AYA cancer patients ages 22 to 25, 61% had private insurance, 11% had continuous 
Medicaid, 12% had Medicaid at diagnosis, 5% had discontinuous Medicaid, 3% had other public insurance, 
and 5% were uninsured. Compared to AYA cancer patients ages 26 to 30, patients ages 22 to 25 were more 
likely to enroll in Medicaid at cancer diagnosis pre ACE-DCE (OR=1.33, 95% CI=1.16-1.53). Post ACE-DCE, 
AYAs ages 22 to 25 were not significantly different from AYAs ages 26 to 30 in their enrollment in Medicaid at 
diagnosis (OR=0.96, 95% CI=0.84-1.10). 
 
Conclusion:  The ACE-DCE has had a modest impact on enrollment in Medicaid at cancer diagnosis among 
AYAs ages 22 to 25.  
 

<<7>> DECREASED EARLY MORTALITY IN YOUNG ADULTS WITH ACUTE LYMPHOBLASTIC 
LEUKEMIA TREATED AT SPECIALIZED CANCER CENTERS IN CALIFORNIA  
Elysia Alvarez1,2, Marcio Malogolowkin3, Qian Li4, Lori S. Muffly5, Ted Wun6, Ann M Brunson4, Brad 
Pollock7,  Theresa H.M. Keegan 
1Division of Pediatric Hematology and Oncology, Stanford University Medical School, Suite 300, CA  

2Stanford University School of Medicine, Palo Alto, CA 
3Division of Pediatric Hematology and Oncology, University of California Davis School of Medicine, Sacramento 

 4Center for Oncology Hematology Outcomes Research and Training (COHORT), Division of Hematology and 
Oncology, University of California Davis School of Medicine, Sacramento, CA  
5Division of BMT, Stanford University, Stanford, CA  
6UC Davis Comprehensive Cancer Center, Sacramento, CA 
7Department of Public Health Sciences, University of California Davis School of Medicine, Davis 

Background:  A population-based study suggested that adolescent and young adults with acute lymphoblastic 
leukemia (ALL) have superior survival when treated at specialized cancer centers (SCC; versus community 
hospitals). However, the association of location of initial care with early mortality (death within 60 days) has not 
yet been evaluated in children and adolescents and young adults with ALL. Therefore, we examined the impact 
of location of initial care, sociodemographic factors and complications on early mortality in children (0-18 years) 
and adolescent and young adults (AYAs; 19-39 years) with ALL. 
 
Methods:  Using the California Cancer Registry linked to a hospitalization database in California, we identified 
children and AYAs with first primary diagnosis of ALL who received inpatient treatment within 60-days of 
diagnosis between 1991 and 2014. SCCs were defined as Children’s Oncology Group or National Cancer 
Institute (NCI)-designated cancer centers for children and NCI-designated cancer center for AYAs. Children 
and AYAs were classified as receiving all or part/none of their care at a SCC within 60-days of diagnosis. 
Multiple logistic regression was used to identify factors associated with receiving all initial care at a SCC and to 
build a propensity score separately for children and AYAs. Inverse probability-weighted, multivariable logistic 
regression models estimated the associations between location of care, sociodemographic characteristics, 
clinical factors and complications with early mortality. Results are presented as odds ratios (ORs) and 95% 
confidence intervals (CI). 
 
Results:  Of the 6,531 patients with ALL in our study, the overall early mortality rate for was 2.1% in children 
and 6.3% in AYAs. The majority of children received all of their care at an SCC (n=4752, 85.4%) compared to 
only 36.1% of AYAs (n=1779). Rates of early mortality varied significantly by location of care and age (children: 
all care at an SCC 1.9% vs part/none 3.2%, p=0.04; AYAs: all care at an SCC 3.9% vs part/none 7.7%, 
p=0.002). Among children, factors associated with receiving all care at a SCC were younger age, Hispanic 
race/ethnicity (vs non-Hispanic white), more recent diagnosis and having public/no insurance (vs private). 
Factors associated with receiving all care at a SCC among AYAs were younger age, non-Hispanic white 
race/ethnicity (vs Hispanic), public/no insurance, and living in a lower socioeconomic status (SES) 
neighborhood. In multivariable, inverse probability weighted models, receiving all care at a SCC (versus 
part/no care) was associated with significantly lower early mortality in AYAs (OR 0.44, CI 0.27-0.74), but not in 
children (OR 0.61, CI 0.34-1.08). Higher early mortality in children was associated with complications of 
bleeding (OR 5.73, CI 2.76-11.90), sepsis (OR 2.02, CI 1.01-4.04), renal (OR 4.1, CI 2.17-7.76) and respiratory 
failure (OR 5.48, CI 2.66-11.29). In AYAs, higher early mortality was associated with older age (>29), having a 
comorbidity (OR 1.83, CI 1.08-3.10) and complications of liver failure (OR 8.03, CI 2.41-26.76), renal failure 
(OR 2.45, CI 1.33-4.52) and respiratory failure (OR 11.89, CI 5.87-24.09). Early mortality was not associated 
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(A) Fresh unsectioned squamous 
cell carcinoma of the tonsil: (A) 
fluorescence MUSE image, (B) 
virtual H&E converted from the 
MUSE image, (C) a frozen section 
of the same piece of tissue 
exhibiting frozen artifact, appearing 
as holes in nuclei, and gaps in the 
section 

 

with race/ethnicity, neighborhood SES or health insurance for either age group. Rates of complications were 
similar by location of care in children and AYAs except for thrombosis in children (all: 0.40% vs part/none: 
1.00% p=0.03) and renal failure in AYAs (all: 14.3% vs part/none: 10.7% p=0.03). 
 
Conclusions:  Our results suggest that treatment at a SCC is associated with a significantly lower early 
mortality for AYA patients after adjusting for sociodemographic and clinical factors. We observed a borderline 
difference in mortality by location of care in children, likely because, in contrast to AYAs, the vast majority of 
children are seen at SCCs. The reduction in mortality at SCCs may be due to access to clinical trials and other 
specialized services available at these types of institutions. 
 
