The National Cancer Institute’s Integrative Cancer Biology Program
2013 Summer Cancer Research Fellowships/Internships
Project Descriptions


Broad Institute/Dana-Farber Cancer Institute
Boston, MA 

Website:  http://www.broadinstitute.org/science/programs/cancer/icbp/broad-institute-icbp

Principal Investigator:	Todd R. Golub, M.D.
Mentor:  		     	Jesse Boehm, Ph.D.

Duration of Program:  June 3 through August 2, 2013
 
Title:  Predicting cancer vulnerabilities based on genomic features of tumors

Project Description:  The overarching goal of the Broad Institute CCSB is to predict the vulnerabilities of tumors based upon their genomic features. To accomplish this goal we are systematically cataloging cancer dependencies utilizing genome-wide RNA interference screens on hundreds of cancer cell lines that have been undergone comprehensive genomic characterization. Despite this exciting experimental progress, major challenges in computational modeling (e.g. can we develop statistical and analytical methods to link tumor features with dependencies?) as well as experimental confirmation (e.g. are experiments done in cell lines predictive of the vulnerabilities of established tumors in vivo?) must be overcome if we are to understand how to use genomic biomarkers to predict how to effectively kill real tumors in humans. 

We are looking for a highly motivated, dedicated and talented individual for the 2013 Summer Internship Program to help further this work on either computational or experimental fronts (or both), depending on the interests of the applicant. The project may include work in the cancer laboratory performing overexpression and RNAi experiments in cancer cell lines as well as confirmatory studies in mouse models, and/or developing computational methods on these genome-scale tumor vulnerability data sets. 

Requirements:  The ideal applicant will have a strong passion and drive to learn new concepts and work with others. Prior experience in a molecular biology laboratory and having basic programming skills are ideal but not a requirement.  

Project Type:  In their application, the student should state which type of project (computational or experimental) they are interested in and describe their rationale.



Columbia University
New York, NY

Websites: http://magnet.c2b2.columbia.edu/
                  http://hiccc.columbia.edu/
 
Principal Investigator:  	Andrea Califano, Ph.D.
Mentor:  			Dana Pe’er, Ph.D.

Duration of Program:  June 3 through August 2, 2013
Title:  Response of individual tumors to individual and combination drug therapy
Project Description:  Our lab uses systems biology approaches towards personalized cancer care.  We use genomics and data-driven computational methods to understand patient specific tumor networks that can predict how individual tumors will respond to certain drug and drug combinations. The summer intern will use advanced machine learning approaches to analyze and integrate diverse high-throughput tumor data that includes DNA mutations, gene expression, miRNA expression, RNAi screens, epigenetics and drug screens to derive which genes and pathways have gone awry and how these might impact drug response.   
Requirements: The candidate is expected to have competence in programming (preferably Matlab, Python and/or Perl) and knowledge of statistics. 
Project Type:  Computational



Georgetown University
Washington, D.C. (Georgetown area)

Website: http://lombardi.georgetown.edu/breastcancer/ccsb/
 
Principal Investigator:	Robert Clarke, Ph.D.
Mentor:  		    	Leena Hilakivi-Clarke, Ph.D.

Duration of Program:  June 3 through August 2, 2013
Title:  Origins of anti-estrogen resistance 
Project Description: Resistance to tamoxifen (TAM) or other endocrine therapies is a significant problem in the treatment of estrogen receptor positive (ER+) breast cancer, and factors determining its development remain largely unknown. Although multiple candidates have been identified, mostly through the work done using human breast cancer cells in culture, a limitation of this approach is that breast cancer grows in an environment that involves stroma and immune cells embedded therein. TAM is known to affect mammary stroma in a manner that may contribute to its ability to facilitate tumor dormancy and recurrence. We have recently developed a pre-clinical TAM resistance model involving ER+ breast tumors in their normal environment. In this model, approximately 60% the adenocarcinomas, which histopathologically and functionally mimic human ER+ breast tumors, respond to TAM, and 40% are de novo resistant. Importantly, one quarter of the tumors that exhibited complete response, acquire resistance to TAM and thus recur. Our findings indicate, obtained using this model, that TAM resistance is epigenetically programmed by prior estrogenic exposures that took place earlier in life, especially during fetal development and puberty when mammary gland undergoes rapid growth (de Assis et al. 2012). We are now utilizing this model to identify transcription factors which contribute to the development of TAM resistance and recurrence, and those involve genes in unfolded protein response pathways, including GPR78 (Cook et al. 2012). 

