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Continuing Umbrella of Research Experiences (CURE)

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. In 2017 our student 
training initiatives have been expanded to include two NIH funded grants:
Summer Program to Advance Research Careers (SPARC) and Young Empowered 
Scientists for ContinUed Research Engagement (Yes for CURE).

Dana-Farber/Harvard Cancer Center 
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 
P: (617) 582-9626, E: kathynie_hinds@dfci.harvard.edu
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The relationship between physical activity and mammographic breast density

Muntakia Ahsan

Principal Investigator: Erica Warner, ScD

Scientific Advisors: Rulla Tamimi, ScD; Natalie Du Pre, 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 density (MBD) 
are four times more likely to develop breast cancer than women with low MBD. Most previous studies 
of 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 Boston Mammographic Cohort Study (n =2821). These 
are female patients seen at Brigham and Women’s Hospital (BWH) or Massachusetts General Hospital 
(MGH) for routine screening mammograms and enrolled between 2006-2014. Using Volpara software, 
we will evaluate mammographic density in three ways: percent density, absolute dense volume, and 
absolute non-dense volume. Physical activity is the main exposure in this study. Patients were asked 
about their physical activities via questionnaire at enrollment. We will use questionnaire data to calculate 
MET hr/week. MET values were assigned to each level of activity asked in the questionnaire by using 
the compendium of PA. These MET values will be multiplied by the values of hours exercised per 
week for each type of activity to determine MET hr/wk. We will assess mean levels of mammographic 
density within levels of physical activity.  We believe that more PA is associated with lower MBD. If PA 
is inversely associated with MBD, then MBD is one of the mechanisms by which PA lowers the breast 
cancer risk.

Geocoding addresses to link with environmental and socioeconomic data

Halle Armstrong

Principal Investigators: Rulla Tamimi, ScD; Erica Warner, ScD

Scientific Advisors: Natalie DuPre, ScD; Jaime Hart, ScD

Brigham and Women’s Hospital

Breast cancer is the most common cancer prevalent in women. The American Cancer Society 
estimates that 266,000 new cases of invasive cancers will be diagnosed and almost 64,000 new 
cases of non-invasive cancer will be diagnosed. Moreover, approximately 41,000 women will die 
from the disease in just 2018 alone. Mammography screenings are imperative for the early detection 
of breast cancer. In recent years, there have been multiple different guidelines established to ensure 
that women are having mammograms performed and staying informed on their cancer risk. Maps 
were generated using the Surveillance, Epidemiology, and End Results (SEER) and the Behavioral Risk 
Factor Surveillance System (BRFSS) databases that show geographic variability of mammography 
screening nationally and statewide. The Boston Mammography Cohort Study (BMCS) is comprised of 
2,821 diverse women who enrolled at the Lee Bell Mammography Center at Brigham and Women’s 
Hospital. Our objective is to geocode patient addresses with the long term goal of linking these data 
with environmental and socioeconomic data. Prior to geocoding, assigning latitude and longitude to 
a point, we gathered a list of addresses from the questionnaires completed at the mammography 
screening visits. We geocoded residential addresses of women from the BMCS. In the first round 
81% of the addresses matched to a real address, and approximately 95% of those participants’ 
addresses are in Massachusetts, while 60 women come from New Hampshire and 30 come from 
Rhode Island. 10 women even traveled from Florida. In the future, we hope to utilize the addresses to 
explore important topics on examining environmental exposures on mammographic density, texture 
features, and looking at racial difference.  
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The effect of travel distance on survival in patients with recurrent or progressive 
glioblastoma

Matthew Auguste #

Principal Investigator: Patrick Wen, MD

Scientific Advisor: Ugonma Chukwueke, MD

Dana-Farber Cancer Institute 

Glioblastoma, also known as grade IV tumors by the World Health Organization, are the most 
aggressive primary brain tumors in adults. Currently, the standard treatment includes the combination 
of maximally-safe surgery, radiation, chemotherapy, and alternating electric-fields. Treatment options 
for disease recurrence are less certain, with therapies which are potentially more toxic. As a result, 
efforts have been made to understand the factors that may impact survival in patients with recurrent 
disease. In other cancers, studies have suggested that patients who travel a farther distance to their 
treatment institutions for clinical trials demonstrate prolonged survival when compared to patients 
who receive care locally. This has yet to be investigated in the field of neuro-oncology, specifically 
glioblastoma. It is unclear whether this reflects higher socioeconomic or functional/neurologic status. 
Therefore, the purpose of this study is to determine whether the travel distance of a patient, enrolled 
on a clinical trial for management of recurrent or progressive glioblastoma, is a factor in their overall 
survival. We conducted a retrospective review of patients with recurrent or progressive glioblastoma, 
treated on clinical trials at the Dana-Farber Cancer Institute (DFCI) Center for Neuro-Oncology. We 
collected patient and trial information - patient demographics, number of visits, Karnofsky performance 
status, travel distance, trial-specific information, and vital status - from electronic medical records and 
DFCI clinical trial databases. Our study has not yet yielded any results since patient data is still being 
collected, but extrapolating from trends observed in other cancers, we anticipate that patients who 
travel longer distances will have improved survival in comparison to those who do not travel as far. In 
addition to recent breakthroughs in our understanding of molecular and genetic factors that impact the 
survival of patients with recurrent or progressive glioblastoma, the results of this study could help in 
understanding a previously disregarded source of bias with future interventions aimed at addressing 
these factors. 

Determination of synthetic lethality: Mismatch repair and base excision repair

Evans Berreondo # 

Principal Investigator: Julie-Aurore Losman MD, PhD

Scientific Advisors: Laura Evans, PhD; Betty Rouaisnel; Kate Wolak, PhD

Dana-Farber Cancer Institute 

Previous research has found that cancerous cells have lower levels of DNA repair than normal cells, 
explaining why cancer cells are able to acquire mutations that allow them to evade treatment. Research 
has also found that lymphoma cells have Base Excision Repair (BER) and Mismatch Repair (MMR) as 
DNA repair mechanisms, but MMR is frequently impaired. The purpose of this project was to determine 
whether there is a synthetic lethal relationship between these two pathways that can be exploited for 
the treatment of cancer. Synthetic lethality is when a combination of the loss of two genes lead to cell 
death while deficiency in one or the other of the two genes does not. We used K562 cells, a cell line 
known to have intact BER and MMR, in order to test the hypothesis that this relationship exists between 
the mechanisms. Growth curves of K562 cells were set up using three different concentrations of two 
drugs, Ku55 and Ku60, that specifically inhibit ATM, an essential component of the BER pathway. We 
determined that the optimal concentration of drug to use was 1uM of Ku60, optimal meaning that 
although ATM was inhibited, cell growth was almost normal due to intact MMR activity. As verification 
that the drug worked we ran a Western Blot measuring the amounts of ATM and phosphorylated 
ATM protein within cells. Then using CRISPR technology, we disabled MMR in K562 cells by deleting 
MSH2 or MSH6, two proteins without which the pathway does not function normally, as confirmed by 
Western Blot. Although the experiments have not yet been completed, we expect that the K562 cells 
with impaired MMR will have increased sensitivity to the BER inhibitor. If synthetic lethality is found, 
this strategy could be used to treat lymphoma and other cancers in which MMR or BER are deficient.
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Multiple myeloma cells resistance to proteasome inhibitors

Jenna Briere

Principal Investigator: Kenneth Anderson, MD

Scientific Advisors: Giada Bianchi, MD; Matthew Ho; Tianzeng Chen

Dana-Farber Cancer Institute

Proteasome inhibitors (PI) are an effective treatment for Multiple Myeloma (MM), an incurable cancer of 
plasma cells. They work by inhibiting the proteasome, a protein recycle bin of eukaryotic cells, resulting 
in an accumulation of misfolded proteins and terminal proteotoxic stress. A major therapeutic challenge 
for patients with MM is that acquisition of clinical resistance is inevitable. Recently, a proteasome stress 
response, by which cells with partially impaired proteasome function induce de novo biogenesis of 
proteasome, has been described. A master regulator of this process is the transcription factor nuclear 
factor, erythroid 2 like 1 (NFE2L1 or NRF1). In eukaryotic cells with functional proteasomes, NRF1 is 
continuously degraded through the proteasome. When there is a disruption to proteasome function, 
for example due to treatment with PI, NRF1 is stabilized. The aspartyl protease DNA damage inducible 
1 homolog 2 (DDI2) then cleaves NRF1 to its transcriptionally active form, giving rise to de novo 
proteasome synthesis. We used DDI2 knockout (KO) MM cells to study the effect of DDI2 loss on NRF1 
cleavage upon proteasome inhibition in MM and showed that NRF1 cleavage is lost in DDI2 KO cells. 
Along with this, DDI2 KO cells are more sensitive to the irreversible PI carfilzomib. To confirm a causal 
relationship, we transfected DDI2 to KO cells and showed rescue of NRF1 cleavage and acquisition of 
resistance to PI. These rescue effects were lost when a DDI2 mutant, devoid of the aspartase domain, 
was added back. This shows that the active site of DDI2 is responsible for the cleavage of NRF1, which 
leads to resistance to PI. These data suggest that the DDI2-NRF1 pathway may represent a novel 
therapeutic target to overcome PI resistance.