<<8>> MUSE: AN ALTERNATIVE TO FROZEN SECTION ANALYSIS  

Austin Todd, Farzad Fereidouni, Richard Levenson 
Department of Pathology and Laboratory medicine 

Frozen section analysis requires freezing the tissue in an embedding material to make it stiff enough to cut 
thin-sections which are stained with H&E for intraoperative analysis of tissue samples. While offering a rapid 
alternative to formalin fixation and paraffin embedding this process creates artifacts due to ice-crystal formation 
which may obscure critical features 
of the tissue. Frozen sections also 
suffer from other limitations as well; 
for example, difficulty in sectioning 
fatty tissues. Other cellular-scale 
techniques, such as confocal 
microscopy or optical coherence 
tomography, do not require thin 
sections but may involve additional 
cost and complexity. We describe the 
use of Microscopy with Ultraviolet 
Surface Excitation (MUSE), as a 
promising alternative to conventional 
frozen sections. MUSE is a 
fluorescence based approach, and 
the complete imaging by MUSE, can 
be accomplished within 2-3 minutes 
of receipt of the specimen. The 
images can be converted to 
resemble brightfield images of slides 
viewed via conventional transmission 
microscopy, facilitating pathological interpretation. MUSE's non-destructive imaging process also leaves 
samples intact for subsequent downstream molecular or genetic analysis, necessary for the practice of 
precision medicine. These features make MUSE a significant new technology that could dramatically 
accelerate preclinical and clinical workflow while reducing cost by facilitating novel point-of-care decision-
making in both low- and high-resource clinical settings. 
 
<<9>> DETERMINING GENE EXPRESSION VARIABILITY BETWEEN IN VITRO AND IN VIVO 

CANCER MODELS: MONOLAYER, SPHEROIDS, AND MOUSE ALLOGRAFTS 
Nicholas R. Hum1,2, Wei He1, Aimy Sebastian1, Elizabeth K. Wheeler1, Matthew A. Coleman1 and 
Gabriela G. Loots1,2 
1Lawrence Livermore National Laboratory, Physical and Life Sciences Directorate, Livermore, CA, USA.  
2UC Merced, School of Natural Sciences, Merced, CA, USA  

An ideal pre-clinical environment that recapitulates in vivo growth conditions ex vivo is an essential pre-
requisite for effective drug screening have. Conventional monolayer culturing of cancer cells as a pre-clinical 
model have repeatedly failed to recapitulate responses seen clinically. While 3D culturing methods are able to 
generate some level of tumor heterogeneity including hypoxic core, cell-cell interactions, gradients of drug 
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penetration, as well as cancer stem cell differentiation, these culturing methods fail to incorporate the complex 
heterogeneous cell composition and transient fluxes in nutrients or drugs. This study aims to elucidate 
biological processes deficient in conventional in vitro methods from in vivo grown allograft cancer cells via 
transcriptome analysis.  
 
This study received funding from LLNL LDRD grant 17-ERD-121. This work was conducted under the auspices 
of the USDOE by LLNL (DE-AC52-07NA27344). LLNL-ABS-742705 
 
<<10>> BIOENGINEERING OF MICRO-1291 AGENTS FOR CANCER THERAPY RESEARCH  

Brandon Chew, Mei-juan Tu, Ai-Ming Yu 
Department of Biochemistry & Molecular Medicine, School of Medicine, UC Davis, Sacramento, CA 95817 

MicroRNAs (miRNAs) have be found to play critical roles in the modulation of cellular processes including 
tumor initiation and progression via the suppression of multiple target genes, suggesting the potential of 
developing miRNA-based therapy. Our recent studies have demonstrated that miR-1291 suppresses the 
proliferation and tumorigenesis of pancreatic cancer cells. This study aimed to develop a biologic platform to 
produce large quantities of bioengineered miR-1291 agent (BERA/mir-1291) with no artificial modifications and 
investigate the effects of BERA/miR-1291 on pancreatic cancer cell viability. We combined tRNA with pre-miR-
1291 and cloned the chimeric BERA/mir-1291 into expression plasmids by using restriction enzymes, and then 
transformed the recombinant plasmids into E. coli. After fermenting the bacteria and confirming overexpression 
of BERA/miR-1291 using urea PAGE, the miRNA was extracted and purified by an anion exchange fast protein 
liquid chromatography (FPLC) method. 15.6 mg of total RNA was extracted from 1 liter of bacteria and then 
purified to 5 mg of BERA/miR-1291, with 99% purity confirmed by high-performance liquid chromatography 
(HPLC) assay. AsPC-1 (human pancreatic cancer) cells were transfected with BERA/miR-1291 in a cell 
viability assay, in which BERA/mir-1291 displayed significant anti-proliferation effects, compared to vehicle and 
tRNA controls. 
 
<<11>> INVESTIGATION OF SUAMC AND ARTICHOKE EXTRACTS AS ADJUVANTS FOR 

PANCREATIC CANCER 
Mohammadamin Asadirad, George Talbott, Daniel Oh, Milsoz Blyszczek, Tibebe Woldemariam, 
Ashim Malhotra  
Department of Pharmaceutical and Biomedical Sciences, College of Pharmacy, California Northstate University  

