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“Histones Genes and Proteins”

Two main processes in the formation of telomeric heterochromatin in yeast: Sir
complex spreading and shutting the nucleosomal entry-exit gate

Feng Xu, Qiongyi Zhang, Kangling Zhang, Wei Xie and Michael Grunstein
Department of Biological Chemistry, Geffen School of Medicine at UCLA, and the
Molecular Biology Institute, Boyer Hall, 611 Young Drive East, Los Angeles, CA
90095 USA

Heterochromatin is a more highly condensed form of chromatin that is not only
compact when most euchromatin is unfolded but it can spread into adjacent genes to
repress their activity. In some eukaryotes as much as 40% of chromatin is
heterochromatin. This is generally found at centromeres and telomeres but in some
organisms whole chromosomes can consist of heterochromatin. Our lab has pursued
the mechanisms by which heterochromatin is initiated at specific DNA sequences,
how the proteins of heterochromatin spread by their interaction with the histone N
termini and how barriers to spreading are formed. At telomeric heterochromatin in
yeast the Sir protein complex spreads from Rapl DNA recognition sites to silence
adjacent genes. This cascade is believed to occur when Sir2, an NAD*-dependent
enzyme deacetylates histone H3 and H4 N termini, in particular histone H4 K16,
enabling more Sir protein binding. The spreading of Sir proteins along the histone
tails has been thought to be the main requirement for the formation of silent
heterochromatin.

Recently we have discovered a new acetylation site in the core of histone H3.

Lysine 56 of histone H3 is located at the entry-exit points of the DNA superhelix
surrounding the nucleosome where it may control DNA compaction. We have found
that K56 substitutions disrupt silencing severely without decreasing Sir protein
binding at the telomere. Therefore, something in addition to Sir protein spreading is
required for silencing. Our in vitro and in vivo data indicate that Sir2 deacetylates
K56 directly in telomeric heterochromatin to compact chromatin and prevent access
to RNA polymerase and ectopic bacterial dam methylase.

We propose two main steps in the formation of silent heterochromatin. The first
involves the spreading of the Sir complex along chromatin; the second occurs when
Sir2 deacetylates H3 K56 to close the nucleosomal entry-exit gates enabling
compaction of heterochromatin.

Professor & Chair, Department of Biological Chemistry, University of

Richard Lifton, MD, PhD

Investigator, Howard Hughes Medical Institute

Director, NIH Specialized Center of Research in Hypertension
Professor of Medicine, Genetics and Molecular Biophysics and
Biochemistry, Yale University

Director, Yale Center for Human Genetics and Genomics
Chairman, Department of Genetics, Yale University

Sterling Professor of Genetics, Yale University

Dean’s Advisory Council (Robert Alpern)

Kedes Lab Dartmouth College Undergraduate Scholar,
Stanford, 1970s

MD, PhD, Stanford University 1982

“Insights into Cardiovascular, Renal and Bone Disease from Human
Genetic Studies”



Robert Maxson, PhD

Professor of Biochemistry & Molecular Biology,
University of Southern California

Director, Transgenic Mouse Core Facility,
USC/Norris Comprehensive Cancer Center

Kedes Lab Postdoctoral Fellow, Stanford, 1970s-80s

PhD, University of Berkeley, CA 1978

“Trying to Avoid the Road More Taken and Other Lessons
from Larry’s Lab”

Sea urchins are unusual among metazoans in that they express completely different
sets of histone genes at different stages of development. Early histone genes,
tandemly repeated hundreds of times and expressed in early-stage embryos, are the
genes that made Larry famous (and probably would have won him the Nobel Prize
had they had introns). Late histone genes are scattered around the genome and are
expressed in late stage embryos. They didn’t quite make me famous but they showed
me the lows and highs of research and got me started on my scientific career. After
cloning several of these genes, which took three years, | set to work on how they are
regulated. This was the project that | took away from Larry’s lab. | eventually
discovered that a key regulator was a homeobox gene. This discovery, and an
opportunity to join a program project grant with other researchers at USC, lead me
to work on homeobox-containing genes in mammalian neural crest. This work
netted a set of genes called Msx that turn out to have multiple roles in
organogenesis, the discovery of which has kept us busy for the past 15 years. Our
recent work focuses on ephrin-Eph signaling, Msx and Twist genes, and the role of
tissue boundaries in the patterning of the cranial bones.

