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Dana-Farber/Harvard Cancer Center 
Continuing Umbrella of Research Experiences (CURE)

Launched in 2002, the Continuing Umbrella of Research Experiences (CURE) 
at Dana-Farber/Harvard Cancer Center (DF/HCC) is an important building block 
in research training initiatives. Under the direction of the DF/HCC Initiative 
to Eliminate Cancer Disparities(IECD), this program is designed 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.

Dana-Farber/Harvard Cancer Center 
Initiative to Eliminate Cancer Disparities (IECD)

The IECD provides a centralized framework and coordinated structure for 
addressing cancer disparities. It was among the nation’s first integrated, inter-
institutional, multi-pronged approaches for addressing cancer inequities. Its 
mission is to support and encourage disparities research in all disciplines and 
across all DF/HCC member institutions. The IECD focuses on five key areas: a) 
community engagement and education, b) reducing barriers to care, c) facilitating 
minority participation in clinical trials, d) fostering diversity in cancer researchers, 
and e) enhancing cultural competency throughout DF/HCC institutions and 
membership. 
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Anti-Tcell, Immunosuppressive ATG Drug in Acute Graft Versus 
Host Disease (aGVHD) Patients Post Allogeneic Hematopoietic 

Stem Cell Transplant (HSCT)

Fathi Abdi #

Principal Investigator: Jerome Ritz, MD

Mentors: Carol Reynolds, PhD; Marie Chammas; Sharmila Rai

Dana-Farber Cancer Institute

In this study, we investigated the impact of administering the drug ATG (anti-T-lymphocyte 
globulin) for the prophylaxis of graft-versus-host disease (GVHD) in patients undergoing 
allogeneic stem cell transplantation. ATG has been shown to reduce the intensity of acute 
and chronic GVHD, but can also increase the risk of infectious complications and relapse. 
We prospectively analyzed blood samples from 44 patients receiving ATG and 47 patients 
in a control group. Samples were collected at 2 weeks, 1 month, 3 months, 6 months, 
and one year post transplant. We investigated the repopulation of immune cells in these 
transplant patients using flow cytometry. Immunophenotyping data was analyzed by FACS 
Diva software for T cells, B cells, Natural Killer (NK) cells and dendritic cells. Our results 
indicate that all T cells and T-cell subsets were suppressed after the ATG treatment, along 
with a subset of NK cells. Once the clinical data is incorporated with the research data, we 
will better assess the efficacy of ATG on GVHD. Current data suggests that ATG severely 
increases the time it takes to repopulate regulatory immune cells. This decrease in the 
quantity of T cells and subsequent T-cell subsets may account for the increased rate of 
infections and complications seen in patients treated with ATG. 
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Expanding the GeneSigDB Gene Signature Database to Include 
Signatures of Immune Response

Usman Ali Ahmed #

Principal Investigator: Aedin Culhane, PhD

Dana-Farber Cancer Institute

In the last ten years, advances in biotechnology and increasing costefficiency in high 
throughput genomic data profiling have dramatically transformed cancer biology 
research. Genomic profiling quantifies DNA, RNA, protein, or other molecules in a cell 
and may detect mutations or copy number aberrations in DNA, changes in mRNA gene 
expression, or levels of protein activity. Interpretation of genomic profiles can lead to the 
understanding of how genes are regulated and interact in complex biological networks. 
Typically, researchers compare genomic profiles between different cells or tumors to 
generate lists of genes or proteins that discriminate between phenotypes. Thousands of 
experimentally derived mRNA gene signatures, lists of genes whose expression patterns 
have been associated with a biological phenotype, have been published. The potential 
value of these signatures is often limited due to computational inaccessibility. Published 
gene signatures can be ingrained within published literature figures, tables, and/or 
supplementary materials and often lack standard gene or probeset nomenclature. There 
is a demand for standardized, meticulously curated and annotated gene signatures that 
can be used in gene signature or gene set enrichment analysis, a popular bioinformatic 
approach for comparing biological phenotypes. GeneSigDB (http://www.genesigdb.
org), a manually curated database consisting of 3,515 published gene signatures that 
were transcribed from 1,604 published articles, was primarily focused on cancer, stem 
cells, immune system function, and lung disease (Culhane et al., 2012). Our goal was to 
update and expand GeneSigDB to include more gene signatures including many related 
to immune response. We manually curated and processed gene signatures and then 
used the R statistical programming language, biomart, and other bioinformatics software 
to annotate gene lists and generate GeneSigDB release 5.0, which includes over 5,000 
published gene signatures.
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Psychosocial Predictors of Cigarette Smoking in the United States

Weaam Arman

Principal Investigator: Alexandra Shields, PhD

Mentor: Nicholas Spence, PhD

Massachusetts General Hospital

Each year, over 127,000 people die from lung cancer in the United States, 90 percent 
of which is caused by a preventable lifestyle behavior: cigarette smoking. This research 
will identify a unique combination of psychosocial factors associated with smoking 
behavior, including race, age, sex, education, income, marital status, employment status, 
region, presence of children in the household, and limitations due to mental, physical, 
or emotional health issues. This study used data from the 2014 Behavioral Risk Factor 
Surveillance System, a national study conducted annually in the United States by the 
Centers for Disease Control and Prevention. The psychosocial factors associated with 
the dependent variable, smoking behavior (yes, current cigarette smoker) were assessed 
using univariable and multivariable logistic regression. The sample size was 371,988 
individuals, 18 years and over. All variables were statistically significant in both models. 
Living in the West, females, married/unmarried couples, the presence of children in the 
household, and no activity limitations due to health were associated with being less likely 
to smoke. Education and income were inversely related to smoking. Whites were less 
likely to smoke than American Indians/Alaska Natives, but more likely to smoke than 
Asians and Hispanics. There was no difference in smoking behavior between Whites 
and Blacks or people identifying as “Other” race. Eighteen- to 24-year-olds were less 
likely to smoke than 25- to 54-year-olds, but more likely to smoke than individuals 55 
years and over. Homemakers, students, and retired individuals were less likely to smoke 
than the employed. Unemployed individuals or those unable to work were more likely to 
smoke than the employed. The implications of this research are twofold: it has enhanced 
the understanding of psychosocial determinants of smoking behavior and it provides 
evidence for public health interventions.
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Variation in the Use of Active Surveillance for Low-Risk Prostate 
Cancer

Hawa Barry #

Principal Investigator: Quoc-Dien Trinh, MD

Mentor: Björn Löppenberg, MD

Brigham and Women’s Hospital

Active surveillance is a first-line management option for low-risk prostate cancer. There is 
conflicting data on the use and variation in use of active surveillance. The purpose of this 
study was to assess utilization of active surveillance in men with low-risk prostate cancer, 
and to evaluate the influence of institutional factors associated with receipt of active 
surveillance. This study is a retrospective, hospital-based cohort of 40,215 men with low-
risk prostate cancer diagnosed between 2012 and 2013. Multivariable and mixed-effects 
models were used to examine variation and factors associated with active surveillance. 
Patient, facility, and treatment characteristics were obtained from the National Cancer 
Database. Between 2012 and 2013 the overall rate of active surveillance was 15%. The 
mean adjusted odds of active surveillance receipt by institution varied from 3.3% to 37%. 
Relative to patients treated at Comprehensive Community Cancer Centers, patients 
treated at Comprehensive Cancer Programs and academic institutions had higher odds 
of receiving active surveillance (odds ratio [OR] 2.10, 95% confidence interval [CI] 
1.85-2.38; p<0.001 and OR 1.76 95%, CI 1.63-1.91; p<0.001, respectively). Relative to 
patients treated at very low volume facilities, those patients treated at very-high volume 
facilities had higher odds of receiving active surveillance (OR 2.60, 95%CI 2.34-2.90; 
p<0.001). Patient- and hospital-level variables accounted for 41% of the overall variation, 
whereas the treating institution accounted for 35% of the unexplained variability. The 
overall use of active surveillance at Commission on Cancer designated facilities remains 
low at 15%. Significant variation in the use of active surveillance was seen across 
facilities. Patients who were treated at academic and very high volume centers were 
more likely to receive active surveillance. A non-negligible proportion of the variation is 
explained by the treating institution. Our findings suggest that policy needs to be directed 
at achieving higher rates of active surveillance when appropriate for prostate cancer.
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Investigating Lung Toxicity Following Radiation Therapy for Breast 
Cancer Patients