Summer student who participates to this project will use –omics approaches to study epigenetic pathways that program breast tumors to exhibit TAM resistant phenotype. Student will also investigate whether agents which inhibit HDAC and DNMT reverse the pre-programmed epigenetic changes and prevent breast cancer recurrence in our model. 

References:
de Assis S, Warri A, Cruz MI, Laja O, Tian Y, Zhang B, Wang Y, Huang TH, Hilakivi-Clarke L. High-fat or ethinyl-oestradiol intake during pregnancy increases mammary cancer risk in several generations of offspring.  Nat Commun. 2012 Sep 11;3:1053. PMID: 22968699 

Cook KL, Shajahan AN, Wärri A, Jin L, Hilakivi-Clarke LA, Clarke R.Glucose-regulated protein 78 controls cross-talk between apoptosis and autophagy to determine antiestrogen responsiveness. Cancer Res. 2012 Jul 1;72(13):3337-49. PMID: 22752300

Primary field of study:  Anti-estrogen resistance and breast cancer recurrence

Requirements: Some basic molecular laboratory skills and experience doing animal model research is preferable, but not required.

Project Type:  A wet lab project.



Massachusetts Institute of Technology (MIT)
Cambridge, MA

Website:   http://web.mit.edu/icbp/

Principal Investigator:  	Douglas Lauffenburger, Ph.D.  
Mentor:			Shannon Hughes-Alford, Ph.D.
                    
Duration of Program:  June 3 through August 2, 2013

Project Title:  Network dysregulation in breast cancer metastasis

Project Description: The vast majority of cancer related deaths are due to metastasis of the primary tumor. We have recently discovered that the expression of MenaINV, an alternatively spliced member of the Ena/VASP family of cytoskeletal-associated proteins, significantly increases breast cancer cell invasion and metastasis. Through cell biology and bioengineering techniques, we have determined that the mechanism underlying the increase in metastasis involves dysregulated signaling pathway activation downstream of growth factor stimulation. We have measured the global phospho-tyrosine signature of cells expressing MenaINV at several levels of Epidermal Growth Factor (EGF) treatment and are interested in determining the quantitative relationship between pathway activation and 3D cell invasion into extracellular matrix. The MIT ICBP project for Summer 2013 would involve a mixture of computational analysis (mainly relational modeling techniques, such as partial least squares regression) and wet lab bench work (specifically, validation of the phospho-tyrosine signature using various biochemical and immunohistochemical techniques). The successful completion of this project would be the first step in defining a phospho-tyrosine signature of breast cancer metastasis.

Requirements:  To be successful in the project, students should have some wet lab experience (basic pipette technique required, experience with electrophoresis and Western Blotting helpful) and programming experience with Matlab. However, significant mentorship will be provided for both.

Project Type:  Mixture of wet lab and computational.



Memorial Sloan-Kettering Cancer Center
New York City, NY

Website: http://www.mskcc.org/mskcc/html/11655.cfm

Principal Investigator:  	Chris Sander, Ph.D.
Mentor:  		     	Christina Leslie, Ph.D.
 
Duration of Program:  June 3 through August 2, 2013

Title:   Transcriptomic analysis in cancer cells and the tumor microenvironment

Project Description:  Our group develops computational methods to study and model transcriptional, co-transcriptional, and post-transcriptional gene regulatory mechanisms and to dissect the dysregulation of gene expression in cancer.  We have two separate projects for summer research fellows, both involving the analysis and statistical modeling of transcriptome-level next-generation sequencing data.  The first project will examine reciprocal expression changes in tumor and stromal cells by analysis of RNA sequencing data from co-culture experiments.  In particular, we will use RNA-seq from a co-culture system to decipher tumor-stomal interactions mediated by tumor-associated macrophages in glioblastoma.  This project is a collaboration with Dr. Joanna Joyce’s laboratory at Memorial Sloan-Kettering Cancer Center.  The second project will examine the role of alternative cleavage and polyadenylation (ApA) in cancer.  ApA can generate transcripts that differ only in their 3'UTR, altering post-transcriptional regulation of the affected genes; recent studies indicate that changes in 3'UTR isoform expression, i.e. "shortening" and "lengthening" of 3'UTRs, are widespread in cancer.  Moreover, aberrant ApA in cancer may increase usage of intronic poly(A) signals to generate transcripts that are targeted for nonsense-mediated decay or translated into truncated proteins.  We will use a novel sequencing technology called 3'-seq to examine global changes in 3'UTR isoform expression and intronic ApA in cancer.  This project is a collaboration with Dr. Christine Mayr’s laboratory at Memorial Sloan-Kettering Cancer Center.

