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Launched in 2002, the Continuing Umbrella of Research Experiences 
(CURE) Program at Dana-Farber/Harvard Cancer Center (DF/HCC) 
was an important building block in research training initiatives. Under 
the direction of the DF/HCC Initiative to Eliminate Cancer Disparities 
(IECD), this inaugural program set the stage to provide underrepresented 
minority high school and college students with a stimulating and 
rewarding hands-on research experience that encourages students 
to pursue education and training in the biomedical sciences and 
careers in basic, clinical, nursing, and population science cancer 
research. Currently, our student training initiatives includes: Summer 
Program to Advance Research Careers (SPARC), Young Empowered 
Scientists for ContinUed Research Engagement (Yes for CURE), 
and the summer only program of Continuing Umbrella of Research 

Experiences (CURE).
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Initiative to Eliminate Cancer Disparities (IECD)

The Initiative to Eliminate Cancer Disparities (IECD) is a center-wide 
initiative that reflects the high level of commitment of the Cancer 
Center to addressing cancer disparities and health inequities through 
its research, education and training, and community engagement 
activities. The goal of the initiative is to permeate this theme throughout 
all aspects of the organization by facilitating an intentional and 
dedicated focus on the reduction/elimination of cancer disparities.

The IECD focuses on four key areas: 1) Community engagement 
and education, 2) Reducing barriers to care, 3) Facilitating minority 
participation in clinical trials, and 4) Fostering diversity in cancer 
researchers

For more information about the IECD and our student training programs, 
contact::

Karen Burns White, Deputy Associate Director, Initiative to Eliminate 
Cancer Disparities
P: (617) 632-3244, E: karen_burnswhite@dfci.harvard.edu

Emily McMains, PhD, CURE Program Manager 
P: (617) 632-3028, E: emilya_mcmains@dfci.harvard.edu

Kathynie Hinds, CURE Research Training Coordinator 
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Is Physical Activity Associated with Lower Mammographic Breast Density?

Muntakia Ahsan #

Principal Investigator: Erica T. Warner, ScD

Scientific Advisor: Rulla Tamimi, ScD

Massachusetts General Hospital

Breast cancer accounts for nearly one-third of cancers diagnosed and is the second 
leading cause of cancer mortality among women in the United States. Women with 
high mammographic breast density (MBD) are four times more likely to develop 
breast cancer than those with low MBD. Most previous studies on physical activity 
(PA) and mammographic breast density have not detected an association, however, 
previous research on PA and MBD is limited by the lack of studies among racial 
and ethnic minorities and use of non-standardized MBD measures. Therefore, we 
propose to assess the relationship between PA and MBD in a large multiethnic 
population of women receiving routine screening mammograms. It is important 
to clarify this association to better understand how physical activity lowers risk of 
breast cancer. The study population are participants in the Boston Mammography 
Cohort Study (n=2821). Participants were seen for routine screening mammograms 
between 2006-2014. Using Volpara software, we evaluated mammographic density 
in three ways: percent density, absolute dense volume, and absolute non-dense 
volume. We assessed physical activity via a questionnaire administered at enrollment 
and calculated metabolic equivalent (MET) hrs/week. We used multivariable linear 
regression models to determine assessed mean levels of mammographic density 
according to tertile of physical activity. We assessed whether the relationship 
between PA and MBD differs by BMI or race/ethnicity. PA levels differed according 
to demographic variables such as race/ethnicity, age, and menopausal status. 
Adjusted for race and BMI, higher PA is associated with lower non-dense volume 
among premenopausal women (highest tertile vs. lowest tertile: 638.6 (597.9, 
679.4) vs. 695.2 (657.3, 733.2); p-trend=0.02). We observed no other significant 
differences according to PA level. With the exception of non-dense volume among 
premenopausal women, PA was not associated with MBD, suggesting that MBD is 
not a mechanism linking PA and breast cancer risk.

Health Disparities in Lung Cancer: Risk Factors within Subgroups

Dayana C. Alonzo Cardenas #

Principal Investigator: K. Vish Viswanath, PhD

Scientific Advisors: Mesfin A. Bekalu, PhD; Edmund Lee

Dana-Farber Cancer Institute

Lung cancer occurs when lung cells start to grow uncontrollably and form tumors 
which can spread to other parts of the body. Lung cancer is a major public health 
problem as the 5-year survival percentage is 19.4%, the second lowest percentage 
after pancreatic cancer. About 80% of lung cancer deaths are due to smoking, which 
makes smoking the leading risk factor of lung cancer. Despite lung cancer being a 
deadly disease, there is evidence of health disparities where certain communities 
are more affected than others. The objectives of this study are to (a) conduct a 
literature review examining the social determinants of health in lung cancer and 
which communities in the United States are affected the most, and to (b) examine 
if smoking prevalence and lung cancer incidence are disproportionately higher in 
certain racial minorities, lower social economic position (SEPs), and sexual minorities 
using a nationally representative (n=1013) Massachusetts Health Information 
National Trends Survey (MassHINTS). Results from the literature review showed 
that between 2012 and 2016, the incidence rate of lung cancer was higher in black 
males (73.5%) compared to white males (63.5%) out of the total. In females it was 
the opposite, white females were 51.8% while black females were 44.6%. For the 
survey, I conducted crosstabs analysis using SPSS (Statistical Package for Social 
Sciences). Preliminary results showed that 40% of black males indicated that they 
smoked every day, compared to 14.3% of white males. On the other hand, 20.0% of 
black females indicated that they smoked every day, as compared to 19.1% of white 
females. These results suggest strategies for tobacco control.    
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CB-839 and PT2977 as Therapeutic Agents for Hemangioblastoma

Arlin Arias #

Principal Investigator: Othon Iliopoulos, MD

Scientific Advisor: Evmorfia Konstantakou, PhD

Massachusetts General Hospital 

Hemangioblastomas (HBs) are vascular tumors of the central nervous system that 
develop sporadically and in patients with von Hippel-Lindau (VHL) disease. These 
tumors are highly heterogeneous, not metastatic, but they are the main cause of 
morbidity and mortality among VHL patients. The only treatment so far is surgical 
removal. As the majority of the tumors, HBs often cause a dramatic rise in the uptake 
of glucose and glutamine, trying to cover their increased need for energy. Therefore, 
the removal of glutamine can lead to a substantial reduction in cell growth in certain 
cancer cells. The glutaminase inhibitor CB-839 has the potential to be a therapeutic 
agent for the treatment of a broad range of cancers. We, therefore, tested CB-839 
in four human HB-derived cell lines established in our lab, and subjected them to 
crystal violet to observe its effect on cellular growth and survival. The data indicates 
that glutaminase inhibition has the potential to become a promising new treatment 
option for Hemangioblastoma patients. 

VHL is an E3-ubiquitin ligase which under normoxic conditions binds to HIFa thus 
leading it to proteasome for degradation. However, under hypoxic conditions, or when 
E3-ubiquitin ligase is inactivated, VHL cannot bind to HIFa and the ligase translocates 
to the nucleus and acts as a transcription factor of genes, some implicated in cancer 
angiogenesis and metabolism, among others. Peloton (PT2977) is a HIF-2α inhibitor 
which would be an ideal therapeutic strategy in the treatment of VHL disease and 
HIF2a-driven tumors. Therefore, we treated two human HB-derived cell lines with 
PT2977 in metabolic media and we found that PT2977 didn’t have a steady effect on 
the growth or survival of these cell lines. To further evaluate the effect of the inhibitor, 
we then treated the cells for 24 hours with different concentrations of PT2977 and are 
currently extracting mRNA to assess changes in gene expression.
 

Exploiting the Impact of Amino Acid Sensing for mTOR Signaling by 
Genetic Depletion of WDR24 in TNBC Cells

Halle-Marie Armstrong # 

Principal Investigator: Myles A. Brown, MD

Scientific Advisors: Yihao Li, PhD; Qin Tang, PhD

Dana-Farber Cancer Institute 

Triple-Negative Breast Cancer (TNBC) occurs in 10-20% of diagnosed breast cancer 
patients, and is characterized by the absence of estrogen, human epidermal growth 
factor receptor 2 (HER-2) and progesterone receptors. To date, there are still no 
effective therapeutic targets for most TNBCs. The Mammalian Target of Rapamycin 
(mTOR) pathway is frequently altered in TNBCs and crucial for cell growth, survival, 
metabolism and immunity. Multiple clinical trials have shown that the use of mTOR 
inhibitors could improve breast cancer patient outcomes. However, therapeutically 
targeting mTOR or its upstream RTK/PI3K/MAPK signaling may cause toxicity 
and eventually develop a resistance to the treatment. Amino acid metabolism has 
been demonstrated as essential for mTOR signaling and tumor cell progression, 
suggesting that targeting amino acid signaling may benefit mTOR aberrant TNBC 
patients. In this study, we used the Clustered Regularly Interspaced Short Palindromic 
Repeats (CRISPR) genetic knockout (KO) technology to explore the impact of the 
amino acid-sensing signaling on mTOR pathway. We designed oligos of three guide 
RNAs targeting WD Repeat Domain 24 (WDR24), which functions as the amino acid-
sensing branch upstream of mTOR. Thereafter, the target sequences of gRNAs were 
cloned into the lentiCRISPRv2 backbone plasmid. In addition, we produced lentivirus 
containing Cas9 and WDR24 gRNAs and infected CAL-120 cells. We were able to 
establish WDR24 stable knockout CAL-120 cells and detect its regulation of mTOR 
signal transduction by western blot. Future steps will include identifying the effects 
of WDR24 on TNBC cell proliferation to investigate effective drug targets for amino 
acid metabolism.
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Effect of Sleeve Gastrectomy on TGR5 Expression in B Cells

Logan J. Bailey #

Principal Investigators: Eric G. Sheu, MD, PhD; Ali Tavakkoli, MD

Scientific Advisors: Renuka Subramaniam, DVM, PhD; James Lou, MD; 
Tammy Lo, MD

Brigham and Women’s Hospital

Obesity and type 2 diabetes (T2D) have become a public health concern around the 
world. Extensive research has been conducted in an attempt to solve obesity and 
T2D. However, there is a necessity to develop a new treatment strategy to control 
these diseases effectively. Currently, bariatric surgery is the gold standard treatment 
for weight loss and T2D resolution. Sleeve gastrectomy (SG) is a bariatric surgery 
that is used in today’s bariatric patients and induces T2D remission in a weight-
dependent or weight-independent manner. Underlying mechanisms mediated by SG 
in T2D reversal is not yet elucidated. Our preliminary data show that SG changes 
B cell phenotypes, bile acid metabolism, and improves inflammation. TGR5 is a 
G-coupled protein receptor, a bile acid agonist, that potentiates the production of 
glucagon-like peptide-1 (GLP1), which increases insulin levels. We hypothesized that 
SG changes B cell function by increasing TGR5 expression. To test this, we first set 
out to identify any changes in TGR5 expression in B cells of obese versus non-obese 
mice. B cells were isolated from the spleen of obese and non-obese mice using 
the Pan B cell isolation kit. RNA was extracted, and cDNA was synthesized using 
Superscript IV vilo master mix. TGR5 expression was quantified using qPCR and the 
results will be analyzed using the delta-delta ct method. Relative mRNA expression 
of TGR5 will be calculated using non-obese mice as controls. We expect the obese 
mice will express significantly lower levels of TGR5 in B cells. Future experiments will 
focus on investigating the TGR5 expression and B cell function in SG vs sham obese 
mice. When obese mice undergo SG, the expression is likely to be restored which 
will improve B cell function.

Analyzing the Localization of CHKA in Relation to Treatment with 
Nitrogen Mustard, the Active Metabolite of Cyclophosphamide in 

T-ALL

David Bamgbowu #

Principal Investigator: Alejandro Gutierrez, MD

Scientific Advisor: Kimberly Bodaar, MD

Boston Children’s Hospital

Alkylating agents, such as Cyclophosphamide have been proven to be very effective 
to target T- Cell Acute Lymphoblastic Leukemia (T-ALL). However, subsequent side 
effects like bone marrow suppression, which can lead to anemia and an increased 
susceptibility to infections, can be very dangerous. Cyclophosphamide can also lead 
to secondary types of leukemia. Due to these risks, Cyclophosphamide has primarily 
been used in patients with advanced high risk leukemias. To combat these side 
effects and make the drug more versatile, we developed an interest in Choline Kinase 
A (CHKA), known as a cytoplasmic protein. A knockdown of CHKA sensitizes T-ALL 
cells for Nitrogen mustard (as shown in a genome-wide knock-out CRISPR screen by 
K. Bodaar). The overall objective is to determine the subcellular localization of CHKA 
in basal and post-treatment condition, and to understand how CHKA is related to 
the DNA damage caused by Nitrogen Mustard. We hypothesize that it might be 
highly likely that CHKA resides or translocates to the nucleus upon treatment if 
CHKA is involved in the DNA repair pathway. In order to determine this, an optimized 
protocol of the nuclear and mitochondria isolation kit from ThermoFisher were used 
to fractionate the proteins of T-ALL Jurkat cells that were treated with either Nitrogen 
Mustard or Vehicle control. Subsequently, Western Blotting for CHKA was used to 
image the localization of the fractionated proteins. Preliminary results show that CHKA 
in T-ALL cells also resides in the nucleus besides the cytosol in basal conditions. 
Moreover, the cytosolic fraction seems to contain less CHKA after treatment, pointing 
toward a possible translocation to the nucleus upon treatment. More experiments will 
be necessary to investigate exactly how CHKA is regulating the sensitization of T-ALL 
cells for Nitrogen Mustard treatment. These findings, however, make a role for CHKA 
in DNA damage regulation in the nucleus far more likely. 
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Understanding Activity Dependent Alpha-Synuclein Homeostasis  

Chiara Beauvais #

Principal Investigator: Ulf Dettmer, PhD

Scientific Advisor: Nagendran Ramalingam, PhD

Brigham and Women’s Hospital

Parkinson’s Disease (PD) is a progressive neurodegenerative disorder that affects 
over 200 million individuals worldwide. The pathogenic process is poorly understood, 
but there are therapies to lessen the symptoms of this disorder. PD is one of three 
diseases that are known as synucleinopathies, where alpha synuclein (aSyn) is a major 
culprit. Despite the ambiguity surrounding the physiology of aSyn, its known function 
is to aid neurotransmitter release. Under steady state, tetrameric and cytosolic aSyn 
is in equilibrium with its monomeric and membrane associated counterparts. In the 
present work, we addressed aSyn homeostasis during neuronal activity. Towards 
this, we biochemically analyzed a) the membrane versus cytosolic aSyn ratio after 
sequential extraction, and b) phosphorylation of aSyn at S129 (pS129). The model 
being used is primary rat embryonic cortical neurons. Picrotoxin was used to 
stimulate the neurons. We observed that a) the membrane vs cytosolic aSyn ratio 
was significantly increased during the neuronal activity, and b). pS129 is increased 
in a time-dependent manner after the stimulation. Taken together, our data indicate 
that aSyn is highly dynamic during neuronal activity. This work sheds novel insights 
into the understanding of aSyn physiology. Future studies will answer the functional 
significance of the biochemical changes that we observed.