Effectiveness of the OncoPanel cancer sequencing in identifying and yielding 
insight into fusion-driven pediatric cancers

Cierra Brown #

Principal Investigator: Katherine Janeway, MD, MMSc

Scientific Advisors: Laura Corson, PhD; Gianna Strand

Dana-Farber Cancer Institute

The GAIN Project is a collaboration among a dozen pediatric oncology centers across the United States 
to sequence high risk extracranial solid tumors with the goals of better understanding the drivers of 
pediatric cancers and identifying potential targeted therapies for individual patients.  Four cancer types 
are driven by recurrent gene rearrangements: Ewing’s sarcoma, alveolar rhabdomyosarcoma (ARMS), 
desmoplastic small cell round tumor (DSRCT), and synovial sarcoma.  Historically these cancer types 
have been diagnosed by a combination of histology, immunostaining, and customized FISH or PCR 
assays.  We hypothesized that a broad sequencing panel, such as OncoPanel, could be used as a 
general tool to inform the diagnosis of patients as well as to understand the overall genomic profile of 
the tumor and to guide therapeutic recommendations. To assess the effectiveness of the OncoPanel 
in diagnosis of these cancer types, we evaluated pre-sequencing test records and compared them to 
the OncoPanel results.  Of the first 250 patients, OncoPanel identified fusions indicative of Ewing’s 
sarcoma in 8.0%, of ARMS in 7.2%, of synovial sarcoma in 2%, and of DSCRT in 4%. There were 3 
cases in which the cancer type had previously been unclear, and the OncoPanel results clarified correct 
diagnosis (DSRCT n=2, Ewing’s n=1) although it was most often the case that breakapart FISH had 
detected a rearrangement of EWSR1, FOXO1, or SS18, but the fusion partner was unknown (Synovial 
n=3, ARMS n=10, DSRCT n=5, Ewing’s n=12). We are logging the information into the iCatalog 
database for future reference in the trial. The exploration ultimately will lead to a comprehensive view 
of how many patients received new information about the driver of their cancer as a result of the 
sequencing panel.
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Validation of an automated blood typing software for a diverse set of rh blood 
group changes from whole genome sequences

Baderha Bujiriri

Principal Investigator: William Lane, MD, PhD

Scientific Advisor: Helen Mah, MS

Brigham and Women’s Hospital

Blood transfusion is one of the most commonly administered therapies in clinical medicine, with 112.5 
million units of blood collected worldwide every year. Cancer patients and stem cell transplants receive 
a large percentage of the collected blood. Current pre-transfusion testing includes matching the patient 
and donor for ABO and RhD using serologic testing principles that have not materially changed for over 
60 years. However, there are several important Rh blood group changes that challenge conventional 
serologic testing. As a result, a multitude of DNA based molecular tests have been developed for Rh, 
but these assays are labor intensive and often require subject matter experts to integrate results from 
several assays to render a final interpretation. Here we show a new next generation sequencing (NGS) 
typing approach with automated software-based interpretation (bloodTyper) for typing RhD that can 
replace conventional serologic and existing DNA based approaches. Specifically, for our project we 
used bloodTyper on NGS based whole genome sequence (WGS) data. Our focus was on the RHD gene 
using a set of samples with diverse changes for three types of D negative, weak D, partial D, and even 
weak partial D. The whole genome data helped resolve some unanswered questions from conventional 
testing. The WGS bloodTyper results were highly correlated to conventional testing consisting of 
serology, single nucleotypic polymorphism arrays, allele specific PCR, and Sanger sequencing. WGS 
represents a new approach for typing Rh with fidelity equivalent to, if not better than, existing serologic 
and DNA based typing methods. As WGS is performed as a routine part of clinical care, with the use 
of automated algorithms, there will be improvements in blood transfusions that do not result in the 
recipient creating antibodies against the donor blood.

Fighting the side effects of Melphalan 

Palmira Caraballo #

Principal Investigators: Jerome Ritz, MD

Scientific Advisors: Carol Reynolds, PhD; Andrew Burden

Dana-Farber Cancer Institute

Autologous Bone Marrow Transplantation (ABMT) has been a common procedure for treating cancers 
such as multiple myeloma and non-Hodgkin lymphoma since the 1970s. This procedure is often paired 
with conditioning drugs such as Melphalan. Though Melphalan helps to reduce the growth of cancer 
cells, excruciating side effects in the gastrointestinal tract (severe diarrhea and vomiting) are inevitable. 
There are no effective treatments for these side effects. “Enterade” is an amino-acid cocktail which is 
hypothesized to reduce the gastrointestinal problems in patients post ABMT and Melphalan treatment. 
Reduction in cytokine levels for markers of inflammation, IL-1 beta and TNF alpha, through “Enterade” 
use would indicate GI improvement.   To assess whether Enterade decreases inflammation following 
ABMT and Melphalan treatment, blood samples from 114 patients treated with Enterade or a control 
were drawn in Ethylenediaminetetraacetic Acid (EDTA) tubes to prevent coagulation. The plasma was 
then collected by centrifugation. Plasma samples were  titrated (1:1, 1:2, 1:5, 1:10, and 1:100) and 
two ELISA kits were tested.  One provided better results on EDTA collected blood samples.  Plasma 
samples were spiked with controlled amounts of cytokine to quantitate high/low concentrations.  
Standard controls were assayed with strong statistical correlation.  Presence of plasma cytokines will be 
quantified and the cytokine and clinical data compared to examine the effect of Enterade administration 
on gastrointestinal inflammation.  These findings will allow us to determine whether Enterade is an 
effective treatment for gastrointestinal distress following ABMT and Melphalan treatment for multiple 
myeloma and non-Hodgkin lymphoma.
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fMRI for pre-surgical planning and intraoperative brain mapping in a polyglot

Ben Chicha

Principal Investigator: Alexandra Golby, MD

Scientific Advisor: Laura Rigolo, MA

Brigham And Women’s Hospital

Functional Magnetic Resonance Imaging (fMRI) is currently the only clinically approved, noninvasive 
imaging technique to measure brain activity for pre-surgical neurosurgical planning. This imaging 
technique can serve as a substitute for the gold standard of intraoperative brain mapping, ElectroCortical 
Stimulation (ECS). Surgeons use fMRI to map out the brain pre-op and create a 3D model to work 
with during the operation. This data is used to avoid creating new functional deficits. fMRI utilizes 
the hemodynamic response of neurovascular coupling. Using this, Blood Oxygen Level Dependent 
(BOLD) images are made. The technique uses the general linear model to indicate areas with activation 
strongly correlated with the given paradigm. The goal of this study is to track the use of fMRI during pre-
surgical planning as well as during operation and its role in maximal safe resection of the lesion. Patient 
X was diagnosed with an extensive left temporal astrocytoma. This case study used BOLD imaging to 
locate eloquent language cortex including, but not limited to, Wernicke and Broca’s areas. Language 
mapping was performed in English, German (First Language), and Portuguese. This study used BrainEx 
(NordicNeuroLab, Norway) to process and analyze BOLD images. After being thresholded, the scans 
were examined by the surgeon to plan the surgery. The data was used to construct a 3D model of the 
patient’s brain including eloquent areas, fiber tracts, and the lesion(s). The fMRI data was loaded into 
the BrainLab Neuronavigation system and registered with an interactive tool and microscope system. 
This allowed the surgeon to see the target area and coordinate movement with a 3D map of the subject 
during resection. Additional segmentation of eloquent cortex was done to identify the presence of the 
hemodynamic response. We expect the patient to recover fully and without any deficits. 

Pancreatic cancer growth is dependent on neuropilin 2 for neovascularization

Orlane Destin #

Principle Investigator: Diane Bielenberg, PhD

Scientific Advisors: Asma Almazyad, BDS; Benoit Niclou, MS; Colin Rivet, MS 

Boston Children’s Hospital

Pancreatic ductal adenocarcinoma (PDAC) has a high mortality rate due to lack of detection, tendency to 
metastasize to the liver, and the absence of effective treatments. Consequently, there is an urgent need 
to develop drugs to inhibit PDAC progression. Neuropilin-2 (Nrp2) is a transmembrane receptor that 
binds an angiogenic ligand, Vascular Endothelial Growth Factor, and a repulsive protein, Semaphorin-3F 
(SEMA3F). Nrp2 is highly overexpressed in PDAC cells and PDAC-associated endothelial cells. Previous 
preclinical trials demonstrated that silencing Nrp2 in PDAC cells or targeting Nrp2 with neutralizing 
antibodies inhibited cancer progression. We hypothesized that PDAC tumors require vascular 
expression of Nrp2 in order to grow in vivo and tested this hypothesis by injecting syngeneic tumors 
into genetically altered mice and measuring tumor growth and angiogenic potential. Luciferase-labeled 
Panc0H7 mouse PDAC cells were injected orthotopically into the pancreas of mice, and tumor growth/
metastasis was monitored via luminescence. Vascular density, measured by immunohistochemistry for 
CD31, was analyzed in normal pancreas and PDAC tumors and compared between Nrp2+/+ wildtype 
(WT) and Nrp2-/- knockout (KO) mice. Our results indicated that the static endothelium in the normal 
pancreas of adult mice lack Nrp2 and baseline vascular density was comparable between WT and 
KO mice. However, Nrp2 expression was upregulated in angiogenic PDAC tumor vessels in WT mice. 
PDAC tumors grew poorly in Nrp2-lacking mice and showed reduced tumor microvessel density. We 
next analyzed tumor vascular density in PDAC treated with SEMA3F in vivo and our results indicate that 
SEMA3F is anti-angiogenic. Lastly, the effect of SEMA3F on PDAC tumor cells was analyzed in vitro 
in a migration assay. Taken together, our data suggests that Nrp2 may be an important target in both 
tumor cells and endothelial cells in PDAC tumors. Targeting of Nrp2 with antibodies or its inhibitory 
ligand may prevent liver metastases.
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Analyzing gene expression and biological pathways between normal and obese 
individuals with colon cancer

Vickie Do #

Principal Investigator: John Quackenbush, PhD

Scientific Advisor: Camila Lopes-Ramos, PhD
 

Dana-Farber Cancer Institute 

Having a higher body mass index (BMI) is seemingly associated with an increased risk of cancer, 
one being colon cancer, a disease that kills 50,000 people annually. However, the association 
between body weight and colon cancer are poorly understood. To better understand this, our goal 
was to investigate if there are biological processes affected by BMI in colon cancer. We used gene 
expression data from The Cancer Genome Atlas (TCGA) project and performed differential gene 
expression analysis between normal and obese patients with colon cancer. Using R programming 
and the Bioconductor limma package, we discovered 160 genes (p-value < 0.01) to be significantly 
differentially expressed between normal and obese. Next, we used the Bioconductor topGO package 
to find the biological processes enriched for the 160 significantly different genes. We identified 649 
GO biological processes that are significantly different between normal and obese patients with colon 
cancer and 6 of them were related to metabolic processes (p-value < 0.01). Understanding the 
biological and molecular processes that drive the increased risk for colon cancer in obese individuals 
is important to advance disease prevention, diagnosis, and treatment. Our results helped us gain 
insights into the molecular features that characterize obese individuals with colon cancer and might 
be associated with the increased risk to develop the disease, particularly in the metabolic processes. 

