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Is Excisional Biopsy Warranted in Patients with Flat Epithelial Atypia? 

Madino Ali

Principal Investigator: Michele Gadd, MD

Mentor: Aditya Bardia, MD

Massachusetts General Hospital

Background: Flat epithelial atypia (FEA) is a form of benign fibrocystic tissue 
within the breast terminal duct lobular unit. Normally, the ductal lining of the 
breast is made up of two cell layers. Conversely, in FEA, the ductal lining is 4-6 
cell layers thick and the epithelial cells display low-grade cytologic atypia. FEA is 
frequently identified within core breast biopsies performed to evaluate abnormal 
radiologic breast findings. FEA is sometimes associated with other atypias and low-
grade breast carcinoma. The purpose of this study is to determine the frequency of 
concurrent breast cancer after excisional biopsy following a core biopsy revealing 
FEA.

Objective: To determine the incidence of breast cancer in patients with pure FEA 
on core needle biopsy.

Methods: Retrospective review of the medical records of patients with FEA 
diagnosed between 2000 and 2010. Two hundred and one patients had a core 
biopsy for a mammographic abnormality and were diagnosed with pure FEA. 
Patients with atypical ductal hyperplasia, atypical lobular hyperplasia, lobular 
carcinoma in situ, and radial scar in their core biopsies were excluded. Patients who 
did not go on to have an excisional biopsy were excluded.

Results: After excluding patients who did not have pure FEA, 149 patients 
remained. Fourteen of 149 patients with FEA had a breast malignancy after core 
needle biopsy (CNB). Nine of the 14 patients had ductal carcinoma in situ and 7 
of the 14 patients had invasive ductal carcinoma discovered by excisional biopsy.  

Conclusion: In our study, 9.39% of patients with pure FEA on core biopsy had 
a concurrent breast cancer found after excisional biopsy. Standard practice of 
excisional biopsy after CNB revealing FEA is warranted, to avoid missing an early 
breast cancer.  



Evaluation of the Variations in Standardized Uptake Value Measurements 
Between Different Image Analysts

Piseth Cheav # 

Principal Investigator: Annick Van den Abbeele, MD

Mentors: Keisha McCall, PhD; Su-Chun Cheng, PhD; Suzanne George, MD

Dana-Farber Cancer Institute
           
Functional imaging with 18FDG-PET/CT allows identification and measurement of 
tumors due to the abnormally high glucose metabolism of malignant cancer cells. 
Quantitative evaluation of 18FDG-PET/CT, including standardized uptake values 
(SUV), is routinely used to assess tumor glucose metabolism in patients with a 
variety of cancers. Consistency in longitudinal SUV measurements is important for 
oncologists to determine whether the chosen therapy enhances patients’ health. 

The purpose of this project was to evaluate the variations in SUV measurements, 
SUVmax, SUV70%, and SUVpeak, between different image analysts (readers). Four 
readers participated in the study and measured SUV in patients with metastatic 
gastrointestinal stromal tumors at six time-points during therapy. The effect 
of therapy on tumors was assigned to categories 1, 2 and 3 representing either 
decrease, no change, or increase in SUV relative to the baseline. 

Results showed that categories agreed between the readers (Fleiss’ Kappa = 0.98, 
p<<0.05). Only 2 of 61 tumor response measurements had enough variation 
between readers that it resulted in a change in response category, even when 
decision was based only on percent threshold cutoff of 25% from baseline. Absolute 
differences between SUV measured by readers were small; the mean differences were 
0.29 and 0.21 for SUVmax and SUV70%.  No significant differences were found (ICC 
= 0.99, p<<0.05), meaning that the agreement between readers was strong. 

In conclusion, while the SUV measurements were not perfectly consistent 
between readers, the variations between readers were not found to be significant. 
Quantitative evaluation by SUVmax, SUV70%, and SUVpeak values were not dependent 
on the reader or the computer software.



Flow Cytometric Analysis of T-cell and B-cell Recovery Levels in Patients Under-
going Treatment for Chronic Graft versus Host Disease (cGvHD) Post-Allogeneic 

Hematopoietic Stem Cell Transplantation

Kenesha Darlington

Principal Investigator: Jerome Ritz, MD

  Mentor: Carol Reynolds, PhD 

Dana-Farber Cancer Institute

Chronic graft-versus-host disease (cGvHD) is a condition that can occur after 
allogeneic bone marrow transplant. The transplanted stem cells (graft) attack 
the cells of the host body. This is a major cause of mortality in patients post 
hematopoietic stem cell transplant (HSCT).

Previous researchers have analyzed B cell reconstitution and B cell activating 
factors in a cohort of patients post-HSCT. This was because B cells were shown 
to play an active role in the progression of cGvHD. This summer, we performed 
immunophenotypic analysis of T cells in patients with the disease. T cells are a 
main component of the human immune system. We measured levels of T cell 
subpopulations at three time-points post-treatment: 0 days, 60 days and 180 days. 
We quantified T cell, B cell, and T cell subsets with a BD FACSCantoTM ll flow 
cytometer. The results were then analyzed using BD FACSDivaTM software. 

We were able to identify cell surface markers on T regulatory cells 
(CD3+CD4+CD25+CD127-), T helper cells (CD4+) and suppressor T cells 
(CD8+) using fluorochrome conjugated antibodies. We found that on average, 
the percentage of B lymphocytes was higher than the percentage of T lymphocytes 
in the cohort of patients. This suggests that T cell recovery was slower than B cell 
recovery as the disease progressed. Additionally, the percentage of conventional T 
cells was higher than that of the T regulatory cells in patients. This resulted in a low 
Treg:Tcon ratio.

The data will serve as a reference for clinicians and researchers in treating and 
understanding the progression of the GvHD and also for deducing a possible drug. 



Synthesis and Optimization of the Library of Dual Kinase/Bromodomain Inhibitors

Shiva Dastjerdi #

Principal Investigator: James Bradner, MD

Mentor: Dennis Buckley, PhD

Dana-Farber Cancer Institute, Harvard Medical School

Bromodomains (BRDs) are a class of epigenetic reader proteins that recognize 
acetyl-lysine residues on chromatin. The deregulation of bromodomains and 
extra terminal (BET) family (which consists of BRD2, BRD3, BRD4 and 
BRDT) is observed in various cancers, including NUT midline carcinoma, 
neuroblastoma, leukemia, and others. Bromodomain testis-specific (BRDT) is a 
potential contraceptive target that is essential for chromatin remodeling during 
spermatogenesis. The first published inhibitor of BET bromodomains, JQ1, was 
found in the Bradner laboratory at Dana-Farber Cancer Institute and showed 
potent inhibition of BRD4 and BRDT. This has led to interest in the development 
of novel BET bromodomain inhibitors. An unexpected source of bromodomain 
inhibitors has been compounds with previously described kinase inhibitory activity. 
Recently, over 14 previously described kinase inhibitors have been shown to also 
inhibit BRD4. 

This research aims to generate small molecule inhibitors with increased potency 
for bromodomains and kinases. For this purpose, we sought to synthesize a small, 
targeted library of derivatives of known dual kinase/bromodomain inhibitors, 
which also have activity against the non-BET bromodomains P300, CREBBP, 
TAF1 and TAF1L. We succeeded in synthesizing a library of 90 acyl bromodomain 
inhibitors that shared the same dihydropteridinone scaffold using Cap-Scanning 
technology that was previously used to develop selective HDAC inhibitors. We 
then tested these inhibitors for activity against BRD4 and BRDT in an ALPHA 
assay and were able to find a number of derivatives with improved activity over the 
parent compound. In the future, we plan to synthesize a larger library using slightly 
different scaffolds, test our library for activity against non-BET bromodomains, and 
continue to optimize the hits we have found already.