Using p53 mRNA as an Effective Form of Cancer Therapy

Sara Blake #

Principal Investigator: Jinjun Shi, PhD

Scientific Advisors: Na Kong, MD; Na Yoon Kim

Brigham And Women’s Hospital

Cancer is caused by accumulated mutations that fail to be detected and terminated 
by the cell’s DNA repair system. Greater than 50% of cancers possess a mutation in 
the p53 gene that causes it to become nonfunctional or downregulated. Functional 
p53 works as a tumor suppressor that activates DNA repair proteins and stops cell 
cycle progression when errors in DNA are found, by triggering apoptosis or causing 
the cell to go into a nondividing state. Given this knowledge, we targeted the p53 
gene through nanoparticle-mediated mRNA transfection in efforts to restore its 
capabilities and kill cancer cells. mRNA was used to upregulate p53 due to its ability 
to evade destruction by the body’s exonuclease defense systems and nanoparticles 
were used to aid in mRNA preservation, due to the unstable and sensitive nature 
of mRNA. First the cells were transfected with the p53 mRNA and left to sit for 24 
hours. Next, tests were run to check the gene expression levels of p53 and cell 
viability tests were run to see if cancer cells had died post-treatment. We found that 
the mRNA transfection was successful, which meant that p53 was re-expressed, 
and cell viability tests using Alamar Blue showed that approximately 60% of cells 
had died upon treatment. These results indicate that re-expressing the p53 gene can 
activate its pathway, enabling DNA errors to be detected, and act as a signal for the 
cell to initiate cell cycle arrest. This method of transfection has the potential to lessen 
the growth rate of tumors and stunt cancer cell proliferation. In the future, we hope 
to explore the efficacy of this treatment in combination with other drugs in additional 
cell lines to broaden its therapeutic spectrum. 
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The Utility of Next Generation Sequencing and OncoPanel through 
the Statistical Analysis of Patient Data 

Samir Bouchaiba #

Principle Investigator: Neal Lindeman, MD

Scientific Advisors: Jonathan Tsai, MD, PhD; Michele Baltay, MS 

Brigham and Women’s Hospital

Next Generation Sequencing (NGS) assays utilize massively parallel signal processing 
techniques to provide genome wide sequencing data useful for the simultaneous 
analysis of genes. OncoPanel is a hybrid capture NGS assay developed at Brigham 
and Women’s Hospital (BWH) and Dana Farber Cancer Institute (DFCI), and is an 
efficient and economic platform that provides sequencing data on 447 genes known 
to be mutated in cancer. Our understanding of cancer related genes continues to 
significantly increase, and now detection of mutations in tumor DNA plays a large 
role in prognosis and treatment selection thanks to a parallel development in targeted 
treatments and immunotherapies. The OncoPanel is now commonly used for 
research, clinical trials, and personalized cancer care, however, its effect on long term 
survival remains unmeasured. The Profile project, a joint program between the DFCI, 
BWH, and Boston Children’s Hospital (BCH), offered this test, without charge, to all 
consenting cancer patients in the combined cancer center, regardless of tumor type, 
grade, or previous testing. Clinical and survival data was reviewed for over 180,000 
patients who visited the Cancer Center between 2011-2017, including cohorts of 
patients who received the Oncopanel test (20,000), patients who consented to 
the test but for whom the test could not be performed (90,000), and patients who 
declined to have the test performed (70,000). The overall survival (from diagnosis 
to death) was compared for these three patient cohorts as well as subset analysis 
of specific diagnoses. Patients who had their tumors sequenced have an overall 
average five-year survival benefit over those who did not and lived 10 years longer 
from diagnosis. This benefit is likely derived from changes in clinical decisions based 
on further molecular knowledge of the patients’ tumors that were not otherwise 
known although additional clinical chart review will need to be performed to establish 
this conclusively.

Competitive Proliferation Studies via Genome Editing to Determine 
Significance of NFE2L1 in Multiple Myeloma Cells

Jenna Briere #

Principal Investigator: Kenneth C. Anderson, MD

Scientific Advisors: Tianzeng Chen; Maria Moscvin, MD; Giada Bianchi, MD
 

Dana-Farber Cancer Institute 

Multiple Myeloma (MM) is an incurable cancer of plasma cells that produce large 
amounts of misfolded proteins. The cells rely heavily on intact proteasomal pathways 
for degradation of proteins. Proteasome Inhibitors (PI) block the proteasome from 
degrading misfolded proteins, resulting in an accumulation of proteins leading 
to terminal proteotoxic stress. NFE2L1 is a transcription factor responsible for 
proteasome biogenesis. We hypothesize that NFE2L1 is essential for MM cell life. 
To determine if NFE2L1 could be targeted for treatments, we first established the 
importance of the protein in MM cells. We performed competitive studies of viability 
after NFE2L1 knock out (KO) via a fluorescent ribonucleoprotein (RNP) Cas9-gRNA 
complex transfection. Cells that were successfully transfected were collected 
through Fluorescent Activated Cell Sorting (FACS) and kept in culture. At day 
0 and day 10 after the KO, we performed genomic DNA extraction, nested PCR 
of edited locus and indel analysis via next generation sequencing. Based on our 
preliminary data, we predict that at day 0, the editing efficiency and frequency of 
frame-shift indels will exceeded 50% and approach 75%. If NFE2L1 is a necessary 
gene for MM survival, we would thus expect that NFE2L1 KO will be detrimental for 
survival. On D10, we expect WT alleles to be enriched and the frequency of frame-
shift indels to have declined compared to D0, hopefully confirming or disproving our 
hypothesis, and helping us determine if NFE2L1 is a promising therapeutic target in 
MM. The overarching goal of our research is to establish whether the DDI2-NGLY1-
NFE2L1 pathway is a therapeutic target in MM, alone or in combination with PI, to 
help overcome the inevitable clinical resistance to PI. Ultimately, targeting one of 
the major pathways responsible for de novo proteasome biogenesis may overcome 
proteasome inhibitor resistance and/or represent a novel therapeutic venue in MM.
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Characterization of the Immune Infiltration in Response to PDT in 
Pancreatic Ductal Adenocarcinoma

Assiris Camargo #

Principal Investigator: Tayyaba Hasan, PhD

Scientific Advisors: Pushpamali De Silva, PhD; Mohammad Saad Ahsan, PhD; 
Joseph Swain; Marvin Xavierselvan, MS

Massachusetts General Hospital

Pancreatic Ductal Adenocarcinoma (PDAC) accounts for 85% of pancreatic 
cancer and usually starts in the ducts. PDAC is considered one of the most lethal 
malignancies, representing the fourth leading cause of cancer death. The five-year 
survival rate is approximately 5%. There are no specific symptoms to detect the 
cancer in the early stages, only in the later stages when the cancer has metastasized. 
These tumors are chemo-resistant or quickly become resistant to traditional therapies 
and even immunotherapy. Our research focuses on the use of photodynamic priming 
(PDP) / photodynamic therapy (PDT) to treat pancreatic cancer. The photodynamic 
process uses a photosensitizer, which is a molecule that attaches/binds to the 
organelles of a targeted cell. The photosensitizer is then excited by a specific 
wavelength of light and produces a reactive oxygen species that kills nearby cells or 
prime neighboring cells to be more responsive to traditional therapies, and thereby 
produce a synergistic outcome. We aim to set up multicolor flow cytometric marker 
panels and immunofluorescence assays to identify the immune infiltration due to PDT 
in PDAC tumors. We optimized flow cytometry-based panels for tumor infiltrating 
lymphocytes (TIL) and tumor infiltrating myeloid cells (TIM) to characterize the 
immune infiltration in response to PDT in pancreatic tumors obtained from immune-
competent mice (C57BL/6 mice), who were injected with the pancreatic KPC cell 
line. There was an increasing trend in the total leukocyte, T cell, and CD8+ T cell 
infiltration after 1h of PDT. We didn’t observe any significant changes in macrophage, 
natural killer cell, or dendritic cell infiltration in the tumors or mouse spleens analyzed. 
Efforts to localize immune cell populations using immunofluorescence and evaluating 
immune infiltration for PDT are ongoing. Our data shows a possibility of triggering an 
immediate immune-response to PDT in PDAC tumors.   

A Comparison between Two Immunophenotyping Techniques:  
Flow Cytometry and Mass Cytometry Time of Flight (CyTOF)  

Palmira Caraballo ** 

Principal Investigator: Jerome Ritz, MD 

Scientific Advisors: Carol Reynolds, PhD; Sharmilla Chamling Rai; Sadie 
Allen

 Dana-Farber Cancer Institute

Flow cytometry has evolved to become the gold standard in immune cell profiling. 
Flow cytometry works by passing one cell at a time through a laser beam. Light 
scatter results from the antibody-conjugated fluorochrome bound to the specific 
antigen on the cell surface. The amount of scatter is proportional to the expression of 
each marker. This technique is able to quantitate cellular subsets in a reliable fashion 
and has been used to analyze thousands of patients on numerous study protocols 
at the Dana-Farber Cancer Institute. However, this technique is limited by several 
factors: the number of antibody-conjugated fluorochromes allowed per test tube 
due to spectral overlap and compensation issues, the limited number of lasers per 
instrument/laser maintenance, and difficulty with gating strategy on analysis software. 
CyTOF has emerged as a new technology boasting an exponentially larger number 
of antibody conjugated markers per test tube with a more streamlined approach. 
This advantage stems from antibodies conjugated to heavy metals which eliminates 
emission wavelength overlap from fluorochromes and multiple laser requirements. 
However, the ability to detect cell subpopulations hasn’t been fully compared 
between these two techniques and their corresponding analysis software. Samples 
were analyzed from healthy blood donors. Flow cytometry used a four-tube panel 
for cell population identification. T cell populations were identified by CD3+ marker 
and further divided into CD4+ and CD8+ subsets; B cell populations were identified 
by CD19+ and CD20+ markers; natural Killer (NK) cell populations were identified by 
CD56+ marker; and dendritic cells were identified by HLA DR+ marker expression. 
The same markers were used to identify cell populations by CyTOF using only a 
single tube. Samples were examined by FloJo analysis software and expression of 
each marker was quantified into a percentage of events for comparison. Statistical 
analysis will be done to assess confidence levels. 
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T3-T4 Prostate Cancer Genetic Research:  
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Timothy Rebbeck, PhD

Harvard T.H. Chan School of Public Health; Dana-Farber Cancer Institute 

Prostate cancer (PCa) is the second most common cancer in men and it results in 
over 250,000 deaths each year worldwide (Jemal et al. 2011). Furthermore, black 
men are two times more likely to die from low-grade PCa compared to non-black 
men (Mahal et al. 2018). Genetic research directed at both the use and clinical 
translation of biomarkers associated with PCa may help to explain differences in 
PCa mortality and improve outcomes. However, it is unclear which populations are 
included in the highest levels of PCa biomarker translation using the translational 
framework of discovery (T0), translation to humans (T1), clinical efficacy (T2), 
clinical effectiveness (T3) or translational dissemination and impact (T4) (Khoury, 
2010). We evaluated the populations included in T3 and T4 genetic research for 
prostate cancer. We extracted 193 abstracts from the Center for Disease Control 
Public Health Genomics Knowledge Base’s (PHGKB) weekly scan. Abstracts were 
curated according to population and translational information, double coded and 
recorded in a developed database. Using a tabulation method, we compared the 
frequency of T3/T4 PCa research by population group. According to our research, 
the population distribution for T3/T4 prostate cancer research is as follows: 56.6% 
from North America, 28.6% from Europe, 9.0 % from Asia, 0.04% from the South 
Pacific, 0.005% from Latin America, and 0.005% from Africa. Of the abstracts from 
North America, 94.6% were from the United States. Of the American abstracts that 
provided a racial breakdown (9.5% of U.S. studies included a racial breakdown) the 
racial representation was as follows: 85.7% white, 37.2% African American, 0.03% 
Asian American, 0.005% other. Regions with a majority population of European 
decent (Europe, North America), dominated the research, accounting for 85.2% of 
all prostate cancer genetic research in our database. A focus on cultivating research 
in underrepresented populations in the USA and internationally is needed to provide 
equality in genetic health care treatment. 

Examining the Effect of the Mouse Hair Cycle on Tumor Growth

Dan Colombo #

Principal Investigator and Mentor: Diane R. Bielenberg, PhD

Scientific Advisors: Yao Gao, PhD; Asma Almazyad; Ridhima Das

Boston Children’s Hospital

Novel and safe anti-cancer therapeutics require preclinical cancer trials which are 
often performed in mice. The host tumor microenvironment, defined as the cells 
surrounding the tumor including fibroblasts, endothelial cells, immune cells and their 
secreted proteins, may affect tumorigenicity and progression. Most experimental 
tumor models are performed cutaneously. The skin, which is the largest organ in the 
body, undergoes dramatic morphological changes during each hair cycle. Mammalian 
hair cycles progress through three phases: anagen (growth), catagen (regression), 
and telogen (resting). Unlike humans, the rodent hair cycle is synchronized and 
predictable. Therefore, the tumor microenvironment may differ in each mouse hair 
cycle phase. We hypothesize that the protein milieu in anagen and telogen will alter 
tumor growth. To examine the physical variations between these phases, C57BL/6J 
mice skin was photographed before and after clipping or depiling, which induces 
a new hair cycle. Skin biopsies were analyzed histologically by H&E staining and 
via immunohistochemistry to detect dividing cells and endothelium. Epidermal 
and dermal thickness, proliferative index and vascular density were quantified 
and compared between the groups. Unbiased differential proteome profiles were 
compared between anagen and telogen samples using a mouse angiogenesis 
antibody array. Specific proteins were also compared between the groups using 
immunoblotting and ELISA. Lastly, syngeneic B16F10 metastatic mouse melanoma 
cells were injected intradermally on the dorsal flank in (shaved) male or female mice 
during telogen phase (8-11 weeks old) or anagen phase (12-15 weeks) of the hair 
cycle. Tumor incidence and growth rates were compared between the groups. Our 
data indicate that vast cutaneous cellular changes that occur during anagen result 
in an altered tumor microenvironment compared to the basal state in telogen. We 
conclude that these differences cause heterogeneity among laboratories resulting 
in difficulties replicating experiments and poor translation of mouse experiments to 
human trials.  
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Assessing Associations of Germline Mutations and Colorectal 
Cancer Risk and Providing Clinical Management Plans for 

Individuals Who Have Germline Mutations

Vicki Do **

Principal Investigators: Giovanni Parmigiani, PhD; Danielle Braun, PhD

Scientific Advisor: Caleb Bae, MS

Dana-Farber Cancer Institute

The cost for DNA sequencing through multi-gene panels has been considerably 
decreasing. Genetic research has identified a large number of inherited mutations 
which confer a significantly increased risk to one or more types of cancer. Following 
genetic testing, it is essential to provide patients and clinicians accurate risk estimates 
for developing cancers associated with genetic mutations and management guidelines 
after genetic testing. Our project mainly focuses on two complementary aspects: 
the first, to assess whether colorectal cancer is associated with a mutation in the 
BMPR1A gene, and the second, to provide prevention management guidelines for 
patients who are carriers of germline mutations associated with colorectal cancer. We 
conducted a literature review to determine if there was an association between the 
gene BMPR1A and colorectal cancer, selecting related abstracts through PubMed, 
identifying relevant abstracts, and then reading the full text for those abstracts. In 
addition to that, we carefully reviewed National Comprehensive Cancer Network 
(NCCN) guidelines to determine what prevention proposals should be recommended 
for individuals who have mutations in genes associated with colorectal cancer. The 
NCCN is an alliance of leading cancer centers dedicated to facilitating cancer care 
and valuable information to patients. Their clinical practice guidelines, created by 
physicians and updated on a regular basis, are comprehensive descriptions of how 
to determine the best possible treatment for a patient, taking into consideration their 
diagnosis, stage of cancer, and other characteristics as well as the pros and cons 
of each risk assessment or clinical management option. Because of the complexity 
in these guidelines, some being the density of the text and sophisticated jargon, our 
goal was to revise the information into a simpler and more digestible format, so that 
everyone—patients, clinicians, and healthcare professionals alike—will be greater 
inclined to utilize the guidelines.