Pancreatic adenocarcinoma (PCa) is an aggressive disease with a high mortality and only a 6-8% survival rate 
over a 5-year period following diagnosis. PCa is the fourth leading cause of deaths due to cancer and is poised 
to become the second leading driver of cancer mortality by 2020. Each year it kills 53,000 Americans and 
250,000 people worldwide. Little is known about specific therapeutic target sites and there is no cure. 
Chemotherapy with gemcitabine or the FOLFIRINOX drug cocktail remains ineffective due to the development 
of high chemoresistance. Our previous work has shown that mitochondrial renewal pathways prevent the 
accumulation of damaged mitochondria in response to drug therapy in the PCa cell lines MIA PaCa-2 and 
PANC-1. We hypothesized that this inhibits apoptosis and limits drug response. In our current work we 
explored the use of dietary components of Middle Eastern diet (DCME) in mitigating mitochondrial renewal by 
inhibiting mitochondrial repair and regeneration. Our goal is elucidate the mechanism by which Middle Eastern 
diet components overcome chemoresistance in pancreatic adenocarcinoma (PCa). We postulated that DCME 
will synergize the cytotoxicity of chemotherapeutic agents. We also hypothesized that this approach would help 
identify novel intracellular targets that are involved in mitochondrial renewal following drug treatment in PCa 
cells. We prepared crude aqueous and acetone extracts from seven different spices and plants used in Middle 
Eastern and Indian cuisines, including artichoke (Cynara scolymus), curry leaf (Murraya koenigii), dill (Anethum 
graveolens), noni (Morinda citrifolia), olive (Olea europaea), rose (Rosa damascena), and sumac (Rhus 
coriaria). Briefly, macerated 5 g plant samples were extracted with either water or acetone for 24 hours, either 
freeze dried or the solvent was removed by evaporation, and the percent yield of the dried residue was 
determined. To identify possible novel peptides, we initiated our analysis with the aqueous extracts, a Reverse-
Phase High-Performance Liquid Chromatography (RP-HPLC) method was developed using a water:methanol, 
gradient 100:0 to 0:100 % over 20 minutes for separation of the compounds. The RP-HPLC LaChrom Elite® 
Hitachi System is equipped with a photodiode-array detector (L-2455).  To determine bioactivity, we treated 
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human PCa cells lines, MIA PaCa-2 and PANC-1 with exponentially increasing doses of these crude aqueous 
extracts at 300 ng/mL, 3 µg/mL, 30 µg/mL, and 300 µg/mL for 48 hours followed by an MTT-based cell viability 
assay. We selected MIA PaCa-2 cells because they harbor the established mutation in the human homologue 
of the Kirsten Rat Sarcoma viral oncogene (KRAS) which is found in 90% of PCa patients and originated from 
a male patient. The PANC-1 cell line was included to compare and contrast the effects of dietary components 
in the context of possible genetic selectivity since this cell line originated from a female and has a different 
KRAS gene mutation. Our data showed that sumac and artichoke aqueous extracts induced the maximum 
cytotoxicity, with the highest dose being almost 100% lethal. To identify specific compounds in our extracts, we 
used a fractional approach based on our preparative HPLC, preparing and re-testing three fractions from the 
crude extracts of sumac. In the course of our bioassay-guided screening of compounds, 100 mg of the residue 
was chromatographed onto a silica gel column and gradient eluted using dichloromethane/methanol (gradient, 
0, 100%, v/v). All the fractions and eluates were monitored by thin layer chromatography (TLC) using 
precoated silica gel 60 F254, 0.25 mm aluminum backed plates (Merck). As our fractions showed cytotoxicity 
in both the PCa cell lines, LC-MS based analysis of these fractions is currently underway to identify the specific 
bioactive compounds. To address whether the observed cytotoxicity of the crude aqueous extracts of sumac 
and artichoke was limited to PCa cells, we compared cytotoxicity in NIH-3T3 cells as a non-cancer control. 
Sumac and artichoke aqueous extracts allowed greater cell viability at comparative doses in NIH-3T3 cells 
when compared to MIA PaCa-2 and PANC-1. Additionally, we also tested the effect of a 1:1 combination of the 
aqueous extracts of sumac and artichoke on the viability of the two PCa cell lines and found evidence for 
synergism. Our results suggest that sumac and artichoke are cytotoxic to the selected PCa cell lines. We are 
currently investigating the effect of these agents on caspase-3 and 7 activation in PCa cells. Our future work 
will explore possible mechanisms by testing the effect of these extracts on the production of reactive oxidative 
species in the mitochondria. Our work will address the gap in knowledge of mt-renewal process in PCa, 
especially in response to dietary components.  
 
<<12>> DNA METHYLATION AND p53 HAVE OPPOSING ROLES IN THE ACCUMULATION OF 

NFATc1 DURING THE INITIATION OF PANCREATIC CANCER 

Stella Joh1,2, Senta Georgia3,4 
1CHLA Summer Oncology Research Fellowship Program  
2California Northstate University College of Medicine  
3Center for Endocrinology, Diabetes, and Metabolism, Saban Research Institute, CHLA  
4Department of Stem Cell and Regenerative Medicine, USC 

Pancreatic cancer is the 4th leading cause of death due to cancer worldwide with increasing rates of mortality. 
Pancreatic ductal cell adenocarcinoma (PDAC) is the most common type of pancreatic cancer with frequent 
KRAS mutations and DNA methylation has been shown to have a critical role in PDAC and pancreatic cellular 
identity.  The Georgia lab has shown in unpublished data that DNMT1KOp53+/- induces pancreatic ductal 
neoplasia in mice without KRAS mutation, suggesting an additional pathway of PDAC initiation. We sought to 
characterize the components of this pathway by focusing on NFATc1, an inflammatory-induced transcription 
factor that has been shown to be regulated by both DNA methylation and p53. NFATc1 is frequently and 
ectopically expressed in PDAC and has been shown to have a critical role in acinar-to-ductal metaplasia 
(ADM) and epithelial-to-mesenchymal transition (EMT), both of which drive PDAC progression. We 
hypothesize that DNA hypomethylation and downregulation of p53 will increase NFATc1 activity and 
drive the initiation of PDAC via EMT. Immunohistochemical analysis revealed more homogenous 
cytoplasmic localization and increased NFATc1 accumulation in pancreatic ducts of DNMT1KOp53+/- mice 
compared to that of WT and p53KO mice, suggesting DNMT1 and p53 may be synergistically regulating 
NFATc1 in pre-PDAC lesions. We pursued further studies using the PANC-1 human pancreatic cancer cell line 
to examine the dynamics of NFATc1 expression when decreasing p53 expression and DNA methylation. 
Immunocytochemistry using antibodies directed at NFATc1 and qPCR of NFATc1 and EMT markers were 
performed on hypomethylated (5-AzadC treated), p53 knockdown, and combined hypomethylated/p53 
knockdown PANC-1 cell populations. Immunocytochemical analysis and qPCR results revealed 
hypomethylated PANC-1 cells increased NFATc1 gene expression and protein accumulation, whereas p53 
knockdown decreased both. NFATc1 overexpression may be an effect of hypomethylation, in a mechanism 
similar to ones described in diseases such as CLL. Unexpected results of p53 stabilizing NFATc1 may be due 
to a gain-of-function p53R273H mutation found in PANC-1 cells. These results suggest that unlike the mouse 
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results, there may be an antagonistic rather than a synergistic relationship between DNA methylation and p53 
on driving NFATc1 activity in the initiation of PDAC in human pancreatic cells.  
 
Acknowledgements:  Thank you to the CHLA/USC Summer Oncology Research Fellowship Program for this 
opportunity. Thank you to Kate Millette and Annie Wu for their technical assistance. The Georgia Lab is funded 
by the Larry L. Hillblom Foundation and the Saban Research Institute.  
 