 



Biased Signaling of Parmodulin 2 on PAR1 Results in Cytoprotective Effects

Vincent DiChiara 

Principal Investigator: Robert Flaumenhaft, MD, PhD

Mentor: Omoz Aisiku, PhD
 

Dana-Farber Cancer Institute

While heart disease and stroke are known to be leading causes of death in the 
United States, development of drugs such as vorapaxar are meant to decrease these 
risks. These orthosteric drugs have shown promise in clinical trials, but come 
with bleeding complications. In response to these side effects, further expansion 
of Protease-activated receptor 1 (PAR1) inhibitors has become essential. PAR1 is 
a seven-transmembrane, G protein coupled receptor (GPCR) found in platelets 
and endothelial cells. While it is well known that platelet activation by thrombin-
activated PAR1 results in pro-thrombotic effects, outcomes of PAR1 signaling in 
endothelial cells depend on the cleavage sites of thrombin or activated protein C 
(APC). These differences in cleavage result in G-protein activation of the MAPK, 
pro-inflammatory pathway or β-arrestin–mediated cytoprotection. Within this 
spectrum, the development of compounds that block thrombosis while preserving 
the cytoprotective pathway are currently under investigation. 

A family of four molecules termed parmodulins (PMs) was discovered acting as 
allosteric inhibitors of PAR1, selectively inhibiting thrombin-like agonists. A 
1,3-diaminobenzene, compound ML161, shows promise in the development 
of anithrombotics. Structure-activity relationship studies show that ML161 is a 
potent, selective inhibitor of P-selectin, a cell adhesion protein that surfaces as a 
result of thrombin-like signaling. PMs function inhibits Gq, allowing for its potent 
antithrombotic effects. However, PMs fail to inhibit G

α12/13, allowing platelets to 
maintain their shape-changing ability. In contrast, vorapaxar results in complete 
inhibition of these GPCR pathways and inflammatory responses ensue. 

With this evidence, it is hypothesized that PMs are biased towards cytoprotection 
while orthosterics are partial to a pro-inflammatory response. By observation of 
the pro-inflammatory and cytoprotective pathways, it is expected that ERK1/2 
phosphorylation will not occur through PM2 inhibition while the PMs permit 
β-arrestin-mediated, Akt signaling. Current efforts are underway to understand how 
the mechanisms parmodulins behave in endothelial cells.



The Role of Thrombocytosis in Tumor Growth in Zebrafish (Danio rerio)

Taha Elseaidy #

Principal Investigator and Mentor: Robert Handin, MD

Brigham and Women’s Hospital

Zebrafish (Danio rerio) represent a promising alternative model in cancer research. 
Zebrafish offer many advantages, including ease of experimentation, drug 
administration, and amenability to in vivo manipulation. The remarkable optical 
transparency and ability of developing embryos to survive for three to four days 
without feeding make the zebrafish a perfect model for studies of tumor growth and 
vascular biology. 

An elevated platelet count has been associated with an adverse prognosis in 
several types of cancers. Although the mechanism is not fully defined, the leading 
hypothesis is that tumors increase the platelet counts, and the increased platelets 
augment tumor growth, angiogenesis, and metastasis, which further increase the 
platelet count. We seek to study the role of platelets in tumor growth, dissemination 
and angiogenesis. This was approached by knocking down thrombocyte production 
with an anti-sense morpholino oligonucleotide directed against the thrombocyte 
thrombopoietin receptor, c-mpl. 

We set out to compare in vivo behavior of the murine tumor cell line B16 in 
zebrafish embryos with or without thrombocytes. Interestingly, we have observed 
significantly reduced host angiogenesis in Fli1-GFP transgenic zebrafish embryos 
with delayed thrombocyte production. In the absence of thrombocytes, B16 tumor 
cell growth and dissemination was reduced and the survival of embryos injected 
with B16 cells improved.



Somatic Copy Number Alterations in Lung Adenocarcinoma

Ilhan Esse

Principal Investigator: Laura Macconaill, PhD

Mentors: Ling Lin, PhD; Suzanne McShane; Paul Van Hummelen, PhD;                  
William Hahn, MD, PhD, MD; Matthew Meyerson, MD, PhD

Dana-Farber Cancer Institute

Lung cancer is the leading cause of cancer death, resulting in more deaths than 
colon, breast, and pancreatic cancers combined. Furthermore, lung adenocarcinoma 
is the most common form of lung cancer. The development of this cancer is driven 
by somatic genetic alterations such as single nucleotide variations, translocation 
and copy number alterations. Here, we identified somatic copy number variations 
(SCNVs) in 96 lung adenocarcinoma samples using next generation sequencing. 
The sequence data was analyzed using Nexus7.1. The SCNVs of 24 cancer genes, 
that are commonly amplified or deleted in cancer, were then verified by an 
independent method, NanoString(R) nCounter v2 Cancer CN Assay. Our findings 
deepen our understanding of lung adenocarcinoma and shed light on new targeted 
therapy for lung adenocarcinoma. 

 



Towards Nanoparticle Drones: 4G Technology to Kill Deadly Prostate Cancer Cells 
with Minimal Collateral Damage  

Armel Foade # 

Principal Investigator: Wilfred Ngwa, PhD

Mentors: Gizem Cifter, MSc; Rajiv Kumar, PhD; Srinivas Sridhar, PhD;                     
Houari Korideck, MD; Robert Cormack, PhD; Mike Makrigiorgos, PhD 

Dana-Farber Cancer Institute, Northeastern University

Background: Prostate cancer is the second leading cause of cancer death in men 
after lung cancer in America. Radiotherapy is one of the major treatment modalities 
for prostate cancer. However, radiotherapy treatment is limited by the collateral 
damage caused by radiation to neighboring healthy organs like the rectum. The 
purpose of this work is to develop radiotherapy biomaterials loaded with 4th 
generation (4G) nanoparticles conferred with stealth, fluorescence and precision 
targeting moieties that can be released in situ to serve as drones during radiotherapy. 
The released 4G nanoparticles can be activated by radiotherapy photons to emit 
micrometer range missile-like electrons to kill prostate cancer cells with minimal 
collateral damage.

Methods: As a first step to developing our nanoparticle drones, we prepared 
radiotherapy biomaterials made of the polymer Poly(D,L-lactide-co-glycolide) 
(PLGA) and chitosan, loaded with nanoparticles and the fluorescein dye, 
respectively, and investigated the release in vitro as a function of concentration and 
polymer weight. 

Results: The preliminary results show that the release of nanoparticles from PLGA 
doubled over the first two hours and then increased steadily over time. As the 
concentration of nanoparticles or dye increased, the rate of release also increased. 
Meanwhile, the release rate decreased with increase in the polymer weighting. 

Conclusions: The results indicate that the release of nanoparticles or radiosensitizer 
from the biomaterial can be controlled as a function of different parameters. 
This would enable synchronization of release to different radiotherapy treatment 
schedules. These promising results provide a useful basis for further investigations 
to optimize the design of the nanoparticle drone technology to enhance therapeutic 
efficacy during radiotherapy treatment of prostate cancer patients. 



Role of CMG2 in Endothelial Sprout Formation and Angiogenesis 

Gregory Galanti #

Principal Investigator: Michael Rogers, PhD

Mentor: Lorna Cryan, PhD  

Boston Children’s Hospital

Angiogenesis is the formation of new blood vessels from pre-existing ones, and plays 
a critical role in tumor growth and disease progression. Capillary morphogenesis 
gene 2 (CMG2) is a matrix-binding transmembrane protein that is expressed by 
endothelial cells during capillary development, and serves as a receptor for anthrax 
toxin. CMG2’s mechanism in anthrax intoxication is well studied, but its role in 
angiogenesis is not fully clear. Blocking CMG2, however, reduces angiogenesis in 
a corneal pocket eye assay, indicating it may be a useful target for antiangiogenic 
therapies. Three-dimensional sprouting assays were used to model the process of 
angiogenesis in vitro and to evaluate the effects of inhibiting CMG2 on endothelial 
cell sprout formation. Blocking CMG2 was found to significantly increase the 
number of cells dispersed around the core spheroid, without significantly changing 
the cumulative sprout length or number of sprouts per spheroid. Future work 
will involve looking at changes in expression of matrix metalloproteinases and 
arrangement of VE-cadherin while blocking CMG2, since these are known to play 
a role in capillary formation and cell-cell interactions. Understanding the exact 
mechanism of CMG2 in angiogenesis is crucial for the continued development of 
novel anti-angiogenic therapies against this receptor.