Blood Group Typing of 345 Genomes from 164 Diverse Populations

Stephanie M. Donovan **

Principal Investigator: William Lane, MD, PhD

Scientific Advisors: Edgar Milford, MD; Helen Mah

Brigham and Women’s Hospital

According to the World Health Organization, 117.4 million blood donations are collected 
globally each year. Exposure to non-self red blood cell antigens during transfusion 
or pregnancy can lead to the development of allo-antibodies with the potential for 
clinically significant or fatal complications. Therefore, being able to accurately type 
for the greater than 300 known red blood cell antigens is of critical importance. 
Next-generation whole genome DNA sequencing allows transfusion specialists to 
determine all of the known antigens. However, to date, most of these studies have 
been focused on data sets from primarily European ancestry. We analyzed blood 
group antigens from genomes of geographically diverse populations. Genomes of 345 
individuals from 164 populations were analyzed for the 45 blood group genes using 
blood typing software developed in the lab. Blood group antigens were determined 
from finding known genetic changes: novel single nucleotide variations, small insertion 
deletions, and structural variations. The blood group changes found were correlated 
with other published information on ethnic prevalence. A large number of individuals 
were found to have genetic changes that removed the protein from being expressed; 
a pattern explained by the presence of malaria and the acquisition of malarial 
resistance. This analysis is the first step in evaluating the ability of the software to 
automatically type whole genomes from diverse individuals. Ultimately this will allow 
for robust world-wide adoption of whole genome-based blood group typing in order 
to decrease allo-antibody formation and strengthen donor to recipient compatibility.
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Improving Radiation-Induced Abscopal Effects Using Engineered 
Oxygen Bubbles

Tallia Dudley **

Principle Investigator: Brian Polizzotti, PhD

Scientific Advisor: Alexis Cole

Boston Children’s Hospital

Radiotherapy (RT) is one of the main treatment options for prostate cancer, with more 
than half of patients diagnosed receiving RT with a curative intent or in a palliative 
context. A number of recent clinical trials have shown that when the disease is 
localized within the prostate, the addition of RT to the standard of care significantly 
lowers the risk of distant metastasis and death, suggesting that RT may stimulate the 
body to eradicate undetectable cancer cells that are outside the field of irradiation. 
This phenomenon is referred to as the abscopal effect and may be due to RT-induced 
immune responses that convert the tumor into an in situ pseudo-vaccine. However, 
the rarity of observed abscopal effects in patients with well-established secondary 
metastases suggests that a well primed immune system may be necessary but 
insufficient to promote spontaneous regression of these lesions. We hypothesize 
that this is due, in part, to low oxygen levels (termed hypoxia) within the tumor 
microenvironment (TME) that occurs as a result of tumor growth. To address this, our 
group has developed a novel injectable therapeutic, termed Ox-DASh, to transiently 
regulate tumor oxygen tension by directly injecting slow-release oxygen-bearing 
microparticles into the TME. We show that a single intratumoral injection of Ox-DASh 
into mice bearing subcutaneous TRAMP-C1 prostate tumors raises the tumor tissue 
oxygen tension to greater than 100 mmHg within seconds of administration, an effect 
that lasts for ~60 minutes. We further demonstrate that daily intratumoral injections 
of Ox-DASh significantly improves survival and local control over a 3-week period 
following a single dose of radiation (15Gy), compared to the radiation only and no-
treatment groups. Lastly, we used immunohistochemistry to quantify the number 
of intratumoral cytotoxic CD8+ T-cells, CD4+ T-cells, and CD4+/CD25+/FOXp3+ 
regulatory T-cells in the various treatment groups.  

Computational and Observational Analysis of the Drug Diary 
Process in Gastrointestinal Oncology

Stanley O. Dunwell III #

Clinical Research Mentors: Michele Vincitore; Brittney Wilkinson

Clinical Research Advisors: Bridget Fitzpatrick; Katherine Metayer; Bridget 
Fitzpatrick; Elizabeth Payne; and Danielle Stonely

Dana-Farber Cancer Institute 

A drug diary is a document used to record the patient’s oral drug intake while on a 
clinical trial. It is a crucial component in clinical trials because it is source documentation 
which is used for data entry. Drug diaries ensure the patient is taking their medication 
as directed. Without a proper record, the clinical trial could lead to inaccurate results. 
This project’s objective was to determine plausible solutions to improve the drug diary 
documentation process and to create a more organized workflow for the research 
team. This study was conducted in a series of steps: analysis, observation, and 
implementation. Retrospective analysis of clinical trials was conducted to determine 
a baseline of common discrepancies. The various roles of the gastrointestinal 
oncology department were shadowed to understand the execution of a clinical trial 
with a primary focus on the role of drug diaries. While shadowing and meeting with 
patients, the goal was to determine how different roles in a clinical trial interact with 
a drug diary. Afterwards, informal interviews were conducted with various study 
team members to reveal any issues that specific roles encountered. After months 
of analysis, shadowing, and interviewing, in person approaches were implemented 
to improve the drug diary process. The drug diary documentation process has two 
major issues: patient compliance and inconsistency of study team notes. These 
two areas have caused discrepant documentation and an increase in queries from 
sponsors of these clinical trials. Moving forward, the recommendation is to implement 
an educational tool about clinical trials and drug diaries to guide patients while they 
are home. Furthermore, a more efficient communication and documentation effort 
between the clinical research coordinators and research nurses will increase the drug 
diary documentation.
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The Role of the Sympathetic Nervous System in Modulating 
Inflammation and Pain

Ayatt Elawad #

Principal Investigator: Qiufu Ma, PhD

Scientific Advisors: Shen-Bin Liu, PhD; Kunyu Li 

Dana-Farber Cancer Institute 

Chronic pain is one of the main reasons adults seek healthcare. However, chronic pain 
treatment remains a major medical problem. Inflammatory responses that interact with 
the nervous system play a role in the maintenance of chronic pain. The sympathetic 
nervous system influences immune responses to the inflammatory site. The goal 
of this project is to test how the sympathetic nervous system can control immune 
cells, such as macrophages. We hypothesize that beta2 adrenergic receptor, B2-AR, 
signaling, which can be activated by transmitters released from sympathetic neurons, 
is crucial for immune cell modulation. This hypothesis was formulated on previous 
knowledge that B2-AR signaling is able to increase the production of proinflammatory 
cytokines associated with arthritis. However, the underlying mechanisms of B2-AR 
in inflammation are not fully understood. Here, we show that B2-AR signaling is 
necessary for the expansion of macrophage in inflamed tissue. The technique that we 
used to test our hypothesis is the Complete Freduent Adjacent, CFA, inflammatory 
injection model. CFA is a bacteria-derived antigen that causes inflammation and pain. 
We analyzed macrophage distribution through immunohistochemistry in the area of 
the skin 24 hours after CFA injection with and without the B2-AR antagonist. We 
found that B2-AR antagonist is able to inhibit the macrophage infiltration induced by 
CFA, as indicated by the significant decrease in density in comparison with the saline 
control. Further research is needed to understand where the B2-AR is located and 
how this contributes to the expansion of macrophages such as via the promotion of 
trafficking and/or proliferation. Ultimately, we can conclude that B2-AR inhibition can 
potentially be used in the treatment of chronic inflammation and pain. 

Fine Tuning CAR-T Cells by investigating On-Target Off-Tumor Side 
Effects via Development of a Tetracycline-Inducible Based Assay 

Atef M. Fayed **

Principal Investigator: Wayne A. Marasco, MD, PhD

Scientific Advisors: Quan Zhu, PhD Yufei Wang, PhD; Mathew Chang, MS

Dana-Farber Cancer Institute

Clear cell renal cell carcinoma (ccRCC) is a subtype of RCC which often invades 
renal veins, thus leading to a higher inclination for distant metastases. According to 
immunohistochemistry staining results, carbonic anhydrase IX (CAIX) is overexpressed 
in different stages of ccRCC, and not present in normal kidney tissue. Chimeric Antigen 
Receptor T-cells (CAR-T) expressing  an anti-CAIX targeting moiety can be used to 
eliminate ccRCC cells. Unfortunately, in vivo infused CAR-T cells infiltrate normal bile 
duct tissues due to the presence of CAIX on bile duct epithelium. Therefore, we 
investigated this on-target off-tumor toxicity by mimicking the different CAIX densities 
via tetracycline-controlled transcriptional activation. The Tet-On and Flp-InTm TREx 
systems control transcription via the presence of tetracycline and its derivates were 
used to modulate CAIX expression levels. By establishing the inducible gene systems, 
we hope to show the direct relationship between the Tetracycline concentration and 
CAIX expression in vitro. Once we have quantified the expression of CAIX on our 
engineered Skrc-59 cells, we will screen 20 unique CAIX targeting CAR-T cells to see 
which CAR has the lowest direct killing activity of low density CAIX expressing cells. 
To further analyze the efficacy of the 20 CAR-T cells, a selective killing assay will be 
employed to measure their ability to eliminate high density CAIX cells compared to 
low density CAIX cells. This will allow us to identify the safest and most efficient of the 
20 targeting moieties.
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Understanding Drug Synergy in Mutant EGFR Kinase
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Dana-Farber Cancer Institute

Epithelial Growth Factor Receptor (EGFR) mutations are common in many cancers, 
especially lung cancer which is the second most common cancer and number one 
in cancer related deaths. Often, resistance mutations render current treatment op-
tions less effective or not effective at all. One way of overcoming the problem of 
drug resistance is to use allosteric drugs that bind in new locations away from the 
mutated region of EGFR. The combination of the FDA-approved drug osimertinib 
and the allosteric inhibitor JBJ-125, which bind at distinct sites in EGFR, synergize 
and work far better in combination than either drug does alone — suggesting this 
combination may be of therapeutic value. Furthermore, synergy may also be ob-
served with osimertinib’s metabolite, AZ5104, binding simultaneously with JBJ-125. 
The objective of this project is to understand the molecular basis for inhibitor synergy 
between osimertinib and JBJ-125 in mutant EGFR. Analyzing a crystal structure of 
the mutant EGFR protein in which both inhibitors are simultaneously bound may ex-
plain the drugs’ synergy. After purifying T790M and L858R mutant EGFR, I used the 
protein to grow crystals with JBJ-125 present and then attempted to soak the sec-
ond drug (osimertinib or AZ5104) into the crystals. After many crystals were originally 
destroyed in the soaking process, I optimized the conditions to get crystals that were 
harvested. Using X-ray crystallography provided useful data sets which are currently 
being used to study these drug combinations. Structural analysis shows synergy is 
possibly due to one drug altering the conformation of the EGFR kinase upon binding, 
increasing the affinity of the other drug. Future studies on how and why these drugs 
synergize are essential for further development and utilization of drug combinations 
in treating patients with resistant strains of lung cancer.

Factors That Contribute to Query Overload 

Isho Haji #

Principal Investigators: Suzanne George, MD; Andrew J. Wagner, MD, PhD

Clinical Research Mentor: Sarah Solomon

Dana-Farber Cancer Institute

During clinical trials, CRCs enter data for participants in study databases. These data 
are sent to sponsors, who then check the data and input any inquiries regarding the 
data to clarify any discrepancies. A trial can have thousands of queries. This means 
more work for the CRCs and may reflect variability and inefficiencies in the clinical 
research structure. The goal of this study was to figure out which factor contributes 
most to an increased number of queries. Factors such as the number of cycles a 
participant completes, phase of study, or number of participants in the clinical trial 
were specifically looked at. For this project, the data generated from four protocols — 
which consist of 96 participants and 27,512 queries — were included for analysis. At 
first, it can be assumed that due to the number of participants enrolled in a study, the 
Phase I Study of DCC-2618 and Phase 1 Study of BLU-285 had more of a combined 
total number of queries (23,818) than the phase III Study of DCC-2618 and the phase 
III study of Doxorubicin Plus Olaratumab Versus Doxorubicin Plus Placebo (3,964). 
However, despite having a greater number of participants, the phase I studies had 
an increased number of queries per patient (560) compared to the phase III studies 
(329). The cycle a participant is in signifies the time they have spent on that study. A 
cycle in the clinical trials assessed for this study can have up to 21 to 28 days. Phase 
I and III studies seem to have the greatest number of queries during Cycle 26 and 
24 respectively according to these limited set of studies. The results suggest that the 
biggest factor contributing to the number of queries may be due to the time (cycles) 
spent on a study instead of factors such as the number of participants or phase of 
the study.
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Prostate cancer is a very common disease with approximately 174,650 men diag-
nosed each year in the United States. Even though few risk factors are known for 
prostate cancer, several genetic variants have been associated with prostate cancer 
risk and yet, scientists have not discovered the biological function of certain genetic 
variants. Thus, this creates a need to find what gene(s) are associated with these 
prostate cancer risk variants. Prostate cancer genetic risk variants and prostate tis-
sue gene expression were available from prostate cancer cases in the Health Pro-
fessionals Follow-up Study and the Physicians’ Health Study. After the selection of 
genetic variants to include, a gene browser was used to identify what genes are in the 
region within 100 kilobases. We then determined the association of risk variants with 
normal prostate and prostate tumor gene expression by performing linear regression 
using RStudio Version 1.0.143. P-value <0.05 was considered statistically significant. 
Of the twenty-two risk variants, two were significantly associated with a nearby gene 
in either the normal or tumor tissue. However, there are some combinations of cer-
tain variants and genes that are significant in one tissue, but not in the other, such 
as rs8093601 and POLI. Scientists need to have a better understanding of genetic 
risk variants. The significant genes in this study may be candidates for biological and 
functional follow-up to understand their contribution to prostate cancer risk.