Characterization of new regulators of S1PR1 endocytosis and signaling in 
endothelial cells

Vitoria Do Carmo #

Principal Investigator: Timothy Hla, PhD

Scientific Advisors: Michel Levesque, PhD; Andreane Cartier, PhD

Boston Children’s Hospital

S1PR1 (Sphingosine 1 phosphate receptor 1) is a gene expressed in a variety of cells. The Hla lab 
previously showed that S1PR1 at the surface of endothelial cells (ECs) is essential for the development 
of vessels, barrier integrity, and endothelial homeostasis. Recent work in the lab has also shown that 
the expression of S1PR1 in mice endothelium can regulate tumor growth. Preliminary data suggest that 
increasing the level of S1PR1 at the surface of ECs could improve delivery and efficacy of anti-cancer 
drugs. To identify specific regulators of S1PR1 cell surface expression and signaling, a whole genome 
siRNA screen of 22,000 genes was performed. About 300 candidate genes that can induce or inhibit 
S1PR1 endocytosis were identified. These genes represent potential regulators of S1PR1 cell surface 
expression and of its function. A different study (mRNA levels measured by RNA-seq) identified genes 
that were up or down regulated in mouse aortic endothelial cells presenting a hyper-activation of the 
receptor (high level of internalization) compared to cells with a normal level of S1PR1 at the surface. 
Within this list, there could be regulators of S1PR1 cell surface expression. By comparing these two lists 
of genes, candidates with high potential as regulators of S1PR1 cell surface expression were selected 
and will be further characterized. Their functions in S1PR1 endocytosis and signaling will be tested 
using over-expression of the candidate genes in different S1PR1 cell models. The overexpression 
of the genes and their effect on S1PR1 endocytosis and function will be confirmed by western blot, 
immunofluorescence, and trans-endothelial electrical resistance. We hypothesize that the expression of 
the candidate genes will potentiate S1PR1 function and could represent interesting targets to influence 
the role of S1PR1 in vivo in the modulation of tumor growth and the efficiency of anti-cancer activity. 
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Reversing intratumoral hypoxia using engineered oxygen microbubbles 

Tallia Dudley # 

Principal Investigator: Brian Polizzotti, PhD 

Scientific Advisor: Alexis Cole

 Boston Children’s Hospital 

Intratumoral hypoxia is a master regulator of treatment resistance in patients with solid tumors.  
Hypoxic tumors are three times more resistant to radiation therapy than well oxygenated ones, and 
mounting evidence suggests that hypoxia imparts immune privilege – rendering them less responsive 
to existing radio- and immunotherapies. Our laboratory has pioneered the development of a family of 
polymeric hollow microparticles (PHMs) for targeted oxygen delivery.  PHMs are micron-sized particles 
with a hollow core-shell structure.  The hollow core serves as a reservoir for the oxygen payload, while 
the polymer shell provides mechanical stability and mediates gas release.  Engineering the materials 
properties and/or pressurization of the internal gas core allows us to modulate oxygen delivery in 
response to various external cues (i.e. oxygen tension, pH, etc) at controlled rates and over various time 
scales (from seconds to days).  We hypothesize that direct administration of oxygen-loaded PHMs (Ox-
PHMs) within the tumor microenvironment will transiently reverse intratumoral hypoxia and may provide 
a therapeutic window to enhance the efficacy of existing treatment paradigms.  To test this hypothesis, 
we injected mice bearing xenografts from human-derived breast tumors with either oxygenated saline 
(control) or Ox-PHMs (test) and continuously monitored the tumoral tissue oxygen tension.  Tumor 
tissue was subsequently isolated and stained with carbonic anhydrase to quantify the ability of PHMs to 
reverse molecular effects of tissue hypoxia.  Our initial results indicate that injection of only 250 μL of 
oxygen gas increased the tumor oxygen tension to >100 mmHg for over 1 hour in a 3000 mm3 tumor.  
Molecular effects of intratumoral injection of oxygenated-PHMs are pending, but we suspect that we 
will observe a decrease in the total concentration of carbonic anhydrase in Ox-PHM treated animals.  
These results suggest that Ox-PHMs maybe a useful adjunct to reduce intratumoral hypoxia.

Personalized medicine for DCIS

Israa El Saudi #

Principal Investigator: Aditi Hazra, PhD

Scientific Advisors: Graham Colditz, MD, DrPH; Jennifer Haas MD, MSPH;  
Kimberly Harris, MM

Brigham and Women’s Hospital

Ductal carcinoma in situ (DCIS) is stage 0 of a commonly diagnosed breast carcinoma that can be 
non-invasive or invasive and difficult when determining the prognosis and treatment plan. The objective 
is to better stratify patients by creating an integrated model that incorporates clinical factors and RNA 
sequencing. We will analyze DCIS patients and subsequent IBC cases by retrieving tissue blocks and 
conducting RNA sequencing that will address the mRNA gene expression within the degraded tissue 
samples. A biobank is a universal tool that locates and collects patient tissue samples from surgical 
biopsies for data and analytical uses. Samples are stored in formalin fixed paraffin embedded material 
that is used to preserve the characteristics of cells. Using Biobank, tissue samples were collected 
from the BWH-PROSPER and enriched for age, race, diagnoses year, and for women who developed 
invasive breast cancer. When analyzing 315 patients (83% white and 17% black), 11 patients at ages 
39 and under had grade 3 cancer while 2 had grade 1. In contrast, 64 patients at ages 40 and over 
had grade 1 cancer while 111 patients had grade 3 cancer. Future work will require RNA isolation, RNA 
sequencing, alignment, determination of the number of genes, quality control, and addition of clinical 
factors in order to create a stratification model. Overall, women who are usually screened at the age 
of 40 and above have a higher chance of being diagnosed with grade 1 compared to patients who are 
39 and younger who most likely do not get screened yearly which results in a high diagnosis for grade 
3 cancer. By promoting early breast cancer detection and by creating a stratification model based on 
clinical factors and RNA sequencing, doctors will be able to understand the severity of each DCIS case 
in order to provide a strong diagnosis. 
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Determining composition of grain mixtures using high-resolution magic angle 
spinning magnetic resonance spectroscopy

Luther Evans #

Principal Investigator: Leo Cheng, PhD

Scientific Advisor: Lindsey Vandergrift

Massachusetts General Hospital

Our lab uses High-Resolution Magic Angle Spinning (HRMAS) Magnetic Resonance Spectroscopy 
(MRS) to examine metabolites in tissue to develop different cancer diagnostic methods based on 
machine learning to separate the contribution from different pathological components and correlate 
the resulting metabolic profile with disease status. However, HRMAS MRS can also allow us to 
determine grain composition in a simple fashion, which is a challenge for manufacturers purchasing 
and selling grain mixtures to each other. This technique, unlike mass spectrometry or infrared 
spectroscopy, can measure metabolites without chemical extraction. Our objective is twofold: (1) 
develop a simpler method for identification of grain mixture composition and (2) test the analytical 
model from this project for use in cancer research. The United States Department of Agriculture 
(USDA) provided 9 grains (flax, corn, sorghum, wheat, millet, rye, oat, rice, and barley) and 5 mixtures.

To validate measurements between researchers, we scanned a test mixture (millet, spelt, rye, corn) 
for three trials. Each grain (2.5mg) was placed into a rotor and measured using a Bruker AVANCE 
spectrometer operating at 600 MHz with 3600 rpm spin rate at 25oC. We expect to see similar results 
between the spectra, which would indicate high reproducibility between researchers and samples. After 
the initial test, we began scanning the pure 9 grains. Thus far, we have conducted multiple measurements 
each for flax, corn, sorghum, wheat, millet, rye, oat, rice, and barley. The project will continue by 
measuring the remaining 5 mixtures and develop our own randomized mixture, followed by analysis 
using an overdetermined linear regression model in order to develop a machine learning paradigm to 
do human pathology. This model allows us to predict the composition of the grain mixture. We want to 
extend this method to cancer research. This is plausible because the mixture of pathological features 
in tissue samples are similar to a mixture of grains. These pathological features contribute differently to 
measured metabolite levels. We will apply the analytical model to calculate, and then mathematically 
remove, these contributions so we can better compare tissues to identify evidence of cancer itself.
 

How metabolic compounds affect mitochondrial levels and cell proliferation of 
cancer cells to increase their sensitivity to chemotherapy

Justin Fenton

Principal Investigator: Anthony Letai, MD, PhD

Scientific Advisors: Veerle Daniels, PhD; Binyam Yilma; Vinicius Ferreira

Dana-Farber Cancer Institute

In this project we are investigating new combination therapies for triple-negative breast cancer 
treatment. This combination therapy is characterized by the implementation of metabolic stress 
specifically to cancerous cells and classical chemotherapy used for triple negative breast cancer. 
Metabolic stress is used to drive cancerous cells closer to an apoptotic threshold in order to lower the 
chemotherapy drug dose. The leading effects of this combination therapy is the increased efficacy and 
lower effective dose of chemotherapy, potentially reducing side effects. Triple-negative breast cancer 
does not express receptors such as Her-2, progesterone, and estrogen. Therefore, it cannot be treated 
with the same receptor-based treatment as the other breast cancer subtypes. Because of this, triple-
negative breast cancer causes a higher mortality rate in women compared with the receptor-based 
treatments. By using BH3 profiling to approximate where the cancerous cells and normal cells lie on the 
priming scale towards an apoptotic threshold, we identified 6 metabolic compounds of interest, GPP78, 
FK866, CHR2797, diphenyleneiodonium chloride, Spautin 1, BPTES, that could be used to push 
cancerous cells closer to that threshold prior to chemotherapy treatment. To characterize the effect 
these metabolic compounds have on the cells, we are now investigating the mitochondrial levels and 
proliferation rate of the cells after compound treatment. This is done by looking at the expression levels 
of TOM20 and Ki67. Testing TOM-20 and KI-67 allows us to observe how treatment alters cellular 
responses.  We hypothesize that one of the drugs tested will either increase TOM-20 or decrease KI-
67, revealing a benefit of targeted metabolic therapy followed by combined therapy.
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Association of obesity related genetic risk factors with prostate cancer risk and 
survival

Brittney Gedeon #

Principal Investigator: Kathryn Penney, ScD

Scientific Advisor: Maxine Chen, ScD

Brigham and Women’s Hospital

Prostate cancer (PCa) affects hundreds of thousands of men in the U.S. and worldwide. High BMI is 
linked to aggressive PCa but the genetic mechanism behind this phenomenon is unclear. Analyzing 
associations of genetic predictors of BMI may explain the mechanism behind PCa. We wanted to 
discover if a BMI single nucleotide polymorphism (SNP) genetic risk score (GRS) is associated with PCa 
risk and survival. Additionally, we wanted to explore if PCa risk SNPs are associated with prostate tumor 
expression of two proteins, AMPK and ACC, which are involved with fatty acid production. In combination, 
these two analyses could capture biological factors that lead to the development and progression of 
PCa. Genetic and disease data from 1805 PCa cases and 1304 controls from two Harvard cohorts 
were analyzed through a linear and logistic regression in R to investigate the associations between a 
previously established GRS and BMI, and the GRS and PCa. A survival analysis was conducted with 
a Cox Proportional-Hazards Model. Next, the association between two PCa risk SNPs (rs4430796 & 
rs10486567) and protein expression intensity data from the cohorts were analyzed through a linear 
regression. The association between the GRS and BMI was significantly positive, but there was a 
nonsignificant association between the GRS and the risk of PCa (OR=0.89 95% CI: 0.53-1.23, p-value: 
0.33) and survival of PCa (HR=1.16 95% CI: 0.53-2.56, p-value: 0.70). The associations of protein 
expression with both SNPs were nonsignificant as well. In conclusion, these findings suggest that the 
genetic component of BMI does not contribute to PCa risk or survival, and PCa risk SNPs do not impact 
the expression of two key fatty acid genes in prostate tumors. Further research of the GRS and these two 
proteins needs to be conducted to discover more about the biological mechanism linking obesity and PCa.