Role of Osteoblasts in Cancer

Ted Hilaire

Principal Investigator: Irene Ghobrial, MD 

Mentor: Michaela Reagan, PhD

Brigham and Women’s Hospital, Harvard Medical School
 
Introduction: Multiple myeloma (MM) is the second most common blood cancer. 
Although there are many treatments for multiple myeloma, there is no cure. 
Understanding the way MM functions and why it grafts in different parts of bone 
can lead to many different methods of treatment. The seed and soil hypothesis states 
that, “when a plant goes to seed, its seeds are carried in all directions, but they can 
only live and grow if they fall on congenial soil.” For MM, the optimal soil is the 
bone marrow inside of the bone. We hypothesize that there will be increased MM 
growth in mice with a depletion of osteoblasts.

Background: Wnt pathway inhibitors such as sclerostin (Sost) and dickkopf-related 
protein 1 (DKK1) impede osteogenesis. Anti-Sost and anti-DKK1 antibodies 
increase bone, decrease MM growth. Hence, targeting these inhibitors is a method 
currently under investigation for increasing osteogenesis, bone formation, bone 
strength, and inhibiting osteolytic lesions. The exact roles of osteoblasts in MM 
progression remain unknown. From this work, we wanted to further investigate 
how changes in the osteoblasts impact MM progression.

Methods: We used a transgenic mouse model in which it is possible to deplete 
osteoblast precursors in order to decrease the bone density. This helped us 
understand the role that the osteoblasts played in osteolytic cancers. For our in 
vivo model, we used PCR to genotype the mice. Using toe and tail samples as our 
DNA and based on their genotypes, we injected them with an exotoxin to activate 
the knockout phenotype and Vk*Myc cells (a myeloma cell line). We looked at the 
survival rate of the mice and observed the femur for metastasis using histology. 

Results: We found that changing the bone marrow component changed the way the 
myeloma grew in these mice, suggesting that the bone marrow cells govern the way 
cancer grows in the bone.



Detecting Binary Protein-Protein Interactions Using a Gaussia Princeps                        
Split Luciferase Protein Complementation Assay 

Ibrahim Ibrahim #

Principal Investigators: Marc Vidal, PhD; David Hill, PhD  

Mentors: Soon Gang Choi, PhD; Yves Jacob, MD, PhD

Dana-Farber Cancer Institute 

Proteins are essential components of all biological systems and are responsible for 
most of the biological processes in cells, including cell signaling, motility, and 
apoptosis. The vast majority of proteins interact with other proteins creating a 
complex interaction network, or interactome. Mapping protein–protein interactions 
(PPIs) at the scale of the whole proteome is a necessary prerequisite to 1) better 
understand the overall structure and organization of the interactome, 2) begin to 
delineate biological processes, and 3) provide insight into disease pathophysiology 
at a systems level. For proteome-scale interaction mapping, we first employ a robust 
high-throughput yeast-two-hybrid assay (Y2H) to identify binary PPIs among 
~18,000 human proteins. An orthogonal Gaussia princeps Split-Luciferase protein 
complementation assay (GPCA) is then performed in human cells to validate verified 
Y2H-detected PPIs. GPCA is conducted by first splitting the Gaussia Luciferase gene 
into two complementary fragments that are separately fused to open reading frame 
clones encoding each of the two individual proteins to be tested. The two plasmids 
encoding the respective split luciferase fragment fused to a human protein are then 
transfected using linear polyethylenimine into human cells. If the two human 
proteins interact, luciferase activity can be reconstituted catalyzing the oxidative 
decarboxylation of coelenterazine to coelenteramide leading to release of photons 
(475nm) that can be detected and counted. 

The strength of a PPI is correlated to the intensity of photon emission. Gaussia 
luciferase generates over 1,000-fold higher bioluminescent signal output compared to 
that of the firefly or Renilla Luciferases, making GPCA ideal for testing a wide range 
of PPIs having varying interaction strengths. GPCA provides a facile PPI validation 
pipeline in human cells to assess the overall quality of any binary interaction map. 
As an initial proof of principle for GPCA, we confirmed and validated a large set of 
protein-protein interactions. We are anticipating expanding the number of interacting 
protein pairs detected by using GPCA. 

Future research is aimed towards characterizing modulations of PPIs and related 
network alterations involved in human diseases in order to develop a deeper 
understanding of pathogenesis. 



Downstream RAS Inhibition for Targeted Neurofibromatosis Therapies

Alexander Jeremiah

Principal Investigator: Karen Cichowski, PhD

Mentor: Clare Malone

Brigham and Women’s Hospital

Neurofibromatosis is an inherited cancer predisposition syndrome caused by 
genetic loss of the NF1 gene. NF1 patients have an 8% to 13% lifetime risk of 
developing loss of the wildtype NF1 gene that triggers RAS pathway activation to 
upregulate cell growth. Our lab has shown that this effect is partially dependent on 
downstream mTORC1 activation. In this project, we aim to treat this syndrome by 
inhibiting downstream mTORC1 activation using two farnesyltransferase inhibitors 
(FTIs), lonafarnib and tipifarnib. We expected that FTIs might block the mTORC1 
pathway by preventing the phosphorylation and activation of the mTOC1 protein. 
The human malignant peripheral nerve sheath tumor S462s cell line was treated 
with these drugs and the effects were measured.

Phosphorylation of the proteins downstream of mTORC1 signifies that the drug 
had successfully inhibited the mTORC1 pathway; however, we found that the 
protein levels of mTORC1 targets were relatively the same. PI3K, another enzyme 
involved in the proliferation pathway of mTORC1, was then targeted as a therapy 
for this disorder. By targeting this pathway, we aim to inhibit another step in the 
RAS pathway using rigosertib, a suggested PI3K inhibitor. If so, the effect may be 
augmented by combining rigosertib with a MEK inhibitor because dual inhibition 
of the PI3K/mTORC1 pathway and the MAPK pathway synergizes in NF1-
deficient tumors.



SRB Assay Using PANC-1 Cells

David Lopera #

Principal Investigator: Bertal Aktas, PhD 

Mentors: Selen Peker; Jing Fan

Brigham and Women’s Hospital

Background: Pancreatic cancer is the fourth leading cause of cancer-related deaths 
in the United States. Even when diagnosed early, it often has a poor prognosis; 
it typically spreads rapidly and is seldom detected in its early stages. Thus, this 
investigation looked at finding compounds that induce cell death in pancreatic 
cancer cells (PANC-1).
 
Methods: PANC-1 cells were plated in wells with a medium, DMSO, and one of 
four test compounds (I-18, RYF-31, RYF-48, or RYF-49). In each experiment, 
the sulforhodamine B (SRB) assay was used to determine cell density based on the 
measurement of cellular protein content.
 
Results: The SRB assay enables us to determine net change in the number of 
PANC-1 cells following exposure to the compounds. I-18 has already proven to 
be effective at preventing increase in PANC-1 cell number and thus is used as a 
positive control for comparison with other compounds. Of the remaining three 
compounds, RYF-48 was more effective at inducing cell death in PANC-1 cells 
than RYF-31 or RYF-49.
 
Impact: The SRB assay not only allows for a large number of compounds to be 
tested within a few days, but also requires simple equipment and inexpensive 
reagents. Thus it is an efficient and highly cost-effective method to test compounds, 
see which work best, and determine which to study further. As a result of these 
studies, RYF-48 shows promise as an effective compound for future analysis.