CRISPR-Knockout of SMARCAL1 Leads to Cell Death in DIPG 
Primary Tumor Cells

Nischal Khatri #

Principal Investigator: Mariella G. Filbin, MD, PhD

Scientific Advisors: Eshini Panditharatna, PhD; McKenzie Shaw;
 Ilon Liu, PhD; Bernhard Englinger, PhD; Li Jiang, PhD; Maria Trissal, PhD; 

Olivia Hack; Will Jerome

Dana-Farber Cancer Institute

Diffuse intrinsic pontine glioma, known as DIPG, are glial tumors that are primarily 
diagnosed within children of ages 5 to 9. Surgical removal of these tumors is not 
possible due to their location in the brainstem, and although chemotherapy and 
radiation-therapy are used as types of treatments, they are not effective, and patients 
have less than a 1% chance of survival. Previous research from the Filbin lab has 
investigated the genomics of DIPG through single-cell RNA-sequencing and now 
focuses on discovering the downstream effects of epigenetic cell vulnerabilities by 
knocking out genes within chromatin remodeling complexes. It is crucial for targeted 
therapy to discover whether CRISPR-knockout of SMARCAL1 will affect cell 
proliferation of DIPG tumor cells. Six different RNA-guides were used for the CRISPR-
knockout. Therefore, DNA extraction was performed in DIPG primary tumor cells 
for assessing CRISPR knockout efficiency, and for authentication of human DIPG 
cell lines The quantity and quality of extracted DNA was determined by using Qubit 
assay, and Bioanalyzer, respectively. Fluorescence-activated cell sorting, or FACS, 
was performed for Annexin-V and DAPI to assess apoptosis and cell death after 
the knockout of SMARCAL1 in the BAF chromatin remodeling complex. Cytotoxicity 
Assay was also performed in the DIPG primary tumor cells to assess overall cell 
death. Through FACS analysis, the CRISPR-knockout of the gene significantly 
initiated cell death and/or apoptosis as 49.4% of the cell population was found dead 
and only 25% was found alive. The Cytotoxicity Assay further added to the previous 
findings as the average luminescence for live cells with the SMARCAL1-knockout 
was significantly less compared to luminescence in the negative controls No RNA 
and AAVS1. These findings about the effect of SMARCAL1-knockout will lead to 
further understanding of epigenetic factors that drive DIPG tumor cells.
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Smoking is the leading case of modifiable risks of 15 types of cancer, including lung, 
liver, and pancreatic cancers. Studies have shown that the smoking rate is increasing 
in the transgender community despite an overall decrease in smoking rate in the 
U.S. population. However, the research to increase the understanding of factors that 
contribute to increased smoking rates is currently lacking. For one, the Transgender 
and Gender Non-Conforming (TGNC) individuals are a hard-to-reach group and 
researchers continue to struggle to engage and retain them in research studies. This 
pilot study aims to use private social media and in-person focus groups to identify 
risks and preventative factors of cigarette smoking that are currently in place within 
the TGNC community. 

This study utilizes an integrated framework of key concepts from the minority stress 
model, resilience framework, and the socio-ecological model. Project SPRING aims 
to recognize themes by collecting images from TGNC participants via private social 
media accounts consistently for twenty-one days, and then conduct one time, in-
person focus groups with the participants to discuss the images. The study also 
includes collecting data about the major study concepts using a pre-survey and 
feasibility data using a post-survey. To date, we enrolled around 15 participants in 
three Facebook groups and two focus groups were conducted. Each Facebook 
group consists of 3-5 participants and about three participants from each group 
participated in each focus group. Preliminary themes identify risk factors as: stress 
related to change in routine, social situations, harassment, long waiting times and 
hand-to-mouth habits. Protective factors identified: self-esteem (not smelling like 
smoke), environmental (enjoy the weather), social pressure and expectation from 
family, distraction and being occupied, and fear from consequence. The future 
direction of this study is to design a smoking cessation intervention specific to the 
TGNC community using the themes we have identified.

Perforin -/- Mice Model for Hemophagocytic Lymphohistiocytosis

Jhemerial Lewis #
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Scientific Advisors: Kevin Roehle, PhD; Svenja Nopper 

Dana-Farber Cancer Institute

Inhibitors of Apoptosis Proteins are proteins that serve as inhibitors of programmed 
cell death apoptosis. Inhibitor of Apoptosis Protein 1/2 antagonists (IAPis) were 
originally designed to induce Tumor Necrosis Factor Alpha (TNF-α) production 
through alternative Nuclear Factor Kappa-Light Chain-Enhanced of Activated B cells 
(NFκ-B) signaling in tumor cells leading to autologous induction of apoptosis. Our 
lab found that IAPis can also have an immune stimulatory effect on a broad variety 
of immune cells through TNFα superfamily receptors. Perforin is an essential tool for 
CD8 cytotoxic T cells to induce apoptosis in host cells that are, for example, virus 
infected. Perforin knockout mice (Perf-/-) are incapable of inducing apoptosis through 
the perforin-granzyme pathway and therefore also unable to kill tumor cells. Humans 
with mutations in perforin-granzyme pathway genes develop Hemophagocytic 
Lymphohistiocytosis (HLH), a disease characterized by macrophage overproduction 
of inflammatory cytokines due to excessive stimulation by interferon-gamma 
producing T cells. This syndrome has not been observed in mice, making it difficult 
to study HLH in preclinical models. We observed that tumor-bearing perf-/- mice 
without IAPi treatment were healthy, but 50% of the mice of the IAPi treated group 
experienced morbidity. This suggests that perf-/- mice treated with IAPi may model 
the human disease HLH. Patients with HLH have high levels of cytokines such as 
TNFα, IL-1, IL-6. We measured cytokine levels in the blood of perf-/- mice with 
vehicle or IAPi to determine the effect of treatment on the expression of these HLH-
related factors.



27 28

Comparison of Cell Surface Marker Expression on CyTOF Using 
Fresh Versus Frozen Blood Samples

Katte Lubega #

Principal Investigator: Jerome Ritz, MD

Scientific Advisors: Sadie Allen; Sharmila Chamling Rai; Carol Reynolds, PhD

Dana-Farber Cancer Institute

Immune cell profiling, the process of quantitating immune cell populations, is 
an essential part of cancer treatment and research. Mass cytometry time of 
flight (CyTOF), an innovative technique using antibodies conjugated to metals for 
immunophenotyping, has recently emerged as an alternative to standard flow 
cytometry. For immunophenotyping, peripheral blood mononuclear cells (PBMCs) 
are isolated from whole blood and may be analyzed fresh or frozen for later use. The 
cryopreservation of PBMCs is important for retrospective studies, but there is an 
associated risk of decreased cell viability and surface marker modulation. In order for 
CyTOF to be widely adopted in translational research studies it is necessary to confirm 
cell viability, cell surface marker preservation, and technique feasibility. A comparison 
of fresh versus frozen blood samples in CyTOF has not been fully assessed. In this 
project a fresh and frozen sample was analyzed by CyTOF from a healthy blood 
donor. Each sample was resuspended to a concentration of 3 million cells/milliliter 
post cell count and stained for surface antibody expression. T cell populations were 
identified by the CD3+ marker and further divided into CD4+ and CD8+ subsets; 
B cell populations were identified by the CD19+ and CD20+ markers; natural killer 
(NK) cell populations were identified by the CD56+ marker; and dendritic cells were 
identified by HLA DR+ marker expression. The cell populations were examined by a 
gating strategy using FloJo analysis software where the quantitation of each marker 
was expressed as a percentage for comparison. Statistical analysis will be done 
to assess the percentage of cell surface marker expression between the fresh and 
frozen samples. 

Applying Machine Learning Algorithm to Prostate Cryoablation 
Therapy

Nicholas Macedo **

Principal Investigator: Junichi Tokuda, PhD

Scientific Advisor: Pedro Lopes Da Frota Moreira, PhD

Brigham and Women’s Hospital

Prostate cancer has often been treated through the use of prostatectomies, but 
cryoablation therapy has become a promising treatment option that is less invasive 
and has been used to treat patients with recurrent prostate cancer. The formation 
of iceballs in the prostate to kill the tumor is done with the insertion of typically 2 
probes that freeze the tumor. Estimating the shape of the iceball can be difficult, 
partially due to a warming catheter in the urethra used to prevent damage to the 
urethra. A few authors have used thermal modeling for defining the iceball shape, but 
they are very computationally expensive and may take several minutes to compute 
one simulation. The goal of this project was to use Machine Learning (ML) so that 
the iceball shape could be defined in a few seconds. We segmented MRI images of 
prostate cryoablation cases to label the iceball, probes, and catheter. These images 
were run through the algorithm to test accuracy and efficiency. Experiments are 
ongoing, but we suspect that the ML algorithm will be able to accurately predict 
which pixels of the MRI image will be part of the iceball.   
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Determining the Effect of ADAR1 Loss on Drug Resistance  
in Breast Cancer 

Talia K. Marc #

Principal Investigator: Frank J. Slack, PhD

Scientific Advisor: Allison R. Baker 

Beth Israel Deaconess Medical Center

ADAR1 is an oncogene that promotes the growth and mobility of breast cancer cells. 
To gather more evidence in targeting ADAR1 for cancer treatments, we are testing for 
drug synergism. We seek to determine if the loss of ADAR1 sensitizes breast cancer 
cells to chemotherapy or other targeted cancer drugs. We hypothesize the IC50 value 
will decrease in siADAR1 cells, indicating that they are more sensitive to the drug. 
In order to test this, we performed dose response curve assays for Cisplatin and 
Gefitinib in siControl and siADAR treated cells. We compared IC50 values of siADAR 
and siControl cells for Cisplatin and Gefitinib and found that the IC50 for Cisplatin 
was significantly lower in siADAR1 cells, but there was no significant difference for 
Gefitinib. We expect this research will contribute to the development of anti-ADAR1 
combination therapies in breast cancer. 

Effect of Splicing Factors on the Regulation of Numb PRR 
Expression

Ruben Martinez #

Principal Investigator: Edward J. Benz, MD

Scientific Advisors: Jia Liang; Shu-Ching Huang, PhD

Dana-Farber Cancer Institute  

Alternative splicing is a form of RNA processing in which a newly made precursor 
messenger RNA (pre-mRNA) transcript can be converted into different mature 
messenger RNA (mRNA). During this process, introns (which are non-coding 
regions) are removed while exons (coding regions) are joined together. Importantly, 
during alternative splicing, there are multiple combinations in which exons are joined 
together. A diverse array of splicing factors that bind certain parts of the pre-mRNA 
can either promote or inhibit the usage of that particular exon. Thus, functionally 
different splice forms can be generated from the same pre-mRNA. In red blood cells, 
there are two various forms of the Numb protein that resulted from the inclusion or 
exclusion of 48 amino acid in the C-terminal proline-rich region (PRR). The different 
forms of Numb have various progenitor-promoting and differentiation-promoting 
functions during red blood cell development. Finding the splicing factors affecting 
PRR inclusion or exclusion will improve our understanding of the regulation of Numb 
isoforms during erythropoiesis. My project is focused on the effect of different splicing 
factors on the regulation of PRR expression. Numb minigene construct and each 
splicing factor will be co-transfected into murine erythroid cells (MEL) and analyzed 
for the splicing pattern using the RT-PCR method. RNA was isolated 48 hours post-
transfection, then RT-PCR was used to amplify the spliced products, and then those 
products were analyzed in agarose or acrylamide gel. Although these experiments 
are ongoing, SpliceAid (a database of human splicing factors and their binding 
sites) predict that RBFOX (Fox1 and Fox2) proteins downregulate and SRp proteins 
(SRp20, SRp30c, and SRp40) upregulate PRR expression. 
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Screening of Epigenetic Alterations in Breast Cancer Metastasis Model

Hanifa Maswali **

Principal Investigator: Timothy P. Padera, PhD

Scientific Advisors: Pinji Lei, PhD; Ethel Pereira, PhD

Massachusetts General Hospital 

Lymph nodes are often the first site of metastasis in multiple solid tumors including 
breast, melanoma, head & neck carcinoma, and gastric tumors. Although significant 
progress has been made in the field of cancer biology to understand and treat 
primary tumors, substantial research is still left to be done to improve survival rates 
in patients with metastatic disease. Our focal point throughout the summer was to 
determine whether cancer cells in the lymph node undergo epigenetic modifications 
that ultimately contribute to disease progression. Epigenetic modifications, including 
DNA methylation, histone modification and long non-coding RNAs, have been shown 
to contribute to cancer progression. Multiple epigenetic changes can occur in cancer 
cells in a tumor mass and these changes can arise in a fraction of the tumor cells, 
contributing to the heterogeneity in tumors. It is well known that tumor heterogeneity 
results in treatment failure or drug resistance. In our study, we tested if lymph node 
metastases acquired epigenetic changes in comparison to the primary tumor and 
distant metastasis. We used a syngeneic triple negative breast cancer model that 
spontaneously metastasizes to the lymph node from the primary site (mammary 
fat pad). We performed western blot analysis on tissues obtained from the 4T1 
breast cancer model. We harvested primary tumor, tumor draining lymph nodes and 
metastatic lesions in the lung and compared expression levels of various epigenetic 
markers such as H3K9me2, H3K9me3, H3K27ac, and DNA methylation, to naive 
lymph nodes. We are currently performing these experiments and analyzing the data. 
We anticipate that our findings will allow for the development of drugs to reprogram 
the epigenetic makeup of lymph node metastasis to ultimately inhibit cancer cell 
migration to distant organs and limit disease progression.  

Comparative Analysis of Patient and Non-Patient Population 
Towards Clinical Trials

Eileen K. Milien #

Clinical Research Mentor: Caroline Kokulis, MS

Clinical Research Advisors: Frank Brown; Matthew Kramer; Victoria Lapiana; 
Stephanie Long; William Morrison; Elizabeth Schultz; Ryan Osborn; Kelsey 
O’Day; Stephanie Andrews; Dean Legg; Mike McGinnis; Rebecca Leonard; 

Jacqueline Perkins; Anna Colbert; Lindsey Rae; Jeremy Stewart

Dana-Farber Cancer Institute

Despite the striking success that clinical trials have had in advancing cancer research, 
a large number of clinical trials still fail due to insufficient patient enrollment. The 
reason patients are declining to participate in clinical trials needs to be identified to 
increase participation. A survey was created to explore the most pertinent factors in 
a patient’s decision to participate in clinical trials. The survey, distributed randomly 
and anonymously, was constructed to measure the perception of clinical trials and 
compare the reasons why patients do or do not participate. To determine disparities 
between patient and nonpatient perspectives on clinical trials, the same survey 
was administered to a non-patient population to explore whether important factors 
were similar. In addition, personal questions were included to determine if certain 
demographic backgrounds influence which factors, if any, were considered more 
important. This survey may reveal factors surrounding why accrual to clinical trials 
is low. If the reasons why patients decline to participate in clinical trials are revealed, 
strategies could be implemented to address those issues. The survey also explores 
any overlapping perspectives between the patient and non-patient population, and 
how those perspectives may shift or remain the same. This is important to consider 
because people do not change with a cancer diagnosis, but their priorities may. The 
survey may also determine if there is any correlation between certain demographic 
groups and what they find to be most important which can help doctors tailor their 
approach when trying to enroll patients in a clinical trial. 
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Using Patient-Derived Organoids to Measure Aspirin’s Effects on 
Prostaglandin Pathways

Jiancheng Mo **

Principle Investigator: Andrew T. Chan, MD, MPH

Scientific Advisor: David A. Drew, PhD

Massachusetts General Hospital 

Colorectal cancer (CRC) is a leading cause of cancer death. Regular use of aspirin 
has been shown to reduce the risk of CRC; however, the mechanism for aspirin’s 
anti-cancer effect remains unknown and recent results suggest that aspirin may 
not be effective among the elderly (70+ years). CRCs upregulate expression of 
proinflammatory and CRC-promoting prostaglandin synthesis pathways (i.e. 
conversion of arachidonic acid to prostaglandin E2 (PGE¬2) via prostaglandin 
synthase [PTGS]-1/2), which may be inhibited by aspirin in colonic epithelial cells. 
Similarly, intact expression of the PGE2 antagonist, 15-prostaglandin dehydrogenase 
(HPGD), in normal tissue has been linked to a greater protective benefit in these 
patients. However, evidence mechanistically linking aspirin use to expression of 
HPGD in normal colon cells is scant. We hypothesize that in normal colon epithelial 
cells, aspirin inhibits PGE2 production and downstream effectors by upregulating 
HPGD expression; but this effect may be attenuated in the elderly. Our preliminary 
data suggests that in vitro aspirin treatment modestly upregulates HPGD expression 
in colonic organoids. We sought to determine if aspirin’s effect on HPGD expression 
in organoids derived from elderly (70+) was diminished compared to those derived 
from the non-elderly (<55). We will treat organoids (n = 4 elderly and 4 non-elderly) 
cultured from participants in the “ASPirin Intervention for the REDuction of colorectal 
cancer risk” (ASPIRED) trial with physiologically relevant doses of aspirin in vitro. First, 
we will examine HPGD gene expression differences according to treatment dose and 
age using qRT-PCR. Next, using gene expression data from normal tissue derived 
from patients at risk for colorectal cancer (history of precancerous adenoma), we will 
correlate expression of additional candidate genes of interest from the arachidonic 
acid/prostaglandin cascade with aspirin use history in these patients. In future 
experiments, we will validate these associations using organoids.