c-Myc promotes natural killer cell-mediated antitumor and antiviral responses

Alexander Gonzalez 

Principle Investigator: Laurie Glimcher, MD

Scientific Advisors: Han Dong, PhD; Claudia Lentucci, PhD

Dana-Farber Cancer Institute

c-Myc is a proto-oncogene that is known to be routinely activated in human cancers; however, its 
role in immune cells is much less understood. Natural Killer(NK) cells are characterized as innate 
lymphocytes that are critical for control of infectious diseases and cancer. The emerging interest in 
developing NK cell-based cancer immunotherapies and new vaccine strategies for controlling lethal 
infectious diseases highlights an urgent need to identify the intrinsic regulators of NK cell mediated 
immunity. Our aim is to identify the role of transcriptional factor c-Myc in NK cell-mediated antitumor 
and antiviral immunity in vivo. To do this, we generated genetically engineered mouse models with 
either c-Myc ablation or overexpression specifically in their NK cell compartment. We utilized a 
melanoma lung metastasis model and compared the tumor burden of mice with c-Myc deficient NK 
cells to their c-Myc competent littermates. We observed a 3-fold increase in lung nodules collected 
from the mice with c-Myc deficient NK cells. Further characterization by flow cytometry revealed c-Myc 
deficient mice had a 2-fold decrease in tumor-infiltrated NK cells in contrast to the c-Myc competent 
animals. Consistently, during murine cytomegalovirus infection model the NK cell expansion defect 
was observed in mice with c-Myc-deficient NK cells. Additionally, preliminary data in vitro suggests 
that overexpression of c-Myc in NK cells significantly promotes NK cell proliferation. We concluded that 
c-Myc is critical for NK cell mediated antitumor and antiviral immunity, likely by means of promoting 
NK-cell proliferation. 
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Phenotypic characterization of the relationship between FOXP2 knockdown and 
ITGA4 upregulation in pro-metastatic triple-negative breast cancer cells

Alexander Kaminsky #

Principal Investigator: Antoine Karnoub, PhD

Scientific Advisor: Julie Konge, PhD

Beth Israel Deaconess Medical Center 

In the United States, breast cancer accounts for 15% of all new cancer cases and is the second 
most common type of cancer among women. Patients with localized breast cancer exhibit elevated 
therapeutic response and survival rates. Difficulty in treating breast cancer, however, arises when the 
tumor undergoes metastasis, a process through which tumor cells move from primary tissue and form 
growths in secondary tissues. Thus, understanding how cancer cells develop the properties required 
to metastasize is crucial to the development of therapies to improve patient survival. Previous research 
in the lab identified a major pathway linked to breast cancer progression involving the transcription 
factor Forkhead box protein P2 (FOXP2). FOXP2 downregulation was found to increase metastasis of 
breast cancer cells (BCCs) in vivo; however, the mechanism through which this occurred was not fully 
explored.
Through Anoikis and soft agar assays, it was determined that FOXP2 downregulation gave BCCs a 
significant advantage in anchorage-independent systems. This suggested that FOXP2 knockdown 
promotes tumorigenesis and metastasis, in part, by desensitizing cancer cells to anchorage-
independent cell death mechanisms.  A screen was developed to determine which genes might be 
targeted by FOXP2 and Integrin Subunit Alpha 4 (ITGA4) was found to be overexpressed in FOXP2-
downregulated cells. It was hypothesized that ITGA4 upregulation desensitizes breast cancer cells to 
the lack of adhesive surfaces, thereby giving them an advantage in metastatic environments. Therefore, 
my work was to determine if ITGA4 reverses the pro-metastatic phenotypes present in FOXP2 KO breast 
cancer cell such as Anoikis resistance. Validation of these assays may suggest that ITGA4 is part of 
the mechanism that makes FOXP2-downregulated cells less dependent on their microenvironment and 
more suitable for metastasis. Furthermore, these results portray ITGA4 as a potentially actionable target 
for therapy against metastatic breast cancer, as an anti-ITGA4 drug (Natalizumab) is FDA approved.

Generating wild-type and CRISPR-resistant mutant versions of cDNA constructs 
for genes identified through genome-scale CRISPR screens for their potential role 

in the biology of multiple myeloma

Temitayo Lukan

Principal Investigator: Constantine Mitsiades, MD, PhD

Scientific Advisors: Brian Glassner, PhD; Ricardo de Matos Simoes, PhD;  
Sondra Downey, PhD; Emily Lowry; Marcela Melendez

Dana-Farber Cancer Institute 

Multiple myeloma (MM) is a cancer of antibody-producing plasma cells. Because of recently developed 
new therapies, MM patients now live on average for more than 6-8 years after diagnosis. However, the 
disease unfortunately remains incurable.  To help improve clinical outcomes and further extend the life 
of MM patients, our lab works to identify new molecular targets that are particularly important for the 
survival and proliferation of MM cells with the ultimate goal to develop next-generation therapeutics 
against those targets. This laboratory has used whole-genome CRISPR screens to identify genes 
that are essential for MM cell survival and/or are important in determining the sensitivity of MM cells 
to a variety of treatment types.  Once these potential target genes are identified, it is important to 
confirm the critical role that these genes play in MM cell survival, and to understand the molecular 
mechanisms of sensitivity or resistance to particular chemotherapeutics.  This project involves using a 
variety of molecular biology techniques including restriction digestion, ligation, PCR, and homologous 
recombination in order to generate a variety of retroviral gene constructs that will allow expression of a 
number of potential gene targets (e.g., IRF4, CBFB, etc.) in both their wild-type form and in forms that 
contain “synonymous” mutations that do not alter the function of the protein products of these cDNAs 
but allows them to be resistant to CRISPR reagents that knock-out those genes.   This will allow for the 
examination of the role these genes play in MM. By understanding their role in proliferation and drug 
sensitivity, we will be able to identify which genes would represent more important therapeutic targets 
and allow for more effective treatments for MM, which will hopefully lead to longer life expectancy of 
those afflicted.
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Prevalence and management of pain in cancer patients undergoing radiation 
therapy 

Ruben Martinez 

Principal Investigator: Helen Shih, MD

Mentor: Nayan Lamba

Massachusetts General Hospital

Adequate pain management is critical for proper health care, yet efforts to understand levels of pain 
cancer patients experience during radiation therapy (RT) are low. The purpose of this study was to 
assess and better characterize pain felt by cancer patients over the course of RT, as well as to identify 
medical and non-medical techniques patients use at home to cope with this pain. Any patient being 
treated with RT at Massachusetts General Hospital for a diagnosis of cancer was eligible for enrollment. 
Eligible patients were interviewed within the first one to three treatments of their RT course. The survey 
included questions related to patient pain levels before and after treatment, as well as any substance 
use, including use of alcohol, tobacco and non-prescription drugs like cocaine and marijuana. Data 
on pain management methods used by patients to cope with their pain at home were also collected, 
including both pharmacologic and non-medical methods, such as massage, music, cold pack, and 
others. In the future, the survey will be administered at a second time point during the final week of RT, 
which is usually 4-6 weeks from the time of the first survey. To date, 24 patients have been enrolled, 
including 5 with breast cancer, 7 with GI cancer, 7 with CNS cancer, and 5 with soft tissue. Based on 
the results-to-date, the majority of patients have a low level of pain when starting RT and reported a 
lower level of anxiety immediately after treatment. The mean score for level of anxiety before treatment 
on a scale from 0 to 10 was a 2.26, while the mean score after treatment was a 1. Of those who are in 
pain, the pain is infrequently a result of radiation treatment itself. Following RT, the majority of patients 
report no new pain from the treatment itself. It is hypothesized that throughout the courses of their 
treatment, patients may experience new pain due to the effects of RT and possible other concurrent 
therapies. Since anxiety can come from various treatment components such as wearing a face mask 
for people being treated to the head or being too close to the radiation machine, over time as patients 
become used to the procedure, it is hypothesized that patients will experience lower levels of anxiety 
compared to when they first began treatment. Developing a better understanding of pain during RT and 
what interventions are most effective in alleviating pain are critical to optimizing the care for cancer 
patients.

Characterizing t-cell responses to engineered tumor antigens

Hanifa Maswali #

Principal Investigator: Timothy Padera, PhD

Scientific Advisor: Dennis Jones, PhD

Massachusetts General Hospital

Immunotherapy for cancer treatment has shown promising results in a fraction of patients. Lymphocytes, 
specifically T-cells, can respond to tumor-associated antigens and kill cancer cells. Some cancer cells 
have the ability to make themselves unrecognizable to T-cells, thus prohibiting a proper immune 
response. In this study, we used 4T1 breast cancer cells to determine the effect of antigen on the host 
anti-tumor immune response. 4T1 cells expressing the antigens red and green fluorescent proteins or 
luciferase and mCHERRY were orthotopically injected into syngeneic hosts. We measured the growth 
of antigenic tumors relative to parental 4T1 tumors. Our results show that antigen expression leads to 
tumor regression. Regressing tumors were resected and collected to characterize immune infiltrates. 
Immunofluorescence staining revealed that T-cells were present in antigenic tumors but not in parental 
tumors. Our results suggest that the presence of antigens triggers T-cell mediated rejection of tumor 
cells. We anticipate that our findings will aid the advancement of the up and coming cancer treatment 
that is T-cell therapy.
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Meta-analysis of ER-dependent gene expression profiles from public MCF7 
breast cancer cell-line datasets

Marcela Melendez #

Principal Investigator: Constantine Mitsiades, MD, PhD

Scientific Advisors: Brian Glassner, PhD; Emily Lowry; Sondra Downey, PhD;  
Temitayo Lukan; Ricardo De Matos Simoes, PhD