Understanding the Role of Proteinase 3 in Bacterial Killing

Lidzt Gaelle Lubin #

Principal Investigator: Hongbo Luo, PhD

Mentor: Kutay Karatepe, PhD

Dana-Farber Cancer Institute, Boston Children’s Hospital

The immune system protects the body from infections by preventing and limiting 
the entry and growth of pathogens. Innate immunity is the first line of defense 
against invading organisms and provides immediate responses against pathogens. 
Neutrophils are white blood cells in the innate immunity that fight multicellular 
parasites and most infections. In the neutrophils, myeloperoxidase (MPO), 
neutrophil serine proteases (NSPs), and the reacting oxygen species from NADPH 
oxidase complex, kill pathogens and help prevent infections. NSPs are neutrophil 
elastase, proteinase 3 (PR3), cathepsin G and azurocidin. They are one of the first 
starters of the inflammatory response of the immune system against pathogens. 
Previous in vitro studies suggested a role for proteinase 3 (PR3) in bacterial killing, 
but PR3’s in vivo role has not been studied in depth because PR3 knock-out 
(PR3-/-) mice were not previously available. To our knowledge, our lab is the first 
to generate PR3-/- mice. We will compare the bactericidal activity of neutrophils 
isolated from PR3-/- mice with wild-type neutrophils. Cells from the femur and tibia 
of mice are used to purify neutrophils by negative selection. Then, the number of 
cells is determined using a hemocytometer. Three bacteria, Escherichia coli (E. coli), 
Staphylococcus aureus (S. aureus) and Streptococcus pneumonia (S. pneumoniae), are 
tested for later in the experiment. To check the purity of the neutrophils, cytospin is 
performed and western blot is also used to confirm that the same number of cells is 
being used with both the wild mice and the knock-out mice. The anticipated result 
is that PR3-/- neutrophils will have a defect in bacterial killing compared to wild-
type neutrophils.

 



Effect of Allosteric Integrase Inhibitors on the Incorporation of Two Cellular Fac-
tors, Clathrin and Integrase Interactor 1, into HIV-1 Particles

Ngoc (Natasha) Ly

Principal Investigator: Alan Engleman, PhD 

Mentor: Kellie Ann Jurado 

Dana-Farber Cancer Institute

Human immunodeficiency virus type 1 (HIV-1) uses the viral enzyme, integrase 
(IN), to insert a DNA copy of itself into host DNA. IN strand transfer inhibitors 
(INSTIs) engage the enzyme active site and are used to treat HIV-1 infection. Due 
to the development of INSTI drug resistance in patients, inhibitors that target IN 
by novel mechanisms are desirable. Allosteric IN inhibitors (ALLINIs) engage an 
IN-IN dimer interfaces and deregulate IN multimerization.

Prior studies indicated that ALLINIs disable HIV-1 by stimulating IN 
multimerization during virus assembly and inhibiting the maturation of virion 
particles. This phenotype is reminiscent of that caused by class II mutations in 
IN. Class II IN mutant viruses are not only defective for integration but reverse 
transcription and particle maturation as well. Several class II mutations have been 
reported to disrupt the ability of IN to mediate the incorporation of two host 
proteins, clathrin and integrase interactor 1 (INI1), that play important roles in 
HIV-1. We accordingly hypothesized that one aspect of ALLINI function is to 
inhibit clathrin and/or INI1 incorporation into virus particles. To investigate this, 
virions were produced in the presence of increasing doses of a potent ALLINI. 
IN mutations that were known to perturb host factor incorporation (N184L for 
clathrin; D202G and W235E for INI1) as well as the reverse transcriptase inhibitor 
efavirenz that disrupts clathrin incorporation were used as positive controls. Results 
from western blotting revealed that drug-treated viruses effectively incorporated 
clathrin and INI1 under conditions where both N184L and efavirenz inhibited 
clathrin incorporation (the analysis of INI1 incorporation into D202G and W235E 
mutant viruses is ongoing). 

We therefore conclude that ALLINI-mediated deregulation of IN multimerization 
during HIV-1 assembly does not perturb clathrin or INI1 incorporation and, by 
extension, that ALLINI potency is independent of these virus-host interactions.
 



Cloning of Bioluminescent CD44 Reporters

Mariam Mansoor 

Principal Investigator: Bakhos Tannous, PhD

Mentor: Christian Badr, PhD

 Massachusetts General Hospital

This study was undertaken in order to understand what role the CD44 cell surface 
protein plays in contributing to the increase of resistance in cancer cells. This 
research utilizes bioluminescence to monitor the activity of the CD44 promoter 
in cells. This study focuses on the CD44 cell surface marker, which is involved in 
different cellular processes including cell adhesion, migration, and proliferation. 
Epithelial-to-mesenchymal transition (EMT) is when cancer cells become aggressive 
and invasive, which leads to resistance to treatment and metastatic growth, and 
CD44 levels are increased during EMT.

Bioluminescence is the natural production of light by different organisms such as 
beetles or certain algae. These properties are based on a biochemical reaction that 
results in light emission. Such properties could be reproduced in the lab using an 
enzyme called luciferase, which catalyzes a substrate and leads to the generation of 
light. Bioluminescent reporters consist of a promoter (in our case CD44) driving 
the expression of luciferase. 

Our goal is to generate a bioluminescent reporter for CD44, which will allow us 
to monitor, in real-time, the activity of CD44 in cells undergoing a mesenchymal 
transition. The CD44 promoter has been recently shown to contain DNA binding 
domains for NfKB and AP-1. Due to the importance of NFkB in EMT, we will 
also generate CD44 reporters with mutations in the DNA binding region for NFkB 
(and AP-1) to investigate the role of NFkB in CD44 expression.



Investigating TRRAP Complex Protein Interactions with Myc Genes in the Pres-
ence of the Human Merkel Cell Polyomavirus Small T Antigen 

Christina Marcelus #

Principal Investigator: James DeCaprio, MD 

Mentor: Jingwei Cheng, PhD

 Dana-Farber Cancer Institute 

Merkel cell carcinoma (MCC) is an aggressive form of non-melanoma skin cancer 
that often affects immunocompromised individuals who are susceptible to viral 
infections. MCC has been associated with the Merkel cell polyomavirus (MCPyV), 
which prevalently infects humans. Previous studies suggest that the expression of 
the MCPyV regulatory protein, small T antigen (ST), is required for the growth 
of most MCC tumors. However, the molecular mechanism by which MCPyV-ST 
causes cancer is unknown. We have observed that in the presence of MCPyV-ST, 
the protein L-Myc forms an increasingly robust interaction with the 15 protein-
membered complex TRRAP. The TRRAP complex involves an elaborate network 
of protein interactions and signaling pathways that may serve an important role in 
MCC tumor progression. Strikingly, in the presence of MCPyV-ST, the TRRAP 
complex expresses a weak interaction with Myc, which is a gene often deregulated 
in primary human cancers. We sought to determine why MCPyV-ST has a 
preference for L-Myc over Myc binding to TRRAP. Further, we sought to identify 
which TRRAP complex genes are necessary for the MCPyV-ST interaction with 
L-Myc. Through our results, we hope to better understand the protein interactions 
necessary for MCPyV transformation activity. Such knowledge will have clinical 
implications in developing possible treatments that may slow the progression of 
MCPyV related cancers.



Study of Tissue-Serum Paired Squamous Cell Carcinoma and Adenocarcinoma 
Samples with Intact Tissue Magnetic Resonance Spectroscopy 

Zachary Marshall-Carter #

Principal Investigator: Leo Cheng, PhD

Mentors: Phillip Huber; Gustavo Abdala Gehling

Massachusetts General Hospital, Harvard Medical School

Lung cancer is the most deadly and the second most prevalent form of cancer 
in both men and women in the United States. The high mortality rate has been 
associated with the lack of effective early screening techniques, such that the 
disease is usually found in late symptomatic stages with limited treatment options. 
While lung cancer can be detected in early asymptomatic stages with computed 
tomography scanning, it is too expensive and carries possible long-term adverse 
effects to be used as a potential screening tool. 

Here, we propose to resolve this disparity by measuring patient tissue-serum 
samples with magnetic resonance spectroscopy (MRS) to identify key serum 
metabolites that may indicate abnormalities, such as cancer, to direct these patients 
to the available screening techniques for detection of early stage lung cancer. One 
hundred and three tissue-serum pairs from patients of adenocarcinoma (n=55) 
and squamous cell carcinoma (n=48), along with control serum samples (n=29) 
were measured with MRS and analyzed with software. Data calibrations and 
condensations were performed in Excel. The chemical shift values were processed 
and entered according to type into data processing software for manual region 
determination. Subsequently, the data was organized into tables for later statistical 
analysis. The shared regions of interest (ROI) will be subjected to principle 
component analysis to discover statistically significant ROI. Once the data is 
analyzed, it is the hope that ROI are found that can potentially identify cancer in 
patient serum and tissue samples. Additionally, the data is expected to support the 
notion that serum can be as amenable as tissue for identifying key metabolites. 