Using Anti-Malarial Drug Analogs to Treat Pediatric Brain Cancer

Nicole Muniz **

Principal Investigator: Bakhos A. Tannous, PhD

Scientific Advisor: Jian Teng, PhD

Massachusetts General Hospital

Pediatric high-grade gliomas (pHGGs) are the leading cancer killer in children under 
15. Standard treatment involves maximal surgical resection of the tumor followed 
by radiation and chemotherapy with temozolomide (TMZ). The five-year survival 
rate of patients with pHGGs is <10%, a failure that has been partially attributed 
to intrinsic and/or acquired resistance to TMZ. The Mefloquine derivatives used in 
this experiment were current anti-malarial drug candidates, and a growing body of 
evidence suggests these drugs cross the blood-brain barrier (BBB) and are able to 
accumulate in the CNS. We found that Mefloquine on its own was able to inhibit 
tumor growth and extend survival in mouse models. In this proposal, we will use a 
low dosage of the compound derivatives WR06 and WR08 to achieve a quantity in 
the brain that targets the infiltrative disease reservoir, while avoiding the neurological 
drawbacks. We tested compounds provided by the Walter Reed Institute in a panel of 
patient-derived pediatric brain cancer cultures such as SJ-GBM2, MES326, PN157, 
MGG6 and DIPG. Cells were treated with serial dilutions of the compounds two days 
after cells were seeded. The viability of the cells was measured using the AlamarBlue 
proliferation, scratch, sphere formation, and Gaussia Luciferase assays. We found 
that at concentrations of IC50~1667nM, the compound WR08 demonstrated a 
visible reduction in pediatric glioma cells. WR06 had little to no significant effect 
across all cell lines. We also found that the position of C-4 quinoline is critical in the 
efficacy and stability of the compound. These findings indicate that WR08 at a low 
dosage is a promising drug candidate for treating pediatric brain cancer compared 
to WR06. This combination is of clinical interest, given the extensive use of TMZ and 
the associated problems with TMZ-related resistance.
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The Time Interval between Menarche and First Birth in Relation to 
Mammographic Density

Rebecca Nelleke **

Principle Investigator: Rulla Tamimi, ScD

Scientific Advisors: Erica Warner, ScD; Natalie Du Pre, ScD

Brigham And Women’s Hospital 

Breast cancer is the most commonly diagnosed cancer in women, as well as the 
second leading cause of cancer mortality among women in the United States. 
Mammographic density is strongly associated with breast cancer risk. Women with 
high mammographic density (≥ 75%) have a four-fold increased risk of developing 
breast cancer compared to women with low mammographic density. In addition, 
early age of menarche and late age of first birth are well-established risk factors of 
breast cancer. Few epidemiological studies have examined the associations of these 
reproductive risk factors with mammographic density. The time interval between 
menarche and first birth represents the period that breast tissue is most susceptible 
to ovarian hormones and carcinogens. Once a woman experiences her first full-term 
pregnancy, her breast tissue undergoes terminal differentiation. Our objective is to 
assess the time interval between menarche and first birth in relation to mammographic 
density. The study population are participants in the Boston Mammography Cohort 
Study (n=2,821), a diverse cohort of women receiving mammograms at Brigham 
and Women’s Hospital. A questionnaire was used to collect data on reproductive 
risk factors from the participants. In addition, Volpara software was used to calculate 
percent density, absolute dense volume, and absolute non-dense volume from 
craniocaudal views of mammograms. After adjusting for body mass index (BMI), we 
found no association between the time interval and percent density, absolute dense 
volume, or absolute non-dense volume in premenopausal women. Similarly, we did 
not find any correlation between the time interval and absolute non-dense volume in 
postmenopausal women. However, we did find positive associations between the 
time interval and percent density (p=0.0012) and absolute dense volume (p=0.0122) 
in postmenopausal women. 

Identifying the Role of Inflammatory Pathways in Chronic Migraines 
by Comparing Treated and Untreated Tissue Samples 

Christy Nguyen #

Principal Investigators: Manoj Bhasin, PhD; Rami Burstein, PhD

Scientific Advisors: Monica Kavarthapu, MS; Beena Thomas, PhD

Beth Israel Deaconess Medical Center

Migraines are a common brain disorder that affect over 20% of people at some point 
in their lives, and account for 4.4% of all consultations in general practice. Chronic 
migraines are defined as headaches that occur 15 or more days a month, where 
at least 8 days have features of migraine headaches. Global studies estimate that 
chronic migraines affect approximately 7 million people worldwide which leads to a 
great economic burden on society. It is supposedly a neural disorder that involves a 
series of abnormal neural networks, but studies have indicated an unusual presence 
of glycoproteins with a role in the immune system, causing inflammation, during 
the occurrence of a migraine. A drug was injected into different sites in order to 
understand the impact on migraines and on patients. There were 18 participants 
in this study and the patients had three different sites treated with this drug and 
untreated with this drug. Samples were taken from each site and preserved. RNA 
was extracted from each sample, and through NanoString, gene expression was 
determined in order to compare people treated and untreated with this drug to 
better understand the role of inflammatory pathways behind chronic migraines. It 
is expected that samples treated with the drug will have a duller fluorescence than 
that of the untreated samples, indicating a decreased presence of the inflammatory 
gene. This technique utilizes preformatted chips to detect and count native RNA. A 
capture probe and a reporter probe, specific to inflammatory genes, is attached to 
the extracted RNA of the sample. This is aligned on the imaging surface and scanned 
using a fluorescence microscope. While this experiment is ongoing, there are great 
expectations that the drug does indeed help ease the pain of chronic migraines. 
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Hereditary Cancer: Population Distribution of T3/T4 Translational 
Genetic Research Across Diverse Populations 

Christina Nguyen **

Principle Investigators: Latrice Landry, MS, PhD, MMSC;  
Timothy Rebbeck, PhD

Dana- Farber Cancer Institute; Harvard T.H. Chan School of Public Health

Hereditary cancer syndromes are characterized by familial predisposition with 
hereditary findings resulting in an increased risk of developing cancer in one’s lifetime. 
Due to the multifactorial nature of cancer, identifying genetic factors can be difficult 
but prove to clinically impactful. Here we characterize impact through a T0-T4 
translational paradigm where (T3) implementation and dissemination and (T4) impact 
of genetic biomarkers (Khoury, 2010). In this framework, T3-T4 translational genetic 
research in hereditary cancers captures translation and impact of genetic biomarkers 
for relatively rare heritable cancers. Although hereditary cancers may be rare, their 
impact within families and communities can be significant. However, little is known 
about the population distribution of T3/T4 genetic research for hereditary cancers. 
In order to ensure effectiveness of interventions on population health outcomes, 
we aimed to describe the distribution of T3-T4 translational genetic research in 
hereditary cancer across diverse populations. We extracted 397 abstracts from the 
U.S. Center for Disease Control’s Public Health Genomics Knowledgebase’s Weekly 
Scan Database, curated and organized in a developed database and evaluated 
the representation of geographic population groups. Our results show that of the 
397 abstracts, 74 did not capture the population groups studied. Of those with 
populations groups identified, 72% were from North America, 29.6% from Europe, 
5.1% from Asia, 8.2% from Latin America, 4.9% from the South Pacific and 0.5% 
from Africa. The vast majority of genomic data associated with hereditary cancer 
were from North America and Europe. Even though the data evaluated did not show 
the racial/ethnic breakdowns of individuals in these groups, there’s concern that the 
data may mostly represent populations of European descent. Additionally, fewer than 
1% of all T3/T4 studies were in Africa, and fewer than 20% were from Africa, Latin 
America or Asia combined. A limitation of this research is that for some abstracts, 
population groups were inferred from author information. Future researchers would 
need to extract the papers or contact authors to obtain population information.

The Prognostic Influence of Lactate Dehydrogenase and Serum 
Ferritin in Neuroblastoma

Yaa B. Obeng #

Principal Investigator: Wendy London, PhD

Scientific Advisors: Pei-Chi “Paige” Kao, MPH; Wendy London, PhD

Dana-Farber Cancer Institute; Boston Children’s Hospital

MYCN amplification and histologic factors according to expert pathology review are 
some of the factors used to assign risk groups and determine treatment intensity 
in children with neuroblastoma. However, not all countries have access to these 
prognostic factors. The primary objective of this research was to investigate the 
potential use of lactate dehydrogenase (LDH) and serum ferritin as alternatives. In this 
analysis, SAS programming was performed to describe the prognostic strength of 
LDH and ferritin. Using the International Neuroblastoma Risk Groups Data Commons, 
19,742 patients were analyzed. The SAS procedure UNIVARIATE was used to 
produce histograms illustrating the distribution of LDH(IU/L) and ferritin(ng/mL) levels. 
Next, the SAS procedure LIFETEST was used to plot event-free survival (EFS) curves 
of LDH and ferritin decile groups using Kaplan-Meier methods. Finally, the SAS DATA 
step was used to create dummy variables, one per decile group (except the reference 
level), for use in a Cox proportional hazard model per SAS procedure PHREG. Hazard 
ratios (HR) and 5-year EFS point estimates (±standard error) for LDH and ferritin 
were calculated, and the results showed that the intermediate risk (0-<100, ≥900-
1400) and high risk (≥1400) LDH subgroups conferred worse outcomes (HR: 1.8, 
3.6; EFS: 60±1.2%, 36±1.2%, respectively) compared to the low risk (≥100-<900) 
LDH subgroup (EFS: 76±0.6%). Similarly, the intermediate risk (0, ≥30-<90) and high 
risk (≥90) ferritin subgroups conferred worse outcomes (HR: 2.1, 5.1; EFS: 74±0.8%, 
48±0.9%, respectively) compared to the low risk (>0-<30) ferritin subgroup (EFS: 
87±0.9%). In conclusion, SAS programming was an effective approach to perform 
a statistical analysis of LDH and ferritin data. LDH and ferritin have prognostic ability 
when evaluated for EFS. Therefore, LDH and ferritin can be considered for use in 
low-income and middle-income countries to stratify neuroblastoma risk factors and 
assign treatment intensity at diagnosis.    
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The Effects of IL-23 Receptor Knock-Out in Tumor Recruited T 
Regulatory Cells

Oba P. Oseghali #

Principle Investigator: Harvey Cantor, MD

Scientific Advisor: Andrew Wight, PhD

Dana-Farber Cancer Institute

In immunogenic tumors, regulator T cells (Treg) are recruited to suppress an immune 
response as a mechanism for immune system evasion. In the mouse carcinoma 
model, MC-38, a population of tumor recruited Treg cells with IL-23 receptor (IL-23R) 
expression shows enhanced regulatory abilities. We hypothesize that a knockout of 
IL-23R on Treg cells will inhibit their recruitment or enhanced regulation and therefore 
improve the anti-tumor immune response. Our results show potent protection against 
MC-38 after subcutaneous injections of 200,000 to ten million MC-38 cells into  
IL-23R knockout mice when compared to wild-type controls. Injections of 4 million 
MC38 cells or more could form transient tumors in IL-23R knockout mice that are 
cleared 1-2 weeks post-injection. Finally, this enhanced protection is not associated 
with overt autoimmune disease in IL-23R knockout mice. The data support the 
conclusion that IL-23 has a recruitment and a regulatory enhancement role on Treg 
cells in MC-38 tumors and could represent a new target for cancer immunotherapy.