Dana-Farber Cancer Institute

Estrogens play a crucial role in promoting disease progression and tumor growth in ER-positive breast 
cancer cells and for several years now various studies have been conducted to examine the gene 
expression profiles of ER-positive breast cancer cells exposed to estrogens or anti-estrogen hormonal 
therapies. However, there are, to our knowledge, very few studies to compare the results of these 
different studies performed by different labs and determine how similar or different the results are.  We 
collected public datasets from the NCBI GEO database of individual experiments performed on MCF7 
breast cancer cell line genes treated with 17-Estradiol (estrogen). These datasets were generated 
using different microarray gene expression profiling platforms performed from multiple laboratories 
independently. We performed 15 comparisons from over 11 gathered datasets of treated (≥ 3 samples) 
and untreated (≥ 3 samples) MCF-7 cell lines. We identified differentially expressed genes for each 
comparison by the application of a limma t-test. For each dataset, we defined genes to be differentially 
expressed by a FDR (false discovery rate) of less than 0.05 and an absolute log2 fold difference > 
0.7 between treated and untreated MCF-7 cells.  We ranked genes by counting how often they were 
identified as significantly upregulated and downregulated. We generated a protein-protein interaction 
network (STRINGdb) and a functional enrichment analysis for pathways (CPDB database) for the most 
frequently identified down and upregulated genes. Our preliminary analysis identified 412 genes that 
were upregulated and another 227 which were downregulated in at least 4 comparisons for each 
these groups of genes. We observed that the upregulated genes were markedly enriched for molecules 
involved in the cell cycle, while cell death and apoptosis-inducing genes were enriched in the set of 
downregulated genes.  The overall goal of our project is to define which genes are consistently induced 
or suppressed in ER-positive breast cancer cells exposed to estrogens (or their inhibitors). Ultimately, 
we will identify a robust list of estrogen-driven genes that can be used for classification of breast cancer 
patients and the development of next-generation hormonal therapies to counteract estrogen receptor 
activity.

The effects of aspirin on HPGD expression in normal human-derived colonic 
organoids

Jiancheng Mo #

Principal Investigator: Andrew Chan, MD, MPH 

Scientific Advisors: David Drew, PhD; Dylan Zerjav; Oliver Takacsi-Nagy

Massachusetts General Hospital

Colorectal Cancer (CRC) is the third most diagnosed cancer in the United States. Substantial evidence 
suggests that regular use of aspirin is associated with a lower risk of CRC; however, the exact mode of 
action remains unknown. Several interrelated mechanisms for aspirin’s chemopreventive effects have 
been proposed, including through the modulation of prostaglandin balance. Specifically, aspirin use has 
been previously associated with a lower risk of CRC in individuals with high mucosal expression level 
of hydroxyprostaglandin dehydrogenase 15-(NAD) (HPGD; 15-PGDH). HPGD mediates colon cancer 
suppressor pathways by acting as a metabolic antagonist for the enzyme prostaglandin synthase 
(PTGS), also known as cyclooxygenase (COX), which is responsible for the formation of prostanoids 
and is also inhibited by aspirin. We have derived organoids from the randomized, placebo-controlled 
trial, “ASPirin Intervention for the REDuction of colorectal cancer risk” (ASPIRED). These patient-derived 
organoids offer a novel modeling system that allows in vitro recapitulation of the colon crypt structure. 
Using these cultures (n = 4), we initially examined the effect of aspirin on HPGD expression within 
normal colonocytes. Following treatment with aspirin at multiple doses (0 μM, 5 μM, 10 μM, 30 μM, 50 
μM, 100 μM, 1000 μM) for 24 hours, HPGD mRNA expression was measured using quantitative real-
time polymerase chain reaction (qRT-PCR). Given aspirin’s proposed role in inhibiting prostaglandin 
synthesis, we hypothesized that this effect may be dependent on the upregulation of HPGD. Future 
experiments will examine additional genes and proteins involved in prostaglandin balance. These results 
will provide context for the specific role of HPGD in epithelial cells for aspirin chemoprevention, clarify 
HPGD as a potential biomarker for aspirin’s efficacy in CRC chemoprevention, and offer additional 
insights into the capacity of organoids as a modeling system for CRC-related chemopreventive agents. 
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Using anti-malarial drug analogs to treat pediatric brain cancer

Nicole Muniz #

Principal Investigator: Bakhos Tannous, PhD

Scientific Advisor: Jian Teng, PhD

Massachusetts General Hospital

Pediatric High-Grade Gliomas (pHGGs) are some of the most aggressive brain tumors in children under 
15. Standard treatment involves maximal surgical resection of the tumor followed by radiation and 
chemotherapy with temozolomide. The five-year survival rate of patients with pHGGs is <10%, a failure 
that has been partially attributed to intrinsic and/or acquired resistance. Quinoline methanol derivatives 
are widely used as antimalarial drugs but have also been shown to have anti-cancer properties. 
However, at least 25% of patients suffer from mild and sometimes severe adverse central nervous 
system (CNS) events following treatment. A growing body of evidence suggests this drug crosses the 
blood-brain barrier (BBB) and is able to accumulate in the CNS. To address the adverse side effects 
of quinoline methanol administration, we selected a¬ quinoline methanol derivative that has slight 
BBB penetration while also maintaining the anti-malarial properties. We will use a low dosage of this 
compound to achieve a quantity in the brain that targets the infiltrative disease reservoir, while avoiding 
the neurological drawbacks. We tested the compound in a panel of patient-derived pediatric brain 
cancer cultures on SJ-M89 monolayers in serum-containing medium. Cells were treated with serial 
dilutions of the drug TFO 1-3 days after the treatment, and the viability of the cells was measured 
using AlamarBlue proliferation assay, scratch assay, and sphere formation assay.  We found that at 
very low concentrations (IC50 ~ 500 nM), the compound TFO demonstrated a visible reduction in 
pediatric glioma cells. These results were confirmed in scratch assay and sphere formation assay.  
These findings indicate that TFO at low dosage is a strong drug candidate for treating children’s brain 
cancer. This combination is of clinical interest, given the extensive use of TMZ and the associated 
problems with TMZ-related resistance. Current work is focused on testing low dose of TFO in different 
orthotopic xenograft mice models.

Linking sphingolipid synthesis to nuclear envelope integrity in 
schizosaccharomyces japonicas

Thao Nguyen #

Principal Investigator: David Pellman, MD

Scientific Advisors: I-Ju Lee, PhD; Ema Stokasimov, PhD

Dana-Farber Cancer Institute

A recent study from the Pellman laboratory has investigated nuclear envelope (NE) defects in micronuclei 
(MN), the small nucleus formed when one or more chromosomes or an acentric fragment is not 
incorporated into the daughter nuclei during cell division. Chromatin in the MN can undergo massive 
DNA rearrangement, a phenomenon called chromothripsis, commonly found in the cancer genome. It is 
therefore important to determine how NE defects can contribute to genomic instability in MN. However, 
we first must understand how NE is assembled and disassembled during mitosis. An ideal model 
organism for this study is Schizosaccharomyces japonicus (S. japonicus), a species of fission yeast that 
undergoes semi-open mitosis. A recent study from the Torre laboratory has shown that sphingolipid 
mutants affect the fitness of aneuploid cells by regulating membrane protein composition, which could 
be linked to nuclear morphology. Hence, we investigated whether sphingolipid synthesis is important 
for NE integrity. We focused our study on Lag1, a protein involved in ceramide synthesis, and Lcb3, a 
protein involved in the incorporation of exogenous long-chain bases in sphingolipids. Deletion mutants 
of lag1 and lcb3 were crossed to a strain carrying NLS-GFP, a nuclear import marker, and Nup85-
mCherry, a nuclear pore complex marker. Microscopy was used to observe the nuclear import of the 
mutants and control wild-type cells. In addition, deletion mutants were crossed to chmp7Δ cells, as it is 
known that Chmp7 plays a key role in NE sealing. To test the genetic interaction between lag1Δ or lcb3Δ 
and chmp7Δ, we grew double mutants on plates containing Phloxine B, a dye that stains dead cells, at 
various temperatures. Sphingolipid mutants exhibiting defects in NLS import and/or displaying genetic 
interactions with chmp7∆ would suggest a link between sphingolipid synthesis and NE integrity.
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Tracking intestinal stem cell division and differentiation through 5-dimensional 
imaging in vitro

Chidi Ojiaku #

Principal Investigator: Allon Moshe Klein, PhD

Scientific Advisor: Naren Tallapragada

Harvard Medical School

Adult tissues, like the intestine, undergo ongoing cell turnover to maintain their function and structural 
integrity in the face of damage and degradation. In the process, they must precisely balance the division 
and differentiation of tissue-specific stem cells -- an imbalance could result in cancer or degenerative 
disease. We want to understand how the gut coordinates the division and differentiation of its intestinal 
stem cells (ISCs) such that it maintains its size despite continuously producing new cells. To study this 
coordination, we observed ISC division and differentiation in organoids in vitro through 5-dimensional 
imaging (3 spatial dimensions + time + fluorescent labeling of stem cells and nuclei). Analyzing these 
data is error-prone and time-consuming. In order to train a computer algorithm to conduct image 
analysis efficiently and accurately in the future, we manually counted and tracked cells in reference 
images. By enabling rapid organoid image analysis, we have made it possible to account precisely for 
the spatial and temporal coordination of cell division and differentiation in the intestine.

Patient-provider communication challenges in the enrollment of underserved 
patients in cancer clinical trials: The perspective of medical oncologists

Beatriz Paulino #

Principal Investigator: Giselle Perez, PhD

Massachusetts General Hospital

Patient-provider communication challenges often pose an obstacle to cancer care. These challenges 
make it more difficult for patients to understand their providers and require additional resources which 
can be burdensome. There is limited research addressing the impact of patient-provider communication 
challenges on clinical trial enrollment. The purpose of this study is to understand the role that patient-
provider communication factors play in impacting oncology clinicians’ attitudes toward enrolling 
patients into cancer clinical trials. In 2016-2017, we conducted 17 qualitative interviews with medical 
oncologists from the Boston area to understand their attitudes towards and challenges with enrolling 
minority and underserved patients into clinical trials. These interviews were analyzed using NVivo. Using 
qualitative thematic content analysis, we identified the following communication challenges: language 
issues (due to patients’ lack of English proficiency), lack of health literacy, and limited educational 
background. These communication challenges reportedly increased providers’ concerns about 
recommending cancer clinical trials for fear that patients may feel more overwhelmed or burdened by 
discussions about cancer clinical trials. Providers stated that some ways to address these concerns 
would include increasing the availability of interpreter services and incorporating visual representations 
to guide patients. These findings suggest that patient-physician communication barriers may influence 
providers decision to refer patients with language and literacy barriers to cancer clinical trials.  
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Review of worldwide cancer survivorship guidelines

Robert Pepen #

Principal Investigator: Larissa Nekhlyudov, MD, MPH

Brigham and Women’s Hospital/Dana-Farber Cancer Institute

Although cancer patients can be ‘cured’ of their cancer, the long-term effects of chemotherapy 
and radiation can lead to various problems such as another cancer, heart problems, and even bone 
problems. Many patients are left without guidance on how to deal with such long-term effects because 
they may assume they are completely healthy after the eradication of their cancer. If primary care 
providers had guidelines to refer to about how to follow up with patients after cancer treatment is 
completed, then the possible effects of chemotherapy and radiation could be prevented or caught 
early. Last summer, we searched cancer survivorship guidance available worldwide by inputting key 
terms into Google. Links that held the information were placed into a spreadsheet tab corresponding 
to the geographical region’s country. The regions studied were North America, Europe, the Caribbean, 
the Middle East, Oceania, Asia, Central and South America, and Africa. After searching for the cancer 
survivorship guidance provided online for each region, it was clear that North America, Europe, and 
Australia had more guidance compared to Africa, the Caribbean, and Central and South America. This 
summer, we decided to focus on countries in Central and South America in order to see if any further 
guidelines could be found. This time, websites that were in Spanish were included in our search in 
response to our previous language barrier. The ultimate goal of this project is to compose a set of 
survivorship guidelines so that every country can use it as reference; instead of some countries having 
guidelines and others having nothing. 