Rhedise Bass

Principal Investigator: Harald Paganetti, PhD

Mentors: Clemens Grassberger, PhD; Tracy Underwood, PhD

Massachusetts General Hospital

Current radiotherapy practice uses a scaling factor (relative biological effectiveness 
(RBE)) of 1.1 to transfer between proton and X-ray prescription doses. If the scaling 
factor is valid, then we’d expect the radiation-induced lung damage to be the same for 
breast cancer patients treated using either protons or X-rays for the same absorbed 
dose. We studied CT scans for 9 pairs of proton/X-ray patients, with each pair carefully 
matched in terms of age, chemotherapy protocol, and which breast was treated. 
To compare each patient’s pre- and post-treatment CTs we performed deformable 
registrations to ensure that the normal tissue in the pre-treatment CT correlated with 
the post-treatment location of the radiation-induced lung injury. Across both CTs we 
extracted dose and CT density values for every voxel in the irradiated lung so we could 
investigate the relationship between the change in CT density (Hounsfield Unit, HU) 
and dose. Follow-up time points for the x-ray and proton cohorts were well-matched 
(mean difference=56 days) relative to the long-term timescale of radiation-induced 
damage. For both cohorts we applied a one-tailed Spearman’s rank-order test to test 
for correlations between dose and change in CT density. 9/9 proton patients exhibited 
correlations statistically significant at the 5% level while only 6/9 x-ray patients did. For 
the patients with significant correlations, the mean changes in CT density were 0.61 HU/
Gy (range 0.19-1.35) and 1.82 HU/Gy (range 1.08-3.31) for the x-ray and proton cohorts, 
respectively, with inter-pair differences statistically significant at the 5% level (Wilcoxon 
signed-rank test). Our findings suggest the scaling factor of 1.1 underestimates the 
radiation-induced lung damage caused by protons as they slow down and stop. Although 
radiation-induced lung damage doesn’t typically cause symptoms for breast patients, it’s 
important to reevaluate the scaling factor for future proton treatments, especially for more 
sensitive sites such as the brain.
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Discovering Biological Pathways that Discriminate between 
Luminal-A Invasive Ductal Carcinoma and Invasive Lobular 

Carcinoma in the Breast

Makena Binker-Cosen

Principal Investigator: Aedin Culhane, PhD

Mentor: Azfar Basunia

Dana-Farber Cancer Institute

Breast cancer (BC) is a heterogeneous disease. Based on molecular/genetic features, 
BC may be categorized into four subtypes; Luminal-A, Luminal-B, Basal-like, and HER2 
amplified. Luminal-A, the most common BC subtype, is characterized by gene expression 
of the estrogen receptor (ER positive) and progesterone receptor (PR positive). It rarely 
has amplification of the human epidermal growth factor receptor 2 (HER2 negative), 
exhibits low grade, and has comparatively good prognosis. BC can also be classified 
according to cell morphology; the two major histological subtypes are the invasive ductal 
carcinoma (IDC) and invasive lobular carcinoma (ILC), representing 60-70% and 5-15% 
of all BC, respectively. While IDC tumors include low and high grade tumors, most ILCs 
tend to be low grade. Compared to IDCs, ILCs have more frequent metastases to bone, 
gastrointestinal, peritoneal, and ovarian tissues, but fewer events to lung. Furthermore, 
ILCs may be less responsive to neoadjuvant treatment. Despite these differences, 
current treatments do not discriminate between patients with IDC and ILC because of 
relatively little knowledge regarding their distinctive molecular/genetic patterns. The 
histological and clinical disparities lead us to hypothesize that genetic or epigenetic 
alterations may be influencing different pathways in Luminal-A IDCs and Luminal-A ILCs. 
To test our hypothesis, we first normalized 17,627 BC RNASeq data from The Cancer 
Genome Atlas (TCGA) project using quantile normalization (Luminal-A patients:581; 
Luminal-A IDC patients:161; Luminal-A ILC patients:79). Then, we performed gene set 
enrichment analysis (GSEA) using three gene databases: GeneSigDB, BindeaDB and 
ImmunoDB, and the Bioconductor Enrichment Browser package. We found 395, 827, 
and 3 differential gene sets with a significance level of p<0.05 for the three databases, 
respectively. These gene sets mainly correspond to cell adhesion, proliferation, growth, 
differentiation and survival, angiogenesis, invasion, and immune pathways. These 
findings may help to refine current treatments and find novel targeted therapies.
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Systemic Uptake of PGM and SBC 103 in the Lymphatic System

Kassandra Boada

Principal Investigator: Mikhail Papisov, PhD

Mentors: Janine Appleton; Vasily Belov, PhD; Nyshidha Gurijala

Massachusetts General Hospital 

The lymphatic system is one of the most vital parts of the immune system of the human 
body and helps to identify and neutralize pathogens. This experiment investigates 
the systemic deposition via mouse tail vein injection of the fluorescently labeled 
macromolecules (models of future drug carriers) into different lymph nodes throughout 
the body of the test subject, in terms of speed and concentration. Their deposition in 
cells can be visualized through fluorescence microphotoimaging. The macromolecules 
that are being tested are PGM and rNAGLU. The anticipated results for this project are 
that both PGM and rNAGLU will accumulate in all lymph nodes throughout the body. 
It is also anticipated that rNAGLU may stimulate the lymphatic uptake of PGM. Thus, 
in the experimental group 1, rNAGLU and PGM are administered at the same time, 
while in the experimental group 2, rNAGLU and PGM are administered on different 
days. It is expected that the macromolecules in experimental group 1 will be deposited 
in lymph nodes at a much higher rate as well as have an altered deposition pattern. 
Macromolecules in experimental group 2 are expected to have a PGM deposition rate 
that is not as rapid, and the deposition of PGM will not be as dense. It is also expected 
that the microdistribution of PGM and rNAGLU will differ (they will accumulate in different 
cells). The outcome of the findings will be applicable in innovations in healthcare, 
especially in treatment of lymphatic cancer and lymph node infections. 
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Investigating the Role of mir-21 in Pancreatic Cancer

Kaelyn Brown

Principal Investigator: Frank Slack, PhD

Mentor: Maud-Emmanuelle Gilles, PhD

Beth Israel Deaconess Medical Center

Pancreatic cancer is the third leading cause of cancer death in the United States. Over 
the course of decades the survival rate of pancreatic cancer has remained low and 
the cancer remains extremely difficult to cure due to chemotherapy resistance. Our 
project investigated the role of mir-21 in pancreatic cancer. mir-21 is a type of microRNA 
(miRNA). miRNAs are a class of small non-coding RNA which inhibit translation of 
different messenger RNA (mRNA). mir-21 is one of the most frequently upregulated 
miRNAs in solid tumors and appears to modulate cell growth and proliferation by 
targeting several key signaling axes including PTEN. mir-21 has already been 
described to be upregulated in pancreatic cancer. We thus hypothesized that mir-21 
plays a role in the proliferation of pancreatic cancer cells and 3D culture cells. Our 
project first validated mir-21’s upregulation in pancreatic cancer cell lines using reverse 
transcription quantitative polymerase chain reaction (RT- qPCR.) Then we tested to see 
if gemcitabine, a standard pancreatic cancer medication, changed the level of mir-21 
and one of its direct targets, PTEN. The second part of the study was dedicated to 
understanding the role of mir-21 in 3D cell culture from stable pancreatic cancer cell 
lines. We followed the growth of both gemcitabine sensitive and resistant cell lines with 
mir-21 knockdown for 10 days. We discovered that with mir-21 knocked down, the culture 
grew significantly slower than the control and there were a lot more cell deaths. We 
therefore concluded that mir-21 may play an important role in pancreatic cancer.
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The Cancer Inhibitory Effect of a New Glial Cell Population

Latasha Charles #

Principal Investigator: Bakhos Tannous, PhD

Mentor: Jian Teng, PhD

Massachusetts General Hospital

A unique glial cell population, termed NGC, has been successfully isolated and shown to 
function as phagocytes to engulf cancer cells in vitro upon activation and has the ability 
to migrate in the central nervous system. My project involves testing the potential of using 
these cells to treat pediatric brain cancer. The hypothesis is that NGC can target and kill 
the brain cancer cells, especially when these cells are made to express toxic proteins 
which may further kill the brain cancer cells also known as sj-GBM2. We tested the 
effect of conditioned medium collected from 5 different cultures on cultured glioblastoma 
cells: (i) GC, glia cells for control; (ii) NGC, the new glia cell population only; (iii) NGC-
CD-UPRT, NGCs expressing cytosine deaminase (CD), which converts 5-fluorocytosine 
(5-FC) to 5-fluorouracil (5-FU), and uracil phosphoribosyltransferase (UPRT), which 
subsequently converts 5-FU to fluorouridine monophosphate; (iv) NGC-CD- UPRT + 
5-FC, NGC-CD-UPRT cells treated with 5-FC; and (v) NGC-sTRAIL, NGCs expressing 
secretory versions of TNF-related apoptosis-inducing ligand (TRAIL), on cell proliferation 
in SJ-GBM2 pediatric glioblastoma cells. Our results show that media from NGCs 
expressing and co-treated with 5-FC, or expressing TRAIL, reduces brain cancer cell 
viability by 87% and 51%, respectively. 
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Involvement of Shp-2 Sh2 Domains in the Interaction with Pd-1 
Checkpoint Inhibitor