Joanne Engel, MD, PhD

Professor in Residence, University of California,
San Francisco, Dept. of Medicine and
Microbiology and Immunology

Director, Microbial Pathogenesis and Host
Defense Program

Chief, Division of Infectious Diseases

Kedes Lab MD-PhD Student, Stanford, 1980s

PhD, MD, Stanford University, 1982-1983

“Not Missing in “acti(o)n. The Interaction of Pseudomonas with the Host
Cell Cytoskeleton”

The ability of microbial pathogens to overcome the normally highly polarized host
mucosal epithelial barrier is an early and critical step in microbial pathogenesis.
This is particularly true for opportunistic pathogens such as Pseudomonas
aeruginosa, one of the most common and virulent opportunistic pathogens of man.
In the setting of epithelial injury and loss of cell polarity, P. aeruginosa can
effectively colonize the mucosal surfaces and cause further damage, prevent repair
of the wounded epithelium, and disseminate. Initially, we carried out a classical
genetic screen to identify P. aeruginosa mutants that failed to damage polarized
epithelium. This screen identified the type Il secretion system and some of its
secreted effectors as novel toxins that prevent wound healing. We have shown that
ExoU and ExoT, two of the type 111 secreted toxins, contributes to virulence in tissue
culture and animal models of disease as well as correlating with outcome in human
infections. ExoT is a bifunctional protein that contains an N-terminal GTPase
activating protein domain (GAP) and a C-terminal ADP-ribosyl transferase
(ADPRT) domain. The GAP domain targets Rho family GTPases while the ADPRT
domain modifies Crk, an adaptor protein involved in focal adhesions. Using scrape
wounded epithelium as a model for epithelial injury, we demonstrate that Exotoxin
T inhibits both cell proliferation and cell migration, crucial steps in wound healing,
using failsafe and redundant mechanisms to perpetuate the wounded state. We
demonstrate that ExoT is both necessary and sufficient to cause apoptosis by
inactivating Crk. We further show that ExoT is necessary and sufficient to inhibit
cytokinesis and that each of its domains inhibits cytokinesis in a kinetically,
morphologically, and mechanistically distinct manner that is independent of its
ability to induce apoptosis. These studies identify for the first time focal adhesion
components, including Crk and paxillin, as molecules critical to abscission, the final
step in daughter cell separation. These studies also illustrate how the study of
microbe-host interactions can reveal new insights into mammalian cell biology.



Karen O’Malley, PhD

Professor of Neurobiology, Washington University
School of Medicine

Director, Program in Neuroscience

Kedes Lab Postdoctoral Fellow, Stanford, 1980s

PhD, University of Texas 1980

“Why Do Neurons Die in Parkinson’s Disease?”

Parkinson's disease (PD) is a late-onset, progressive disorder that results in marked
motor movement impairment due to the extensive loss of the nigrostriatal tract. PD
is the second most common neurodegenerative disease in the U.S., affecting one in
every 100 persons over the age of 65 years. Because the underlying cause of PD is
largely unknown, a better understanding of the disease process itself is required for
the development of more effective agents to halt disease progression. We have used
cellular, genetic and optical tools to understand and order the molecular and genetic
events associated with the loss of the cells most afflicted in PD, the midbrain
dopaminergic neurons. Amongst other things, we have shown 1) that toxins known
to induce PD in humans rapidly induce the ER stress/Unfolded Protein Response
(UPR) prior to mitochondrial involvement in cell death processes; 2) that toxin-
generated free radicals trigger these pathways and anti-oxidants can block them; and
3) that the BH3 only protein, PUMA likely serves as a link between UPR and
apoptosis in this system. Finally, based on the knowledge that many PD neurotoxins
block mitochondrial complex | activity and the emerging idea that defects in
mitochondrial activity can impair neuronal transport, we have modified
compartmentalized chambers to examine axonal function in CNS neurons
independent of cell bodies or dendrites. These studies demonstrate that inhibition of
mitochondrial movement is a very early response to PD mimetics.