<<13>> ASSOCIATIONS BETWEEN SOMATIC MUTATIONS AND CLINICAL MANIFESTATIONS 

IN SOUTH AMERICAN HISPANIC PATIENTS WITH PAPILLARY THYROID CANCER 
Ana P. Estrada-Florez1, Mabel E. Bohorquez1, Carlos S. Duque2, Jorge Donado2, Gilbert Mateus3, 
Fernando Bolaños4, Alejandro Velez2, Erika Estrada5, Guadalupe Polanco-Echeverry5, Ruta 
Sahasrabudhe5, Elisha Garcia5, Magdalena Echeverry1, Luis G. Carvajal-Carmona5, 6 

1Universidad del Tolima, Ibague, Colombia  
2Hospital Pablo Tobon Uribe, Medellin, Colombia  
3Hospital Federico Lleras Acosta, Ibague, Colombia 
4Hospital Hernando Moncaleano Perdomo, Neiva, Colombia 
5University of California, Davis, CA 
6Fundación de Genética y Genómica, Medellín, Colombia 

Papillary thyroid cancer (PTC) is the second most commonly diagnosed tumor in U.S. Hispanic women, 
representing ~9% of all incident female cancer cases in this minority. In Colombia, a country with a 
predominantly Hispanic population, PTC is the fifth most commonly diagnosed cancer in women. Several 
studies, predominantly in non-Hispanic whites (NHW), have associated the RAS-RAF gene and TERT 
promoter mutations with severe PTC clinical manifestations. We investigated associations between mutations 
in these genes and clinicopathological data (age, gender, histological type, tumor features and AJCC stage) in 
147 Colombian cases (77 with classical variant PTC, CVPTC and 70 with follicular variant PTC, FVPTC). 
DNA from archival samples was isolated using standard methods and mutation status at hotspots in BRAF 
(V600E), NRAS (Q61R, Q61K), HRAS (Q61R, Q61K) and TERT (C228T, C250T) were assessed using 
Sanger sequencing. Clinicopathological data between mutation carriers and non-carriers and with data from 
NHWs in the TCGA were carried out with t-tests and odds ratios (OR). BRAF V600E was detected in 57% of 
all cases, a rate that is similar to NHW (64%; P=0.29). TERT promoter mutations were found in 16.3% of all 
cases, a rate that is significantly higher than in NHW (10%, p= 0.04). 4.1% of cases had mutations in 
HRAS/NRAS, which is lower than in NHW (11%; P=0.04). Given the low RAS gene mutation frequency, 
comparisons with clinical data were carried only with BRAF and TERT data. BRAF/TERT mutation positive 
samples (BRAF+/TERT+, n=14) were compared to mutation-negative cases for either or for both genes 
(n=137). BRAF+/TERT+ tumors were more common in CVPTC than in FVPTC (14.7% vs. 4.5%; OR=4.7; 
P=0.02), and in cases with tumors >2cm (14.8% vs. 3.8%; OR=4.8; P=0.03), with lymph node metastasis 
(15.2% vs. 4.9%; OR=6.1; P=0.009), with extrathyroidal extension (17.6% vs. 4.2%; OR=4.6; P=0.03), and 
advanced AJCC stage (26.2% vs. 2.1%; OR= 19.8; P=6.4x10-5). PTC is considered a relatively benign 
malignancy with good prognosis and a survival in the U.S. but we found a high fraction of Colombian cases in 
advanced AJCC Stage (30%) and with distant metastasis (6%), suggesting that most cases were not the 
result of incidental findings, a common phenomenon in developed countries where most PTCs are likely the 
result over-diagnosis. In summary, we present the first report of BRAF/RAS/TERT mutations in Hispanics with 
PTC from Latin America, demonstrate the utility of these mutations to identify cases with severe disease and 
generate a body of data that will be important for the establishment of PTC precision medicine in the region.  

Acknowledgements:  Citogenetic’s Lab and Office of Research (University of Tolima), Carvajal-Carmona Lab 
(University of California Davis), L’Oreal-UNESCO for Women in Science, Colfuturo – Colciencias. 
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<<14>> DISSECTING GASTRIC CANCER CLONALITY WITH GENOMIC ANALYSES AND 
PATIENT XENOGRAFTS  
Sienna Rocha, Guadalupe Polanco-Echeverry, Ted Toal, Ana Patricia Estrada Flórez, Luis G. 
Carvajal-Carmona  
University of California, Davis 

Gastric cancer (GC) forms in the innermost part of the stomach lining, usually beginning with an infection by 
bacteria Helicobacter pylori (H. pylori). Worldwide, GC is the second most cause of cancer-related deaths and 
fourth most commonly diagnosed cancer. We hypothesize that the extensive gastric intra-tumor heterogeneity 
results in complex patterns of clonal and subclonal tumor cell populations. These clones and subclones will 
have variable levels of resistance to therapy and some of them will be ultimately responsible for relapse and 
treatment failure. An initial step to develop better therapies is to improve our understanding of intra-tumor 
heterogeneity and to design optimal molecular testing methods that guide precision medicine. In conjunction 
with studying this cancer, our objective is to validate a method of characterizing GC genes through patient-
derived xenograft (PDX) models. To accomplish this, in collaborations with scientists from the Carvajal-
Carmona lab, we are using PDX models to determine if new tumor tissue grown in mice reflects the original 
patient tumor histology and heterogeneity. The tumor is removed from a patient and biopsied in the center 
and in four areas in a clockwise direction (points: 12, 3, 6, 9), with each section separated by at least 1 cm. 
Each biopsy is then cut into three parts; one part implanted into a mouse, another for single cell isolation and 
the third part for genomic analysis. A piece of matched normal tissue is also collected to compare to the 
cancer tissue. Part of the biopsied tumor is engrafted into an NSG (NOD scid gamma mice) mouse (P0) and 
tumor growth is monitored. The mouse is euthanized when the tumor has grown to a size of 1000-1200 mm3 
and the tumor is biopsied again. Tissue from the P0 mouse is then implanted into two different strains of 
immunosuppressed mice, a nude and an NSG, and grown again to the desired size (P1). The tumors from P0 
and P1 are histologically examined and compared to identify adenocarcinoma gastric cancer cells. Tumor 
nucleic acids are isolated using the DNeasy Blood and Tissue Kit from Qiagen and quantified using the Qubit 
Fluorometric Quantitation method from ThermoFisher Scientific. DNA from the original patient tumor as well 
as the PDX tissue are sequenced to identify gastric cancer mutations using our own cancer custom panel. 
The sequences from both the original tumor DNA are compared to the P0 DNA and to P1 DNA using 
bioinformatics tools. We found that NSG mice had a low implantation success (27% in P0) compared to Nude 
mice (33% in P1). Looking at mice pathology we found that NSG mice were more prone to developing 
lymphoma instead of adenocarcinoma than nude mice. Nude mice were also more successful when 
implanted in later stages of mice lines. Using this information, we will use a PDX model utilizing Nude mice 
since they maintain more of the original tumor heterogeneity.  In the future, we will perform exome 
sequencing to identify gastric cancer driver mutations and use targeted drug therapy to inhibit the identified 
drivers. 
 