A fluorescence-based screen to identify compounds that increase RUNX1 
stability 

Laura Perrault

Principal Investigator: Alan Cantor, MD, PhD

Scientific Advisor: Ann Sanoji Samarakkody, PhD 

Boston Children’s Hospital

The transcription factor RUNX1c is a key regulator of differentiation of hematopoietic stem cells into 
myeloid and lymphoid lineages. About 50% of patients with heterozygous loss-of-function or dominant-
negative acting RUNX1c mutations develop leukemia later on. The goal of this study is to identify 
compounds that increase the stability of the residual wildtype RUNX1c protein to ultimately reduce the 
risk of developing leukemia in these patients. The vector (Artichoke) has an mCherry Red Fluorescent 
Protein (RFP) downstream of a Green Fluorescent Protein (GFP) that was modified to be fused to 
RUNX1c. A bicistronic mRNA links the RUNX1c-GFP to mCherry by an internal ribosomal entry site 
(IRES) sequence. To create the construct we chose the BsmBI restriction enzyme site on Artichoke. 
We mutated the BsmBI site on the RUNX1c without changing the amino acid sequence to ensure that 
the restriction enzyme would not cut the RUNX1c. The insert was amplified and digested before being 
ligated into dephosphorylated Artichoke digested with BsmBI. In the future, we will use this construct 
in Human Erythroleukemia (HEL) cells and perform a high throughput screen for compounds that alter 
the ratio of GFP to RFP. As positive controls, we focused on pathways that affect RUNX1c ubiquitination 
leading to its degradation, a candidate being Anaphase-Promoting Complexes (APC). APC inhibitors, 
such as Apcin, inhibit E3 Ligases which are known to play a role in RUNX1c ubiquitination. Using 
a plate reader we will determine the change in ratio of GFP to RFP upon treatment with candidate 
compounds compared to cells with the empty vector to eliminate compounds that increase the stability 
of GFP alone. An increased ratio will correlate to increased RUNX1c protein stability by compounds. 
Such compounds will be validated in an in vitro differentiation system as candidates to alleviate disease 
phenotype caused by RUNX1c mutations. 
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Antioxidant (NAC) and metabolic inhibitor (3BP) do not alter proliferation in 
anaplastic thyroid cancer

Shannon Petit-Frere #

Principal Investigator: Matthew Nehs, MD

Mentors: Zuliang Yuan, MS; Abha Aggarwal, PhD

Brigham and Women’s Hospital 

Anaplastic thyroid cancer (ATC) is the most aggressive and fatal form of thyroid cancer, accounting 
for about 40% of deaths from thyroid cancer, with a median survival of only 6 months after diagnosis. 
Current therapies become ineffective due to evolved resistance. Thus, new treatments are urgently 
needed. Cancers have deregulated cellular energy metabolism. DNA damage, neovascularization, 
and cellular proliferation are prevented by synthesized or natural substances known as antioxidants. 
Glycolysis, the process by which cells break down glucose to generate energy can also be regulated 
using 3-Bromopyruvate (3-BP), a glycolytic inhibitor. This study assesses the antiproliferative effects of 
N-acetylcysteine/NAC (an antioxidant) and 3-BP in Anaplastic Thyroid Cancer (ATC).  Cells from an ATC 
line (8505C) were grown and treated with NAC and 3-BP (200uM), individually and in combination, for 
96 hours in a low glucose (3mM) environment. A proliferation assay was performed on the treated cells 
and average Relative Fluorescent Units (RFUs), the readout for proliferation was assessed. Students’ 
T-Tests compared p-values of the different conditions using low glucose as the control. Significance 
was set at <0.05.  The average RFUs for low glucose control was 161 (SEM±31.8). Treatment with 
3-BP resulted in a decrease in the RFUs (137, SEM±63.8). However, treatment with NAC alone and 
in combination with 3-BP resulted in increased RFUs (NAC=205, SEM±31.2 and NAC+3BP=214, 
SEM±47.6). All the treatment conditions using NAC and 3-BP individually as well as in combination 
showed non-significant values (p = >0.05) when compared to the low glucose control.  The results of 
this study showed that there are no significant antiproliferative effects when we treat anaplastic thyroid 
cancer cells (8505) with an antioxidant-NAC and/or metabolic inhibitor 3-BP compared to a low glucose 
environment alone.

Probiotics: Dietary sources and effect on microbiome composition

Edmilson Pires

Principal Investigator: Kerry Ivey, PhD

Scientific Advisor: Virginia Talbot

Harvard T.H. Chan School of Public Health

Despite increasing popularity and use of probiotics in the community, it is unclear if probiotics can 
indeed colonize the gastrointestinal tract, which source is more efficacious at changing the microbiome, 
and whether probiotic supplementation alters the abundance of other non-probiotic bacteria in the 
gastrointestinal tract. As such, we aimed to create a novel probiotic food composition database, explore 
the association between probiotic intake and microbiome composition, and determine the effect of 
probiotics from yogurt and capsules on the composition of the fecal microbiome in a factorial randomized 
controlled trial. At a species level, we identified all probiotic microorganisms present in commonly 
consumed US yogurts and supplements and applied this food composition database to a cohort of 
300 adult males in order to determine their probiotic strain intake. We also applied this database to 
determine the relative abundance of probiotic bacteria in the fecal microbiome. In the randomized 
controlled trial of Australian adults at risk of metabolic syndrome, we found that supplementation 
with Lactobacillus acidophilus La5 and Bifidobacterium animalis subsp. Lactis BB12 was significantly 
associated with a higher relative abundance of Bifidobacterium in both capsules and yogurts. Probiotic 
yogurts were more efficacious in changing the microbiome (Bifidobacterium, P<0.001 and BB12 
P<0.001) in comparison to probiotic capsules(Bifidobacterium, P=0.0049 and BB12 P=0.0407). 
We also observed that between the 3 strains of bacteria, La5 was least effective in changing the 
microbiome (Yogurt P=0.900 and capsule P=0.1070). Furthermore, supplementation with La5 
and BB12 results in a significant increase in the abundance of non-BB12 Bifidobacterium species. 
These data suggest probiotics from yogurt and capsules are capable of colonizing the gastrointestinal 
microbiome, with evidence of effects extending beyond the strains being consumed. With commercial 
yogurts and supplements being sources of viable probiotic bacteria, it is important to understand the 
wider implications of probiotic consumption for microbiome composition and health.  



33 34

Reproducibility of molecular imaging of glucose metabolism- harmonization of 
PET/CT equipment

Destiny Porte #

Principal Investigator: Keisha McCall, PhD

Scientific Advisors: Jiani Hu, MPH; Su-Chun Cheng, ScD; Annick Van den Abbeele, MD

Dana-Farber Cancer Institute

[18F]-fluorodeoxyglucose positron emission tomography computer tomography imaging (FDG-PET/
CT) is used to evaluate glucose metabolism rates in cells within the body. Physicians use FDG-PET/
CT images and standard uptake value (SUV) to measure the metabolism in cancer before starting 
treatment (baseline) and during a response to treatment (follow-up). However, SUV measurements 
can differ because of the PET/CT scanners or techniques used to acquire the images. This project 
tested the hypothesis that there were no significant variations in SUV of normal tissues when there 
was harmonization of the imaging equipment.  In a retrospective clinical trial, SUV was measured in 
normal livers of patients who had follow-up FDG-PET/CT within a 2-6-week period of their baseline at 
a single institution. SUV was also measured in phantom images every 2-4 months. The phantom data 
was the “gold standard” for evaluating SUV variations due only to changes in the scanners or technique. 
The patient data presented SUV variation in a real clinical setting where glucose metabolism may also 
change over time. Study data was grouped into patients with follow up images on the same scanner 
as baseline (control) and follow up images on a different scanner (experimental). Box-plots were used 
to visually show variations of SUV between scanners or between groups. ANOVA statistics tested for 
significant differences in the SUV between the control and experiment groups.  These analyses will 
clarify the potential magnitude of SUV artifacts  

Regulation of survivin 2B expression by alternative pre-mRNA splicing

Graciella Rios Ortega

Principle Investigator: Edward Benz, MD

Scientific Advisor: Jia Liang

Dana-Farber Cancer Institute 

Survivin is a protein highly expressed in the vast majority of malignancies. The overabundance of 
survivin-wild type (WT), which inhibits apoptosis, is a hallmark of many cancers and is correlated with 
poor overall patient survival. Conversely, survivin-2B, an isoform of survivin containing an additional 
exon 2B, acts as a proapoptotic factor that sensitizes cells to apoptosis and is associated with overall 
increased survival rate. Expression of these survivin isoforms are regulated by alternative splicing. 
Alternative splicing is the process by which coding regions called exons are joined together and 
noncoding regions called introns are removed. This process depends on the recognition of 5’ and 
3’ splice sites by splicing machinery. In addition, proteins called splicing factors may bind to parts of 
the pre-mRNA to increase or decrease inclusion of an exon or intron. The balance between positive 
and negative regulation of splice site selection would result in either increased or decreased inclusion 
of an alternative spliced exon. My project is focused on the effect of different splicing factors on the 
expression of survivin-WT or survivin-2B isoforms. A survivin 2B minigene construct that mimics the 
endogenous survivin expression pattern was co-transfected with 33 splicing factors into HeLa cells. 
RNA was isolated 24 hours post-transfection and RT-PCR was used to amplify spliced products, which 
were then analyzed in agarose and acrylamide gels. Exon 2B inclusion was calculated as the percent 
of total RNA products containing Exon 2B. Averages and standard deviations were calculated from two 
independent experiments. My results show that  there was no significant increase or decrease of 2B 
inclusion with the splicing factors. These results will be further examined to check whether the splicing 
factors are actually expressed in the transfected cells. Additional splicing factors may also be required 
to identify relevant factors that regulate the expression of survivin 2B isoform.
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Levels of HGF secretion in non-small cell lung cancer reveal patterns of immune 
evasiveness by means of PD-L1 expression