Peter Gunning, PhD

Professor, University of Sydney

Chair, Westmead Research Hub Executive

Chair, Cancer Research Advisory Committee, Cancer
Institute NSW

Founder and Chairman of the Board, BioLink Partners
Pty Ltd.

Kedes Lab Postdoctoral Fellow, Stanford, 1980s

PhD, Monash University 1977

“Spatial Specialisation of the Cytoskeleton in Muscle and Non-Muscle
Cells”

The actin cytoskeleton has proven to be a remarkably flexible structure which is
involved in a wide range of cellular functions. Its ability to contribute to diverse
functions is dependent on the generation of functionally distinct populations of actin
filaments which can either be separated in space or be present in the same
intracellular compartment. My work with Larry Kedes in the 1980’s provided both
concepts and the tools required to take a molecular and cellular approach to this
problem. The subsequent work has mined two of Larry’s interests during that time,
gene evolution and the role of isoforms. We have found that the two primary
building blocks of the actin filament, actin and tropomyosin, provide extensive
functional diversity to the cytoskeleton through the specialisation of isoforms
produced by each of these gene families. The initial indication that this is so came
from gene transfection of the actin isoforms into muscle progenitor cells and
observations both in vitro and in vivo that actin and tropomyosin isoforms are
segregated into different intracellular compartments. Indeed, the different
tropomyosin isoforms have the capacity to direct the organisation and function of
actin filaments in a manner similar to the impact of the Rho family of GTPases.
Tropomyosins achieve this by regulating the association of actin binding proteins
with actin filaments in an isoform specific manner. In contrast, the Rho GTPases
achieve this, at least in part, by regulating the local activity of actin binding proteins.
Combining these mechanisms provides a very flexible cellular capacity to generate
functional diversity of the actin cytoskeleton in time and intracellular space. Gene
knock outs have confirmed the specificity of function of different tropomyosins and
revealed a viable approach to targeting the actin cytoskeleton in cancer.



Linda Boxer, MD, PhD

Professor of Medicine and Chief, Division of
Hematology, Stanford University
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“Activation of bcl-2 by the t(14;18) Translocation”

Human follicular B-cell lymphoma is associated with the t(14;18) chromosomal translocation
that juxtaposes the bcl-2 gene with the immunoglobulin heavy chain (IgH) locus. The
translocated bcl-2 gene is expressed at high levels in a deregulated manner, and the normal bcl-
2 allele is silent. Two promoters mediate transcriptional control of the bcl-2 gene. In normal B
cells, transcripts initiate at the 5’ (P1) promoter, and the 3’ (P2) promoter is silent. The P2
promoter is activated on the translocated bcl-2 allele, and the activity of the P1 promoter is also
increased. We have investigated the transcriptional mechanisms involved in the deregulated
expression of the translocated bcl-2 gene. A model of the bcl-2 translocation was constructed
with the IgH 3’ enhancers linked to the bcl-2 promoter on an episomal vector. We identified a
critical CRE (cyclic-AMP response element) site that regulated the bcl-2 P1 promoter. CREB
transcription factors and NF-kB proteins bound to this site. A site for the homeodomain
protein, Cdx, was identified in the P2 promoter region, and a complex of transcription factors,
including Cdx2, A-Myb, C/EBP, and Oct proteins, bound to this site in the presence of the IgH
enhancers. Further studies investigated the regions of the IgH 3’ enhancers that were required
for the activation of the bcl-2 P1 and P2 promoters.