Asia Council

Principle Investigator: Vassiliki Boussiotis, MD, PhD

Mentor: Nicholas Patsoukis, PhD

Beth Israel Deaconess Medical Center

Programmed death-1 (PD-1) is an immune checkpoint receptor expressed on activated 
T-cells. Ligation of PD-1 inhibits the ability of T-cells to undergo proliferation and to 
mediate cytolytic functions against tumors. Blocking antibodies against PD-1 are effective 
at disrupting the ligation process, thus allowing T-cells to attack cancer. The cytoplasmic 
tail of PD-1 is composed of two structural motifs, an immunoreceptor tyrosine-based 
inhibitory motif (ITIM) and an immunoreceptor tyrosine-based switch motif (ITSM). We 
have found that SHP-2 tyrosine phosphatase interfaces exclusively with ITSM and has 
a critical role in PD-1-mediated inhibition of T cell responses. Understanding of the 
mechanism involved in the interaction of PD-1 and SHP-2 will aid in the development 
of better immunotherapy treatments for cancer patients. Therefore, the objective for 
this project is to determine how the PD-1:SHP-2 interaction leads to inhibition of T-cell 
activation. SHP-2 has two SH2 domains, N-SH2 and C-SH2. We mutagenized SHP-
2.N-SH2 at its functional site R32, and SHP-2.C-SH2 at its functional site R138, and 
transfected COS cells with cDNA of SHP-2 wild type or each SHP-2 SH2 mutant together 
with PD-1 and Fyn kinase. Immunoprecipitation with anti-PD-1 antibody showed that 
mutagenesis of either SH2 domain of SHP-2 abrogated interaction with PD-1. These 
results indicate that the functional sites of both SH2 domains of SHP-2 are required for 
interaction with PD-1. In ongoing experiments we are generating recombinant proteins 
of SHP-2 wild type, SHP-2.SH2-R32 and SHP-2.SH2-R138 mutants to test their binding 
affinities on immobilized phospho-ITSM PD-1 peptides by using biacore. Our results 
reveal that SHP-2 interacts with a PD-1 homodimer and have implications for the 
development of PD-1-binding compounds to enhance anti-tumor T cell responses.



11

Steroidogenic Cells Protect and Restore Ovarian Function During and 
After Chemotherapy

Uyenkha Dam #

Principal Investigator: Raymond Anchan, MD, PhD

Mentors: Kevin Elias, MD; Emma McGuirk; Nicolas Ng
 

Brigham and Women’s Hospital

Background: A woman is born with a finite number of ova. If she receives chemotherapy 
for cancer during reproductive age, her eggs and ovaries may be damaged by the 
chemotherapy drugs resulting in premature ovarian failure and infertility. 

Methods: In this study, granulosa cell-derived induced pluripotent stem cells (mGriPSC) 
were used to generate steroidogenic cells. The pluripotent stem cell properties of 
mGriPSCs were confirmed by immunostaining and reverse transcriptase polymerase chain 
reaction (RT-PCR) using stem cell markers. Next, we cultured aggregates of mGriPSC 
colonies or embryoid bodies (EBs). A study of developmental biology, using the markers 
of three germ layers, endoderm, ectoderm, and mesoderm, was performed to ensure 
pluripotency. After EB differentiation, we used steroidogenic biomarkers to confirm a 
subpopulation of EB differentiated into steroidogenic ovarian cells. These cells can then 
be purified by fluorescence-activated cell sorting (FACS). After purification, the cells can 
be grown and injected into a chemotherapy-induced mouse model and analyzed for the 
restoration of steroidogenic function. 

Results: The results of the immunostain for stem cell markers SSEA-1, OCT4, NANOG and 
alkaline phosphatase were positive. Differentiated mGriPSCs showed the expression of 
Gdf3 and Dnmt3b. 

Discussion: Because expression of Gdf3 and Dnmt3b was seen in mGriPSCs, 
differentiation into steroidogenic and gametogenic cells could be confirmed. After the 
purification and transplantation of EBs into ovaries of the mouse, we hypothesize the 
ovaries will produce estrogen and gametes and ovarian function can be restored. 
We hope to perfect this mouse model and translate it into a model for human ovarian 
function restoration. The ability to induce pluripotent stem cells (iPSCs) from a patient’s 
granulosa cells before differentiating iPSCs into steroidogenic and gametogenic cells for 
transplantation would eliminate the risk of rejection by the patient while restoring a woman’s 
ovarian function post chemotherapy.
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Predictors of Rehabilitation Placement after 
Pancreaticoduodenectomy

Maya Dennis #

Principal Investigator: Tara Kent, MD, MS

Mentors: Manuel Castillo-Angeles, MD, MPH; Courtney Barrows, MD

Beth Israel Deaconess Medical Center

Pancreatic cancer is the third leading cause of cancer deaths in the United States. 
Given the complexities of resection, better planning prior to operative measures will 
improve patients’ overall experience. Previous studies on outcomes focused on concrete 
quantitative data: complications, readmission, morbidity, and perioperative mortality. 
Yet, placement in a rehabilitation facility has not been evaluated as an outcome taking 
into account perioperative factors. The goal of this study is to identify predictors for 
rehabilitation placement so that patients requiring rehabilitation will be identified in 
advance. We hypothesized that patient characteristics and intraoperative factors 
were key predictors of rehabilitation placement after pancreaticoduodenectomy. All 
pancreaticoduodenectomies performed in 2014 from the American College of Surgeons 
National Surgical Quality Improvement Program (ACS-NSQIP) were utilized. With 
this, we derived a univariate and multivariate logistical regression to identify factors 
associated with discharge as a binary outcome: home vs. rehab. 4,175 patients were 
included, with a mean age of 63.92 years (SD 11.8). 52.4% (n = 2187) were male. 
Median postoperative length of stay was 8 days (IQR 7-13). 14.3% (n = 596) of patients 
were discharged to a rehabilitation facility. 17% (n = 708) of patients were readmitted 
within 30 days. With the multivariate analysis, female gender, age, Body Mass Index 
(BMI), preoperative Blood Urea Nitrogen (BUN), history of Chronic Obstructive 
Pulmonary Disease (COPD), hypertension, and intraoperative blood transfusion were 
significant predictors of rehab placement. Our findings suggest that physicians could 
use these predictors to plan patients’ discharge dispositions. This could decrease 
unnecessary prolonged hospital stays and readmissions.
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Midlife Vascular Factors and Cognitive Aging in African Americans

Senait Efrem #

Principal Investigator: Eva Schernhammer, MD, DrPH 

Mentor: Elizabeth Devore, RN, ScD

 Brigham and Women’s Hospital

Vascular disease is prevalent among African Americans, and substantially more 
prevalent in comparison to their Caucasian counterparts. Vascular risk factors have 
been implicated in cognitive decline and dementia in population-based studies; however, 
whether vascular factors accelerate cognitive aging in African Americans is unclear. We 
evaluated vascular risk factors at midlife (i.e., hypertension and hypercholesterolemia) 
in relation to cognitive function among 410 older African American women in the Nurses’ 
Health Study and Women’s Health Study. Participants reported their diagnoses of high 
blood pressure and high cholesterol up until midlife and, later, participated in telephone-
based cognitive interviews once they were aged ≥70 years. The cognitive interviews 
included five tests: 1) immediate and 2) delayed recall of the East Boston Memory Test, 
3) immediate and 4) delayed recall of the Telephone Interview of Cognitive Status, and 
5) Animal Naming Test. Statistical models were used to estimate mean differences in 
cognitive scores comparing women with and without vascular risk factors. We found a 
significant association between hypercholesterolemia and lower scores of executive 
function (i.e., Animal Naming) (p-value=0.05), but not overall cognitive function based 
on a combination score comprised of all cognitive test scores (p-value=0.9). There were 
no apparent associations between hypertension and overall cognition (p-value=0.6) 
and executive cognitive function in later life (p-value=0.8). Thus, our findings suggest 
that midlife hypercholesterolemia may have implications for cognitive aging in African 
American individuals.