Acknowledgements: Mice housing and monitoring from Heather Tolentino at the UC Davis Mouse Biology 
Program (MBP). Dongguang Wei (Department of Pathology), Amanda Kirane (Department of Surgical 
Oncology), Shiro Urayama (Department of Gastroenterology), Chung Hang Lui (Department of 
Gastroenterology), Javier Torres (Instituto Mexicano de Seguro Social, Mexico City) and Irmi M. Feldman, 
CCRP. Additional members of the Carvajal-Carmona lab.  Supported by R21 grant ( R21CA199631-01A1). 
SR is a participant in the UC Davis CURE Program (NCI grant P30 CA093373). 
 
<<15>> GASTRIC CANCER SURVIVAL IN HISPANICS VS NON-HISPANIC WHITES IN 

CALIFORNIA 
Amy Klapheke1,2, Luis Carvajal-Carmona3,4*, Rosemary D. Cress1,2* 

1Department of Public Health Sciences, University of California Davis, Davis, CA 
2Public Health Institute, Cancer Registry of Greater California, Sacramento, CA 
3University of California Davis Comprehensive Cancer Center, Sacramento, CA 
4Genome Center and Department of Biochemistry and Molecular Medicine, University of California, Davis, CA 
*Co-Senior authors 

Purpose:  Gastric cancer is the third most common cause of cancer death worldwide and is associated with 
significant incidence and survival disparities among US Hispanics. The objective of this study was to 
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compare the characteristics and survival of Hispanics and non-Hispanic whites (NHWs) diagnosed with 
gastric cancer in California. 
 
Methods:  The California Cancer Registry was queried to select Hispanics (n=6,925) and NHWs (n=8,230) 
diagnosed with a first primary invasive epithelial gastric cancer in California between 2006-2015. The 
demographic and clinico-pathological characteristics of Hispanic and NHW patients were compared used chi-
square tests. Fine and Gray competing risks regression was used to estimate sub-distribution hazard ratios 
(SHRs) for gastric cancer survival adjusted for sex, age at diagnosis, neighborhood socioeconomic status 
(nSES), tumor site, stage at diagnosis, and the receipt of chemotherapy, radiation, and surgery. Survival was 
also compared between Hispanics and NHWs within these same demographic and clinical subgroups.  
 
Results:  Hispanic patients were more likely to be female (43.7% vs. 32.7% in NHWs, p<0.0001), younger at 
diagnosis (mean age 62.0 years vs. 68.8 years, p<0.0001), from the poorest nSES quintile (34.3% vs. 10.0%, 
p<0.0001), have non-cardia tumors (57.2% vs. 34.8%, p<0.0001), and be diagnosed with remote stage 
disease (42.3% vs. 38.0%, p<0.0001). There were no significant differences with respect to chemotherapy or 
surgery, but a higher percentage of NHWs received radiation than Hispanics (25.7% vs. 18.2%, p<0.0001). 
Overall, Hispanics appeared to have worse gastric cancer survival than NHWs, though this was borderline 
insignificant (SHR=1.06, 95% CI: 1.00, 1.13, p=0.0551). Among patients <50 years at diagnosis, Hispanics 
had a significantly greater hazard of death (SHR=1.21, 95% CI: 1.03, 1.43, p=0.0223). Hispanics also had 
worse prognosis than NHWs among patients with cardia tumors (SHR=1.41, 95% CI: 1.23, 1.63, p<0.0001), 
those diagnosed at the remote stage (SHR=1.09, 95% CI: 1.01, 1.17, p=0.0346), and those who received 
chemotherapy (SHR=1.12, 95% CI: 1.03, 1.12, p=0.0119). Compared to NHWs, Hispanics only had more 
favorable survival among patients with tumors of the gastric antrum (SHR=0.83, 95% CI: 0.72, 0.95, 
p=0.0079). 
 
Conclusions: These results indicate that Hispanics have worse gastric cancer survival than NHWs, 
particularly among the young and those diagnosed with cardia tumors and at late stages. Future studies, 
ideally which investigate the role of population-specific etiological factors and molecular tumor profiles, are 
needed to understand these differences. Our study is important as it identifies possible survival outcomes 
driving gastric cancer disparities in Hispanics, who are now the largest racial/ethnic group in the state. 

 
<<16>> COLORECTAL CANCER GENOME-WIDE ASSOCIATION STUDY IN CENTRAL AND 

SOUTH AMERICA 
Paul C Lott1, Angel Criollo2, Ana Estrada2, Anna Marie Tuazon1, Ruta Sahasrabudhe1, Guadelupe 
Maria Carvajal1, Elisha Garcia1, Rodrigo Prieto2, Chris Holmes11, Javier Torres3, Mabel 
Bohorquez2,  Maria Magdalena Echeverry de Polanco2, Augusto Rojas Martinez4, Angel Carracedo7, 
CHIBCHA Consortium1,2,3,4,5,6,7,8,9,10,11,Ian Tomlinson11, Luis G Carvajal-Carmona1 
1Genome Center, University of California, Davis  
 2Departmento de Biologia, Universidad del Tolima, Colombia 
3Instituto Mexicano de Seguro Social, Mexico City, Mexico 
4Universidad Autonoma de Nuevo Leon 
5Hospital do Cancer A.C. Camargo 
6Fundacio Investigaciones Genomica 
7National Genotyping Centre, University of Santiago de Compostela 
8Fundacio per a la Recerca Biomedica 
9Portuguese Oncology Institute 
10Facultad de Humanidades y Ciencias de la Educacion Universidad de la Republica 
11University of Oxford, UK 

Colorectal cancer is the 3rd most common type of cancer diagnosed and accounts for ~10% of all cancers 
diagnosed yearly. While the majority of colorectal cancer incidence occurs in developed regions, the majority 
(52%) of colorectal cancer deaths occur in less developed region. While the regional incidence trend has been 
slowly leveling off and mortality rates have been declining in past years. Much of the decline in incidence and 
mortality has been attributed to decrease in smoking, diet, widespread use of antibiotics, increased screening, 
and a decrease in invasiveness of screening methods – a result of in-depth research programs to identify 
lifestyle and genetics risk factors. However, incidence and mortality in less developed regions has been 
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increasing at a disquieting rate. Underlying this disturbing trend are multiple factors related to cancer health 
disparities: 1) Health Care Access, 2) Socioeconomic Factors, 3) Diet, 4) Genetic and Biological Factors, 5) 
Physical Activity, 6) Environmental Exposure.   
 