The bcl-2 promoter is separated from the IgH 3’ enhancers by over 200 kb in the t(14;18)
translocation. To more closely model the translocation, we used gene targeting to insert the
IgH enhancers 3’ of the bcl-2 locus in murine embryonic stem cells. Studies on the IgH-3’E-
bcl2 mice revealed increased levels of bcl-2 mRNA and protein in B lymphocytes, but no
increase was observed in T lymphocytes or other tissues. Differentiation of B cells was
normal, but increased numbers of pre-B and mature B cells were observed in heterozygous and
homozygous IgH-3’E-bcl2 mice. The B lymphocytes demonstrated an extended survival in
vitro with resistance to induction of apoptosis by chemotherapeutic agents as compared with B
cells from wild-type mice. Cell cycle analysis revealed that the B cells of the IgH-3’E-bcl2
mice were in the GO/G1 phases, and the transition from G0/G1 to S-G2/M phases in response
to activation signals was delayed. Gradual enlargement of the lymph nodes and spleen was
observed in IgH-3’E-bcl2 mice, and the follicular architecture was preserved. At ages greater
than 10 months, the IgH-3’E-bcl2 mice developed an aggressive lymphoma with effacement of
the normal lymph node and splenic architecture.

We are investigating the interaction of the bcl-2 promoter with the IgH enhancers by
chromosome conformation capture. We have found that the IgH 3° enhancers physically
interact with the bcl-2 promoter in t(14;18) lymphoma cells but not in cells that lack the
translocation. The interactions of the bcl-2 promoter with the IgH enhancers decrease with
increasing distance from the IgH enhancers. Our previous studies have shown that histone
deacetylase (HDAC) inhibitors decrease bcl-2 expression in t(14;18) lymphoma cells and
induce cell death by apoptosis. HDAC inhibitors decreased the interactions of the bcl-2
promoter with the IgH enhancers. Chromosome conformation capture studies with the B cells
from IgH-3’E-bcl2 mice revealed interactions of the bcl-2 promoter with the targeted IgH
enhancers. These results suggest that the 1gH-3’E-bcl2 mice represent an appropriate model
for the t(14;18) translocation in human follicular lymphoma.

George Muscat, PhD

Professor, University of Queensland, Australia
Principal Research Fellowship, National Health and
Medical Research Council (Australian Government)

Kedes Lab Postdoctoral Fellow, Stanford and USC,
1980s-90s

PhD, The CMRI, University of Sydney 1985

“Investigating Crosstalk Between S-adrenergic and Nuclear Receptor
Signaling in Skeletal Muscle: Insights into Metabolism”

Beta-adrenergic receptor deficient mice are susceptible to obesity on energy dense
diets. We have observed that beta2-adrenergic receptor agonist treatment
significantly and transiently activated the expression of all three members of the
orphan NR4A nuclear receptor subgroup [Nur77 (NR4Al1), Nurrl (NR4A2) and
NOR-1 (NR4A3)] in type | oxidative red fiber dominant and type Il glycolytic white
fiber dominant muscle. Similarly, these changes are observed in an in vitro skeletal
muscle cell culture model. To begin to clarify the purpose of the NR4A subgroup in
skeletal muscle, we are investigating skeletal muscle cell lines transfected with
siRNAs targeting the NR4A subgroup. Data will be presented that suggest these
orphan NRs are involved in the regulation of lipid and carbohydrate utilization and
oxidative vs anaerobic metabolism. Expression profiling of these cell lines and
muscle tissue (from mice treated with beta-adrenergic agonists) reveal NR4A
signaling is involved in the regulation of metabolism.



Vittorio Sartorelli, MD
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MD, University of Brescia, Italy, 1984

“Control of Skeletal Muscle Gene Expression”

Gene network regulatory circuits controlling muscle gene expression
underlie specification and terminal differentiation of the skeletal muscle cell
lineage. This process is guided by the combinatorial activities of several
transcription factors, including the myogenic basic helix-loop-helix (bHLH)
proteins. After interacting with ubiquitously expressed bHLH E-proteins,
the resulting myogenic-E bHLH heterodimers recognize and activate
transcription from specific chromatin loci.