14
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It is known that the human protein FAM111A restricts the viral replication of the 
polyomavirus, Simian Virus 40 (SV40). In order to overcome this effect, the C-Terminal 
region of SV40 Large T-Antigen (LT) binds to FAM111A. Mutations in the C-Terminal 
region of FAM111A can also cause two rare, but deadly, diseases: Kenney-Caffey 
Syndrome (KCS) and Osteocraniostenosis (OCS). In order to prevent the interaction 
between SV40 LT and these diseases, more needs to be known about the role of 
FAM111A in the cell and its domains. Ultimately, we plan to learn more about the protein 
using a Polymerase Chain Reaction (PCR) to amplify mutations of different domains of 
the gene and clone these mutations in cells. Here, we attempted to elucidate the protein’s 
nucleolar interacting partners through immunoprecipitation (IP) in two U2-OS cell lines; 
one expressing endogenous normal levels of FAM111A (Vector) and the other expressing 
FAM111A knockdown (sh-2). We know that FAM111A localizes within the nucleolus. We 
blotted for other known nucleolar proteins; RPA194, UBF, Nucleolin, and Fibrillarin. We 
found that FAM111A may interact with UBF and RPA194. This IP was followed by another 
IP of mutated versions of FAM111A as well as a reciprocal IP for RPA194 and UBF. 
FAM111A was brought down with RPA194 and UBF in the reciprocal IPs. This confirmed 
our observation that there may be an interaction between the proteins. We believe 
that as a result of FAM111A localizing to the nucleolus and its possible interaction with 
RPA194 and UBF, FAM111A may play a role in rRNA or ribosomal protein processing. 
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Dana-Farber Cancer Institute

BAF is a chromatin-remodeling protein complex that regulates gene expression programs 
by modifying chromatin structure to allow transcriptional machinery to access DNA and 
thereby activate genes. Subunits of the BAF complex are widely mutated in cancer, 
highlighting the critical role of BAF complexes in mediating proper chromatin and gene 
expression control. We have recently identified a novel BAF subunit, GLTSCR1, which 
may be involved in tumor suppression. GLTSCR1 is on chromosome arm 19q, and 
oligodendrogliomas, a cancer derived from glial cells in the brain, are strongly associated 
with deletions of 19q. To investigate the potential role of GLTSCR1 in tumor suppression, 
I aim to biochemically characterize the BAF complex in the absence of GLTSCR1. 
Specifically, I will use CRISPR to knock out GLTSCR1 in the astrocytoma lines T98G 
and CCF-STTG1. T98G and CCF-STTG1 cell lines are cultured from astrocytomas; 
astrocytoma is a cancer derived from a different glial cell type than oligodendroglioma 
and is not associated with 19q nor GLTSCR1 loss. By knocking out GLTSCR1 in these 
lines, I will model GLTSCR1 loss in gliomas with 19q deletion. In particular, the CCF-
STTG1 cell line has a nearly diploid genome with two copies of GLTSCR1 and no events 
in 19q, which makes it an ideal cell line for the studies we aim to perform. I plan to screen 
potential GLTSCR1-KO clones at the genomic level by PCR and at the protein level 
by immunoblot analyses. I aim to use immunoprecipitation and density sedimentation 
experiments to characterize BAF subunit composition and BAF complex stability in the 
GLTSCR1-KO lines as compared to wild-type control lines. Understanding the subunit 
composition of BAF in the context of GLTSCR1 loss represents a critical step toward 
elucidating BAF complex function in mediating tumor suppression. 
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Protein-Protein Interaction Targeted Drug Intervention
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Biological processes in cells emerge from interactions among various macromolecules, 
particularly via protein-protein interactions (PPIs). These interactions mediate whether 
a cell will express certain genes, respond to different external conditions, or undergo 
apoptosis. It is becoming apparent that many human diseases arise due to mutations 
that alter or disrupt interactions. However, there has been limited progress in identifying 
therapeutic drugs that target PPIs directly, mainly due to lack of robust assays and a 
limited number of targets. The Center for Cancer Systems Biology (CCSB) at DFCI is 
currently working on expanding the possibilities of using PPI inhibitors to develop novel 
cancer therapeutic strategies by taking advantage of a clone collection encompassing 
nearly 20,000 human proteins and over 50,000 experimentally validated binary PPIs. 
Since the full network of human PPIs is expected to contain hundreds of thousands 
of interactions, even a relatively small fraction of disruptable PPIs could vastly exceed 
the current number of approximately 1,100 FDA-approved drugs targeting only ~525 
human proteins (~2.5%), which are mostly enzymes, across all human disease. In this 
project, the development and application of a state-of-the-art PPI assay to investigate 
small molecule-based perturbation of PPIs was explored using 49 PPIs involving 63 
proteins known to be amenable to disruption by small molecules. Open reading frame 
(ORF) clones for all 63 proteins were checked for quality using PCR, DNA sequencing, 
and gel electrophoresis. The ORFs were then subcloned into Nanoluc two hybrid (N2H) 
vectors, a newly developed split luciferase-based PPI assay system. In N2H, split 
luciferase fragments are attached to human proteins X and Y. The luciferase activity can 
be reconstituted if proteins X and Y interact in mammalian cells, thereby allowing the 
split fragments to reconstitute active luciferase. Inhibition of a PPI is identified based on 
reduced luciferase activity upon drug treatment. This process can also be used to assess 
the dose-response relationship of small molecules to perturbed PPIs. Investigating these 
interactions will provide a deeper understanding of protein networks and, through the 
study of their perturbation, help identify potentially novel therapeutic agents.
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Diffusion Weighted Imaging in Prostate Cancer: Comparison of 
Mono-exponential and Bi-exponential Modeled Diffusion and 

Perfusion Coefficients 
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Magnetic Resonance Imaging (MRI) is a powerful imaging tool which can provide great 
soft tissue contrast of the body non-invasively, and has been widely used for prostate 
cancer diagnosis. Diffusion Weighted Imaging (DWI) allows visualization of water 
molecule movement and shows restricted or free diffusion in the prostate, and therefore 
can be used to distinguish tumor from normal tissue in the prostate. Intravoxel incoherent 
motion (IVIM) has been used to measure both true diffusion and incoherent motion of 
water molecules, known as pseudodiffusion. The aim of this study is to compare DWI 
images for detection of prostate cancer using the conventional mono-exponential model 
to calculate Apparent Diffusion Coefficient (ADC) values, and using the bi-exponential 
model to calculate true diffusion and pseudodiffusion coefficients, and to determine 
which model can better differentiate between normal and tumor tissue. Nineteen patients’ 
prostate DWI images were acquired on a GE 3T scanner, with b-values of 0, 20, 30, 
40, 50, 60, 70, 80, 90, 100, 120, 250 s/mm2. Regions of Interest (ROI) were defined 
by a radiologist in both normal and tumor regions of the prostate. MatLab scripts were 
developed to analyze DWI images with mono- and bi-exponential models inside the 
ROIs to calculate the ADC values and perfusion coefficients. An F-test was conducted 
to test the reliability of the fitting model. Approximately half of the data fitted with the bi-
exponential model is better than the mono-exponential model. The tumor ADC and true 
diffusion are smaller than in normal tissue, but not statistically significant, which could 
be due to the small sample size and relatively small b-values acquired for DWI. The 
pseudodiffusion fraction from the bi-exponential model is about 4%, similar to published 
literature, and the small pseudodiffusion fraction can be explained by the lack of blood 
vessels in the prostate. This explains why approximately half of the data filled with the 
bi-exponential model is better than the mono-exponential model. 
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In vitro Validation of a Recombinant Adeno-Associated Vector 
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Makorin ring finger protein 3 (MKRN3), located within the Prader-Willi syndrome 
region on chromosome 15q11.2, is the first gene in which loss-of-function mutations 
are associated with central precocious puberty (CPP). The mechanisms by which loss 
of MKRN3 lead to CPP remain to be elucidated. In mice, hypothalamic expression of 
Mkrn3 in the arcuate nucleus, an important region in the control of sexual maturation, 
is high early in life and declines immediately before puberty onset, remaining low into 
adulthood. This temporal expression pattern, in conjunction with the loss-of-function 
mutations associated with CPP, provides evidence for a role of MKRN3 as an inhibitor of 
the hypothalamic-pituitary-gonadal (HPG) axis. We hypothesize that overexpression of 
Mkrn3 in the mouse hypothalamus will suppress the HPG axis and delay pubertal onset. 
Validation of a recombinant adeno-associated virus (rAAV) containing the Mkrn3 coding 
sequence and enhanced green fluorescent protein (eGFP) under control of the CMV 
promoter was conducted and compared to a control vector containing only eGFP under 
the control of the CMV promoter in preparation for in vivo studies. Overnight transduction 
of human embryonic kidney cells (HEK293) was conducted and transduction efficacy 
was evaluated using fluorescent microscopy to visualize eGFP and real-time quantitative 
PCR to assess Mkrn3 mRNA expression. Cells transduced with the rAAV-CMV-Mkrn3-
IRES-eGFP vector exhibited high levels of Mkrn3 expression and eGFP was visualized 
in the cells. As expected, eGFP was seen in cells transduced with control vector, but 
not in untransduced cells. Further validation to measure Mkrn3 protein expression is 
ongoing. In summary, validation of these viruses has laid the groundwork for experiments 
including rAAV delivery to the arcuate nucleus of mice via stereotactic injection, followed 
by reproductive phenotyping to assess the effects of Mkrn3 overexpression. Ultimately, 
these studies will contribute to a greater understanding of MKRN3 in the regulation of 
reproductive development.
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Using DNA assays to determine human leukocyte antigen (HLA) type is standard practice 
when seeking to find stem cell transplant donor matches. Recently, next generation 
sequencing (NGS) has been successfully developed to perform accurate HLA typing. 
As a result, stem cell donors are typed using DNA samples collected with cheek swab 
kits. ABO and Rh mismatches between donor and recipient can result in major and 
minor incompatibilities that can delay erythroid engraftment and require multiple rounds 
of red blood cell (RBC) transfusions. An ABO and Rh NGS assay could improve the 
stem cell transplant matching process because only DNA samples are collected from 
prospective donors. However, one major obstacle in using NGS to determine the 
presence of Rh antigens from DNA is the similarity between the RHD and RHCE genes. 
The objective of our experiment was to determine whether a targeted NGS assay could 
be developed to determine the specific Rh antigens in a patient’s RBCs. We performed 
long range PCRs to test optimal primer combinations for successful amplification of the 
genes. Gene specific indexes were added to the RHD and RHCE PCR products, prior 
to sequencing, so identical regions of the genes could be clearly labeled. The results 
of the sequence alignments showed that the primers that targeted RHD exons 1-6 and 
RHCE exons 1-4 resulted in the largest PCR products while maintaining strong alignment 
coverage. In addition, the DNA reads aligned according to our expectations allowing us 
to predict the patient’s antigen type as D antigen positive, homozygous for the C antigen, 
and homozygous for the e antigen. These findings suggest that Rh antigens can be 
determined from DNA assays without serologic testing. Consequently, the same DNA 
sample used for HLA typing can be used for Rh antigen typing, thus streamlining the 
stem cell donor match process.