To address these important cancer health disparities in less developed region, Common HeredItary Bowel 
Cancers in Hispania and the Americas (CHIBCHA) is a multicenter (UK, Colombia, Mexico, Brazil, Argentina, 
Spain, Portugal, and Uruguay) epidemiological study focused on assessing known colorectal cancer risk 
factors and identifying new common disease associated genetic risk factors in the Americas. We have 
collected epidemiological information and Genome-wide SNP arrays on 2784 cases and 3112 controls from 
Colombia, Mexico, and Brazil. We are currently performing a genome-wide association study and local 
admixture analysis to assess known genetic risk factors and identify important new genetic risk factors within 
the Americas populations. Preliminary analysis has shown association(P<0.05) of 6 of 86 independent loci 
(R2<0.5) with same direction of effect of genome-wide significant loci previously identified in NHGRI-EBI 
GWAS Catalog. Integrating results from Central and South America with previous colorectal cancer GWAS 
studies in predominantly European ancestries, this study will provide addition information on global colorectal 
cancer genetic risk factors. The finding of this study are integral to the development of clinical screening and 
prevention programs within these less developed communities and the world at large.    
 
<<17>> A NOVEL METHODOLOGY FOR SPATIALLY MAPPING OF COLLAGEN TO IDENTIFY 

TUMOR-ASSOCIATED STROMA IN BREAST BIOPSIES  
Farzad Fereidouni, Austin Todd, Kuang-Yu Jen, Alexander Borowsky and Richard Levenson 

 Department of Pathology and Laboratory Medicine, UC Davis Medical Center  

Collagen is the general term for a family of largely structural proteins that, beyond playing major roles in 
providing physical integrity, are increasingly understood to have multiple roles in normal and abnormal tissue 
function. More recently it has become clear that patterns of collagen distribution are important in cancer 
development, with compelling evidence that the type and alignment of collagen fibers in proximity to malignant 
and premalignant lesions are highly correlated with disease progression and dissemination.  
 
The current methodologies for collagen detection in histological specimens require extra sections, extra 
staining procedures or highly complex optics. We have developed a novel imaging methodology (SCICam) that 
provides a straightforward approach for highlighting collagen distribution patterns on existing histology slides.  
 
The prototype instrument has whole-slide scanning capabilities for collagen detection and pixel-accurate 
alignment with conventional H&E-stained data. We have shown that it can discriminate between stroma 
surrounding invasive cancer and benign epithelium. We believe the ultimate advantage of SCICam will be its 
simplicity, speed, and low instrumentation cost, properties that should allow it to be eventually integrated into 
standard diagnostic pathology work flow. 

  
Breast cancer. (Left) H&E. (Right) SCICam image of the exactly the same  

field, collagen shown in green. 
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<<18>> COMPARISON OF BREAST CANCER EXOSOMES FROM CELL LINES OF VARYING 
METASTATIC POTENTIAL 

Kelly A. Martin1,2, Nicholas R. Hum1,3, Aimy Sebastian1, Gabriela G. Loots1,3 

1Lawrence Livermore National Laboratories, Physical and Life Sciences Directorate, Livermore, CA, USA 

2Georgetown University, Department of Biochemistry & Molecular Biology, Washington, DC, USA 

3UC Merced, School of Natural Sciences, Merced, CA, USA 

Exosomes are endosomal secreted vesicles containing a variety of genetic and non-genetic material that can 
be transferred between cells (DNA, RNA, protein, lipid, etc.). Exosomes are found in a variety of biological 
fluids and can allow for intracellular communication via transfer of secreted vesicles. Cancer cells derived 
exosomes have been implicated in wide range of cancer mechanisms such as promotion of tumor growth, 
tumor angiogenesis, immune evasion, drug resistance, and metastasis. In addition to functional significance, 
cancer exosomes may possess novel biomarkers with potential uses for non-invasive liquid biopsies for cancer 
detection and progression monitoring. 
 
Specifically, this study aims to analyze differences that exist in breast cancer exosomes (BCE) from cell lines 
of various metastatic potential (MDA-MB-231, highly metastatic; MCF-7, weakly metastatic; MCF-10a, non-
tumorigenic). Morphological analysis of BCEs was performed using fluorescent Nanosight Tracking Analysis 
revealing decreased mean diameter of BCE from MCF-7 cells compared to those derived from the two other 
cell lines. Small RNA from BCE cargo was also analyzed via sequencing (exoRNA-Seq). Deviations in cargo 
contents provide insights into potential function underlying BCE with contributions to tumorigenicity and 
metastatic potential as well as elucidating potential novel biomarkers. 
 
Here, we characterize exosomes collected from each of the three breast cancer cell lines (MDAMB-231, MCF-
7, MCF-10a). Future research will expand upon these newly identified genetic signatures of metastatic 
exosomal cargo and further evaluate influence exosomes in driving metastasis. 
 
This study received funding by a developmental grant from the UCDCC. This work was conducted under 
the auspices of the USDOE by LLNL (DE-AC52-07NA27344). IM number: LLNL-POST-749468 

<<19>> OVEREXPRESSION OF NICOTINAMIDE N-METHYLTRANSFERASE IS ASSOCIATED 
WITH GEMCITABINE RESISTANCE IN BLADDER CANCER  

Kelly A. Martin1,2, Aimy Sebastian1, Nicholas R. Hum1,3, Deepa K. Murugesh1, Chong-Xian Pan4, Ai-
hong Ma4, Ralph de Vere White4 and Gabriela G. Loots1,3 

1Lawrence Livermore National Laboratories, Physical and Life Sciences Directorate, Livermore, CA, USA.  
2Georgetown University, Department of Biochemistry & Molecular Biology, Washington, DC, USA. 
3UC Merced, School of Natural Sciences, Merced, CA, USA. 
4UC Davis Comprehensive Cancer Center, Sacramento, CA, USA 

Bladder cancer is among the top ten most common cancers diagnosed, with about ~380,000 new cases and 
~150,000 deaths per year reported worldwide. Platinum-based chemotherapy in combination with gemcitabine, 
a nucleoside analog, is a widely used treatment option for advanced bladder cancer. It has been shown that 
only ~50% of the patients with advanced bladder cancer respond to platinum-based therapy.  Cancer cells 
often become non-responsive to therapy that once proved efficacious and are now drug resistant.  Drug 
resistance represents a significant, ongoing challenge in eradicating cancer.  
 