The myogenic bHLH MyoD promotes chromatin remodeling and histone
modifications that ultimately lead to transcriptional gene activation. To
mechanistically understand

how MyoD brings about this process, we have analyzed the composition of
protein complexes that associate with it. Our findings indicate that the
transcriptional activity of MyoD is developmentally regulated in a manner
that depends on the composition of the associated protein complexes. In
undifferentiated myoblasts, chromatin regulatory regions of muscle-specific
loci are occupied by protein complexes that introduce histone marks
associated transcriptional repression. These proteins complexes contain the
histone deacetylases HDCAs and Sirtl, and Polycomb group
methyltransferases Ezh2 and Suz12. Upon cell differentiation, the
composition of the protein complexes engaged at the muscle-specific loci is
modified, causing the erasure of the repressive histone marks and
acquisition of histone modifications associated with transcriptional
activation.

A comprehension of the mechanisms regulating the formation and
enzymatic activities of the chromatin modifying complexes at muscle-
specific loci will enable a detailed molecular definition of skeletal
myogenesis.

Masahiko Kurabayashi, MD, PhD

Professor, Graduate School of Medicine, Gunma
University, Japan
Kedes Lab Postdoctoral Fellow, USC, 1990s

PhD, Tokyo University, 1990
MD, Tokyo University, 1981

“Notch and Cardiovascular Disease”

Background: Bone morphogenetic protein2 (BMP2) and transcription
factor Msx2, known as major regulators of osteoblastic differentiation, have
been implicated in the pathogenesis of vascular calcification. Recent
evidence indicates that Notch signaling regulates valve calcification and
atherosclerosis. Here we examined whether Notch signaling effects on
BMP2-induced Msx2 gene expression and vascular calcification. Methods
and Results: Treatment with either BMP2 or adenovirus expressing Notch
intracellular domain (NICD), slightly induced the expression of the Msx2
gene in pluripotent mesenchymal stem cells and human aortic smooth
muscle cells. Surprisingly, either NICD overexpression or stimulation by
Notch ligands markedly augmented the Msx2 gene expression as well as
other osteogenic genes expression in the presence of BMP2.
Correspondingly, knockdown of Msx2 expression using siRNA drastically
attenuated synergistic ALP activity induced by BMP2 and NICD.
Luciferase assays showed transcription activity of Msx2 promoter, which
contains Smad binding elements (SBE), was synergistically enhanced by
Notch ligands and BMP2 treatment, whereas this synergism was almost
completely abolished in the presence of DAPT, an inhibitor of Notch
signaling. Interestingly, DNA affinity precipitation assays revealed that
NICD-RBPJK complex bound to the Msx2 promoter sequence located at
the close proximity to SBE, which suggest that RBPJK-bound NICD
interact with Smads and this interaction might lead to enhanced BMP2
signaling and Msx2 expression. Immunohistochemistry and Kossa staining
of a human carotid artery revealed co-localization of BMP2, Notch ligands,
Msx2, and calcium deposits within atherosclerotic plaques. Conclusion:
These results demonstrate that BMP2 and Notch signaling physically and
functionally converge at the Msx2 promoter and cooperatively promote
osteogenic differentiation which may mediate vascular calcification in the
development of atherosclerosis.
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State University, San Diego
Kedes Lab Postdoctoral Fellow, USC, 1990s

PhD, University of Southern California 1989

“Cardiac Stem Cells: Engineered to Enhance Myocardial Regeneration”