Walter Rodriguez #

Principal Investigator: David Barbie, MD

Scientific Advisor: Israel Canadas, PhD

Dana-Farber Cancer Institute

Past studies have shown that tumor cells with increased expression of the programmed death-ligand 1 
(PD-L1) protein have greater immunosuppressive capabilities in vivo. Regulation of the PD-L1 immune 
checkpoint in human cancers hold promising results as the means by which physicians can use the 
patient’s own immune system to kill tumor cells in a now highly regarded form of treatment known as 
immunotherapy. Expression of PD-L1 on tumor cells have predictive value in determining the efficacy of 
therapies regulating the PD-L1 checkpoint. Hepatocyte Growth Factor (HGF), a known ligand to the Met 
tyrosine kinase receptor, induces epithelial to mesenchymal transition (EMT) through the Met pathway 
in small cell lung cancer. H69M-PD-L1high are a product of H69 cells that have undergone EMT. The 
purpose of our work was to understand the mechanism by which H69M-PD-L1high cells maintain 
their mesenchymal state in connection with HGF secretion. Our results offer a better understanding 
of the pattern these aggressive sub-clones follow in order to evade the human immune response and 
maintain their mesenchymal state.  

Barriers to selective referral of genitourinary cancers to high- vs. low-volume 
hospitals

Aliya Sahraoui

Principle Investigator: Quoc-Dien Trinh, MD

Scientific Advisors: Junaid Nabi, MD, MPH; Sebastian Berg, MD

Brigham And Women’s Hospital 

The institution in which a patient receives medical care is a key factor that may contribute to clinical 
outcomes and mortality. There is evidence to show that treatment at high-volume hospitals results 
in better outcomes for patients based on lower rates of overall mortality or complications. With 
this being said, the care a patient gets at a high vs low-volume hospital may be more preferable, 
especially for cancer patients. This poses a problem in health care. The entire life of a patient results 
in the care that they will receive, from their education level, annual income, insurance coverage to 
their race as well as diagnosis, tumor stage, or metastatic disease. These health disparities have 
been seen in surgical procedures for some cancer entities. 

The aim of our current study is to investigate whether health disparities exist at high-volume hospitals 
for genitourinary procedures. Using statistical analyses was crucial in this study, we began by using 
the National Cancer Database (NCDB) to develop an appropriate cohort of patients. We used a 
multivariable logistic regression model to estimate the odds of treatment at high-volume hospitals for 
predictor variables. Finally, we studied the effects of the Affordable Care Act (ACA) had on limiting 
health disparities. Initially, the implementation of ACA was aimed at increases health care for lower 
income and socioeconomically disadvantaged patients. Our data revealed these health care gaps 
have not necessarily closed during the implementation of ACA. White patients are still more likely to 
receive care at a high-volume hospitals as well as men with higher education levels and those with 
higher incomes.
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Construction of pgRNA/CRISPR Cas9 vectors for validation of synthetic lethal 
gene interaction

Jacqueline Seddon #

Principal Investigator: Myles Brown, MD

Scientific Advisor: Jingyu “Amy” Peng, PhD

Dana-Farber Cancer Institute

Genetic screens that identify synthetic lethal gene interactions have become key in the discovery of 
new drugs that specifically target cancer cells, while leaving normal cells unharmed. Synthetic lethal 
gene interaction is defined as two nonessential genes that, when both are inactivated, result in cell 
death. Cells with either one or both of these genes functioning normally will continue to survive. Drug 
targeting or inhibitive mutation of the genes would cause cell death only in cells with dysfunctional 
synthetic lethal partner genes, leaving normal cells unharmed. From previous screens, loss of function 
of genes ARID1A and ARID1B have been identified as a synthetic lethal interaction. The goal of this 
project is to develop a series of vectors that will be able to knockout one or both ARID1A and ARID1B 
genes by dual guide CRISPR system to validate this interaction. To create the vectors, we first designed 
primers to develop inserts containing guide RNA sequences for the targeted genes. We then digested 
the destination vector, allowing us to combine the inserts and vectors by Gibson assembly. The main 
features of the destination vectors are the dual guide RNA system, and the Cas9 expression cassette, 
allowing for the targeting and cutting of one or two genes. By creating several clones to be delivered 
into breast cancer cells, we anticipate seeing cell death in those containing knockouts of both ARID1A 
and ARID1B. This validation would serve as a positive control in future tests for validation of novel 
synthetic lethal gene interactions.  

Phase 1/1b study of Ipilimumab or Nivolumab in patients with relapsed 
hematologic malignancies post allogeneic hematopoietic stem cell 

transplantation (12-537)

Bismah Siddiqui

Principle Investigator: Jerome Ritz, MD

Scientific Advisors: Carol Reynolds, PhD; Marie Fields; Sharmila Rai

Dana-Farber Cancer Institute

This research focuses on allogeneic stem cell transplantation (alloSCT)  treatment for patients with 
relapsed hematologic malignancies. Protocol 12-537 studied the effect of two immune blockade 
drugs, Ipilimumab or Nivolumab, in patients to assess toxicity and anti-tumor activity. The objective 
was to assess the phenotypic and functional effects of Ipilimumab or Nivolumab on immune cell 
reconstitution. Ipilimumab is a monoclonal antibody that stimulates T-cells and activates the immune 
system by binding to Cytotoxic T-lymphocyte-associated protein-4 (CTLA-4), which restores function 
to the cytotoxic T-lymphocyte-cell population. Nivolumab is a monoclonal antibody specific for human 
programmed death-1 (PD-1). The clinical use of monoclonal antibodies to T-cell inhibitory receptors 
provided insight about the immune system and cancer.  The study cohort has 57 patients to date. 
Blood samples were collected at the start of treatment and at weeks 1, 2, 4, 8, and 10. Using a 4 tube 
antibody-cocktail-panel, immunophenotypic analysis was performed on extracellular surface markers. 
Tube 1 focused on T-cells, tube 2 on B-cells, tube 3 on natural-killer cells and tube 4 on Dendritic 
cells. The samples were analyzed by flow cytometry with BD LSRFortessa/BD FACSDIVA software.  
Immune cell reconstitution in the two cohorts showed different repopulation levels for all cell types. 
Overall, T-cell count was similar but the subsets varied considerably. CD4 positive Tregs  and Tcons 
were higher in the Ipilimumab group while the Nivolumab group showed increased CD8 cells at all 
time points. B-cells (CD19/CD20) were higher in the Ipilimumab group at earlier time points and in the 
Nivolumab group at later time points. The natural-killer (CD56+3-) and Dendritic cells were highest 
in the Nivolumab group early on and higher in the Ipilimumab group at later time points. Extensive 
statistical analysis will now be performed to assess the differences in the two drugs with respect to 
toxicity and immune reconstitution.
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Mapping interactions between immune checkpoint proteins

Benjamin Silva

Principal Investigator: Marc Vidal, PhD

Scientific Advisor: Soon Gang Choi, PhD

Dana-Farber Cancer Institute

This summer, we have been working on mapping interactions between immune checkpoint proteins, 
specifically, the extracellular domains of thirteen immune checkpoint proteins. In many cancers, the 
immune system is unable to detect cancer cells, as the cells can trick the immune system into thinking 
they are healthy. This research could lead to new discoveries in interactions of these immune checkpoint 
proteins, revealing potential drug pathways and targets. We started by taking full length proteins and 
designing specific primers to get the desired section of the protein when amplified by PCR. Taking our 
PCR product, we cloned them into gateway vectors pDONR223 and pDONR201. These vectors were 
then transformed into competent E. Coli cells placed on a selective media. These gateway vectors have 
specific antibiotic resistance genes on them, meaning the only bacteria that survived contained our 
plasmid. We also had another variable in this experiment, which was whether the signal peptide was 
included in the amino acid sequence or not. The signal peptide is a short sequence of amino acids 
before the extracellular domain and we were unaware if including it or not would affect the results. The 
interactions will be tested using the NanoBit assay. This assay utilizes the enzyme Luciferase. When 
there is an interaction between the two proteins, the two fragments of this enzyme will reconnect. 
After adding the proper substrate, the samples will luminesce and a reading is taken using our TriStar 
Multimode Reader. Samples mapped using NanoBit will allow us to determine whether proteins with 
the signal peptide attached to them will give rise to more interactions.   

Using malarial drug derivatives to treat the deadliest children’s brain cancer

Daniel Ssozi

Principle Investigator: Bakhos Tannous, PhD

Scientific Advisor: Jian Teng, PhD

Massachusetts General Hospital

Pediatric high-grade gliomas (pHGGs) are the main cause of cancer-related deaths among children. 
Since pHGGs are highly inaccessible surgically and have limited to no response to chemotherapy there 
is currently no effective way of treating pHGGs. In a repurposing drug screen using patient-derived (PD) 
pHGG cells, we identified several quinoline methanol derivatives, which are widely used as antimalarial 
drugs and have strong cancer killing properties. However, mild and sometimes severe adverse central 
nervous system (CNS) events, including seizures, hallucinations, and vivid dreams have been associated 
with at least 25% of patients taking these drugs. A growing body of evidence suggests these drugs 
cross the blood-brain barrier (BBB) and accumulate as much as 30-fold in the CNS. To take advantage 
of this unique property, we started an analog campaign in selecting quinoline methanol derivatives 
that maintain BBB penetration but have less CNS toxicity.  We used low doses of these compounds 
to achieve enough amount in the brain and target the infiltrative disease reservoir, while avoiding the 
neurological side effects. We tested the compounds in a panel of PD pediatric brain cancer cultures, 
and focused on MGG6, neurospheres cultured in serum-free medium, and SJ-GBM2, monolayer 
culture in serum-containing medium. Cells were treated with serial dilutions of the compounds. 1-3 
days after the treatment, the viability of the cells was measured using AlamarBlue proliferation assay, 
scratch assay, and sphere formation assay. We found that at very low concentrations (IC50 ~ 500 
nM), the compounds had significant effect in killing pediatric brain cancer cells. These results were 
confirmed in scratch assay and sphere formation assay.  These findings indicate that TQM at very low 
dose is a strong drug candidate for treating children’s brain cancer. Our current work is focused on 
testing low dose of TQM in different orthotopic xenograft mice models.
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Investigating the modulation of CpG island methylation of homeobox gene C9 in 
b-lymphocytes and metastatic triple-negative breast cancer cells

Alexandra Theall

Principal Investigator: Sunita Setlur, PhD

Scientific Advisor: Selam Dejene

Brigham and Women’s Hospital

Triple-Negative Breast Cancer (TNBC) accounts for 15-20% of breast cancer. Its aggressive nature 
limits therapeutic options and puts patients at great risk for metastatic recurrences. Homeobox gene C9 
(HOXC9) has been identified as an important factor in cancer progression, including TNBC invasiveness. 
Specifically, high HOXC9 expression has been correlated with poor metastasis-free survival in patients 
with TNBC. One of the mechanisms by which HOXC9 gene expression is regulated is through CpG island 
methylation, wherein promoter methylation is inversely correlated with expression. Though methylation 
has been thought to be independent of underlying genetics, studies are increasingly showing that 
genetics influences epigenetic modifications. In previous experiments, using human B-lymphoblastoid 
cells from the International HapMap Project, we found genetic variants to be associated with DNA 
methylation at HOXC9.  In this study, we investigated whether there exists a functional basis for the 
observed correlation between the genetic variant and HOXC9 methylation. 