20

Assessing Readability Levels of Web-Based Patient Education 
Material on Hereditary Breast Cancer Syndrome
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In the United States, women with hereditary breast and ovarian cancer syndrome 
(HBOC) have a 50% to 85% chance of developing breast cancer, compared to 12% risk 
in the general population. Therefore, women affected with HBOC are provided unique 
health recommendations by health care providers to guide decision making throughout 
their lives. Most informational material that patients utilize to make these decisions is 
web-based, therefore it is important that the material is developed in a way that a user 
can access, understand, and interpret in their chosen language. The reading level, 
or readability, is recommended to be at the 6th to 8th grade reading level to be most 
understandable. The objective of the study was to identify publically available educational 
websites for women who have HBOC and to evaluate the readability of the websites 
in both English and Spanish. The following terms were searched on the 3 main search 
engines, Google, Bing, and Yahoo: “hereditary breast-ovarian cancer syndrome”, 
“decision making hereditary breast cancer”, “BRCA1 and BRCA2 support”, “prophylactic 
mastectomy”, “chemoprevention and breast cancer”, and “surveillance and hereditary 
breast cancer.” The first, top 10, non-advertisement sites found for each search term 
through an incognito search were selected. Readability was measured using Readability 
Studio 2015, which synthesizes reading grade level using multiple validated formulas 
in both English and Spanish. 113 different patient education sites were identified both 
in English (105) and Spanish (8). The average readability grade reading levels of all 
English websites evaluated was 14.1 and for Spanish 9.63. Many websites available as 
resources for at-risk patients are written in higher reading levels than recommended, and 
there are limited sites available in Spanish. As a result, at risk women may be unable to 
understand and utilize the information available. 
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Prostate cancer (PCa) is the second most common cancer among US men, where 1 in 
7 will be diagnosed. Most cases of PCa are developed from pro-proliferative activities 
of the androgen receptor (AR) through transcriptional regulation of genes mediating 
metabolic pathways. AR transcriptional activity is tightly controlled by many co-activators/
repressors and epigenetic regulators. Amongst them, Lysine-Specific Demethylase 1 
(LSD1), commonly known for its transcriptional repressor function as a demethylase 
of mono- or di-methylated histone 3 lysine 4, was identified by our group as a broad 
coactivator of AR. Our results suggested that LSD1 has a potential non-histone 
substrate(s) in the AR-LSD1 chromatin binding complex and that demethylation on this 
substrate is a critical step in mediating AR transcriptional activation. Preliminary mass-
spectrometry results from PCa cells treated with LSD1 inhibitor indicated that LSD1 
may demethylate one lysine residue of TOP2B, a DNA topoisomerase that functions to 
prevent supercoiling of DNA during transcription. In addition, we showed in PCa cells that 
inhibition of TOP2B was associated with downregulation of AR activity. We hypothesized 
that methylated-TOP2B is inactive in regulating AR activity and demethylating TOP2B 
by LSD1 can hence activate its coactivator activity on AR. To fully understand the role 
of TOP2B methylation in driving AR activity and to study the interaction of LSD1 and 
TOP2B, site-directed mutagenesis was utilized to form mutant TOP2B. Gateway cloning 
was performed to generate TOP2B in non-inducible and inducible vectors for the future 
production of lentiviral vectors necessary for infection into PCa cell lines. The generation 
of stable cell lines expressing wild type and mutant TOP2B will allow us to study the 
potential function of this lysine demethylation of TOP2B and to identify other novel 
components of the AR-LSD1 complex involved in AR regulation of PCa proliferation.
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Roux-en-Y gastric bypass (RYGB) is an effective procedure for both weight loss and 
improvement of glycaemic control of obese patients. RYGB alters gastrointestinal 
anatomy in such a way that food bypasses most of the stomach and the first portion 
of the small intestine. However, the mechanisms by which it helps to cause significant 
weight loss and improve glucose homeostasis (in those patients with co-existing Type 
2 diabetes mellitus, T2D) are yet to be determined. Our microarray analysis on different 
segments of the intestine showed significant differential expression of metabolic and 
immune related genes in RYGB Zucker Diabetic Fatty (ZDF) rats compared to controls.  
 