This study will be instrumental in helping to decrease the high rate of death in 
lung cancer patients by allowing for early stage identification of asymptomatic lung 
cancer, and, therefore, earlier and more effective treatments.



Fetal Light Exposure and Later Completed Suicide

Atarah McCoy

Mentors: Eva Schernhammer MD, DrPH; Elizabeth Devore, ScD

Brigham and Women’s Hospital

Previous experimental studies have shown an association between birth season 
and an increased risk of affective and psychiatric disorders. This study assessed the 
relationship between light exposure within the womb and later completed suicide 
using data from the Nurses’ Health Study, which includes data from 1976 to 2012. 
Suicides were identified from death certificates in the Nurses’ Health Study cohort, 
and indicators of fetal light exposure were assessed by asking women their date and 
place of birth on the cohort questionnaires. Out of 32,542 total deaths reported 
in this cohort, 0.7% was due to suicide and 99.3% was due to other causes. The 
percentage of deaths due to suicide versus other causes was significantly greater 
in states of middle latitude (16.3%, p<0.0001) and significantly less in states of 
northern latitude (14.4%, p<0.0001); there was no such difference for states of 
southern latitude (1.9%, p=0.2). The percentage of suicide deaths versus other 
causes was not different according to short light cycle (November 4 to February 
2) (p=0.4), equinox increasing light cycle (February 3 to May 4) (p=0.2), long 
light cycle (May 5 to August 4) (p=0.5), or equinox decreasing light cycle (August 
5 to November 3) (p=0.8). Thus, in preliminary analyses, it appears that death 
by suicide may be associated with birth latitude in Nurses’ Health Study. Further 
analysis is necessary, but these findings suggest that fetal light exposure might 
influence later risk of suicide in women.          



Assessing the Accuracy and Representativeness of Ovarian Cancer Cases in the 
Nurses’ Health Studies

Leigha Mills #

Principal Investigator: Shelley Tworoger, PhD

Mentor: Elizabeth Poole, PhD

Brigham and Women’s Hospital

Ovarian cancer is a heterogeneous disease, with various subtypes defined by 
tumor histology and grade. Different risk factors may be associated with different 
subtypes. Our purpose is to assess whether risk factors differ for different ovarian 
cancer subtypes. We must be able to accurately classify cases. To evaluate this, 
we assessed the reliability of pathology reports as data sources in epidemiologic 
studies. In addition, epidemiologic studies of a subset of ovarian cancer should be 
representative of all ovarian cancer cases. To assess this, we compared our study 
against national information taken from the Surveillance Epidemiology and End 
Results (SEER) registry.

In the Nurses’ Health Studies (NHS/NHSII), we abstracted data from ovarian and 
primary peritoneal cancer cases who had both a pathology report and a paraffin-
embedded tumor tissue block available (N=216); we compared data from pathology 
reports (histology, grade, invasiveness) to data from paraffin-embedded tumor 
tissue, as read by our study pathologist, using Cohen’s kappa. Next, we compared 
the histology, stage, and invasiveness patterns in NHS/NHSII to SEER. When 
comparing tissue to pathology reports among 216 cases, the kappa statistic was 
0.65 for histology, 0.79 for invasiveness, and 0.41 for grade. Comparing SEER 
data to the NHS/NHSII, there were similar distributions of histology, invasiveness, 
and stage. This means we had excellent reproducibility for histology and moderate 
reproducibility for invasiveness, suggesting that these variables can be accurately 
classified from pathology reports. However, grade was poorly reproducible, 
suggesting that it should not be used to classify ovarian cancers in epidemiologic 
studies. The similarity of case patterns comparing NHS/NHSII to SEER 
suggests that the NHS/NHSII is representative of ovarian cancer cases that occur 
throughout the United States. However, the NHS/NHSII are mainly older, white 
nurses, so NHS/NHSII ovarian cancer cases may not represent younger, non-white 
women.



T-Cell Intracellular Antigen-1 (TIA1) and Poly-C Binding Protein 1 (Pcbp1) Binding 
Domains Responsible for Activating Protein 4.1R Exon 16

Dan Nguyen

Principal Investigator: Edward J. Benz Jr., MD

Mentors: Shu-Ching Huang, PhD; Henry Zhang; Jennifer Truong

Dana-Faber Cancer Institute

Introduction: Protein 4.1R is a hydrophilic phosphoprotein that attaches 
cytoskeleton to transmembrane proteins. Exon 16 inclusion in 4.1R is critical 
for mechanical stability of the red blood cell membrane. When protein 4.1R is 
deficient or exon 16 is excluded in mature 4.1R RNA, hereditary elliptocytosis 
results. TIA1 and Pcbp1 activate exon 16 of protein 4.1R. There are a total of 15 
different combinations of three different TIA1 RNA recognition motifs (RRM): 
RRM1, RRM2, RRM3 and Q rich domains. Pcbp1 has five different combinations 
of hnRNP K homologies (KH): KHI, KHII and KHIII.

Study Objective: To identify the domains of TIA1 and Pcbp1 required to activate 
exon 16 of protein 4.1R during red blood cell maturation.

Methods: An exon 16 minigene was transfected in conjugation with combinations 
of TIA1 and Pcbp1 domains into murine erythroleukemia (MEL) cells to study 
critical domains for exon 16 activation. The samples were collected and assessed for 
exon 16 inclusions and exogenous protein expression in the presence and absence of 
TIA1 and Pcbp1.

Results: In the absence of TIA1 and Pcbp1 there was a 10% exon 16 inclusion 
observed in MEL cells. Conversely, in the presence of TIA1 and Pcbp1, the level of 
exon 16 inclusion increased to 30% and 15%, respectively. These data suggest TIA1 
activates exon 16 at a higher level compared to Pcbp1. When transfecting both 
TIA1 and Pcbp1, the highest percentage observed for exon 16 inclusion was 35% 
with a 1:5 ratio of TIA1 and Pcbp1. For the study of TIA1 and Pcbp1 domains, 
different combinations of domains resulted in varying percentages of exon 16 
inclusion. The highest percentage from 15 different combinations of TIA1 was the 
full length TIA1 splicing factor. Meanwhile, KHII+III domain of Pcbp1 provided a 
higher percentage of exon 16 activation than its full-length variety.

Conclusions: Our data suggests TIA1 and Pcbp1 bind to UUUUCCCCCC-motif 
together to activate exon 16. Individual domains of splicing factors TIA1 and 
Pcbp1 are more important than others. 



Validation of Critical PI3-K Signaling Pathway Genes in Glioblastoma Multiforme  

Khang Nguyen 

Principal Investigator: Catherine Yan MD, PhD

Mentor: Youn-Jung Kang, PhD

Beth Israel Deaconess Medical Center

Although glioblastoma multiforme (GBM) is a highly common malignant 
brain tumor in humans, very little is known about the mechanisms of tumor 
formation and progression. Previously, a murine GBM model was generated by the 
conditional elimination of XRCC4, a DNA repair gene in the non-homologous 
end-joining (NHEJ) DNA repair pathway, and the tumor suppressor gene p53 
in glial fibrillary acidic protein (GFAP) expressing cells in the brain. The murine 
GBMs share molecular signature characteristics of human proneural/classical 
GBMs, and commonly deregulated genes involved in the phosphoinositide 
3-kinase (PI3-K) signaling, a pathway that has been intensively studied relating 
to tumorigenesis in diverse human cancers. The murine GBM model therefore 
provides a means to identify and functionally characterize commonly deregulated 
factors, including those critical to the deregulation of PI3-K signaling pathway 
in gliomagenesis. Due to the mutually exclusive nature of genetic events in 
GBM, comparative genomic hybridization (CGH) was conducted to investigate 
genomic copy number alteration commonly shared across 17 independent murine 
GBMs. These analyses revealed the murine GBMs exhibited shared genomic 
alterations that involved the amplification and deletions respectively of certain 
oncogenes and tumor suppressors. Quantitative polymerase chain reaction 
(qPCR), immunofluorescence, and western blots were conducted to validate the 
amplification and deletion of critical genes identified by CGH, with focus on those 
involved in the PI3-K signaling pathway, providing insight into the mechanisms 
that give rise to proneural/classical subtypes of GBM in human disease. 



