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Summary: 

Stem cells have the unique ability to give rise to all human tissues and hold great potential for tissue regeneration and treating human disease.  Realizing this potential will require an understanding of the fundamental mechanisms that allow stem cells to generate descendants that have a variety of fates and that lock in the specialized states and distinctive RNA and protein expression patterns of differentiated cells. Transcriptional regulation is believed to account for a large part of the specialized gene expression programs of cells.  In this course, we will address how transcriptional regulators both prohibit and drive differentiation during the course of development.  How does a stem cell know when to remain a stem cell and when to become a specific cell type?  Are there global differences in the way the genome is read in multipotent and terminally differentiated cells?  We will explore how stem cell pluripotency is preserved, how master regulators of cell-fate decisions execute developmental programs, and how chromatin regulators control undifferentiated versus differentiated states.  Additionally, we will discuss how aberrant regulation of transcriptional regulators produces disorders such as developmental defects and cancer.

Course Details:

This course will consist of 12 classes focusing on critical reading of original scientific literature. Two papers will be read in detail before each class and the results discussed in class. Grading is Pass/Fail and will depend on attendance, participation and completion of class assignments. 

Course Requirements:

1. Attendance and participation in all classes. Each Thursday before class (by 1:00 PM) each student will submit two questions or statements (one for each paper) via e-mail to the instructors. These questions or statements can be a criticism of an experiment, a proposed follow-up experiment to the work done, or simply a question about a technique used in the paper.
2. Based on the material covered in class, write a 2-page project proposal. This proposal will outline experiments to address a frontier problem in the field.

3. Oral presentation. Students will present 2 page research proposals (above) to the class. Each will be a 10-15 min powerpoint presentation describing background, experiments and expected results. 

Syllabus

Sept 7 – Introduction 

Introductions of students and instructors
Overview of class material

Instructions on how to locate and read scientific literature.

Sept 14 – Chromatin functions to define cell state. The first paper describes how differential packaging of the same gene in different cell types or states either allows or restricts access of the gene to the transcriptional machinery, providing a mechanism for differential gene regulation. The second paper discusses how chromatin in embryonic stem cells may be particularly dynamic, permitting transitions into many possible cell fates.

Weintraub, H. and Groudine, M. (1976). Chromosomal subunits in active genes have an altered configuration. Science 193, 848–856.

Meshorer, E., Yellajoshula, D., George, E., Scambler, P.J., Brown, D.T., and Misteli, T. (2006). Hyperdynamic plasticity of chromatin proteins in pluripotent embryonic stem cells. Dev Cell 10, 105–116.
Sept 21 – Chromatin structure and discovery of chromatin modifying enzymes. These papers describe the initial isolation and transcriptional association of histone acetyltransferases (HATs) and histone deacetylases (HDACs). The results described here directed attention to histone modifications as critical regulators of transcription. 

Brownell, J. E., Zhou, J., Ranalli, T., Kobayashi, R., Edmondson, D. G., Roth, S. Y., and Allis, C. D. (1996). Tetrahymena histone acetyltransferase A: a homolog to yeast Gcn5p linking histone acetylation to gene activation. Cell 84, 843-851.

Taunton, J., Hassig, C. A., and Schreiber, S. L. (1996). A mammalian histone deacetylase related to the yeast transcriptional regulator Rpd3p. Science 272, 408-411.

Sept 28 – Methylation and the emergence of the “histone code”.

These papers describe the interactions of the “histone code” where a histone modification results in recruitment of a transcriptional effector. Importantly, they describe the how histone modifications communicate with important developmental regulators. 

Lachner, M., O'Carroll, D., Rea, S., Mechtler, K., and Jenuwein, T. (2001). Methylation of histone H3 lysine 9 creates a binding site for HP1 proteins. Nature 410, 116-120.

Wysocka, J., Swigut, T., Milne, T. A., Dou, Y., Zhang, X., Burlingame, A. L., Roeder, R. G., Brivanlou, A. H., and Allis, C. D. (2005). WDR5 associates with histone H3 methylated at K4 and is essential for H3 K4 methylation and vertebrate development. Cell 121, 859-872.

Oct 5 – Heritable gene expression via epigenetic modification of chromatin. These papers describe how chromatin modifications can set up a stable transcriptional state that is heritable from mother to daughter cell. Also, they show how this chromatin modification system can be used by important cellular pathways such as the retinoblastoma (Rb) tumor suppressor pathway that governs cell growth.
Nielsen, S. J., Schneider, R., Bauer, U. M., Bannister, A. J., Morrison, A., O'Carroll, D., Firestein, R., Cleary, M., Jenuwein, T., Herrera, R. E., and Kouzarides, T. (2001). Rb targets histone H3 methylation and HP1 to promoters. Nature 412, 561-565

Ayyanathan, K., Lechner, M. S., Bell, P., Maul, G. G., Schultz, D. C., Yamada, Y., Tanaka, K., Torigoe, K., and Rauscher, F. J., 3rd (2003). Regulated recruitment of HP1 to a euchromatic gene induces mitotically heritable, epigenetic gene silencing: a mammalian cell culture model of gene variegation. Genes Dev 17, 1855-1869.



