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PART IlI: Research, Teaching and Clinical Contributions

A. Narrative Report

A large area of research and clinical investigation are cellular abnormalities associated
with left ventricular hypertrophy and heart failure. Over the last five years, advances in somatic
gene transfer, using viral vectors, has provided investigators with the needed tools to
investigate signaling pathways contributing to the pathogenesis of heart failure. Ultimately it is
the goal of this research is to develop and test the feasibility of being able to manipulate gene
expression and devise therapeutic strategies.

Heart failure is characterized by a number of abnormalities in Ca™ cycling. One of the
key abnormalities in both experimental and human heart failure is a defect in the sarcoplasmic
reticulum Ca**-ATPase pump (SERCA2a). SERCA2a has been shown to account for a reduced
Ca'" uptake during diastole as well as reduced systolic Ca*" levels. Using a genetic approach
through adenoviral gene transfer we believed it possible to furnish single cardiac myocytes with
abundant normal copies of the gene encoding for SERCA2a. Our study was the first to report
that overexpressing SERCAZ2a using recombinant adenoviruses enhances contractile function
and improves intracellular Ca™ handling in human cardiac myocytes. Furthermore, it was
shown that contractile function could be enhanced in human cardiac myocytes by modulating
SERCA 2a through the inhibition of its regulatory protein phospholamban. These two critical
experimental findings provided a sound basis for investigating further the molecular
mechanisms underlying defects seen in heart failure using genetic manipulation. The research
is technically challenging due to the restricted availability of failing and especially non-failing
donor hearts. Also to be able to isolate single adult cardiac myocytes from human hearts and to
be able to maintain them in a non-de-differentiated state for up to 72 hours is also required.

In addition, the development of surgical animal models of heart failure was required for
validation of our hypotheses. The surgical approach was optimized so as to reduce the
occurrence of scarring and inflammation, which could easy confound our experimental
observations. Viral vectors are known to cause myocardial inflammation. Similarly, the cell
isolation and culture procedures for diseased rodent hearts had to be developed and optimized,
which they were. By using rodent models of heart failure that were first well characterized at the
functional level, we were able to exclude potential negative side effects that might result from
overexpression of the SERCA2a gene in vitro as well as in vivo.

Having successfully tested the key hypothesis that SERCA2a overexpression in heart
failure would restore myocardial contractility and prove to be of therapeutic benefit in a rodent
model, more recently we have expanded our research to a large animal model. By using a
large animal model, we can develop and test new strategies for gene delivery that might be
applicable to the human condition. We first tried newer viral vectors i.e., the adenoassociated
virus (AAV). We are testing the vectors in single adult swine and human myocytes in order to
optimize the conditions and observe potential side effects of the transduction. These in vitro
studies are followed by in vivo large animal studies.

All of our experimental findings point to a key defect in Ca™ handling as being a factor in
cardiac dysfunction in failing hearts. As a result, we have expanding yet again our experimental
investigation and approaches using state of the art techniques i.e., genomic and proteomic
analysis. By identifying deregulated genes in failing human hearts we will be able to target
genes that impact cardiac muscle function with the ultimate goal of identifying therapeutic
targets.



The experimental findings left a key question on the origin of the down-regulation of the
Ca'" regulating pump in the natural history of heart failure. Along this line in our most recent line
of research we expanded the experimental research towards the proteomics characterization of
the sub-cellular compartments of the myocytes and in particular of the endoplasmic reticulum
(ER/SR), the site of control of oscillating Ca™ content in the heart, but also of several vital
functions (requiring more stable Ca™" concentrations) as it provides a unique oxidizing
compartment for the assembly and folding of newly synthesized proteins, post translational
modifications, a transport route to direct proteins to their destination as well as quality control of
misfolded polypeptides. The ER/SR integrates this dual function as high intraluminal Ca** is a
key determinant for the synthesis and processing of proteins, low cytosolic Ca** for cell survival
and Ca"" oscillations for myocyte function.