Cancer Risk Perception in Women from Low Socioeconomic Background with 
High Risk for Hereditary Breast and Ovarian Cancer

Carleen Njoku

Principal Investigator: Meghan Underhill, PhD, RN, AOCNS 

Mentors: Manan Nayak, MA; Maribel Melendez, MBA 

Dana-Farber Cancer Institute

Background: Individuals at risk for hereditary breast and ovarian cancer (HBOC) 
syndrome have a lifetime risk of up to 40% to 87% for developing breast cancer 
and 10% to 44% for developing ovarian cancer, as well as increased risk of other 
cancers. Multiple factors, such as risk perception, contribute to how at-risk 
individuals approach cancer risk. 

Purpose: The purpose of this study is to describe perceived cancer risk in a sample 
of individuals with high risk for HBOC and low socioeconomic status.  

Methods: The study was a cross-sectional descriptive mailed survey completed in a 
sample of 300 individuals who received financial assistance for genetic testing from 
the Cancer Resource Foundation. Measure of central tendency and chi-squared 
statistics were used to describe participant self-reported demographic and cancer 
risk perception items, and to evaluate differences in those who do and do not have a 
diagnosis of cancer at a significance level of p<0.05.

Results: One hundred and twenty-eight participants responded; 93.8% were 
female, with a median age of 52 years (range 22-78 years) and 51.6% had a 
diagnosis of cancer. Most participants felt that they had the same or higher than 
average risk for breast, ovarian, and colon cancers; the same or lower risk for 
pancreatic cancer and melanoma; and felt that factors related to health behaviors 
and genetics contributed to causes of cancer. Participants who had a diagnosis of 
cancer were more likely than those without a diagnosis to perceive being at risk for 
ovarian cancer (x2 =10.48, df=2, p=0.005) and that stress was a cause of cancer (x2 
=8.84, df=1, p=0.003). 

Conclusions: The findings indicate that individuals with HBOC perceive their risk 
for some cancers to be higher than others, and that those with a personal history 
of cancer feel that stress is a factor that causes cancer. Future work should evaluate 
other factors predictive of cancer risk perceptions in this sample.  



CRISPR Genome Editing for Modeling Cancer Mutations

Ogochuckwu Nwodoh

Principal Investigator: Scott Pomeroy MD, PhD

Mentors: Jessica Pierre-Francois; Frank Tranghese; Tenley Archer, PhD  

Boston Children’s Hospital

Genome editing has vast applications in understanding the behavior of cancers as 
it allows one to mimic, observe, and possibly find treatments for cancer. CRISPR 
(clustered regularly interspaced short palindromic repeats) is a method of modifying 
gene sequences in eukaryotic genomes. The CRISPR system is adapted from the 
innate immune system of bacteria. Bacteria recognize viral gene sequences and 
degrade the viral genome with their Cas genes. The CRISPR system derives this 
ability by using a guide RNA (gRNA) and an endonuclease, Cas9, to cause a 
double-stranded break at a specified part of a DNA strand. The gRNA scans the 
genome for a specific gene sequence and signals the Cas9 to break the DNA within 
the desired sequence. This method can also be used to precisely add nucleotides. If 
the CRISPR method of regulation is able to modify genomic sequences in various 
eukaryotic cell types, then this method will be able to precisely alter genes that are 
mutated in patient tumors.

Here, we use the CRISPR method to engineer mutations in a gene commonly 
mutated in cancer. Guide RNAs were designed to bind within an exon immediately 
upstream of an antibody recognition sequence. These gRNAs would direct the Cas9 
enzyme to cut the DNA, and DNA damage repair should result in a deleterious 
mutation. This should result in a nonsense protein, which the antibody will not 
recognize.  

We designed our CRISPR method to have simultaneous expression of the gRNA, 
Cas9, and either GFP or puromycin resistance gene. We designed in total five 
guides to bind to different regions of exon 3 of our gene of interest. We transfected 
human cell lines with our plasmids, and the reporter genes, GFP and puromycin 
resistance, revealed that the gRNA and Cas9 were expressed on the plasmid. The 
CRISPR method of genome editing showed promising results as we detected less 
protein in the transfected cells. 



Investigating the Relationship between Ascorbic Acid Selectivity and Melanin 
Levels in Melanoma  

Barbara Okafor #

Principal Investigator: Michael Hamblin, PhD

Mentor: Pinar Avci, MD

Massachusetts General Hospital, Harvard Medical School 

Melanoma is one of the most dangerous skin cancers and is often not detected 
until a late stage. It is stimated that in the United States, about 9,710 people are 
expected to die of melanoma this year. There are several treatment options for 
melanoma such as chemotherapy, immunotherapy, and kinase inhibitors; however, 
they all have significant side effects and a permanent cure may not be achieved 
with them. There are studies that investigated the relationship between melanoma 
and ascorbic acid (vitamin C), which is an essential nutrient that acts as an anti-
oxidant at low concentrations and a pro-oxidant at high concentrations. Vitamin 
C at high concentrations was shown to selectively inhibit the growth and spread 
of cancerous cells with melanoma, having one of the highest response rates to its 
treatment compared to other cancers. We have been investigating whether melanin 
has an effect in this selective killing by comparing amelanotic melanoma cell lines 
(B16G4F) with melanotic melanoma cell lines (B16F10). Cells were treated with 
1mM and 5mM ascorbic acid for 60 minutes and a reagent that uses the reducing 
ability of viable cells was employed for testing cell viability after 24 hours. 
  
The results of this colorimetric assay demonstrated that ascorbic acid, being a 
reducing agent itself, interfered with the quantification of cell viability. Therefore, 
we have switched to a different method, which can differentiate between viable 
and dead cells according to their cell membrane integrity. We have observed that 
melanotic melanoma cells had high killing with 5mM ascorbic acid treatment, 
where as amelanotic melanoma cells did not. Our long-term goal is to further 
confirm our results and once confirmed, to investigate the mechanistic role of 
melanin in selective cytotoxicity to ascorbic acid. 



Suicide and Accidental Death Risk in Men with Prostate Cancer 
  

James Okwara

Principal Investigator: Quoc Dien Trinh, MD

Mentors: Deepansh Dalela MD; Nandita Krishna; Marianne Schmid, MD

Brigham and Women’s Hospital

Background/Purpose: Men with prostate cancer (PCa) are at a higher risk of 
suicide. While previous studies have recorded an association between cancer 
diagnosis and suicide, as well as accidental death, the evidence is lacking to support 
or refute this association specifically in the context of American men with PCa. In 
this study, we compare the trends in suicide and accidental death between men with 
PCa and men with all other solid malignancies. We sought to quantify the effect of 
primary definitive therapy, herein radiation or surgery, and other factors on the risk 
of suicide and accidental death among PCa men. 

Methods: The Surveillance, Epidemiology, and End Results database was used 
to identify men with PCa, as well as men with other cancers except hematologic 
malignancies, between 1988 and 2010. Poisson and Cox regression analyses were 
used to compare hazard of suicide and accidental death between men with prostate 
cancer and men with other cancers, and to determine predictors of suicide and 
accidental death, respectively. We compared cumulative hazard for suicide and 
accidental death over time between men that received primary treatment and those 
that did not.

Results: We identified 524,965 patients with PCa and 956,576 with other 
malignancies. Overall, men with PCa were at a lower risk of suicide and accidental 
death compared to men with other cancers. Within the PCa cohort, those that were 
untreated for PCa had a higher hazard of suicide (HR: 1.44, 95%CI: 1.20-1.72) 
and accidental death (HR: 1.43, 95%CI: 1.29-1.58) compared to men that received 
definitive treatment. Relative to insured men, uninsured men with prostate cancer 
were at higher risk of suicide (HR: 4.369, 95%CI: 1.771-10.779). 