Oct 12 – Regulators of pluripotency and differentiation of stem cells. The first paper describes the identification of the homeodomain protein Nanog as one of the key regulators maintaining pluripotency in embryonic stem cells. The second details efforts to drive embryonic stem cells into the neuronal lineage.

Chambers, I., Colby, D., Robertson, M., Nichols, J., Lee, S., Tweedie, S., and Smith, A. (2003). Functional expression cloning of Nanog, a pluripotency sustaining factor in embryonic stem cells. Cell 113, 643–655.

Wichterle, H., Lieberam, I., Porter, J.A., and Jessell, T.M. (2002) Directed differentiation of embryonic stem cells into motor neurons. Cell 110, 385–397.

Oct 19 (tentative) – Tour of Novartis Institute for Biomedical Research Laboratories. We will explore a laboratory that uses the techniques discussed in class to discover new drugs against human disease.

Oct 26 – Regulation of early development by polycomb proteins. These papers show how the H3K27-polycomb system sets up developmental states to allow for appropriate differentiation. 

Cao, R., Wang, L., Wang, H., Xia, L., Erdjument-Bromage, H., Tempst, P., Jones, R. S., and Zhang, Y. (2002). Role of histone H3 lysine 27 methylation in Polycomb-group silencing. Science 298, 1039-1043.

Bracken, A. P., Dietrich, N., Pasini, D., Hansen, K. H., and Helin, K. (2006). Genome-wide mapping of Polycomb target genes unravels their roles in cell fate transitions. Genes Dev 20, 1123-1136.

Nov 2 – Master regulators of differentiation: The story of MyoD. The first paper describes the strategy used to isolate MyoD, the classic ‘master regulatory gene’ that has the ability to transdifferentiate a variety of cell and tissue types into muscle. The second is a more recent paper detailing the regulatory circuitry that drives muscle differentiation.

Davis, R.L., Weintraub, H., and Lassar, A.B. (1987). Expression of a single transfected cDNA converts fibroblasts to myoblasts. Cell 51, 987–1000.   

Blais, A., Tsikitis, M., Acosta-Alvear, D., Sharan, R., Kluger, Y., and Dynlacht, B.D. (2005). An initial blueprint for myogenic differentiation. Genes Dev 19, 1–17.

Nov 9 – Chromatin modifications during development. The first paper investigates the chromatin changes that occur as cells terminally differentiate from a proliferative to quiescent state. The second paper uses genetics to define a possible role for non-coding RNAs in the silencing of mammalian centromeres.

Grigoryev, S.A., Nikitina, T., Pehrson, J.R., Singh, P.B., and Woodcock, C.L. (2004). Dynamic relocation of epigenetic chromatin markers reveals an active role of constitutive heterochromatin in the transition from proliferation to quiescence.  J Cell Sci 117, 6153–6162.
Kanellopoulou, C., Muljo, S.A., Kung, A.L., Ganesan, S., Drapkin, R., Jenuwein, T., Livingston, D.M., and Rajewsky, K. (2005). Dicer-deficient mouse embryonic stem cells are defective in differentiation and centromeric silencing. Genes Dev 19, 489–501.
Nov 16 – Transdifferentiation, dedifferentiation, and the adoption of alternate cell fates. The first paper suggests that the same factor that plays a role in limb regeneration in newts may be capable of returning mammalian muscle fibers to an undifferentiated state. The second paper claims to define a cocktail of transcription factors that confer pluripotency upon differentiated adult cells.

Odelberg, S.J., Kollhoff, A., and Keating, M.T. (2000). Dedifferentiation of mammalian myotubes induced by msx1. Cell 103, 1099–1109.

Takahashi, K., Yamanaka, S. (2006). Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by defined cultures. Cell 126, 1–14.
Nov 30 – When regulators go bad: misregulation of chromatin modifiers in cancer. These papers show how normal chromatin regulators can be hijacked by chromosomal translocations to impose transcriptional programs that are not healthy for the organism. Specifically, misregulation of these integral chromatin modifiers results in blood cancer. 

Grignani, F., De Matteis, S., Nervi, C., Tomassoni, L., Gelmetti, V., Cioce, M., Fanelli, M., Ruthardt, M., Ferrara, F. F., Zamir, I., et al. (1998). Fusion proteins of the retinoic acid receptor-alpha recruit histone deacetylase in promyelocytic leukaemia. Nature 391, 815-818.

Okada, Y., Feng, Q., Lin, Y., Jiang, Q., Li, Y., Coffield, V. M., Su, L., Xu, G., and Zhang, Y. (2005). hDOT1L links histone methylation to leukemogenesis. Cell 121, 167-178.
Dec 7 – Oral presentation of research proposals