Determining the Hormonal Plasticity of Enteroendocrine Cells

Laura Emily Perrault  **

Principal Investigator: Ramesh A. Shivdasani, MD, PhD 

Scientific Advisor: Pratik Singh, PhD 

Dana-Farber Cancer Institute

Enteroendocrine cells (EECs) occupy ~1% of the intestinal epithelium but secrete more 
than a dozen hormones depending on their regionality. These hormones perform a 
variety of functions that affect appetite, satiety, digestion, and the regulation of glucose 
levels in the blood. However, the intestinal epithelium renews rapidly (every 5-7 days) 
and thus, there is a constant need for the regeneration of the whole epithelium. 
Intestinal stem cells present at the base of the crypt of the intestine give rise to all 
the diverse cell types within the epithelium. Here, the specification of EECs requires 
the basic helix-loop-helix transcription factor neurogenin 3 (NEUROG3). NEUROG3 
is necessary and sufficient for EEC differentiation in both humans and mice. Using a 
NEUROG3-estrogen-receptor-inducible human intestinal stem cell line, with induced 
EEC differentiation over a period of ~6-8 days upon addition of tamoxifen, I aim 
to characterize the differentiation of specific EEC subtypes and the percentage of  
bi-hormonal cells present. The EECs were stained periodically post-differentiation 
over 8 days to determine a set of co-immunolabelled cells for chromogranin A (ChgA), 
serotonin (SER), somatostatin (SST), ghrelin (Ghr), glucagon (GCG), gastrin, motilin, 
and gastric inhibitory peptide (GIP). I found that these in-vitro differentiated EECs are 
functional cells producing different hormones, such as enterochromaffin cells (SER), 
D cells (SST), L cells (GCG), and K cells (GIP). After fluorescence microscopy imaging 
of the cells post-staining, EECs were positive for the markers ChgA, SER, GCG, and 
SST and confirmed double-positive cells with combinations of ChgA and SST, ChgA 
and GCG, and SER and SST. The ability to culture human intestinal stem cells in vitro 
and differentiate them into EECs provides a tractable platform to study the dynamic 
changes during differentiation of these rare cell types.
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 Exploring Longitudinal Changes in the Frequency, Location, and 
Characteristics of Chemotherapy-Induced Peripheral Neuropathy in 

Participants Receiving Neurotoxic Chemotherapy 

Shafaa Petit-Frere #

Principle Investigator: Robert Knoerl, PhD, RN

Dana-Farber Cancer Institute

Neuropathy (symptoms such as numbness, tingling, and pain) is a frequent side effect 
for many individuals with cancer receiving neurotoxic chemotherapy that negatively 
affects physical function and/or quality of life. The purpose of this study is to explore 
how these chemotherapy-induced peripheral neuropathy (CIPN) symptoms change 
in severity, type, and location in patients receiving neurotoxic chemotherapy for 
breast, gastrointestinal, or multiple myeloma cancers. This is a secondary analysis of 
a two-phase, longitudinal study. 81 patients receiving neurotoxic chemotherapy (e.g., 
taxanes) for at least four cycles with breast, gastrointestinal, and multiple myeloma 
cancers were recruited. Participants completed standardized measures of neuropathy 
via iPad (e.g., QLQ-CIPN20, PRO-CTCAE, worst pain) over three consecutive clinical 
visits. The frequency, characteristics, and location of symptoms were described at 
each visit. The frequency of non-painful CIPN increased from 40/69 (58%) patients at 
visit 1 to 47/66 (71%) patients at visit 3. Similar trends were observed for painful CIPN 
and problems with CIPN-related interference. Of patients reporting CIPN at the final 
study visit (n = 47), most patients were experiencing symptoms in their fingers (83%) 
or toes (61.7%) and characterized their symptoms as numbness and/or tingling. Of 
note, 26/66 (39.4%) participants reported problems conducting day-to-day tasks 
due to neuropathy symptoms. The observed CIPN incidence rate is consistent 
with published literature. Study results highlight that CIPN symptoms worsen as 
chemotherapy treatment persists and demonstrate that standardized neuropathy 
tools are effective in identifying patients with CIPN. Further work is needed to facilitate 
the delivery of treatment interventions to patients who report CIPN during outpatient 
encounters. 

Staphylococcus and Pseudomonas in the Cystic Fibrosis Lung

Shannon Petit-Frere **

Principal Investigator: Kerry Ivey, PhD

Scientific Advisor: Geraint Rogers, PhD

Harvard T.H. Chan School of Public Health

Cystic Fibrosis (CF) is a recessive genetic disorder affecting the lungs, liver, pancreas, 
intestines, and sweat glands. CF is the most common autosomal disease in North 
America and afflicts more than 70,000 people worldwide. Lung infections are the 
most serious complications in CF patients. Exacerbations result in an acute decrease 
in both lung function and probability of survival in 80 to 95% of patients. The lungs 
are constantly exposed to microbiota through inhalation of microbe-filled air. The 
lung is then an element of the immigration and elimination of microbes through the 
defense of host mucosal and mucociliary clearance. Bacteria in the lungs may give 
leeway for other pathogens to form. The main purpose of our research is to discover 
if Straphlycoccous gives a pathway to Pseudomonas to form in the lungs. Dynamic 
Time Warping (DTW) is an algorithm for measuring similarities between two sets of 
time series data by creating a non-linear mapping from one to the other by minimizing 
their distance. Patterns are recognized while variations in speed or magnitude are 
permitted. An example is the use of DTW in speech, where regardless of speed or 
style of speech, sound patterns are the same. Because of its modification of the DTW 
algorithm to deal with microbiome data, the TIME web application’s TIME Dynamic 
Time Warping algorithm for 8 of our participants is used to examine trees. 5 of these 
trees showed Pseudomonas on the same branch as Staphylococcus while 1 showed 
Staphylococcus adjacently branched and closely connected to Pseudomonas. 
Similar behavior over time thus indicates both bacteria had increased, and graphs 
had concentrations of similar shapes despite different orders of magnitude and slope. 
Data on exacerbations showed the same or closer relationships between the two 
bacteria. This finding highlights the innate relationship between Pseudomonas and 
Staphylococcus.   
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Investigating Anti-Cancer Properties of Ashwagandha in Colorectal 
Cancer Using Metagenomic Analysis  

Anh-Nguyet Phan #

Principle Investigator: Manoj K. Bhasin, PhD

Scientific Advisor: Beena Thomas, PhD

Beth Israel Deaconess Medical Center 

It is known that colorectal cancer, the third most commonly diagnosed cancer in 
the United States, is also the second deadliest of its type. Despite the great strides 
taken to combat this malignancy, the 5-year survival rate for patients diagnosed with 
metastatic colorectal cancer remains poor at only 12%. The frequency and mortality 
that characterize this cancer indicate that it is imperative to develop novel diagnostic 
tests and treatments that are unlike the current toxic and invasive approaches of 
chemotherapy and immunotherapy. Therefore, researchers have shifted their attention 
on repurposing herbal medicines, such as Withania Somnifera which is known 
as ashwagandha — an Indian ginseng whose extracts have shown anti-oxidant, 
anti-cancer and restorative properties. Ashwagandha may prove to be effective 
against cancer if it helps to generate a diverse gut microbiome because many past 
studies have highlighted the association between such microbiome and colorectal 
cancer. This link exists because the metabolites produced by the gut microbiome 
can modulate tumorigenesis and respond to treatment by increasing the “helpful 
bacteria” and/or decreasing the “harmful bacteria” population. This study sets out 
to investigate the effects of ashwagandha on microbiome diversity in mouse models 
of colorectal cancer. Five experimental groups were set up: control, ashwagandha, 
active ingredients of ashwagandha, ashwagandha with cancer drug, and cancer drug 
alone. Extracted tumor DNA is currently being amplified at the variable regions, V3 and 
V4, of the 16S ribosomal RNA gene, and will be sequenced and analyzed thereafter. 
This will enable the phylogenetic classification of the bacterial population. While the 
experiment is ongoing, it is hypothesized that mice which received ashwagandha will 
have different microbiomes compared to the control groups. This study will provide 
a crucial link between efficacy of ashwagandha as an anti-cancer drug through the 
modulation of gut microbiome. 

Restoring Multiple Myeloma Immune Repertoire with NKTR-255:  
Evaluation of a Novel Clinical Grade Immunotherapeutic Approach

Laetitia Pierre-Louis #

Principal Investigator: Nikhil C. Munshi, MD 

Scientific Advisors: Mariateresa Fulciniti, PhD;  
Rafael Alonso Fernandez, MD, PhD 

Dana-Farber Cancer Institute

Multiple myeloma (MM) is a plasma cell malignancy that originates in the bone 
marrow. Extensive analysis of MM cells has provided insights into the disease 
biology, allowing the identification of novel targets. However, MM is a disease 
dependent on its microenvironment, and we now recognize the importance of 
the immune microenvironment for the pathogenesis of MM. MM is characterized 
by an immunosuppressive microenvironment that allows tumor immune escape. 
The myeloma immune dysfunction commonly includes an increase in the 
immunosuppressive cells and inhibition of effector immune populations, including a 
progressive decline of natural killer (NK) cell immunity. IL-15 is a key player in both 
innate and adaptive immunity, with antitumor activity enhancing both NK and memory 
T cell functions. However, its integration in the immunotherapeutic arsenal consists 
of unfavorable pharmacokinetic properties. NKTR-255 is a polymer-conjugated  
IL-15 receptor agonist that exerts the known effects of IL-15, enhancing antitumor 
responses. Additionally, NKTR-255 displays an extended in vivo half-life with 
prolonged pharmacodynamic effects allowing a better posology and tolerability. We 
investigated the potential of NKTR-255 as a novel immunotherapeutic approach in 
MM. Treatment with NKTR-255 enhances the function of NK cells and CD8 memory 
T cell populations in isolated peripheral blood mononuclear cells (PBMC) from healthy 
donors or myeloma patients in a dose dependent manner. To evaluate if NKTR-255 
increases NK recognition of MM cells, cytotoxicity tests were performed using MM 
cell lines as targets, and NK cells purified from PBMCs as effectors. We observed that 
NKTR255 significantly increases NK susceptibility of myeloma cell lines, suggesting 
the potential use of NKTR255 as a novel immunotherapeutic approach in MM. 
Altogether, our data suggest the significant impact of NKTR-255 in activating effector 
cell’s function to efficiently target MM cells. This study has important translational 
implications and highlights the importance of restoring the immune system to benefit 
myeloma patients.    
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Antigen Presentation in Small Cell Lung Cancer; Implications and 
Population Dynamics
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Small cell lung cancer (SCLC) is a highly aggressive cancer of pulmonary tissue. Due 
to the poor prognosis and scant knowledge of the elusive mechanisms behind SCLC 
immune evasion, studies were performed on both human cell lines and mouse cell 
lines or models. Cañadas et al. proved that in vitro and in vivo populations of SCLC 
are heterogenous. A mesenchymal phenotype is characteristic of immune infiltration, 
while a non-mesenchymal phenotype was not immune infiltrated (Cañadas et al). 
This distinction is made regarding the levels of HLA and PD-L1 presented by the 
cells; HLA is involved with antigen presentation by forming a complex with B2M to 
form MHC 1, which presents endogenous peptides (neoantigens/antigens). Further 
examination via ChIP-Seq showed that the change in levels of HLA correlated 
with trimethylation of H3K27. Western Blots further proved this distinction when 
PRC2 was found in higher concentrations in non-mesenchymal cells than in the 
mesenchymal subpopulation. TAP1 was also deficient in cells with overactive PRC2, 
suggesting that endogenous peptides could not load onto MHC 1. Using H69 cells 
cultured at varying concentrations of three inhibitors and IFN-g, a titration curve 
was produced via Flow Cytometry, of which the optimal dose of inhibitor and IFN-g 
was determined. HLA and PD-L1 presentation went up after use of the inhibitors, 
suggesting demethylation of H3K27 and decreased PRC2 activity. Currently, the 
longevity of the effects of these inhibitors is being tested. Preliminary results suggest 
that the cultures treated with the inhibitors and the optimal dose of IFN-g are showing 
a morphological change towards a mesenchymal phenotype, which suggests HLA 
and PD-L1 presentation. Ultimately, the most effective drug will be tested in vivo to 
elucidate the role of overactive PRC2 and trimethylation of H3K27 in SCLC.

Validation of the Degradation of ZNF521 by the Novel Thalidomide 
Analogue CC-885

Cedrick Rene #

Principal Investigator: Benjamin L. Ebert, MD, PhD

Scientific Advisors: Rob Sellar, MD, PhD; Charles Zou

Dana-Farber Cancer Institute

Thalidomide analogues are a class of drugs that form a molecular glue and recruit 
a small subset of proteins for degradation using the CRBN(CRL4) ubiquitin ligases. 
These protein targets are enriched for zinc fingers (ZnF) which are important 
transcription factors. CC-885 is a novel thalidomide analogue for which the spectrum 
of zinc finger targets degraded is unknown. We performed a screen of all ZnFs to 
define which could be degraded by CC-885. After the known targets IKZF1-4, the 
“top hit” on the screen was a ZnF found in ZNF521. This ZnF is implicated in the 
biology of acute leukemia and could be a novel therapeutic target. The purpose of this 
study was to validate the degradation of ZNF521 by CC-885. We cloned a section 
of ZNF521 containing the putative ZnF target of degradation into a reporter vector 
(SFFV-ZNF521/GFP-IRES-RFP657) in HEK293T cells. The readout for this system is 
a reduction in GFP relative to RFP657. We were able to show that on treatment with 
CC-885, ZNF521 (as reported by a loss of GFP relative to RFP657) was reduced 
(degraded). Furthermore, we were able to show that this degradation was CRBN 
dependent by virtue of the fact that cells that had no CRBN (engineered by CRISPR) 
could not degrade ZNF521. We are now continuing our studies to generate ZNF521 
constructs without the putative target ZnF to demonstrate conclusively that this is the 
target of CC-885, assessing whether overexpression of ZNF521 or fusion proteins 
containing the ZnF can transform to create leukaemia, and screening to identify 
new drugs that are more selective for ZNF521 and could be potential anti-leukemic 
therapies.   
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Drug Treatment of Meningioma Cellular Models and the 
Immortalization of Primary Meningioma Lines
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The inherited disorder of Neurofibromatosis 2 (NF2) is caused by inactivating 
mutations of the NF2 tumor suppressor gene, causing non-malignant neurological 
tumors including meningiomas (MN). MN arise from the arachnoid cell (AC) layer 
and schwannomas arising from Schwann cells. The protein encoded by NF2, known 
as merlin/NF2, was shown by our lab to inhibit mTORC1 and mTORC2 signaling 
in meningioma cellular models, and the loss of NF2 leads to abnormal activation of 
mTORC1/2 pathways. Our lab recently demonstrated in NF2-null AC-CRISPR and 
MN cells, that treatment with dual mTORC1/2 inhibitors, while blocking downstream 
mTORC1/2 targets, resulted in an off-target phosphorylation of pAkt T308. Based on 
reports in other cancer cell types, we hypothesized this feedback mechanism is the 
result of increased receptor tyrosine kinase (RTK) signaling upon mTORC1/2 inhibitor 
treatment. For the current study, we treated NF2-null AC and MN cell lines with 
mTORC1/2 inhibitor alone and combined with a multi-RTK inhibitor. As expected, 
pAkt T308 increased with mTORC1/2 inhibition alone, whereas combined treatment 
down regulated pAkt T308, suggesting co-treatment had a superior effect. NF2-
associated primary MN tumor cell lines from surgical specimens are slow-growing, 
which has proven challenging for drug treatment studies due to inability to culture 
long-term, thus necessitating immortalization to facilitate ongoing research. As there 
is only one published immortalized MN cell line, Ben-Men-1 which was used for this 
study, we also initiated methods to immortalize additional MN lines. We transduced 
two primary MN patient cell lines using (1) retrovirus expressing human telomerase 
enzyme hTERT (pBabe-neo-hTERT), and (2) lentivirus- expressing simian virus 40 T 
antigen (Lenti-SV40). Once established, these additional immortalized MN lines will 
be used to confirm results from our co-treatment studies and will also be valuable 
tools for ongoing and future NF2 research.

fMRI for Neurosurgical Planning and Guidance

Taina Rico **

Principal Investigator: Alexander Golby, MD

Scientific Advisors: Laura Rigolo, MA; Parikshit “Paxy” Juvekar, MBBS; 
Meghan Faria