Requirements:  Strong computational skills are needed; prior experience with R programming is very useful.  Solid background in mathematics and statistics is encouraged.  The project will involve statistical analysis of large-scale data sets and potentially use of machine learning methods.  Basic background in molecular biology and previous exposure to cancer biology are helpful.

Keywords:  Computational analysis, next-generation sequencing, regulation of gene expression. 

Project Type: This is a computational project carried out in close collaboration with experimentalists.



Methodist Hospital Research Institute
Houston, TX

Website: http://www.methodisthealth.com/tmhri.cfm?id=39163

Principal Investigator:	Stephen Wong, Ph.D.
Mentor:		   	Fuhai Li, Ph.D.

Duration of Program:  June 3 through August 2, 2013

Title: RNA-seq data analysis to discover novel signaling regulators maintaining cancer stem cells

Project Description:  Recent reports indicate that tumor growth, drug resistance, and relapse, depend on the existence of a small subset of cells called cancer stem cells (CSCs) or tumor initiating cells (TICs). CSCs have strong self-renewal potential and are able to re-grow into a tumor and differentiate into heterogeneous tumor cell populations through asymmetric proliferation. Though the CSC concept offers informative insights into tumor development and treatment, the roles of CSCs in tumor development and treatment remain unclear due to the complex cancer system. It is the research aim of our NCI - Center for Modeling Cancer Development (CMCD) to uncover the roles of CSCs in tumor development. More information about our CMCD can be found at: http://www.methodisthealth.com/tmhri.cfm?id=39181.

To discover the novel signaling regulators maintaining CSCs, we have generated large scale RNA-seq data (transcriptome sequencing data) of CSCs and non-CSCs for both mouse and human models. For this summer research project, the student will work on large scale RNA-seq data analysis, including the sequence alignment, gene expression extraction, and identification of gene isoform and splicing sites, as well as network discovery, to uncover novel regulators maintaining the CSCs. The expected outcome of this project is significant, as we can control the CSCs in cancer therapy by targeting the newly discovered regulators identified in this project. The student candidate is expected to have some mathematical, engineering, or computational background. This summer program will provide the student with training and experience in RNA-seq data analysis, as well as computational biology and bioinformatics, which will benefit the student in their future studies in biomedical, computational, and informatics fields.   

Primary field of study:  Computational biology, bioinformatics, cancer stem cell biology.

Requirements:  Background in any of mathematics, statistics, engineering, computer science, bioinformatics, integrative biology, or others related to computational informatics.

Keywords:  Computational biology, bioinformatics, systems biology, cancer stem cells, tumor microenvironment, computational modeling.

Project Type:  Computational modeling of cancer development.
 


Oregon Health & Science University
Portland, OR

Websites: http://www.ohsu.edu/xd/education/schools/school-of-medicine/departments/basic-science-departments/biomedical-engineering/people/xiaolin-nan.cfm

     http://sysbio.banatao.berkeley.edu/ICBP.htm

Principal Investigator:	Joe Gray, Ph.D.
Mentor: 			Xiaolin Nan, Ph.D.

Duration of Program:  June 3 through August 2, 2013

Title:  Imaging of oncogenic signaling in mammalian cells

Project Description:  The Nan laboratory employs advanced single-molecule super-resolution imaging to understand biological processes at the molecular level in living systems in 4-D (x, y, z, and t). Specifically, we use photoactivated localization microscopy (PALM) and stochastic optical reconstruction microscopy (STORM) to image oncogenic signaling in mammalian cells. PALM and STORM are very recent inventions that allow imaging of intact biological samples at ~10 nm resolution, which is 20-50 times better spatial resolution than any conventional light microscope. We will combine PALM/STORM imaging, biochemical, and computational approaches to characterize how signaling molecules are assembled and how the signaling complexes evolve dynamically under various conditions. To these ends, we seek a student with computational expertise that will work: a) to take advantage of recent GPU computing technology and implement methods to compute high resolution, 3D PALM/STORM images in real time; b) to develop algorithms to derive spatial-temporal trajectories of single molecules diffusing on the cell membrane and deduce their assembly status using statistical (e.g., hidden markovian) analysis.

Requirements:  Although the primary field of the student's study is not restricted, the student must have some working knowledge of calculus, differential equations, and programming. The software is implemented as MATLAB code, and so previous knowledge of MATLAB is a plus.
  