Various conditions can interfere with ER function and are collectively called ER stress,
which in turn can be triggered by alterations of ER Ca?* homeostasis. Upon ER stress induction
a series of changes in protein structures may occur (protein misfolding) and, a conserved stress
response pathway, the UPR allows cells to tolerate accumulation of misfolded proteins and act
to correct the defect. A signal selectively activates the transcription of genes encoding for ER-
localized proteins —chaperone proteins - to increase the rate of protein folding. We thus
explored the pathways of ER stress in heart failure and shown that in dilated cardiomyopathy
protein misfolding can be the mechanism at the origin of the pathogenesis of the disease. We
observed signs of ER stress such as activation of the chaperones proteins or inactivation of the
ubiquitin-proteasome system as well as signs of misfolding proteins such as the presence of
protein aggregates in the myocytes and in between myocytes in failing human hearts, a
pathogenetic observation that is common to many other disease including neurodegenerative
diseases (Alzheimer dementia), diabetes, cystic fibrosis, many forms of cancer, polycystic liver
and kidney etc.

We are exploring a very new pathogenetic hypothesis and we hope that by identifying
pathogenetic pathways that lead to the defect in contractility, our research will result in the
development of early diagnostic tools for preventive therapies and the treatment of early stage
heart failure with the dream of more curative tools.

B. Funding Information (education & research)

1990-1992 Squibb Fellowship for Cardiovascular Research (competitive), funded Ph.D. studies,
“Studies of contractile properties of isolated cardiac myocytes from animal models
and human heart failure and hypertrophy”

2002- NIH, KO8 HL69842 (PI: Federica del Monte), “SERCAZ2a abnormalities and
chaperones in heart failure”

2005- Giovanni Armenise Harvard Foundation - Harvard Medical International
RBIN04222Y (USA Coordinator: Federica del Monte), “Chaperone proteins in the
development of cardiac hypertrophy and failure



C. Report of Current Research Activities

Excitation-contraction coupling in Heart Failure in human and animal models
Gene transfer in the Cardiovascular System

Ca?* Homeostasis and Energy Reserve in Heart Failure

Ca** Homeostasis and Myocardial Protection in Ischemia/Reperfusion Injury
Sarcoplasmic Reticulum Protein/Function Analysis Heart Failure

Gene expression analysis in heart failure

Protein expression analysis in heart failure, compartmental proteomics

Protein misfolding in heart failure

D. Report of Clinical/Research Teaching

1. Local contributions

a. Harvard Medical School

1999 “Treatment of Heart Failure: Basic Science and Clinical Aspects”,
Harvard Medical School. Lecturer. 10 fourth-year medical students,
1 month/year, 1 lecture, prep time=5 hours.

e. Advisory responsibilities:

1995 Thesis advisor for 1 student for MD Degree, 1st University of Rome, lItaly
1995 Thesis supervisor of 1 student for Perfusionist Specialty Degree,

1st University of Rome, Italy
1996 Thesis supervisor of 1 student for Internal Medicine Specialty Degree,

Il University of Rome, Italy
1998-date  Weekly laboratory meeting, 50 hours/year
2002-2004 Supervision of 1 student from MIT, 250 hours/year
2002-2003 Supervision of 1 student from HMS, 250 hours/year
2002-2003 Supervision of 1 visiting fellow, 400 hours/year
2003 Supervision on 1 student, 125 hrs/day
2003-2005 Supervising 1 full time technician
2004-date  Supervising full time post doc
7-8/2005 Supervision on 1 student, 125 hrs/day

2005-date  Supervising 1 part time post doc (collaboration with neurology department)

2006-date  Supervising 1 part time post docs (Collabration with CVRC)
2005-date  Advisory committee on a KO8 grant



E. Report of Clinical Activities

1. Teaching Hospital

1993-1998 Royal Brompton National Heart & Lung Hospitals, Imperial College, London,
United Kingdom
a. Practice: care delivery, general cardiology, in-hospital patient rounds
b. Time commitment: once/week, 6 hours out-patient clinic

2. Non-Teaching Hospital

1989-1993 NIH Hospitals, Rome, Italy

a. Practice: Coronary Care Unit and Sub-Intensive Care Unit
Resuscitation Unit of the Emergency Room
General Cardiology Ward
Internal Medical Department

b. Time Commitment:
1-2/week 12 hours in-hospital on call (+ night shifts)
1 weekend/month in-hospital on call (+ night shift)
8 hours daily in-patient/out-patient care for general cardiology
and non-invasive cardiovascular evaluation service (rotations)
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