We have employed a patient-derived bladder cancer xenograft (PDX) platform to further investigate the 
molecular mechanisms that contribute to gemcitabine-induced drug resistance in advanced bladder cancer. 
Transcriptome profiling of passage 4 bladder cancer xenograft tumors from 2 gemcitabine sensitive PDX lines 
(BL0440 & BL0293) was performed using RNA sequencing (RNAseq) analysis, before and after a 21-day 
cisplatin/gemcitabine drug treatment regimen.  Key regulatory pathways and genes contributing to drug 
resistant bladder cancer have been identified and validated by overexpression in a 5637 bladder cancer cell 
line. 
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RNA sequencing data has indicated significant differences between the transcriptional profiles of drug-
sensitive and drug-resistant tumors. PDXs retained morphology and shared 92-97% of genetic alterations of 
parental cancer cells. We identified 106 genes >1.5 fold up-regulated and 45 genes >1.5 fold down-regulated 
in the drug resistant tumors compared to their drug sensitive counterparts. Of the genes that were significantly 
upregulated, two methyltransferase enzymes were further validated: Nicotinamide N-methyltransferase 
(NNMT) and methionine methyltransferase 1A (MAT1A).  These genes were found to be contributors to 
gemcitabine-mediated drug resistance.  In conclusion, chemoresistance to gemcitabine is associated with 
differential expression of genes and alteration of downstream signaling pathways. Upregulation of NNMT & 
MAT1A can potentially be used as novel biomarkers for subpopulations of drug resistant bladder cancer for 
which improved therapeutics can be developed. Future direction will likely include studies to elucidate exact 
molecular mechanisms by which cancer cells utilize methyltransferases to no longer respond to gemcitabine 
therapy. 
 
This work was conducted under the auspices of the USDOE by LLNL (DE-AC52-07NA27344). IM Release 
Number: LLNL-ABS-742722 
 
<<20>> ELUCIDATION OF THE MECHANISMS WHICH REGULATE Nrdp1 LOCALIZATION AND 

FUNCTION IN PROSTATE CANCER CELLS, AND THEIR CONTRIBUTION TO 
PROSTATE CANCER HEALTH DISPARITIES 
Shawna Evans1, Adarsh Konda1, Anhao Sam1, Sheryl Krig1, Neelu Batra1, Thomas Steele2,3, Salma 
Siddiqui2, Paramita M Ghosh2,3, Ruth L Vinall1 
1California Northstate University, Elk Grove, CA 
2VA Northern California Health Care System (VANCHCS),Mather, CA  
3University of California Davis (UCD), School of Medicine, Sacramento, CA 

In 2015, the last year for which SEER data has been released, African American (AA) men were 2.12 
times more likely to die from prostate cancer (CaP) compared to their Caucasian American (CA) 
counterparts. Higher rates of biochemical recurrence (BCR) and worse response to the standard of 
care treatment for BCR, androgen deprivation therapy (ADT), likely contribute to this disparity; recent 
evidence indicates that AA CaP patients are more likely than CA CaP patients to experience BCR, 
and ADT use has been shown to shorten survival in AA men with favorable-risk CaP. The goals of the 
current study were to determine whether dysregulation of Nrdp1 contributes to these worse outcomes 
and to elucidate the mechanisms involved. 
 
We previously demonstrated that Nrdp1, an E3 ubiquitin ligase, is a transcriptional target of the 
androgen receptor (AR) and that Nrdp1 levels are reduced by ADT in CA CaP cell lines. Nrdp1 
regulates levels of multiple targets including ErbB3, a molecule that is associated with ADT 
resistance. We now show that racial differences in Nrdp1 expression and localization exist. 
Immunohistochemistry (IHC) in prostate tissue determined that nuclear Nrdp1 levels are significantly 
lower in AA CaP patients (n=19) versus CA CaP patients (n=121) with localized disease (p=0.008), 
and that nuclear Nrdp1 expression levels correlate with rates of BCR (p=0.0324). Subcellular 
fractionation experiments using AA and CA CaP cell lines followed by western blot confirmed that 
Nrdp1 can be located in the nucleus as well as the cytoplasm of CaP cells (this has not previously 
been reported), and that AA CaP cells express dramatically lower levels of nuclear Nrdp1. Our data 
indicate AR plays a role in determining Nrdp1 localization; knockdown of AR or treatment with 
enzalutamide reduced levels of nuclear Nrdp1, while treatment with synthetic androgen increased 
Nrdp1 levels. Immunoprecipitation experiments verified Nrdp1 can bind to AR, and demonstrated it 
can bind to several other nuclear proteins which may play a role in CaP progression. In patients, a 
strong negative correlation exists between nuclear Nrdp1 and cytoplasmic (inactive) AR (R=-0.64, 
p<0.001) in AA tumors, but a weak negative correlation between cytoplasmic (inactive) AR and 
nuclear Nrdp1 in CA (R=-0.37, p<0.001). Lastly, forced overexpression of Nrdp1 in CaP cell lines 
resulted in increased levels of ubiquitination in both the nucleus and cytoplasm, indicating Nrdp1 
retains its function as aubiquitin ligase in both locations. 
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In summary, our patient and in vitro data demonstrate that AA cells express significantly lower levels 
of nuclear Nrdp1 compared to CA CaP cells and that a consequence of lower levels of nuclear Nrdp1 
is reduced ubiquitination of nuclear proteins. The involvement of AR in mediating nuclear 
translocation of Nrdp1 indicates ADT may further lower nuclear Nrdp1 levels in AA CaP patients and 
thereby contribute to worse outcomes. Next steps will be to further elucidate the function of nuclear 
Nrdp1 and to determine the contribution of Nrdp1 and its downstream effectors to driving CaP health 
disparities. 
 