Repairing and restoring myocardial structure and function represents the ideal outcome for
treatment of cardiomyopathy. Current therapeutic interventions rely predominantly upon
pharmacologic strategies to slow the progression of heart failure, but the ultimate destination
for many of these patients will be an operating room where they will receive a mechanical
assist device or a transplanted donor heart. The cost, invasiveness, shortage of suitable donor
organs, and compromised quality of life are just a few of the many issues stemming from the
current approaches to treatment of heart failure. An attractive alternative vision for these
patients would be the use of repair processes that, rather than prop up and maintain damaged
organ function, would enable the replacement and repair of the compromised tissue on a
cellular level. Over the past decade a concerted effort by scientists and clinicians has advanced
the use of gene therapy as an approach to treatment of heart failure. These studies have shown
that genetic reprogramming of the myocardium can be used to prevent cell death, inhibit
maladaptive remodeling, enhance hemodynamic function, promote angiogenesis, and block
deleterious signaling. Although gene therapy approaches remain a popular avenue for
delineating the role of proteins in cardiac repair and rescue, many practical aspects of gene
therapy such as delivery and targeted expression in the myocardium, regulation of gene
expression, and persistence of expression have hampered implementation of myocardial gene
therapy for treatment of heart failure. However, recent discoveries related to regeneration and
repair of the myocardium using stem cells have shifted the paradigm of treatment for
myocardial disease. Discoveries linking stem cell-based therapies to improvements in
myocardial performance have invigorated the field, but current limitations in stem cell-based
approaches present significant barriers. This chapter will concentrate upon existing challenges
in stem-cell based treatment and how these may be overcome by incorporation of gene therapy,
resulting in a combinatorial approach that uses genetic engineering to potentiate stem cell
activity for myocardial repair.

The promise of gene therapy for treatment of heart failure has yet to be fulfilled. Some of the
persistent issues in gene therapy of the myocardium such as regulation of vector delivery,
controlling expression, and long-term persistence may be resolved by combining gene therapy
with stem cell populations that can serve as factories for production of beneficial paracrine
factors as well as partners in the process of engraftment and regeneration. Joining recent
observations of cardiac progenitor cell biology together with Akt kinase signaling opens novel
possibilities for manipulation of myocardial cell survival, regeneration, and aging. Indeed, our
Akt/nuc prompts significant changes in cytokine expression in hearts of transgenics
reminiscent of neonatal transcription profiles for factors known to mediate cell survival,
proliferation, and differentiation. Thus, goals of ongoing studies are to 1) define specific
molecular mechanisms responsible for the beneficial effects of genetic engineering for stem
cells and myocardial tissues, 2) expand the potential application of genetic modification of
cardiac progenitor cells and myocytes for clinically-relevant treatment, and 3) use gene therapy
in combination with stem cells to promote recovery from cardiomyopathic injury and
antagonize the progressive deterioration of hemodynamic performance in cardiomyopathies as
well as normal aging.

Robert A. Kloner, MD, PhD

Professor of Medicine, Section of Cardiology,
University of Southern California

Director of Research, The Heart Institute of Good
Samaritan Hospital

Kedes Lab Collaborator 1990s-present

PhD, MD, Northwestern University 1974-75

“Cell Therapy for Myocardial Infarction”

In the mid “90’s our research group at the Heart Institute at Good Samaritan
Hospital/USC had the fortunate opportunity of collaborating with Dr. Kedes and the
IGM on some of the first studies showing the feasibility of implanting immature
cardiomyocytes into infarcted myocardium as a way to replace infarct scar. We
made the observation that neonatal cardiomyocytes could indeed survive within the
hostile mileux of an experimental myocardial infarction and be identified weeks
after implantation. By injecting male neonatal cardiomyocytes into female
recipients it was possible to track the implanted cells via PCR of the Sry gene of the
Y chromosome.  Subsequent studies with neonatal cardiomyocytes or fetal
cardiomyocytes demonstrated that these cells could form robust grafts at the infarct
site, thicken the wall of the infarcted left ventricle with viable muscle, improve
global as well as regional left ventricular function and even recruit their own blood
supply. In collaboration with Dr. Kedes and the IGM, we also explored the fate of
injected cells into the heart - and described the concept that retention of all cells at a
given area of the heart may be limited by washout of the cells through the
vasculature and eventually to other organs. Recently we have been studying the
effect of mesenchymal stem cell and embryonic stem cell transplantation in our
myocardial infarct models. Studies ongoing with the IGM also suggest that
mesenchymal stem cells, even when injected directly into the heart muscle may
show up in other organs.





