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Part I1: Research, Teaching, and Clinical Contributions

Narrative report:

The long-range goals of my research have been to develop light-based therapies and to understand the
responses of skin to solar UV radiation. Both goals depend on identifying photochemical and photo-
biological mechanisms in cells and tissue. Contributions from our work include: 1. Established novel
drug photoxicity mechanisms and structure-reactivity relationships that allow the photoxicity of new
drugs to be anticipated. 2. Demonstrated that dyes being developed for photodynamic therapy can react
via non-oxygen dependent pathways thereby extending possible uses of this therapy. Further studies
using high-peak-power, pulsed lasers demonstrated that high energy excited states could also be
specific sources of oxygen-independent photosensitization. 3. Provided evidence that both the identity
of reactive species formed from light-activated dyes and their location in the plasma membrane
influence the responses of cells suggesting a method for improving the efficiency of therapeutic
photosensitization. 4. Established the mechanism for the low mutagenic potential of 193 nm excimer
laser radiation that is used for ablative cornea surgery. 5. Demonstrated that DNA undergoes different
photoprocesses when activated by simultaneous absorption of two visible photons from a picosecond
pulsed laser than by absorption of a single UV photon thereby challenging the conventional
understanding of these processes. 6. Identified mechanisms for oxidative stress after chronic UVR
exposure of skin that causes dermal remodeling. 7. Established novel intracellular signaling pathways
activated by the reactive oxygen species, singlet oxygen, in skin cells that lead to apoptosis and/or
enhance cell survival. 8. Identified biochemical mechanisms responsible for the marked UVA
photosensitivity associated with Smith-Lemli-Optiz syndrome. 9. Determined that UVA-induced
activation of the Nox1 isoform of NADPH oxidase was the important mechanism for production of
oxidative stress in keratinocytes after UVA exposure.

Recently, in collaboration with Dr. Robert Redmond, we developed a light-based technology for
forming immediate water-tight seals between tissue surfaces. This treatment has been demonstrated to
be superior to standard approaches for closing skin wounds and for reattaching tissue (peripheral
nerve, cornea, blood vessels, tendons, vocal fold). Preclinical studies have been published in
collaboration with clinicians in ophthalmology, microsurgery, dermatology, otolaryngology, thoracic
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surgery and other specialties. A clinical study for closure of skin excisions is ongoing with promising
initial results.

My contributions to teaching include organizing and co-teaching a new course on Laser
Photomedicine in the Harvard/MIT HST program for three years. | also lectured in the Harvard
University Photobiology Course (Biology 289) for four years. | teach dermatology residents the
fundamentals of skin photochemistry and photobiology as part of their training program. I co-
organized for two years the Collaborative Course on Biology of the Skin, a joint program between the
dermatology departments at Harvard, Brown and Boston Universities, and for four years | co-
organized the American Academy of Dermatology CME two-day course on Photobiology. | have
maintained a strong commitment to minority education by mentoring undergraduate students, a
postdoctoral fellow, and two visiting faculty members from minority institutions under programs for
enhancement for minority participation in biomedical research.

More than thirty-five research fellows have completed training in my laboratory (three current
fellows). Many were chemists who joined my group to learn applications of chemistry to biomedical
research and are now conducting research related to biology or medicine. More recently, the fellows
have been biologists or dermatologists seeking experience in photobiology research. My lab has
welcomed undergraduate, graduate and medical students who are integrated into research projects and
mentored in the concepts and practice of biomedical science; many peer-reviewed papers have been
co-authored by students.

Report of Current Research Activities:

Project (only major projects listed) Role
Mechanisms of oxidative stress-induced Principal Investigator

apoptosis and signal transduction

Chronic UVR-induced alterations in dermal Principal Investigator
matrix proteins: photoaging

Photochemical tissue bonding Principal Investigator
Report of Teaching:

1977-1981 Photobiology Seminar, Columbia University. Organized and lectured in
course for dermatology residents and fellows.

1978-1980 Biochemistry, Columbia University. Organized and taught biochemistry
seminar for medical students.

1979-1982 Lecturer, Photobiology course, American Academy of Dermatology Meeting.
Taught basic photobiology.

1980 Photobiology course (CME), Columbia University. Organized and lectured in
six-hour course.
1983 Lecturer, Photobiology Course for Dermatology residents, Massachusetts

General Hospital



1983, 1985, Lecturer, Harvard University course on Photobiology (Biology 289)

1989, 1991

1982-1984 Coordinator, Photobiology Workshops and Lecture Series Massachusetts
General Hospital

1985-1988 Wellman tutorials for residents and fellows; series of six sessions each year in
photochemistry and photobiology

1988-1990 Course Director, HST 569, Photomedicine; Massachusetts Institute of
Technology

1989-1990 Co-Coordinator, Photobiology Workshops and Lecture Series, Massachusetts
General Hospital

1992 Course Director, HST 569, Photomedicine; Massachusetts Institute of
Technology
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