Project Type:  Computational 



St. Elizabeth’s Medical Center/Tufts University
Boston, MA

Website:   http://www.cancer-systems-biology.org

Principal Investigator:  	Lynn Hlatky, Ph.D.
Mentors:  			Christine Briggs, Ph.D.
Edward Rietman, Ph.D.

Duration of Program:  June 3 through August 2, 2013

Title:  Characterizing the regenerative potential of irradiated brain tumor cell populations

Project Description:  Glioblastomas are the most common and aggressive type of brain tumor, with a median survival of about14 months due to tumor recurrence post-treatment.  Essentially all glioblastomas are treated with radiation therapy.  This project investigates how radiation exposure changes the overall character of the glioblastoma cell population, thereby altering its tumor growth potential.  In particular, we investigate both how the molecular fingerprint of the cancer cell is altered and how the “cancer stem cell” compartment of the tumor cell population is modulated by the irradiation.  Of fundamental importance to both basic and translational cancer research is the fact that cancer “stem” cells (those cancer cells capable of initiating tumor growth) are a particularly radiation-resistant subpopulation that can preferentially survive treatment and drive tumor recurrence.

This study builds upon ongoing ICBP work within our Center investigating human glioblastoma cell populations after irradiation with high, clinically relevant, doses.  Subpopulations of cells surviving the irradiation have, to date, been molecularly profiled, functionally tested and their regenerative potential for tumor regrowth has been tracked both in vitro and in vivo.  We will now focus on the analysis and interpretation of this diverse set of data, as well as fill-in with complementary and replicate lab experiments, as necessary, with the goal of moving the results to publication.  Through this investigation, the student, working with the mentoring team, will gain exposure to a broad spectrum of both wet-lab techniques and analytic analysis approaches at the multiscale level.  These include: molecular characterization using Illumina gene array platforms for global gene expression; RT PCR, cell imaging; western blotting; immunohistochemical analysis; in vitro cell kinetic studies; and in vivo orthotopic tumor growth studies.  In turn, the student will participate in quantitative analysis of this data, including pathway analysis of the array findings, in conjunction with the overall tumor modeling efforts ongoing in the lab.  To this end, the student will learn to use software for building protein-protein interaction networks as a function of time and dose, and will explore the use of novel presentations of Gene Ontology annotation associated with these time/dosage data sets.  

In summary, this project provide an opportunity for the student to gain exposure to an array of wet-lab studies and to participate in computational modeling and bioinformatic analysis, while investigating the critically important issue of brain tumor recurrence from a cancer population dynamic perspective.

Requirements: General experience in a biological laboratory setting and computer expertise desirable.

Keywords: Glioblastoma, cancer stem cells, radiation, gene arrays, cell culture, in vitro culture, in vivo tumor models, bioinformatics, data mining, quantitative analysis and protein-protein networks.

Project Type:  Mix of state-of-the-art wet-lab studies along with significant quantitatively-based analysis component.



Stanford University School of Medicine
Palo Alto, CA

Website:  http://ccsb.stanford.edu

Principal Investigator:	Sylvia Plevritis, Ph.D. 
Mentor:  		    	Sylvia Plevritis, Ph.D.  
 
Duration of Program:  approximately June 17 through August 18, 2013 
Title:  Computational analysis of single cell perturbation data to infer cellular signaling
Project Description:  Drug perturbation analysis has become a method of choice for key steps in the development of therapeutic agents, from target discovery and validation to the inferences of the mechanisms of action of small molecules. Perturbation of single cells has recently been used to understand the effect of drug responses across different human hematopoietic cells (Bendal et al. 2011). In AML for example, it is well established that there is a hierarchy of cells in the tumor. The signaling behavior in these cell types is cofounded by the heterogeneity in the data (Bodenmiller et al. 2012, Bendall et al. 2011). Computational methods to handle heterogeneous single cell high through put data from multiple perturbations are still under developed. Nested Effects Models (Markowetz et al. 2005) are a class of models developed to analyze high throughput perturbation data with nested molecular signaling or phenotypic effects. Using Nested Effects Models we aim to identify how signaling pathways interact with each other to promote tumor regression in cancer cells, but not in normal body tissue.

Our ICBP summer project involves applying computational tools to single cell perturbation data to gain insights into regulatory signaling mechanisms within different cancer cell types.  For example, in AML the presence of large populations of leukemic stem cells is associated with much worse prognosis for patients, and frequent resistance to treatment. However, the underlying cellular signaling processes driving this are unknown. We plan to integrate clustering methods with Nested Effect Models in an optimal manner so as to account for cancer heterogeneity in data.  We will apply the methods on AML single cell data.