Obesity promotes low grade inflammation by suppressing Th2 type immune response. 
Cytokines, including tumor necrosis factor (TNF-alpha) and other inflammatory 
mediators, have been shown to increase insulin resistance and glucose imbalance. 
Based on our microarray analysis, we hypothesize that cross talk between metabolic and 
immune genes after RYGB surgery improves inflammation and glucose homeostasis. 
Our initial experiments focused on validating a few microarray candidate genes 
including pro- and anti-inflammatory genes (IL-10 and IL-17). Total RNA was isolated 
from intestinal tissue samples (Roux [RX] and biliopancreatic limb [BP]) which were 
harvested 28 days post surgery from RYGB and control rats. RT-qPCR was performed 
using cDNAs to quantify mRNA expression of IL10 and IL-17. IL10 expression was not 
significantly different in Rx and BP limb of RYGB rats. IL17 expression was significantly 
different in Rx limb but not in BP limb of RYGB rats. Our preliminary results suggest that 
IL17 is likely to play an important role as a modulator in reversing obesity and T2D after 
RYGB surgery. Identifying specific genes which favor remission of T2D and obesity would 
greatly facilitate discovery of novel therapeutic targets.
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Metabolic rewiring is one of the hallmarks of cancer. Although studies have shown 
the deregulation of glucose metabolism in cancer cells, until recently, much less was 
known about the alteration of glutamine dependent pathways and their significance 
to tumorigenesis. Several metabolic processes take place in the mitochondria. 
Glutaminolysis, one of the metabolic pathways in the mitochondria, refers to the catabolic 
reactions via which glutamine refuels the tricarboxylic acid (TCA) cycle - important for 
production of intermediates to support growth and proliferation. The mitochondrial sirtuin 
3 (SIRT3) is a major regulator of multiple metabolic pathways and has been shown 
to suppress tumorigenesis by repressing deregulated glucose metabolism in breast 
cancer. Although SIRT3 deacetylates and activates glutamate dehydrogenase (GDH), 
one of the enzymes involved in glutaminolysis, whether it regulates glutaminolysis 
remains unknown. We therefore hypothesized that SIRT3 loss would result in decreased 
glutaminolysis. To determine the effect of SIRT3 on glutaminolysis, we utilized a 
combination of metabolomics and 3 dimensional (3D) cell cultures. First, we examined 
glutamine consumption in SIRT3 WT and null (KO) mouse embryonic fibroblasts (MEFs), 
and found that in comparison to WT MEFs, SIRT3 KO cells had increased glutamine 
consumption. Next, we performed a glutamine labeling experiment and found that 
contrary to our expectations, SIRT3 loss resulted in increased contribution of glutamine 
to TCA cycle intermediates compared to SIRT3 WT cells. In addition, overexpression of 
SIRT3 in breast cancer cells repressed glutamine consumption and 3D sphere growth. 
Treatment with a glutamine metabolism inhibitor normalized the growth between control 
and SIRT3 overexpressing cells, suggesting that SIRT3 suppresses growth in part by 
inhibiting glutaminolysis. Altogether, we identified an additional metabolic pathway that 
may be regulated by SIRT3 to suppress tumorigenesis. 
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Copy number variation (CNV) is a form of genetic variation in which the number of copies 
of a particular gene varies between two or more genomes. It is a relatively new field that 
is gaining increasing amounts of attention due to studies that have suggested that there 
is a connection between an individual’s CNV and their development of (or predisposal 
to develop) cancer. This project sought to investigate the following hypothesis: If CNV 
can be linked to oncogenesis, then there must be a statistically significant difference in 
copy number between normal tissue and cancerous tissue samples. The project studied 
CNV in both cancerous and control samples collected from cancer patients with one 
of the following two cancers: adrenocortical carcinoma or uveal melanoma. The raw 
data were obtained through the Genomic Data Commons from the National Cancer 
Institute. The data analysis included descriptive methods (mean and standard deviation) 
and a hypothesis test (paired two-tailed t-test). The results of t-tests showed that, for 
adrenocortical carcinoma, the differences in copy number between cancerous and 
normal tissues are statistically significant (p-value < 0.05) for 82.95% of the patients. For 
uveal melanoma, the t-tests showed that there was a statistically significant difference 
in CNV for 66.25% of the patients. Furthermore, we found an overall increase in CNV 
of the same gene when observed in cancerous tissue as opposed to normal tissue. 
For adrenocortical carcinoma, comparison between samples indicated the majority of 
genes (85.46%) show copy number increase in cancerous tissue. Likewise, for uveal 
melanoma, there was a difference in 52.53% of the samples. The results confirm 
our hypothesis that CNV is correlated with cancer development. Finally, the different 
proportions of CNV within samples and genes also demonstrate the likely difference 
between cancers on the molecular level.
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Pediatric high-grade gliomas are aggressive. Only a relatively low percentage of 
patients are able to achieve long-term survival because of the rapid proliferation of cells. 
Treatments for high-grade gliomas include gross total resection (GTR), radiotherapy, 
and chemotherapy, which are limited to patients based on the location and tumor grade. 
Some anti-malarial drugs were previously tested in different cancer models, and have 
demonstrated a reduction in cellular growth and the induction of apoptosis. Using 
primary cultured pediatric glioblastoma SJ-GBM2 cells, we tested a small library of 
commonly used anti-malarial drugs and identified two, MDC1 and MDC2, that inhibit cell 
proliferation with IC50s equal to 3 and 1 µM, respectively. At the concentration of 3 µM, 
MDC2 kills all the cells, confirmed by trypan blue staining. Further in vivo study using 
the SJ-GBM2 xenograft model in mice showed that treatment with MDC2 significantly 
decreased tumor size and lengthened animal survival. Together, these results suggest 
that MDC2 has the potential to treat pediatric brain cancer.
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Functional Magnetic Resonance Imaging (fMRI) is a non-invasive imaging technique 
that measures brain activity. Increased neuronal firing in areas of the brain responsible 
for certain functions leads to increased metabolism which leads to increased blood 
flow. fMRI can detect changes in MRI signal to detect brain activity and create Blood 
Oxygen Level Dependent (BOLD) maps. One use of fMRI BOLD maps is neurosurgical 
planning to aid surgeons in determining the location of eloquent brain regions in relation 
to tumors. Creating BOLD maps is dependent on statistical analysis, and many software 
packages are available. In this case study, we visually inspected the analyses of two 
FDA approved software packages: GE BrainWave (General Electric, Milwaukee, WI, 
USA) and BrainEx (NordicNeuroLab, Bergen, Norway), and one research software 
package: SPM 12 (Wellcome Department of Imaging Neuroscience, University College 
London) for any similarities/differences. fMRI data was obtained from a 2011 scan on a 
45 year-old left handed male with a right occipital lesion (Glioblastoma, WHO grade IV). 
All imaging was acquired using a GE Signa 3 Tesla scanner (General Electric), equipped 
with an 8 channel head coil. Stimuli were presented using Eprime software (Psychology 
Software Tools) and MRI compatible goggles (Resonance Technology). fMRI tasks 
included antonym generation, left hand clench, and visual stimulation in a block design. 
SPM12 and BrainEX BOLD maps were statistically thresholded to match previously 
thresholded BrainWave BOLD maps. BOLD maps of the left hand clench task were the 
most similar across all three softwares. BOLD maps of vision appeared similar across all 
three softwares, with differences in shape. Differences were most noticeable in the BOLD 
maps of the antonym generation task, with right frontal activation only seen in BrainWave 
results. Additionally, right temporal activation appears larger in the SPM12 and BrainEx 
maps. Such differences could potentially alter a surgical plan. 
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Neuropilins (Nrp) are transmembrane receptors in endothelial and carcinoma cells that 
bind to angiogenic ligands, including vascular endothelial growth factor (VEGF), to 
promote neovascularization - the sprouting of new blood capillaries providing oxygen and 
nutrients to the tumor. Additionally, Nrp binds to an alternate family of proteins, Class 3 
Semaphorins (SEMA3), which compete with VEGF and inhibit angiogenesis. Targeting of 
either Nrp1 or Nrp2 with neutralizing antibodies or with exogenous SEMA3 proteins has 
successfully inhibited cancer progression in preclinical trials. Our goal was to investigate 
the expression, localization, and function of Nrps within the kidney to examine potential 
therapeutic off-target effects. We hypothesized that podocytes express Nrp1 but not 
Nrp2 and that the Nrp1 ligand, SEMA3A, would induce proteinuria while the Nrp2 ligand, 
SEMA3F, would not. Using immunoblotting, immunohistochemistry, and X-gal staining 
of kidneys from wildtype (Nrp2+/+) and transgenic mice (Nrp2+/lacz, Nrp2-/-), we 
determined that Nrp1 is highly expressed in the kidney and localized to tubular epithelial 
cells and glomerular podocytes. Nrp2, on the other hand, is weakly expressed in the 
kidney and localized to endothelial cells between tubules. Glomeruli are devoid of Nrp2 
expression. In order to examine the effect of Nrp2 deletion on renal filtration function, we 
examined the protein content of urine from Nrp2+/+ and Nrp2-/- mice and found that both 
genotypes had similar protein filtration. Alternately, mice were treated intravenously with 
adenovirus encoding SEMA3 proteins. Livers from mice infected with these adenoviruses 
secreted SEMA3 proteins systemically. Mice exposed to SEMA3 proteins showed 
increased protein content in the urine. Taken together, these results may explain why 
NRP1 and VEGF combination antibody treatment caused severe proteinuria in cancer 
patients in a human Phase Ib clinical trial. Our data suggests that systemic therapies 
targeting NRP2 (anti-NRP2 antibodies) may cause less toxicity than those targeting 
NRP1, yet still maintain anti-tumor efficacy. 
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Having proper nutrition helps protect against certain cancers and helps reduce risk 
of chronic disease. However, research shows that many groups don’t eat fruits and 
vegetables (fv), particularly those from low income situations. While research often 
focuses on African American populations, few datasets have rich data on Hispanic 
populations from diverse backgrounds. Therefore, we decided to use the IMPACT 
survey to explore barriers and facilitators leading to poor nutrition among a mostly low 
income Hispanic sample population. We hypothesized that income, food insecurity, 
neighborhood, and personal beliefs were possible barriers that contributed to low fv 
intake. Data for the study were collected by going door-to-door in 11 neighborhoods 
asking people questions about health. We used this data to conduct analyses on what 
impacted fv consumption, with a final sample of 897. Overall, only 22% ate at least 
one serving of fv per day. We found that low income individuals were significantly less 
likely to eat fv, with 20% of those with incomes less than $14K eating fv compared to 
41% of those with incomes over $70K (p<0.01). We also found that increased attention 
to health information seen on TV was associated with higher fv consumption (p<0.01). 
Twenty-seven percent of those aged 50 and above ate fv compared to 13% under 25. In 
conclusion, we found that income, age, employment status, food insecurity, and attention 
paid to information on TV were key factors in proper nutrition. In summary, these findings 
reveal challenges to fv consumption, including low income status and unstable food and 
housing circumstances and highlight that this population requires more available and 
affordable food options. Our work suggests that more data is needed on the role of TV: 
whether income is associated with specific TV stations and whether these stations carry 
health information.
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Prostate cancer is a disease that affects one in seven men, and according to the 
American Cancer Society, there will be around twenty thousand deaths among prostate 
cancer patients in this year alone. Currently, the main treatment modalities for prostate 
cancer include: radiotherapy, surgery, and hormone therapy. A major limitation to 
radiotherapy is that it also damages healthy tissue. When radiation kills normal cells in 
a specific tumor site, those cells can potentially turn into tumor cells. The hypothesis of 
this project is that cerium oxide nanoparticles can selectively protect normal cells but not 
cancer cells. To investigate this, different concentrations of cerium oxide nanoparticles 
were used to treat prostate normal cells and prostate cancer cells and they were 
irradiated at 0 and 2 Gray (Gy, the SI unit for absorbed radiation). Growth and Cyto-
immuno assays were performed to check the cell viability and DNA damage. According 
to the results, up to 10 µg/ml of cerium oxide nanoparticles protected normal prostate 
epithelial cells under 2 Gy of radiation and enhanced radiation damage in prostate cancer 
cells. The outcome of this research could enable the use of cerium oxide nanoparticles 
as a radio protective agent for normal healthy tissue during radiation treatment for cancer 
at select dosages of radiation.
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The Impact of Fibroblasts on Photodynamic Therapy Response of 
Pancreatic Cancer