Conclusions: Relative to men with other solid cancers, men with PCa are at a lower 
risk of suicide and accidental death. Receipt of treatment for PCa is an independent 
predictor of suicide and accidental death in men with PCa. Other factors for 
increased suicide and accidental death include insurance and tumor stage at 
diagnosis. Increased awareness from health care providers is warranted for patients 
at higher risk of these adverse outcomes.



Diffusion Tensor Imaging (DTI) for Neurosurgical Planning: Identifying Eloquent 
White Matter Tracts Prior to Neurosurgery to Prevent Neural Deficits

Jarlin Perez

Principal Investigator: Alexandra Golby, MD

Mentor: Laura Rigolo, MS

Brigham and Women’s Hospital

Diffusion tensor imaging (DTI) is a magnetic resonance imaging (MRI) method 
that is utilized for highlighting the white matter tracts in the brain leading to 
eloquent functional areas that can be identified through the use of functional MRI. 
Grey matter is primarily made up of cell bodies unlike white brain matter, which 
is primarily made up of neuron fibers and has a greater restriction of molecular 
diffusion of water molecules. DTI utilizes an MRI sequence that is sensitive to 
the diffusion of water molecules in the axons of nerve cells in brain white matter. 
Diffusion of water molecules in axons is anisotropic, meaning that there is a 
restricted diffusion of water molecules and specialized MRI sequences can be used 
to measure this phenomenon. Software can then be used to visualize white matter 
tracts in the brain; this technique is known as tractography. The use of tractography 
alerts the neurosurgeon as to which white matter tracts are leading to the regions 
where the lesion lies, and therefore, becomes an important tool in pre-neurosurgical 
planning in order to prevent post-surgical deficits in patients. Surgical neuro-
navigation using DTI can potentially improve clinical outcomes since it assists in 
identifying white matter tracts leading to different functional regions and to the 
spinal cord. 

The purpose of this study is to apply the technique of DTI tractography and learn 
how to seed white matter tracts leading to the lesion adjacent to the primary motor 
cortex. The patient (44-year-old male) had a lesion in the left hemisphere affecting 
right-sided motor function. He was scanned preoperatively on a 3 Tesla Siemens 
MRI; hand, foot, and face motor tasks were performed. Data was then processed 
and reviewed using NordicBrainEx software. In conclusion, utilizing volumes of 
interest, fiber tracking can be performed to visualize white matter tracts leading 
to motor activation regions in the motor cortex. The patient brain tractography 
showed fiber tracts leading to the corticospinal tract from the hand and foot area 
adjacent to the lesion. 



Immunofluorescence Signal Intensity of Circulating Tumor Cells in Different 
Mounting Medias

Yen Phan

Principal Investigator and Mentor: Shannon Stott, PhD 

Massachusetts General Hospital

Background: One in a billion blood cells in cancer patients are circulating tumor 
cells (CTCs) that originate from the primary tumor and enter into the bloodstream. 
The CTC-iChip is capable of capturing CTCs from the blood of metastatic lung 
cancer patients and has provided important insights into the metastatic process. 
Specifically, this project aims to monitor these rare circulating cancer cells in a 
patient over a period of hours to predict whether or not their new treatment will 
be effective. Ultimately, our goal is to isolate and analyze CTCs from patient blood 
to predict in real-time (three hours) the treatment response for cancer patients, and 
possibly identify alternative treatments.

Purpose and Motivation: The purpose of this experiment is to observe how different 
types of mounting media affect loss of CTCs, signal intensity, background signal, 
amount of debris, and cell morphology. For the complex staining protocols used 
in this study, the coverslip must be removed and the isolated tumor cells re-stained 
for additional tumor specific markers. A mounting media that provides the ability 
to re-stain cells after imaging is crucial so additional biomarkers can be investigated 
and potentially used to predict the success of the patient’s treatment.
 
Methods: A lung cancer cell line was used to mimic patients’ CTCs. Standard 
staining protocols were followed and slides were mounted and re-mounted using 
various media. A host of factors were evaluated to determine the best reagent for 
mounting.
 
Results and Conclusion: While all mounting reagents permitted successful re-
staining plus mounting, the optimal mounting media was determined to be 
VectashieldTM. This protocol will now be used with lung cancer patient samples 
to test the robustness of the assay. Further experiments are necessary to validate 
Vectashield’sTM mounting media feature.



Identifying Key Risk Factors for Breast Cancer in a Japanese Population

Harrison Porter #
    

Principal Investigator: Peter Tonellato, PhD

Mentors: Michiyo Yamada, MD, PhD; Latrice Landry, MS, PhD

Harvard Medical School

Early identification of individuals at higher risk of breast cancer provides 
information that can be used to reduce the risk. Since 1978, 45 breast cancer risk 
prediction algorithms have been published. Race is a significant risk factor that 
should be included in algorithms. The occurrence rate of breast cancer in the 
Japanese population is one-third that of the U.S. population. We hypothesized 
that the risk factors of Western populations might differ from the Japanese risk 
factors due primarily to different diet and lifestyle. We conducted an extensive 
literature review to understand the risk factors of the U.S. population and the 
known risk factors of the Japanese population. We collected data on 280 cases of 
breast cancer and 280 healthy control patients. We performed a statistical analysis 
using chi square tests and t-tests to identify significant risk factors in the Japanese 
population. There is a statistically significant difference in smoking status and 
alcohol consumption between cases and controls. In diet, there is a significant 
difference in frequency of intake of soy products, meat, and coffee among cancer 
and control patients as well. Our findings suggest that specific risk factors in the 
Japanese population identified in this study are to be included in a breast cancer risk 
prediction algorithm for the Japanese population. 



The Regulation of SIAE Protein Levels in B Cells during Autoimmunity 

Stephanie Reyes #

Principal Investigator: Shiv Pillai MD, PhD

Mentor: Kendra Taylor, PhD, MMSc

Massachusetts General Hospital 

Rheumatoid arthritis (RA) is an autoimmune disease affecting 1.3 million people in 
the United States. Current treatments for RA can induce remission among patient 
subgroups; however, many continue to experience progressive disease. Although 
the molecular pathways that control disease progression remain unclear, defective 
B cells are known to have a role in the development of RA. Enhanced BCR (B cell 
receptor) signaling has been found in patients with RA. Interest has been placed 
on the negative regulation of BCR signaling and the consequence of defects in 
these pathways. The BCR can be negatively regulated by the CD22/SIAE signaling 
pathway. CD22 binds to α2-6 linked sialic acid containing N-glycans when the 
9-OH position of sialic acid (9-O-acetylated sialic acid) is deacetylated by sialic acid 
acetyl esterase (SIAE).  

Previous studies identified a large subset of RA patients with increased 
9-O-acetylated sialic acids on their B cells and low protein levels of SIAE. Given the 
likelihood that 9-O-acetylation levels are in part regulated by SIAE protein, we are 
investigating possible reasons for the observed low SIAE protein levels in RA B cells. 
One potential regulator of SIAE is microRNA (miRNA). miRNAs are components 
of molecular pathways that can regulate B cells through their regulation of mRNA 
levels and subsequently protein levels. We utilized a B cell line to first establish the 
presence of SIAE within RNA-induced silencing complexes (RISCs) containing 
miRNAs that are predicted to bind SIAE mRNA and inhibit protein translation. 

The immunoprecipitation of RISCs complexes using Argonaute-2 and subsequent 
Realtime qPCR analysis did not reveal the presence of SIAE mRNA/miRNA 
association. Further detailed analysis is needed in order to confirm this finding. 
Although preliminary, these studies suggest that SIAE protein levels are not 
controlled by the translation inhibition function of miRNAs. 



In Vitro Characterization and Toxicity Assessment of Polymer-Lipid Hybrid 
Nanoparticles as Protein Carriers

Neshereza (Sarah) Slogan #

Principal Investigators: Omid Farokhzad, MD; Jinjun Shi, PhD

Mentor: Mohammad Ariful Islam, PhD

Brigham and Women’s Hospital, Harvard Medical School

The progressive development of nanotechnology in medicine offers promising 
application as therapeutics. Innovative nanoparticles (NPs) are constantly being 
formulated for improvement in drug delivery, discovery, and disease diagnosis. 
Physicochemical properties such as size, shape, surface charge and loading efficiency, 
together with toxicity assessment, are important factors to consider when preparing 
NPs for drug delivery. 