Brigham and Women’s Hospital

Functional magnetic resonance imaging (fMRI) is an imaging technique used for 
localizing eloquent cortical regions when performing a certain task, either motor or 
language, that is reliant on the principle of neurovascular coupling. The scan sequence 
can map increased blood flow in areas of the brain that have increased neuronal 
activation. This is referred to as the blood oxygenation level dependent (BOLD) 
signal. fMRI is convenient for presurgical planning because of its lack of invasiveness, 
and it allows neurosurgeons to approximate where essential brain regions are in 
relation to the tumor present. Typically, the brain is mapped using the direct electrical 
stimulation (DES) technique, the “gold standard,” while the patient is either awake or 
asleep during surgery, but fMRI can map areas prior to surgery. Patient X, 61-year-
old female, presented with a recurrent left frontal oligodendroglioma for which an 
fMRI was ordered. Based on the radiology report, all the tasks were performed 
satisfactorily, but the lip pursing task activation was found to be in close contact with 
the presumed area of the tumor. In the right finger tapping task, the fMRI also showed 
activation approximately 5 mm from the posterior site of the signal abnormality. The 
supplementary motor area (SMA) borders the superior posterior region of the lesion, 
and it is responsible for initiating and planning movements. Since the fMRI showed 
activation in this area which was abutting the tumor, electrical monitoring was used 
throughout the surgery. Post-operatively, the patient was monitored closely and given 
neurological examinations by the hour. Antiseizure medication and steroids will be 
administered to the patient to optimize care. Further surgical outcome is pending.   
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Building Tools to Study the Function of TET2 in Squamous Cell Carcinoma
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Squamous cell carcinoma is a very common skin cancer, and UV damage is known 
to be one of the major causes. The goal of this project is to examine the role of 
DNA methylation changes in response to UV damage. The Tet2 protein can oxidize 
methylated DNA to 5-hydroxymethylcytosine (5-hmC). Our work and the work of 
others has shown that DNA damage increases 5-hmC levels. We hypothesize that 
TET2 is required to convert 5-mC to 5-hmC after UV damage. We want to test the 
requirement for TET2 in mediating this conversion to 5-hmC after UV damage. In 
order to test the function of TET2 we have generated a Doxycycline (DOX)-inducible 
shRNA construct targeting TET2. Cells expressing the DOX-inducible shRNA were 
treated at various times with Doxycycline. Cells were collected at 0, 24, 72, and 96 
hours after the addition of DOX, and we made RNA and cDNA in order to assess 
gene expression. We designed primers to examine TET2 expression levels and 
tested a variety of annealing temperatures. We found that an annealing temperature 
of 60 oC resulted in a single band of the predicted size. Analysis of TET2 mRNA 
levels using real-time quantitative PCR showed that both samples with the shRNA 
targeting TET2 had decreased TET2 levels upon treatment with Doxycycline. These 
results demonstrate that we have a working system to reduce TET2 levels in human 
keratinocytes. Future studies will use this new tool to examine the requirement for 
TET2 in UV response.

Accumulation of Succinate is Responsible for Stimulating Muscle 
Remodeling during Exercise

Celine Romero Garcia #

Principal Investigator: Edward T Chouchani, PhD

Scientific Advisors: Anita Reddy; Evanna L. Mills, PhD; Sally Winther, PhD; 
Haopeng Xiao, PhD; Ryan Garrity; Mei Ying Ng

Dana-Farber Cancer Institute

Muscle remodeling is stimulated by exercise, which prevents metabolic associated 
disorders such as mitochondrial dysfunction, insulin resistance, chronic inflammation, 
and obesity. The muscle remodeling that occurs following exercise is responsible for 
the health benefits associated with exercise. We performed metabolomics on plasma 
from exercising humans with a focus toward determining potential important signaling 
molecules. We hypothesized that a metabolite may be responsible for signaling for 
various reasons and we chose to focus on metabolites since they are emerging as 
potent signaling molecules that can exert a variety of effects quickly. In addition, one of 
the most notable changes that occurs in muscle, following exercise, is the metabolic 
rewiring of the tissue. Therefore, we investigated the accumulation of various 
metabolites extracellularly during exercise and rest in arterial and venous samples 
from ten patients. During this experiment we searched for an increase in metabolites 
extracellularly during exercise. Based on the relative increase in the abundance of 
succinate extracellularly we conclude that succinate is a possible signaling factor that 
may play a central role in the remodeling of muscle during exercise.    
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Men diagnosed with testicular cancer in the U.S. tend to face a higher mortality 
rate compared to other developed countries, despite overall advances in treatment 
modalities and prognosis. Investigating temporal trends would expand the literature 
on understanding factors that have led to this increase in mortality. We queried the 
Surveillance, Epidemiology and End Results (SEER) database to examine individuals, 
aged 20-45 years-of-age, diagnosed with testicular cancer from 1975-2015. Tumor 
stage was defined as localized, regional, distant, and unstaged disease. Average 
annual percentage change (AAPC) and 95% confidence intervals (95% CI) were 
calculated to examine changes over time. In addition, we examined trends in localized 
disease, using race as an additional variable. During the study period, 23,560 men 
were diagnosed with testicular cancer. Majority of patients were diagnosed with 
local disease (68.5%). We observed a significant increase in local disease over the 
last 42 years (AAPC 2.0*, 95% CI 1.5-2.5). The incidence of regional and distant 
disease did not change significantly (Regional: AAPC 0.7, 95%CI -0.1 - 1.5; Distant: 
AAPC 0.2, 95%CI -0.4 - 0.8). White patients demonstrated the highest incidence 
(Range: 3.8 - 11.3/100,000 people) of testicular cancer and the largest increase-in-
incidence rates (AAPC 2.1*, 95%CI 1.5-2.7). The lowest incidence was observed in 
Black men (Range: 0.2 - 2.2/100,000 people). Interestingly, the incidence in White 
men has plateaued since 2002 (AAPC -0.3, -1.3-0.8), while incidence rates in Black 
men (AAPC 1.3*, 95%CI 0.1-2.4) and men of other races (AAPC 1.9*, 95%CI 1.1-
2.7) have increased at the same rate period as before 2002 (* statistically significant 
(p < 0.05). In this population-based cohort, we observed a significant increase in 
incidence of testicular cancer over four decades. The findings of isolated increase 
in local disease and considerable differences among races provides an impetus for 
investigating potential drivers of carcinogenesis and cancer care disparities. 

Time Series Analysis of Lung Microbiome in Young Cystic Fibrosis 
Patients

Isabella Saldarriaga #

Principal Investigator: Kerry Ivey, PhD

Scientific Advisor: Geraint Rogers, PhD 

Harvard T.H. Chan School of Public Health

Cystic Fibrosis (CF) is a disease affecting over 70,000 people worldwide. Data from 
a study performed between June 1999 and April 2005 of a cohort of 124 children 
with CF was used to analyze the lung microbiome. These participants provided up to 
13 samples of their lung microbiome in the span of the first 5 years of their life. Given 
this unique study design, we were well placed to explore how the lung microbiome 
in CF patients changes over time and identify any predictors of this change. 
Interestingly, we found that a change in the computed load of Staphylococcus over 
time was most strongly and positively predicted by changes in the computed load 
of Alloprevotella and Moraxella. This was independent of effects due to exacerbation 
status, age, cell load and antibiotic use, and not due to co-correlation between 
these microorganisms. We also found that changes in this species over time could 
be predicted by the computed load of Pseudomonas and Stenotrophomonas. 
Prevotella 7 and Veillonella computed loads successfully predicted future changes 
in the computed load of Pseudomonas. Our results suggest that by assessing the 
load of these two microorganisms, we may be able to predict how the microbiome 
of the CF lung will change over time. This interesting finding has implications for the 
management of CF patients over time. Our results are in contrast to the popularly 
held belief that bacterial cell load is the strongest predictor of the composition of 
the CF lung. We show that although bacterial cell load is associated with changes 
in lung composition over time, changes in computed load and relative abundance 
of key CF-associated microorganisms are strongly predicted by overall changes in 
microbiome composition. This has important implications for our ability to predict CF 
exacerbations and lung microbiome composition in the future.   
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Radiation and Gold Nanoparticles in Prostate Cancer
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Prostate cancer is the cancer with the most new cases each year, with the most 
common age for prostate cancer being men between the ages of 70-74. According 
to the Centers for Disease Control and Prevention (CDC), one out of nine men are 
diagnosed with prostate cancer every year. African American men have the highest 
frequency of new cancer cases (160.5/100,000), with white men (91.9/100,000) and 
Hispanic men (79.5/100,000) following behind. Standard treatments for prostate 
cancer include hormone therapy, chemotherapy (if the cancer has metastasized 
and hormone therapy isn’t working), surgery (which is used to remove the tumor) 
and radiation therapy. Currently, radiation therapy isn’t as targeted as it could be, 
which causes collateral damage to nearby cells. The goal of this experiment is to 
determine if using nanoparticles (which work by enhancing the radiation via the 
photoelectric effect and the auger effect) alongside radiation treatment can decrease 
collateral damage to nearby tissue, while also making the treatment more targeted 
and effective to the cancer and the tumor. Human lung adenocarcinoma alveolar 
basal epithelial cells (A549) were seeded at 300 cells per well into a 6-well plate. 
24 hours after seeding, half of the cells were treated with Gold Nanoparticles (GNP) 
purchased from Nanoprobe at a concentration of 0.1 mg/ml, and the other half were 
left untreated to serve as a control group. It is our hypothesis that the addition of 
GNP will enhance radiotherapy targeting while leading to less collateral damage. The 
results of this ongoing experiment will be of interest to future clinical approaches to 
treating prostate cancer.

Targeting SKP2 May Promote the Demise of Gastroesophageal 
Adenocarcinomas

Jennifer Sanchez **
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Dana-Farber Cancer Institute

Gastroesophageal adenocarcinoma is a disease with very limited treatments; patients 
with the disease have very poor survival rates. These cancers have demonstrated 
amplification of the Cyclin E1 (CCNE1) gene, a key regulator of the G1 to S phase 
transition of the cell cycle. In CCNE1-amplified cells, CCNE1 and Cyclin Dependent 
Kinase 2 (CDK2) bind together and inhibit the RB tumor suppressor, promoting the 
proliferation of tumor cells. A genetic screen was performed with CCNE1-amplified 
cancer cells and non-CCNE1-amplified cancer cells to determine what genes the 
CCNE1-amplified cancer cells are dependent on. The screen determined that 
CCNE1-amplified cells are dependent on CDK2 and SKP2. To validate these results, 
different short hairpin RNAs were designed to knockdown SKP2 expression. The 
hairpins were successful in knocking down SKP2, however, the two control hairpins 
that should have no effect on the cells when activated showed similar results to 
the SKP2 hairpins. This made it impossible to determine whether the effects seen 
in the cells were truly all due to SKP2 knockdown. Therefore, to validate the on-
target specificity of the hairpins, we have created seed controls for each hairpin 
that are unable to knockdown SKP2, but that should retain off-target effects. After 
repeating the assays used to test the original set of hairpins, we expect that the seed 
control hairpins will not knockdown SKP2 and will not cause cell death. These data 
would suggest that SKP2 is a bona fide genetic dependency of CCNE1-amplified 
gastroesophageal adenocarcinoma.    
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Histone-deacetylases (HDACs) are responsible for the regulation of gene 
transcription. By modifying the functional groups attached to histone proteins, which 
DNA is wrapped around, these genes can be “turned on or off”. Repression of tumor 
suppressor genes and over expression of oncogenes has led to cancer. Treatments 
that are currently available, such as HDAC inhibitors are non-specific and inhibit all 
HDAC activity. This is unfavorable as HDACs play major roles in necessary biological 
processes, ultimately leading to many side effects. The RPD3 HDAC complex 
has been characterized to have 12 protein subunits. Our aim of this project was 
to identify drugs which inhibit certain protein-protein interactions (PPIs) within this 
complex. These specific inhibitors would allow necessary HDAC activity to occur 
while preventing unwanted repression of genes. Prior to my arrival, roughly 55,000 
compounds were genetically screened in yeast to see if they had the potential to 
perturb interactions within this complex. Of these thousands of compounds tested, 
37 potential candidates were identified. We are currently working to characterize the 
mechanisms in which these drugs inhibit HDAC activity. To determine if these drugs 
are perturbing specific interactions within the complex, we have run several qPCR and 
ChIP experiments on cancerous mammalian cell lines and yeast cells treated with the 
drugs identified in our screen. These data allow us to see the quantitative amount of 
gene expression within these cells and which drugs are specifically inhibiting activity 
at different gene loci. There is good conservation in the RPD3 complex between 
yeast to humans, meaning this research should be applicable to human diseases. We 
hope to identify the best candidate for specific RPD3 HDAC inhibition.

Drug Testing (SCH ERKi) on Human Organoids of PDAC with KRAS 
Mutation (G12D)

Isabelle Staco #

Principal Investigator: Andrew Aguirre, MD, PhD
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Pancreatic Cancer is one of the deadliest cancers due to its location being difficult 
for early detection and the lack of long-lasting targeted therapy. In the current 
clinical practice, a patient with unresectable pancreatic cancer may have to undergo 
standard chemo-therapy treatment which includes a different combination of drugs, 
most of which have toxic side-effects. To identify treatable targets and personalized 
treatment for individual patients, there is an urgent need to find the right drug and 
dosage for the patient. Cell lines have been widely used for pre-clinical drug testing, 
however, the limitation of low success rates from growing cell lines on patient tumors 
has restricted their application in modeling patient response to treatments. Unlike 
cell lines, organoids have a higher success rate of growing tumor cells and have 
great potential to be developed into powerful pre-clinical tools for better replication 
of a tumor response. Organoids have been proposed as an option to test drugs in 
vitro and to compare the results to real-time patients’ tumor responses. Over 95% of 
pancreatic adenocarcinoma patients have a KRAS mutation, and, in previous findings, 
abolishing KRAS activation led to tumor regression, thus making it a very promising 
therapeutic target. Although KRAS is a good candidate for drug targeting, it is very 
difficult to develop inhibitors to block its signal. KRAS has multiple downstream 
targets, among which ERK1/2 is an attractive target. SCH is a selective inhibitor 
of ERK1/2 that showed high potency in KRAS-driven tumors. The objective of this 
project is to learn how to grow organoids from a patient and to design assays to 
test the sensitivity of those organoids to SCH. Here we showed that we successfully 
cultured PDAC organoids from a biopsy of a patient’s tumor. The line expanded to 
produce enough cells to be tested. We generated a growth inhibition assay of SCH 
on the organoids and showed the IC50 of this organoid’s sensitivity to SCH.   
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TSC is a disorder that causes epilepsy, intellectual disability, tumors, and in most 
patients, sleep problems. A mutation in either the TSC1 or TSC2 genes causes the 
disorder. The circadian timekeeping system regulates sleep. Loss of either TSC1 or 
TSC2 gene function results in an increase in mechanistic target of rapamycin (mTOR) 
signaling and subsequent increases in protein synthesis and other subsequent 
abnormalities that contribute to the neurological manifestations of the disease. Two 
proteins that are critical to regulating circadian rhythms are CLOCK and BMAL1. 
These are expressed in neurons, and recent work in the lab has demonstrated, for 
the first time, that they are expressed near synapses. We investigated the overlap 
between BMAL1 and synaptic proteins in primary rat hippocampal neurons to test 
how mTOR regulates that overlap. After culturing the neurons, they were kept in vitro 
for 14 days before being treated with Rapamycin and Torin, mTOR inhibitors. Primary 
and secondary antibodies were then added. The secondary antibody allowed us 
to be able to identify protein through the microscope, and images were later run 
through ImageJ and JACoP software for colocalization analysis. Our results show 
that in neurons treated with Rapamycin, there is no difference in colocalization 
with respect to control neurons. Interestingly, neurons treated with Torin1 show a 
significant reduction of this colocalization signal. Rapamycin is already being used to 
treat patients, but Torin is a stronger drug because it directly inhibits mTOR. If Torin 
were to be used in patients, it could have a greater effect on the treatment of TSC.