<<21>> TARGETING GALECTIN-1 IMPAIRS CASTRATION-RESISTANT PROSTATE CANCER 

PROGRESSION AND INVASION 
Tsung-Chieh Shih1, Ruiwu Liu1, Chun-Te Wu2, Xiaocen Li1, Wenwu Xiao1, Xiaojun Deng1, Sophie 
Kiss1, Ting Wang3, Xiao-Jia Chen4, Randy Carney1, Hsing-Jien Kung5, Yong Duan3, Paramita M. 
Ghosh1,6,7, Kit S. Lam1,8 
1Department of Biochemistry and Molecular Medicine, University of California Davis, Sacramento, California, 
USA. 
2Department of Urology, Chang Gung Memorial Hospital, Keelung, Taiwan 
3Genome Center, University of California Davis, Davis, California, USA. 
4Institute of Biomedicine & Cell Biology Department, Jinan University; National Engineering Research Center of 
Genetic Medicine; Guangdong Provincial Key Laboratory of Bioengineering Medicine; Guangdong Provincial 
Engineering Research Center of Biotechnological medicine, Guangdong, Guangzhou, China 
5The Institute for Cancer Biology and Drug Discovery, Taipei Medical University, Taipei, Taiwan 
6Department of Urology, School of Medicine, University of California Davis, Sacramento, California, USA. 
7Veterans Affairs Northern California Health Care System–Mather, Mather, California, USA. 
8Comprehensive Cancer Center, University of California Davis, Sacramento, California, USA. 

 
The majority of prostate cancer (PCa) patients who are treated with androgen deprivation therapy (ADT) will 
eventually develop Castration-Resistant Prostate Cancer (CRPC). Currently, patients with mCRPC are treated 
with the chemotherapeutic agent docetaxel, the inhibitors of the androgen receptor (AR) pathway – 
enzalutamide or abiraterone acetate, or Radium-223, but these treatments extend patient survival by only a 
few months each. Thus, there are no effective durable therapies for patients with CRPC. Both AR dependent 
and AR-independent signal pathways contribute to CRPC. Here, we report that Galectin-1 was highly 
expressed in CRPC cells, but not in androgen-sensitive cells. Galectin-1 knockdown significantly inhibited 
CRPC cells’ growth, anchorage independent growth, migration and invasion through the suppression of AR 
and Akt signaling. LLS30 targets Galectin-1 as an allosteric inhibitor, and decreases Galectin-1 binding affinity 
to its binding partners. LLS30 showed in vivo efficacy in both AR positive and AR negative xenograft models. 
Moreover, Galectin-1 is abundantly secreted by PCa cells and accumulates in the cancer-associated stroma, 
which provides immune tolerogenic environments to PCa cells through the killing of activated T cells that attack 
these tumor cells. This fact clearly points to Galectin-1 as an important target to be combated in PCa in order 
to weaken the defenses of PCa against immunotherapy. Our preliminary results found that LLS30 was able to 
significantly prevent T cell apoptosis induced by Gal-1. LLS30 was not toxic to mice when administered 
systemically at dose levels ranging from 10 to 50 mg/kg. LLS30 exhibited a favorable pharmacokinetic 
behavior and can potentiate immunotherapy with checkpoint inhibitors to improve the immunotherapy response 
of mice implanted with PCa. The application of Gal-1-targeting deserves attention. This study provides the 
molecular rationale for the use of Gal-1 inhibitors, such as LLS30, in the treatment of AR-driven, as well as 
non-AR-driven, CRPC. 
 
 
 
 
 
 
 
 



61 

<<22>> NICLOSAMIDE/PDMX1001 IN COMBINATION WITH ABIRATERONE AND PREDNISONE 
IN MEN WITH CASTRATION-RESISTANT PROSTATE CANCER (CRPC): INITIAL 
RESULTS FROM A PHASE Ib/II TRIAL 

Chong-xian Pan, Primo N Lara Jr., Christopher Evans, Mamta Parikh, Marc Dall’Era, Chengfei Liu, 
Daniel Robles, Allen C Gao 

Background:  The androgen receptor (AR) variant AR-V7 lacks the ligand binding domain, constitutively 
activates the AR pathway, and confers resistance to Abiraterone (Abi) and enzalutamide (Enza). We 
discovered that the anti-helminthic drug niclosamide targets AR-V7 and sensitizes resistant CRPC to Enza and 
Abi. We hypothesize that niclosamide/PDMX1001 potentiates the efficacy of Abi against CRPC.  
 
Methods:  Eligible patients (pts) have progressive CRPC with serum testosterone <50 ng/dl. No prior Abi was 
allowed. In the Phase Ib cohort, pts received Abi 1000 mg PO qd, prednisone 5 mg PO bid, with intrapatient 
dose-escalation of niclosamide/PDMX1001 from 400 mg PO bid to 1600 mg PO tid. Trough 
niclosamide/PDMX1001 levels were measured.  The Phase II cohort will enroll 27 patients with detectable AR-
V7 in the peripheral blood. Co-primary endpoints include toxicity and response as determined by the Prostate 
Cancer Working Group 2 criteria.  
 
Results:  Of 6 pts (age 74-83) in the Phase Ib cohort, five pts tolerated a niclosamide/PDMX1001 dose of 
1,600 mg po tid without dose limiting toxicity; per protocol, this is the recommended Phase II dose. 
Niclosamide/PDMX1001 trough level was 0.305-0.648 µM in the three pts analyzed thus far, higher than the 
target level of 0.1µM required for anti-cancer activity. Of 6 pts, two pts achieved undetectable PSA (<0.01 
ng/ml) for over 16 cycles and are still going on, compared to historical control 0/30 pts treated with Abi alone; 
two with partial PSA response (≥50% decrease). Of the remaining two pts, one was prematurely taken off from 
the study after one cycle because of rising PSA, and the other had PSA decrease of 17.1%, but biopsy of the 
only enlarged lymph node showed all necrotic tissue. No dose-limiting toxicity was observed. The Phase II 
cohort will now enroll. Molecular correlative studies will be presented. 

Conclusion: The combination of niclosamide/PDMX1001, Abi and prednisone is well tolerated with promising 
safety and efficacy data. Targeted serum trough levels of niclosamide are clinically achievable. 
 

 

  

Table 1. Patient characteristics of all 6 patients in the Phase I stage of the clinical trial 

Patient No. Age Prior treatment PSA response Niclosamide Dose  

1 83 Enzalutamide Increase by 171% after one cycle 400mg oral 2×/day 

2 66 Bicalutamide Decrease by 100% (PSA <0.01) 1,600 mg 3×/day 

3 74 Bicalutamide, docetaxel Decrease by 68.9% 1,600 mg 3×/day 

4 79 Apalutamide, docetaxel Decrease by 17.1%, necrotic tissue* 1,600 mg 3×/day 

5 76 Bicalutamide Decrease by 100% (PSA <0.01) 1,600 mg 3×/day 

6 87 Bicalutamide Decrease by 68.0% 1,600 mg 3×/day 

* Biopsy of the only enlarged lymph node showed all necrotic tissue, suggesting response to therapy.  
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