Sebastian Palacio-Ramirez

Principal Investigator: Tayyaba Hasan, PhD 

Mentor: Ahmed Alkhateeb, PhD

Massachusetts General Hospital

Pancreatic cancer is one of the deadliest forms of cancer, with 46,000 people diagnosed 
in a year and a 5-year survival rate of 7%. This high mortality rate is due to late stage 
diagnosis, metastasis to other organs, and the extensive fibrosis surrounding the 
primary tumor. In pancreatic cancer, cancer associated fibroblasts (CAFs) are a subset 
of fibroblasts that promote tumor growth, metastasis, and decreased drug penetration 
into the tumor. There are currently no effective treatments for pancreatic cancer. 
Photodynamic therapy (PDT) is a therapeutic strategy that consists of a laser exciting 
a photosensitizer which produces reactive oxygen species that cause cellular damage 
and death. In recent clinical trials, PDT has shown promise in the treatment of pancreatic 
cancer. The purpose of this project is to determine the impact of fibroblasts on PDT 
response of pancreatic cancer. To evaluate response to PDT, we first examined the PDT 
response of cancer cells alone using the 3D suspension culture model. We seeded 5000 
AsPC1 pancreatic cancer cells and performed PDT on day 3, which consisted of five 
different light doses: 0, 1, 10, 20, 40 and 60 J/cm2. We then assessed cell viability on 
day 4 using the trypan blue exclusion and MTS assays. According to the MTS assay, cell 
viability did not decrease with increasing light dose. However, when counting cells using 
the trypan blue exclusion assay, the number of viable cells decreases with increasing 
light dose. Our findings suggest assay variability in detecting viability in 3D suspension 
cultures, with the MTS assay showing possible false negatives. We additionally seeded 
5,000 AsPC1 cells with and without 5,000 MRC5 fibroblasts and imaged them daily for 5 
days and noticed a formation of condensed nodules in the mixture. A future experiment 
would be to compare AsPC1 response with and without MRC5 fibroblasts.
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Discovering whether AHNAK2, S100P, and TMPRSS4 Genes are 
Biomarkers and Potential Therapeutic Targets for Pancreatic 

Adenocarcinoma

Obed Posada #

Principal Investigator: Towia Libermann, PhD

Mentors: Xuesong Gu, PhD; Wyatt Smith; Marie Bruno

Beth Israel Deaconess Medical Center

Pancreatic cancer is the fourth leading cause of cancer death in the United States, with a 
twenty-five percent survival rate after one year and five percent after five years. In more 
than 90% of cases it is diagnosed at the metastatic stage due to a lack of obvious signs 
and symptoms and the lack of imaging procedures capable of detecting small masses. 
Nab-paclitaxel, an albumin protein coated drug, was developed after pancreatic cancer 
cells started building resistance against the standard of care chemotherapy, gemcitabine. 
Nevertheless, even combining these two drugs provides only a minimal increase in 
overall survival of patients. Although nab-paclitaxel may enhance drug delivery, the lack 
of effective therapies is at least for a large part due to the lack of knowledge about the 
precise mechanisms of pancreatic cancer development and progression. Identifying 
the master regulators of pancreatic cancer and determining the role of these genes 
in pancreatic cancer will help to identify new therapeutic targets for therapy. We have 
identified the AHNAK2, S100P, and TMPRSS4 genes as constitutively overexpressed in 
pancreatic cancer. However, very little is known about their potential role in pancreatic 
cancer development. Our hypothesis is that the AHNAK2, S100P, and TMPRSS4 
genes are oncogenes or play a major role in pancreatic cancer growth, metastasis, 
and development. We are going to knock down the expression of these genes in 
human pancreatic cell lines in order to evaluate the effect of inhibiting these genes on 
proliferation, migration, invasion, and tumor growth. We believe that once the project is 
complete, our hypothesis will be supported by our results successfully showing them to 
be oncogenes and thereby candidate therapeutic targets. 
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Readability of Prostate Cancer Health Information Online

Cindy Quijada #

Principal Investigator: Donna Berry PhD, RN, FAAN

Dana-Farber Cancer Institute

Consumers increasingly review health materials online. Recommended readability grade 
level scores are supposed to be in the 4th to 6th grade range, but often materials found 
online are difficult to read due to high grade level vocabulary, sentence structure, number 
of syllables in a given word, and number of words per sentence. Men diagnosed with 
prostate cancer access the internet and visit websites to gather information following 
diagnosis and to aid decision making while choosing a treatment plan. The objective of 
this project was to analyze prostate cancer health materials while assessing readability 
scores in both English and Spanish. Using the software Readability Studio™, readability 
of websites was measured in both Spanish and English. In addition, reading ease 
was calculated on a scale from 0-100 for English language websites, with the higher 
score meaning an easier read. Grade levels were calculated using Simple Measure of 
Gobbledygook (SMOG), which calculates sentence number along with number of words 
in each sentence. The search was conducted with the search term “Prostate Cancer” 
while using three different search engines: Google, Bing and Yahoo, using private 
windows and non-private windows. Of the top ten results in each search engine, we 
counted both advertisements and non-advertisements. Website selection was based 
on eliminating advertisements, duplicates, and image-based websites. The remaining 
22 websites ranged in grade level from 7 to 17 (English) and from 2 to 13 (Spanish). 
The mean English SMOG grade level was 10.8 (SD=3.1); the mean Spanish Gilliam 
Peña-Mountain Graph grade level was 7.5 (SD=2.3). English reading ease averaged 
44.2 (SD=15.8) The readability scores of the websites analyzed were above the 
recommended 6th grade level, leading us to conclude that consumers seeking reliable 
and easy-to-understand online information about prostate cancer may often be at a 
disadvantage due to material written for higher reading levels. 
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Assessing the Validity and Reproducibility of Cortisol and DHEA 
Biomarker Measurements in Toenails

Naria Sealy #

Principal Investigator: Shelley Tworoger, PhD

Mentors: Tianyi Huang, ScD; Mollie Barnard, SM

Brigham and Women’s Hospital

Salivary cortisol is widely used as a reliable measure of the acute stress response in 
humans as well as diurnal cortisol rhythms throughout the day. Dehydroepiandrosterone 
(DHEA) is a steroid hormone that can antagonize the actions of cortisol. Valid 
measurements for long-term exposures to cortisol and DHEA are needed in 
epidemiologic studies to understand their associations with chronic disease development. 
We hypothesize that toenail cortisol and DHEA capture an extended period of exposure, 
which can be reproducibly and reliably measured in epidemiologic research settings. 
Using data from the Nurses’ Health Study II, we calculated the coefficients of variation 
(CVs) for split toenail samples (n=4), left and right toenail samples (n=16), and toenail 
samples collected two weeks apart (n=16) to determine the best quality control approach 
in toenail cortisol/DHEA assays. We calculated intraclass correlation coefficients 
(ICCs) and 95% confidence intervals (CIs) using linear mixed models to evaluate the 
reproducibility of cortisol/DHEA in toenails over a 1-year period (n=86). We examined 
the relationships of cortisol, DHEA, and their ratio between toenail and saliva samples 
using Pearson correlations (n=39). All CVs were below 20% which suggests the assays 
performed well. Compared to split toenail samples (CV=9.8%), the assay variability was 
similar for the left and right toenail samples (CV=9.8%), but higher for toenail samples 
collected two years apart (CV=11.7%). Unadjusted ICCs (95% CI) over a 1-year period 
were 0.51 (0.29, 0.73) for toenail cortisol, 0.68 (0.49, 0.82) for toenail DHEA, and 0.52 
(0.30, 0.74) for their ratio. Adjusting for various psychosocial factors did not alter the 
results. Toenail cortisol/DHEA levels were weakly correlated with measures of salivary 
cortisol/DHEA rhythm (Pearson correlations<0.28). Our findings suggest that toenail 
cortisol/DHEA has reasonable reliability and reproducibility, and could be used in future 
epidemiologic studies to understand their long term effects on health.