Investigating Novel Means of Ultrasonic-Neuromodulation through 
the Human Skull

Jovan M. Tormes Vaquerano #

Principal Investigator: Nathan J. McDannold, PhD 

Scientific Advisors: Phillip “Jason” White, PhD; Tara O’Shea; Zoe Feng

Brigham and Women’s Hospital 

Of the billions of neurons which comprise the human nervous system, the brain 
encompasses the majority. Each neuron serves a dual purpose: to transmit and 
receive electrical activity, known as nerve impulses. Sudden abnormalities regarding 
these nerve impulses can proliferate, much to the detriment of the body. These 
abnormal electric discharges are constituted as seizures since normal brain functions 
are interrupted. The signals which pass through neurons are electrical currents 
across protein channels, and antiepileptic drugs work to either decrease excitation 
or enhance inhibition of downstream neurons. 33% of patients experience epileptic 
seizures which persist despite medicinal treatment. Neuromodulation, or the alteration 
of neuroactivity through the targeted delivery of a stimulus, has been moderately 
successful in alleviating seizures. Previous methods, primarily involving invasive 
devices, have employed electrical and magnetic stimulation. Focused Ultrasound 
(FUS) is the application of sound waves to target specific tissues and may serve as a 
non-invasive neuromodulatory alternative for patients suffering from epilepsy. FUS is 
the manipulation of vibrations. An important aspect to consider is the focus intensity 
of FUS waves. Low intensity FUS induces a mechanical effect without the adverse 
thermal effects which develop at higher intensities. Previous studies have shown 
that sonication helps to temporarily decrease the functionality of targeted neurons 
and expand the paravascular space in the brain. These two factors make studying 
novel means of applying FUS critical for epilepsy treatment and other neurocentric 
diseases, such as cancer. In this study, the frontal and parietal bones were chosen 
as the regions of interest to quantify their ultrasonic capabilities. Understanding 
how these osseous areas attenuate ultrasonic signal can help inform future studies 
involving low frequency FUS.   
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Lymphoma is a hematologic malignancy that, while often curable with treatments 
involving chemotherapy, radiation, antibody, and in some cases bone marrow 
transplant therapies, results in relapse in many patients with resistant disease. CAR-T 
cell therapy (CARTs), an immunotherapy using genetically engineered T cells, is a 
novel treatment that has been effective in relapsed lymphoma. Although CARTs have 
shown promising results, resistance and immune escape has been observed. Our 
group has developed a personalized cancer vaccine in which patient-derived tumor 
cells are fused to autologous dendritic cells. In this way, patient specific antigens 
are presented in the context of DC mediated co-stimulation, evoking a broad T cell 
response. We hypothesize that this personalized DC/tumor fusion vaccine may 
complement the CARTs, broadening the antigen repertoire, increasing cytotoxic T cell 
activity, and possibly preventing some of the known resistance mechanisms. Our lab 
has demonstrated that combinational treatment with vaccination and CARTs resulted 
in higher cytotoxic killing in vitro compared to each agent alone. The aim of the current 
project is to evaluate the synergy between combination treatment with CARTs and 
vaccination in vivo. We used an A20 murine lymphoma cell line transduced with a 
luciferase gene and followed tumor progression using Bioluminescence Imaging. The 
mice were challenged with tumor cells and then treated with CARTs, syngeneic DC/
A20 fusion vaccine or a combination of both immunotherapies. The results from our 
first experiment showed a strong effect of therapy, with 4 mice developing disease 
following treatment with vaccine and CART. However, a limitation of this preliminary 
experiment was that the lymphodepletion alone group was also protected from 
disease, with only 1 mouse developing lymphoma. A repeat experiment is in progress 
in which a decreased dose of lymphodepletion was utilized to optimize the ability to 
assess the effect of CARTs, vaccine, and their combination.

Incorporating Artificial Intelligence into Cancer Genetic Research

Ulysses S. Tully Carr #

Principal Investigator: Kevin S. Hughes, MD
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Quantifying the risks of cancers associated with pathogenic mutations in germline 
cancer susceptibility genes is vital for determining appropriate management 
strategies. However, with an exponentially increasing field of relevant literature, it is 
impossible for physicians or researchers to manually review each paper. Using a 
previously validated natural language processing (NLP)-based abstract classifier is 
a potential solution to this challenge. In order to improve the accuracy of this NLP 
algorithm, it is important to expand the training set by annotating large amounts 
of literature. Using the NLP algorithm which classifies abstracts, 585 pieces of 
medical literature were flagged and later subject to human review. The papers were 
sorted based on whether they pertained to somatic genetic mutations or germline 
genetic mutations. In addition to that, we also verified the NBN specific gene-cancer 
combinations by examining multiple research sources, such as ClinGen, NCCN, 
MedNeon, Ambry Genetics, Genetic Home Reference, OMIM, Gene Card, and Gene 
Review. In reviewing the abstracts, we determined that 369 abstracts referenced 
somatic mutations, 26 referenced germline mutations, and 176 referenced both types 
of mutations. The research done on the NBN gene-cancer combination revealed 5 
definite cancer associations. The diseases associated with the NBN gene are breast 
cancer, prostate cancer, aplastic anemia, acute lymphocytic leukemia, and melanoma. 
Literature discussing diseases associated with the NBN gene mutation, but which 
were not listed as definite, were set aside for additional literature review. Literature 
review and classification helps clinicians to remain up to date on the growing number 
of gene-cancer combinations and allows for the training of intelligent support tools 
including the support vector machine and convolutional neural network. Confirming 
the associations between gene mutation and cancer onset benefits patients by 
providing them with reliable information.
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Improving the Way Cancer Patients Manage Their Pain through STAMP

Ugochukwuebuka Naphtali Udom **

Principle Investigator: Andrea C. Enzinger, MD

Scientific Advisors: Daniela F. Kessler; Desiree Azizoddin, PsyD

Dana-Farber Cancer Institute 

Advanced cancer patients are significantly affected by pain and often prescribed 
opioids. Coping with various pain medications and opioid side effects such as 
constipation, nausea, and sedation can be daunting. Additionally, pain affects 
mood, well-being, and daily routine. Cancer pain is often poorly managed because 
it can be stressful and complex for patients and their care providers. The focus of 
this research is to help cancer patients better manage their pain through STAMP 
(Smartphone Technology to Alleviate Malignant Pain): a novel mHealth application 
to support cancer patients and their providers in managing chronic cancer pain with 
opioids. STAMP will support and help patient self-management through education, 
patient reported outcome (PRO) assessment and medication reminders. In the app 
development process, we will conduct qualitative interviews, host focus groups 
with nurses and clinicians, and conduct wireframe testing of the app. During the 
semi-structured interviews, we will ask 30 patients with advanced cancer about their 
use of opioids, feelings towards opioids, communication with care providers, pain 
self-management, and thoughts about the proposed application. The main goal of 
the qualitative interviews is to find common trends in patient responses to guide 
the development of the STAMP application. A recurring theme in the interviews, 
regarding the use of opioids, has been that patients take opioids because they need 
pain relief. However, patients also try to cut down on the amount they are taking 
due to the bad stigma around taking opioids and fear of addiction. STAMP will also 
promote productive interactions between patients and their providers by providing 
pain management education and connecting patients directly with a study nurse. So 
far, 17 patients have been enrolled in the qualitative interview study. Upon completion 
of qualitative interviews and analysis, we will conduct an 8-week pilot testing of 
STAMP among advanced cancer patients and their care providers.

Periplasmic Expression of Nanobodies

Ryan Vu #

Principal Investigator: Mohammad Rashidian, PhD

Scientific Advisors: Omar B. Abousaway; Jaffer Muhawesh

Dana-Farber Cancer Institute

Tumors often contain lymphocytes such as CD8+ T cells and myeloid cells such as 
macrophages, dendritic cells, and neutrophils at their margins. Myeloid cells express 
CD11b proteins and cytotoxic T cells express CD8 protein. Therefore, we may be able 
to image the immune response to tumors non-invasively by using radiolabeled anti-
CD11b and anti-CD8 nanobodies. This would particularly be useful because modern 
immunotherapy methods use invasive procedures such as biopsies to evaluate an 
ongoing response . In order to produce anti-CD8 and anti-CD11b antibodies, we 
first had to culture E. coli bacteria that contained plasmids to express either the anti-
CD11b or the anti-CD8 nanobody using Terrific Broth + Ampicillin media and grew 
at 37 °C until the OD600 reading was in between 0.5 - 0.7. Next, IPTG was added 
to the final 1 mM concentration to induce expression of the nanobodies. In order to 
purify our proteins, we used protein purification methods including osmotic shocks, 
washing, and elutions to isolate our proteins from extracellular components of 
bacteria. After going through all of these steps, to verify that we isolated and purified 
our proteins, we loaded a sample of the eluted, etc., that will ultimately isolate our 
proteins from extracellular components of bacteria. After going through all of these 
steps, to verify that we have isolated and purified our proteins, we loaded a sample 
of the eluted proteins into a protein gel and ran an SDS PAGE . As a result, the gel 
shows us that confirmed we were able to purify our protein samples. In the future, we 
will be able to use these purified proteins to track CD11b+ and CD8+ immune cells 
in the tumor microenvironment.
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Notable Achievements 2019

In the past year CURE alumni have celebrated the following achievements: 
• Graduated from one of the following colleges or universities: Boston 

University, Boston College, Tufts University, UMass Boston, UMass 
Amherst

• Was accepted and will be pursuing their education at one of the 
following institutions: Clark University, Harvard College, Clarkson, 
UMass Lowell, UMass Amherst, UMass Boston

• Became a published author
• Won an award for their poster presentation at Dana-Farber/Harvard 

Cancer Center Investigators in Cancer Research Meeting 
• Matched at the Brigham and Women’s for their anesthesiology 

residency
• Completed their first year of residency in podiatry at Wayne State
• Received acceptance to attend UMass Medical School, Loyola Medical 

School and Tufts University School of Dental Medicine, Northeastern 
University Regenerative Medicine/Stem Cell and Cancer Bio Graduate 
Program

• Secured employment at: Broad Institute – Clinical Research 
Coordinator; HiFiBiO Therapeutics – Research Technician; Epic –
Engineer; Dana-Farber Cancer Institute – Research Technician

• Secured a summer internship through the inaugural Dana-Farber 
Cancer Institute – Administrative Internship program

• Received the HOPE scholarship award from the Biomedical Science 
Careers Program

• Gained acceptance into the U54 Research Education Post-
Baccalaureate Program

• Became class president, senate of the nursing college (through the 
Student Government Association), and a member of the Diversity of 
Nursing Scholars program

• Presented their research at the following national conferences: Annual 
Biomedical Research Conference for Minority Students; Experimental 
Biology Meeting; Dana-Farber/Harvard Cancer Center Early 
Investigators in Cancer Research Meeting (and won an award)

• Served as a scientific advisor to a current CURE student
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The CURE Program thanks:

A. David Mazzone Awards Program

Biogen Foundation

Dana-Farber/Harvard Cancer Center and University of Massachusetts  
Boston U54 Comprehensive Cancer Partnership Program –  
U54 CA156732-09

Friends of Dana-Farber Cancer Institute

Massachusetts Life Sciences Center

Merck & Co., Inc. - Neighbor of Choice

Vertex Pharmaceuticals

Young Empowered Scientists for ContinUed Research Engagement (YES 
for CURE) National Cancer Institute - 5R25CA221738-02

Dana-Farber/Harvard Cancer Center’s Continuing Umbrella of Research 
Experiences (CURE) wishes to acknowledge and thank the YES for CURE 
and CURE Advisory Committees, principal investigators, mentors, scientific 
advisors, lecturers, journal club facilitators and supporters for expanding the 
career horizons of our students. 

Many thanks to the following organizations: 

Biogen - Community Lab 
Harvard Integrated Life Sciences
Hale Reservation

A special thanks to: 

James DeCaprio, MD and lab
Marina Watanabe
John Ryan
Doris Sempasa
Khalilah Jones
Vivek Advani, PhD
Tania Hernandez
Jeannette Mejia
Judene Thomas
Tikvah K. Hayes, PhD
Cory Boehner
Briana Mason
Irene Wong
Ryan Quinton
Mark Bachrach
Gezzer Ortega, MD, MPH
Efren Flores, MD
Regan Bergmark, MD
Desiree Azizoddin, MD
Ra’Shaun Nalls
Ameina Mosely
Kayroll Galbraith-Gyan, PhD
Rebekka Lee, ScD
Deanna Abrams
Toyin Adewumi
Brian Lewis, PhD
Glenn Allen
Andrew Beck, PhD
Alden Landry, MD
Andy Tan, PhD
Cat Sodroski
Mona Ahmed
Brittany Michel
Noah Bloch
Masha Enos, PhD
Paul Rothlauf
Jake Bridgers
Miguel Sobral
Brianna Lowey
Gavin Kuziel

Sam Barritt
Camille Cushman
Kevin Kensler, PhD
Dan Gunderson, PhD
Anna Revette, PhD
Allison Baker
Apurva Govande
Aser Abrha
Bolu Fakoya
Brianna Lowey
Camille Cushman
Ceejay Lee
Eileen Ablondi
Garvey McKenzie
Irene Wong
Julie Konge, PhD
Latrice Landry, PhD
Isle Bastille
Joe Beyene
Kevin Dervishi
Meadeshia Mitchell
Patrick Loi
Roodolphe St Pierre
Stanley Gill
Stevenson Tran
Tsega Meshesha
Roxane Darbousset, PhD
Adam Maynard
Anita Reddy
Tatiana Greige, PhD
Aleksandra Kolodziejczyk
Natsuko Yamagata
Zareen Farukhi, MD
Kristin Qian
Lisa Situ
Hilaire Lam, PhD
Matt Harlow, PhD
Laura Stransky, PhD
Jason Williams, PhD
James Eaglesham

Kimberly Bodaar, PhD
Emily Erickson
Alissandra Hillis
Marie Meinsohn, PhD
Michael Mazzola
Duygu Saatcioglu, PhD
Dheeraj Soni, PhD
Jelana Milosevic
Diedra Wrighting, PhD
Kate LaChance
Rebecca Fine
James Gould, PhD
Gregory Abel, MD, MPH
Joelle Lomax, PhD
Kori Lantas, MS
Jason Heustis, PhD
Kyle Reyes, PhD
William Farrick
Sonal Jhaveri, PhD
Andrea Dawes
Rosemary Nabukeera 
Richard Oakley
Erica Fletcher, EdM
Chérie Butts, PhD
Jeffrey Smith, MS
Roger Carter, MS
Eric Hall, PhD
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    Career Representatives
Jill McCusker
Alexander Jeremiah
Lilly Zhao
Senait Efrem
Graciella Rios
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Josie Valcin
Jiancheng Mo
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