We utilized genome editing approaches to functionally characterize if the genetic variant causes 
differential methylation of HOXC9. As the first step, we performed transformation of Escherichia coli 
to isolate plasmids harboring Transcription Activator-Like Effector Nucleases (TALENs), which were 
engineered to introduce the genetic variant associated with HOXC9 methylation. Following plasmid 
preparation, we performed nucleofection of both NA 19240 (B-lymphoblastoid cell line) and CAL-51 
(cell line derived from metastatic TNBC). Plasmid containing enhanced Green Fluorescent Protein 
(eGFP) was co-transfected with both TALEN-containing plasmids and empty control vectors to allow 
us to isolate properly transfected cells using fluorescence-activated cell sorting (FACS). Propagated, 
FACS-sorted cells will be used to explore if a functional link exists between the genetic variant and 
methylation at HOXC9. Identifying the regulatory pathways of DNA methylation underlying TNBC will 
provide novel insights into disease progression and help develop epigenetic modulators that may be a 
promising treatment option to improve patient survival.
 

 Preparing the brain prior to BBB opening via microbubbles and sonication

Jovan Tormes Vaquerano

Principle Investigator: Nathan McDannold, PhD

Scientific Advisors: Tao Sun, Ph.D; Yong-Zhi Zhang, MD; Chanikarn “Yui” Power;  
Isaac Bakis

Brigham and Women’s Hospital

The blood-brain barrier (BBB) is a membrane which separates blood and fluid from the central nervous 
system while still allowing selective molecules to pass by means of diffusion. The formation of tumors 
within the cranial cavity has routinely been treated with invasive surgeries. Since therapeutic treatments 
are unable to penetrate the membrane, procedures are undertaken which involve incisions into the 
individual’s skull. Sonication, or the application of sound energy, has been introduced as a method of 
puncturing the BBB and allowing therapeutic agents to enter a desired location in the brain. In order 
to do so, microbubbles are injected intravenously into the subject’s bloodstream. When the controlled 
vibrations of the ultrasound are applied the microbubbles will disrupt the membrane and create a 
point of access. This experiment focuses on making the BBB opening more efficient with the hopes 
of delivering a larger proportion of the treatment. Mice were used as subjects of the experiment, with 
each of the three mice simultaneously representing both the target and control group. Each subject was 
given an injection of microbubbles followed by four identical sonication sessions measured to be in the 
same regions of the brain in vivo. By applying an additional sonication session to the left hemisphere 
of each brain, before microbubbles, the resulting BBB opening could then be compared to the right 
hemisphere of those same mice. A mixture of trypan blue dye was injected and served as a means of 
analyzing drug delivery in vitro using a Fluorescent imaging device. Exposure to fluorescence revealed 
that the two areas of the left hemisphere which received ultrasound treatment experienced a larger 
degree BBB opening since more trypan blue was present. With focused ultrasound transitioning into 
clinical environments, the application of sonication before microbubbles could serve as a useful tool in 
future non-invasive procedures.
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The use of statins as a preventive measure against saphenous vein graft failures

Stevenson Tran

Principal Investigator: Manoj Bhasin, PhD

Scientific Advisors: Swati Bhasin, PhD; Navneet Momi, PhD

Beth Israel Deaconess Medical Center

The prolonged success of coronary artery bypass grafting (CABG) using saphenous vein conduits 
is restricted by early onset of vein graft failure (VGF). VGFs commonly occur within months after 
implantation due to intimal hyperplasia, caused by the induced morphological changes to the structure 
of the vein graft under the stresses of the arteries. Statins, are known to decrease cholesterol 
production within the liver. Uniquely, they inhibit several metabolic pathways of the grafts, improving 
endothelial cell (ECs) growth, and reducing smooth muscle cell (SMCs) proliferation. This research 
will determine the usage and dosage of statins that can be used to prevent VGF. Through the use of 
human aortic endothelial and smooth muscle cells (HAEC, HASMC) that are treated with different doses 
of two statins, Atorvastatin and Simvastatin, we conducted Alamar Blue (AB) assays at three time 
points (24, 48, 72 hours) to test for cell proliferation under normal and triple cytokine induced injured 
states. Likewise, quantitative reverse transcriptase PCR (qRT-PCR) was conducted to measure genetic 
expressions associated with the proliferation of ECs and SMCs to validate that the statins produce 
positive results, the upregulation of ECs and downregulation of SMCs. Results of the AB assays have 
shown that atorvastatin and simvastatin treatments, similarly, at the 24 hour time point show no effect, 
and beyond 48 hours demonstrate adverse effects in most cases. Hence, the 48 hour time point is ideal 
under the injured state. It is assumed the qRT-PCR will result in the upregulation and therefore growth 
of ECs and downregulation or stagnation of SMC growth. The findings of this research will likely impact 
the design of future preventive measures using statins against vein graft failures, thus successfully 
prolonging the quality of life for patients who have or are in need of a venous CABG.   

Cell signaling studies  

Ebuka Udom #

Principle Investigator: Timothy Hla, PhD

Scientific Advisor: Yu Hisano, PhD

Boston Children’s Hospital 

Sphingosine-1-phosphate (S1P) is a lipid signaling molecule. The molecule regulates tumor progression, 
angiogenesis, and metastasis, which is the development of secondary malignant growths at a distance 
from a primary site of cancer. S1P binds to sphingosine-1-phosphate receptor 1 (S1PR1), which results 
in activation of intracellular signaling pathways. The regulation of these pathways is not well-known. 
A20 is a candidate that regulates S1PR1 signaling. Our aim is to analyze A20 signaling by expressing 
it in cultured cells. The pEGFP /-A20 plasmid is used as a template to amplify by polymerase chain 
reaction (PCR) using specific primers. These specific primers have restriction enzyme sites that allow 
us to perform ligation after amplification with lentivirus vectors, which enable infection of cell lines that 
are difficult to be transfected. We will perform three different PCRs in order to add an HA tag to the 
plasmid at different positions (C tag, N tag, and without tag). So far, addition of the N tagged construct 
has been confirmed by sequencing, providing a lentivirus vector that can express HA-A20. Cloning 
will be continued to generate A20 tagged at the C-terminus and without tag. Next, we will induce 
A20 expression in human umbilical vein endothelial cells (HUVEC) to elucidate its role in regulating 
downstream pathways.
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Evaluating readability: Closing the void over giving informed consent

Ediane Voltaire #

Principal Investigator: Meghan Underhill-Blazey, PhD, APRN, AOCNS

Dana-Farber Cancer Institute

Researching informed consent can be challenging, in part due to the complexity of language used 
in informed consent (IC) forms. The complexity of IC forms contributes to disparities in research 
participation. Readability, a person’s ability to read easily, is one component of ensuring that IC forms 
are understandable by individuals. The complexity of words contributes to readability. It is recommended 
that documents be written at or less than an 8th grade reading level and with words that have less 
than three syllables, which is a benchmark that is challenging to meet. The objective of this project 
was to describe the readability of current IC forms being used for clinical human subjects research in 
a single center at an academic medical institute. Readability was assessed through multiple validated 
formulas in Readability Studio™ following a method outlined by Niemiee et al. 2018. Average grade 
level and percentage of difficult words were calculated for each IC form and across all studies. The top 
three complex words, defined as having three syllables or more, were summarized for each form. 10 
consent forms were analyzed. Dates of the study initiation ranged from 2007 through 2016. Overall, 
the mean reading grade level was 11.22 (0.5 standard deviation). The average complexity of words 
in each document was 15.22%. The top three complex terms across all studies were confidentiality, 
participating, and investigator. Additional complex words included affiliation and accreditation. In 
conclusion, readability of the evaluated consent forms exceeded the 8th grade reading level. The most 
common complex terms are words difficult to omit from IC forms. Effort should be made to present IC 
information in a more concise and clear format which would subsequently improve readability.  
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Notable Achievements 2018

In the past year a student participating in our CURE programming: 

• Graduated from one of the following colleges or universities: University of Rochester, 
University of Massachusetts at Boston, University of Massachusetts at Amherst, 
Wellesley College, Boston College, and Massachusetts College of Pharmacy and 
Health Sciences

• Was accepted and will be pursuing their education at one of the following institutions: 
University of Massachusetts at Amherst, Harvard College, Boston College, Boston 
University, and University of Massachusetts at Boston Honors College

• Became a published author

• Submitted and successfully obtained the F31 Ruth L Kirschstein Predoctoral NIH 
Award  

• Secured employment at: 

 Dana-Farber Cancer Institute as a Research Associate

 Broad Institute as a Clinical Research Coordinator

• Was accepted as a Tisch Scholar at Tuft University’s Tisch College of Citizenship & 
Public Service 

• Completed their professional degree from Tufts University school of Dental Medicine

• Graduated from University of California San Francisco Medical School and was 
matched for their residency in Psychiatry at Yale 

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

• Completed their senior honors thesis in the research environment of Dr. Matthew 
Ramsey

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

• Received summer internships at Tufts Sackler School of Graduate Biomedical Science, 
Harvard Stem Cell Institute, and the National Cancer Institute

• Completed a MS in Biotechnology at Brandeis University, and is currently a Visiting 
Postgrad Research Fellow at Harvard Medical School
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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 Compre-
hensive Cancer Partnership Program

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
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