34

A Literature Review on Cost of Cancer Care Discussions: Who 
Should Lead the Discussion?

Sumaya Sheikh

Principle Investigator: Reginald Tucker-Seeley, MA, ScM, ScD

Mentor: Vanessa Boulanger, MSc

Dana-Farber Cancer Institute

The cost of cancer treatment is increasing, in part due to advances in detection and 
improvements in treatment. As a result, patients are enduring a greater financial burden 
with increasing out-of-pocket expenses, and many report financial hardship during 
survivorship. Cancer survivors reporting financial hardship are more likely to delay or 
forego treatment, and they have poorer adherence to treatment. Yet there is growing 
evidence that patient health outcomes are improved when there is communication 
between patients and physicians regarding the cost of treatment. While there is 
increased attention on the patient-physician communication regarding the cost of 
treatment, few studies have focused on the patient preferences for such conversations. 
For example, it remains unclear with whom on the treatment team (e.g. physician, nurse, 
social worker) patients want to discuss the direct and indirect costs of cancer care. To 
determine with whom cancer patients prefer to discuss the cost of their treatment, a 
review of the scientific, gray, and popular literatures was conducted. Twenty-four articles 
were reviewed and any discussion of cost discussions and patient preferences was noted 
and summarized in an annotated bibliography. Themes that emerged from the review 
include patients reporting wanting to discuss treatment costs first with their physicians, 
and physicians reporting feeling unprepared to offer solutions in these conversations. 
Additionally, some patients reported feeling embarrassed to discuss their financial 
circumstances. The findings from this literature review reveal that both physicians and 
patients feel ill equipped to initiate and manage conversations on the direct and indirect 
costs of cancer. Future research should focus on increasing the knowledge of physicians 
and patients on the cost of cancer treatment and on increasing the skills of all members 
of the care team and patients and their spouses/caregivers to initiate and manage cost of 
care related conversations.
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Identification of Specific Pcbp1Binding Nucleotides for Protein 4.1R 
Exon 16 Splicing

Judene Thomas

Principal Investigator: Edward J. Benz, MD

Mentor: Shu-Ching Huang, PhD

Dana-Farber Cancer Institute

The inclusion of protein 4.1R exon 16, which encodes a spectrin/actin-binding peptide 
critical for erythrocyte membrane stability, is regulated in an erythroid differentiation-
specific manner. A UUUUCCCCCC-motif situated between the branch point and the 
3’ splice site is crucial for exon 16 inclusion. We show that splicing factors, T-cell 
intracellular antigen 1 (TIA1) and Poly-C binding protein (Pcbp1), bind to the U- and 
the last 3 C-regions, respectively, and activate exon 16 in a collaborative manner. TIA1 
interacts with Pcbp1, associates with splicing factors RBM39, U2AF65 and SF3b155, 
and facilitates exon inclusion. However, whether one C or all of the last 3 Cs are required 
to exert the positive enhancing effect in response to TIA1 and Pcbp1 remains unknown. 
Site directed mutagenesis was performed to incorporate C -> G mutations into each 
of the last 3 Cs of Pcbp1 binding site in exon 16 minigenes. Minigenes, HA-TIA1, and 
Flag-Pcbp1 plasmids were prepared. HeLa cells were transfected with the control (WT 
and Xm) or C -> G mutant minigenes in the presence of either HA-TIA1 or Flag-Pcbp1. 
The effect of C -> G mutations on exon 16 splicing was then analyzed. The cells were 
collected and RNA isolated. The RNA samples were RT-PCRed using specific primers 
and the products electrophoresed on a 1.5% agarose gel. The expression levels of the 
transfected TIA1 and Pcbp1 were then verified by Western blot analysis using their 
respective antibodies. We are currently working to identify the effect that the C -> G 
mutations have on exon 16 splicing. These results will identify the specific nucleotide in 
the last C region of Pcbp1 binding site required for exon 16 inclusion.
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NLRP1 and Caspase-5 act as Positive and Negative Regulators of 
Apoptosis

Alex Thompson

Principal Investigator: Ben Croker, PhD

Mentors: Akshay D’Cruz, PhD; Meghan Bliss-Moreau, PhD;  
Alyce Chen, PhD

Boston Children’s Hospital

Identification of positive and negative regulators of apoptotic and non-apoptotic forms 
of regulated cell death can reveal new approaches to kill cancer cells and provide novel 
targets for drug discovery. Caspase-5 and nucleotide-binding oligomerization domain, 
leucine-rich repeat (NLR) protein 1 (NLRP1) can interact when overexpressed, but their 
function in cell death pathways remains poorly defined. To study the role of Caspase-5 
and NLRP1 in the apoptotic and pyroptotic signaling cascades, we created a NLRP1 
and Caspase-5-deficiency in a human T cell lymphoma cell line using CRIPSR Cas-
9 technology. NLRP1-deficient cell lines were more resistant to apoptotic stimuli and 
activators of endoplasmic reticulum (ER) stress compared to control cell lines. Caspase-
5-deficient cells lines were susceptible to a range of apoptotic stimuli and were more 
sensitive to ER stress but responded normally to cytoplasmic lipopolysaccharide (LPS) 
induced apoptotic stress. Our data indicates that NLRP1 can promote apoptotic cell 
death. In contrast, Caspase-5 plays an unexpected role in the negative regulation of 
apoptosis and ER stress, possibly via an interaction with NLRP1. 



Notable Achievements 2016

In the past year a CURE student: 
• Was accepted and will be pursuing their education at one of the following 

institutions: MIT, University of Massachusetts Amherst, Tufts University 
• Received a grant from the Medford Educational Foundation to support the 

Medford High School Science Career Program
• Secured employment at Dana-Farber Cancer Institute as a Research 

Assistant in Population Sciences
• Presented their CURE research at the Annual Biomedical Conference for 

Minority Students in Seattle, Washington
• Was inducted into the National Honors Society at Belmont High School
• Was accepted as a research associate in the laboratory of neonatal infection 

and immunity at the F. Edward Hebert School of Medicine of the Uniformed 
Services University of the Health Sciences in Bethesda, MD. 

• Received the William C. Moloney MD Research Fellowship from the 
American Cancer Society

• Presented their summer research at the 2016 New England Science 
Symposium 

• Received HOPE scholarship awards from the Biomedical Science Careers 
Program

• Secured acceptance at Howard University’s Global Education and 
Awareness Research Undergraduate Program (GEAR-UP)

• Furthered their education at the following institutions: University of 
Pittsburgh – School of Medicine, University of California Berkeley PhD in 
Epidemiology, Yale School of Medicine, University of Pennsylvania Law 
School, Boston University School of Medicine, Environmental Health 
Sciences program at New York University, Howard University College of 
Medicine

• Received the Landry Cancer Biology Research Fellowship and was 
Honorable Mention for the Ford Fellowship 

• Was granted the 2016-2017 Brandeis University - Jerome A. Schiff 
Undergraduate Fellow to investigate the potential of the protein Sema4D as 
a novel antiepileptic drug and was second author on a scientific paper 

• Graduated from one of the following colleges or universities – Amherst, 
Boston College, Fitchburg, Mount Holyoke, Tufts, UMass Boston and 
Wellesley



The CURE Program thanks:

A. David Mazzone Awards Program

Biogen Foundation

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

Friends of Dana-Farber Cancer Institute

Massachusetts General Hospital Cancer Center 

National Cancer Institute Cancer Center Support Grant 3P30CA006516-50S1

Norvartis

The research programs of:

Edward J. Benz, Jr. MD
Karen Winkfield, MD PhD
Marcia Haigis, PhD
Ursula Kaiser, MD



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

Many thanks to the following organizations: 
Biogen - Community Lab 
 
Harvard Integrated Life Sciences 
Office of Diversity Inclusion and Community Partnerships, Harvard Medical School

 
A special thanks to: 

Tito Adhikary
Ali Ahmed
Alazar Ayele
Chelsea Barbercheck, PhD
Anastacia Berzat, PhD
Simone Bor
Kaelyn Brown
Candace Burns Johnson
Karen Burns White
Tracy Callahan, PhD 
Bill Campbell, PhD
Narath Carlile, MD
Adan Colon-Carmona, PhD
Laura Cato, PhD
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Nicole Follmer, PhD
Nora Fortoul
Zhongjie (Kira) Fu, PhD
Abel Fueyo, PhD
Omar Gandarilla, MD
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Nancy Nguyen
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Richard Oakley
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