Here, we study these factors by preparing polymer-lipid hybrid nanoparticles as 
protein carriers where bovine serum albumin (BSA) was used to model protein 
drugs. We utilized two NP systems: 1) NPs where the polymer poly (l-lactide-co-
glycolide) (PLGA) dissolved in acetone (organic phase) and mixed with BSA, was 
precipitated into the water phase of ceramide-poly (ethylene glycol) (PEG); and 
2) a PLGA/polyvinyl alcohol (PVA) NP system prepared in a similar manner. We 
compared PLGA/ceramide-PEG NPs to PLGA/PVA NPs by loading different BSA 
ratios to PLGA and measured physicochemical properties using a dynamic lights 
scattering (DLS) Spectrophotometer. 

Our results showed that for the PLGA/ceramide-PEG NPs, size of the NPs was 
influenced by the various BSA ratios. With a decrease of BSA to PLGA ratio from 
1:5 to 1:10 and 1:20, sizes ranged from 79.5 to 108.3 and 129.1 nm, respectively. 
However, with the same BSA to PLGA ratios, PLGA/PVA NPs showed instability 
with sizes from 223.3 to 525.1 and 192.1 nm. We also found that both PLGA/
ceramide-PEG and PLGA/PVA NPs showed loading efficiency of more than 90% 
with greater BSA concentration and decreased to no less than 86% when BSA 
concentration was lowered. Interestingly, PLGA/ceramide-PEG NPs showed better 
stability with their higher negative charges than PLGA/PVA NPs. As an important 
assessment, the toxicity of the NPs was tested in versatile immune cells called 
macrophages (RAW264.7 cells) and PLGA/ceramide-PEG NPs proved to be less 
toxic. Thus, these polymer-lipid hybrid NPs offer further applicable investigations 
as protein drug carriers.



A Review of Financial Assistance Policies at NCI-designated Cancer Centers

Carolina Villalba #

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

Mentors: Ryan Borg, MPH; Artie Maharaj, MA

Dana-Farber Cancer Institute

The Patient Protection and Affordable Care Act (PPACA or ACA) outlines 
requirements that non-profit hospitals must satisfy in order to maintain tax-exempt 
status. One of the requirements is that these hospitals must have a written financial 
assistance policy (FAP). The required FAP must include the following: 1) eligibility 
criteria, 2) the application procedure, 3) the basis for calculating hospital charges, 
4) a non-payment collections procedure, and 5) the measures taken by the hospital 
to widely publicize the FAP. Although the ACA was signed into law in 2010, not 
all hospitals are compliant with this aspect of the new law; and FAPs vary across 
hospitals. 

The purpose of our project was to determine whether National Cancer Institute 
(NCI)-designated cancer center FAPs are compliant with ACA requirements; and 
to determine the availability of FAPs. Given that NCI-designated cancer centers are 
“at the forefront of NCI-supported efforts,” we predicted that most FAPs at these 
centers would be available on their websites and would satisfy ACA requirements. 
We first determined availability of cancer center FAPs by recording how many FAPs 
were obtainable. Next, using a checklist of the ACA requirements for FAPs, we 
reviewed the available FAPs to determine if they satisfied all ACA requirements. 

The findings of our review suggest that NCI-designated cancer centers generally 
have FAPs that are readily available (89%, n=81); however, a majority of FAPs 
do not meet all of the ACA requirements, with FAPs meeting an average of three 
out of the five requirements, and eligibility being the most frequently mentioned 
requirement (74%) and publication being the least frequently mentioned (23%). 
When FAPs fail to meet ACA requirements, patients may be unaware of cancer 
center resources available to help them manage the costs of cancer care.





Notable Achievements 2014

In the past year a CURE student: 

•	 Had a first, and first-author, research manuscript published in the American 
Journal of Medicine that garnered a spotlight in The Huffington Post 

•	 Was accepted and will be pursuing education at one of the following 
institutions: Barnard College, Denison University, and University of Rochester

•	 Was accepted and will be attending medical school at one of the following 
institutions: University of California San Francisco, Yale University

•	 Won a first place award at the Annual Biomedical Conference for Minority 
Students in Nashville, Tennessee 

•	 Secured funding support via the Praxis Summer Internship Program of Smith 
College to complete a hospital-based internship in Budapest, Hungary

•	 Obtained a full-time Cancer Research Intern position at Massachusetts 
General Hospital/Harvard Medical School

•	 Accepted a full-time Laboratory Technician position at one of the following: 
Advanced Instruments, Pressure BioSciences

•	 Was employed as a Research Technician in the laboratory of Dr. David Frank 
at Dana-Farber Cancer Institute

•	 Received a full-tuition scholarship to pursue a Master’s of Science in the Social 
and Behavioral Sciences department at the Harvard School of Public Health

•	 Was the recipient of a Massachusetts High-Demand Scholarship for students 
majoring and planning careers in fields including science, technology, 
engineering, mathematics, and nursing

•	 Was a co-author on a CURE experience-based manuscript accepted for 
publication in the Journal of the National Cancer Institute

•	 Was accepted and will be pursuing graduate education at Harvard Medical 
School

•	 Has entered their first year of general surgery residency at UMass Medical in 
Worcester, MA

•	 Graduated from the University of Michigan’s School of Public Health and has 
been accepted into the epidemiology doctoral program at Emory University 
School of Public Health



The CURE Program thanks:

A. David Mazzone Awards Program

Biogen Idec Foundation

Cubist Pharmaceuticals

Office of Workforce Development, Dana-Farber Cancer Institute

Friends of Dana-Farber Cancer Institute

Massachusetts General Hospital Cancer Center 

National Cancer Institute Cancer Center Support Grant 3P30CA006516-49S1

Phyllis F. Cantor Center for Research in Nursing and Patient Care Services,
Dana-Farber Cancer Institute

The research programs of:

Edward J. Benz, Jr., MD

Wilfred Ngwa, PhD

Jerome Ritz, 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 Idec - Community Lab 

Harvard Integrated Life Sciences

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

Office of Diversity Inclusion and Community Partnerships, Harvard Medical School
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•				Candace	Burns	Johnson
•				Raven-Seymone	Johnson
•				Karen	Burns	White
•				Cherié	Butts
•				Tracy	Callahan,	PhD
•				Molly	DeCristo
•				Catherine	Dubreuil,	PhD
•				Judy	Garber,	MD,	MPH
•				Debbie	Goff,	PhD
•				Stephanie	Guerra	
•				Jessica	Hawkins
•				Whitney	Henry	
•				Jason	Heustis,	PhD
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•				Karen	Hopkin,	PhD
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•				Elizabeth	Jaensch
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•				Shawn	Johnson
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•				Walker	Keenan
•				Stephen	Kim
•				Victoria	Knight-Connoni,	PhD
•				Paula	Koppel
•				Yi-Jang	Lin

•				Rafael	Luna,	PhD
•				Joseph	Mandelbaum
•				Carol	Martin
•				Andriy	Marusyk,	PhD
•				Brenda	Mulligan
•				Wilfred	Ngwa,	PhD
•				Stephanie	Pearl
•				Jessica	Pierre-Francois
•				Erin	Rainone		
•				Glenn	Rowe,	PhD
•				Dominic	Ryan,	PhD
•				Amy	Schade
•				Onkar	Sharma,	PhD
•				Susan	Sharp
•				Roodolph	St.	Pierre
•				Latishya	Steele,	PhD
•				Ashim	Sudebee
•				Doris	Tabassum
•				Kendra	Taylor,	PhD
•				Suprawee	Tepsuporn,	PhD
•				Jessalyn	Ubellacker
•				Ben	Umans
•				Michael	Wachala
•				Yu	Wang
•				Todd	Weissman
•				Alexandra	Werley
•				Jenny	Zhou	
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