Requirements:   Applicants for this project should have interests in applying computational methods to large scale data mining of cancer datasets. Experience with a high-level statistical programming language such as R, Matlab, or Perl is required – some experience with Unix systems would be advantageous. Knowledge of basic statistical methods will be useful. Although experience with single cell data such as flow cytometry data is not essential, an interest in learning about them and what they can tell us about cancer systems biology is essential.

Project Type:  Computational



University of Texas Health Science Center at San Antonio 
San Antonio, TX

Website:  http://icbp.uthscsa.edu

Principal Investigator:	Tim Huang, Ph.D.
Mentor:                           	Chun-Liang Chen, Ph.D.
     
Duration of Program:  June 3 through August 2, 2013 (with some flexibility)
 
Title:  Single-cell omics for next-generation scientists

Project Description: The University of Texas Health Science Center at San Antonio (UTHSCSA) and Indiana University (IU) Integrative Cancer Biology Program (ICBP) is focused on the development of experimental and computational methods to investigate the role of aberrant epigenetic modifications in carcinogenesis.  DNA methylation and histone methylation are common epigenetic marks that regulate cellular differentiation and play a role in the development of cancer. Functionally, there is much in common in the two processes both leading to heterochromatin formation and silencing of gene transcription. In addition, it is possible that mechanistically the regulatory steps leading to each process are also tightly connected. It is likely that cancer cells use these epigenetic processes interchangeably, and thus a more integrated approach to the study of epigenetic regulation is warranted.
 
Cancer is a complex disease with a high degree of inter- and intra-tumor heterogeneity.  To understand how these individual cancer cells evolve during transformation, we have developed integrative approaches to characterize genomic and epigenomic alterations at the single-cell level.   Prospective trainees will come to the South Texas Research Facility at UTHSCSA to learn how to isolate circulating tumor cells from blood and rare transformed cell populations from urine sediment and biopsies, respectively, using the DEPArray platform and micromanipulators.  Trainees will also use the microfluidics-based PCR system to detect gene expression, genomic and epigenomic alterations in individual cells.  In addition, trainees will explore the changes of major cancer-related receptors of these cells using atomic force microscopy.  In the analytical pipeline built for single-cell analyses, trainees are expected to analyze and integrate omics data and to derive different heterogeneity models that predict treatment outcome of cancer patients.
 
Primary field of study:  Wet lab including genomics and cell culture techniques, practical bioinformatics using existing tools including pathway analysis.
 
Requirements:  Prerequisite coursework: one course in statistics or calculus, two or more upper division courses in cell biology, molecular biology, genetics, or biochemistry; prior experience in a molecular biology lab (or practical lab course); programming or bioinformatics experience are strongly encouraged and may substitute for laboratory experience.      
 
[bookmark: _GoBack]Keywords:  Cancer heterogeneity, single cell assay, gene expression profiling, epigenomics, DNA methylation, next generation sequencing.

Project Type:  Experimental and computational biology. 



Vanderbilt University Medical Center 
Nashville, TN

Website:  http://vicbc.vanderbilt.edu/ccsb/

Principal Investigator:	Vito Quaranta, M.D. 
Mentors:  		    	Darren Tyson, Ph.D.
    	Shawn Garbett, M.S. 

Duration of program: May 29 through August 2, 2013

Title:  Dynamic responses of cancer cells to antiproliferative drugs

Project Description:  Cancer is primarily a disease of unrestrained cellular proliferation. It is now understood that even cells with the same genetic background can respond differently to the same stimulus yet little is known about how individual cells make decisions to progress through the cell cycle. Recent technological advances have now made it possible to obtain information about cell cycle progression at the single cell level and these rich data sets are providing a wealth of new information about how benign and cancerous cells make these decisions. We will use fluorescent time-lapse microscopic imaging of human cell lines to investigate population dynamics of cell cycle progression in response to drug treatment. Cells with fluorescent tags will be imaged and cell age and cell cycle states will be manually or automatically extracted. Signaling states of cells will also be determined using immunofluorescent detection of the fixed, tracked cells. The data will then be fit to one or more mathematical models to help understand the underlying biology.

Primary field of study:  The student may be involved in any or all aspects of this project, depending on background and interest, including: cell culture, live cell fluorescent microscopic imaging, image processing, statistical data analysis, and mathematical modeling.

Requirements:  Useful experience would include: cell culture; fluorescence microscopy, image processing using Matlab or ImageJ, familiarity with the statistical analysis program R, and an understanding of the mammalian cell cycle.

Project Type:  Combination of computational and experimental biology.
