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BLIMC Mission
BLI aims to discover new ways
of utilizing lasers and optics to
solve biomedical problems; to
educate the next generation of
multi-disciplinary investigators;
and to create innovative solutions that help save lives, speed
critical information to those who
heal, and reduce the costs of
healthcare to individuals and to
society.
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Looking Forward, Looking Back
The Beckman Laser Institute and Medical Clinic (BLIMC)
was established in 1982, only 22 years after the laser was
invented and 17 years after the first undergraduate students entered UC Irvine. When the new BLIMC building
opened in 1986, lasers were mostly large, power-hungry,
temperamental machines with special needs. Many
required full-time support, and lasers had little tangible
commercial impact on biology and medicine. This was a
time of hope and excitement about lasers and what they
could do to revolutionize biology and medicine. Dr. Arnold
O. Beckman, a legendary inventor, businessman, and philanthropist, recognized the potential and invested in Dr.
Michael Berns, a dynamic young professor at the university. Their pioneering vision was to build a multi-disciplinary research and clinical center around this emerging
technology.
Today, lasers bear almost no resemblance to the beasts of
the 1980s. Gone are the special power requirements and
massive rooftop water tanks for supplying cool water to hot
laser cavities. Moore’s law famously predicts how chip
performance doubles every two years because of the
shrinking dimensions of components on integrated circuits.
Similar arguments can be made for the rapid development
of laser technologies, but photonics appears to be
unbounded compared to the hard size limits of transistors

on silicon. Lasers have been built from a diverse variety of
materials including a single biological cell and thin strands
of glass, and are essential drivers for next-generation photonic computers. Femtosecond (one-millionth of a billionth
of a second) laser pulses were practically unheard of in
1982 but are now routinely used in LASIK eye surgery, the
most common elective procedure in the United States. Dr.
Beckman’s investment clearly paid off; lasers are now the
cornerstone of biophotonics technologies that are widely
used in basic research, in-vitro diagnostics, in-vivo imaging, image-guided therapy, and laser surgery.
Remarkably, photonics technologies in the life sciences
and medicine are now estimated to have an annual commercial impact that exceeds $90 billion. Biophotonics are
essential for a variety of diagnostic and therapeutic devices that are the standard-of-care throughout the world.
Lasers are precise, selective scalpels that can be delivered to virtually any part of the body using thin strands of
glass (fiber optics) originally developed for telecommunications. These same fibers can be threaded into coronary
arteries to characterize atherosclerotic plaques with
unprecedented speed and resolution while guiding lifesaving procedures. Cutaneous laser treatments are widely
used to remove scars and disfiguring birthmarks as well as
resurface damaged skin. As predicted in science fiction
shows like Star Trek, tricorder-like devices powered by
lasers and optics can now measure blood chemistry, brain
function, and muscle activity in a flash of light.
What does the future hold? Biophotonics is a recognized
area of national need that is expected to continue to grow
as the worldwide demand for fundamental tools for biological discovery and personalized health increases. The
University of California, Irvine is committed to this mission,
and has recently created a special partnership between
BLIMC and multiple campus departments in our schools of
Engineering, Medicine, Physical Sciences, and Biological
Sciences to establish a new “Convergence Optical
Sciences Initiative (COSI).” Over the next five years we will
recruit and hire new faculty, develop cutting-edge laser
and photonic technologies, and accelerate commercialization and impact through partnerships with UCI’s Applied
Innovation and the Cove.
Watch for our newsletter to read about the latest BLIMC
discoveries and developments as we join the entire UCI
50th anniversary community (http://50th.uci.edu) in reflecting on our “Bright Past, Brilliant Future.”

1

Fighting Malaria with Lasers
Laser and photonic materials
researchers Professor Jérémie
Zoueu, Ph.D., and Ph.D. candidate
Aboma Merdasa presented their
efforts to fight malaria in eight tropical countries at the BLI’s LAMMP
(Laser Microbeam and Medical
Program) Seminar series on August
3, 2016, at UCI’s Applied Innovation
(The Cove). The talk attracted more
than 70 guests from across the university and community.
Dr. Zoueu, Professor of Engineering
Physics, from Institut National
Polytechnique Félix HouphouetBoigny, Yamoussoukro, Ivory Coast,
is a leader of the multinational
research collaboration African
Spectral Imaging Network (AFSIN).
AFSIN coordinates nearly 50
researchers from eight countries in
Africa and Asia: Burkina Faso,
Cameroon, Cote d’Ivoire, Ghana,
Kenya, Mali, Togo, Senegal, and Sri
Lanka. Researchers collaborate
and share data on their research
agenda to provide insights into
malaria transmission and diagnosis.
The AFSIN malaria-fighting efforts
are two-fold. First, the team wants
to acquire funds to assemble and
disseminate an innovative specialized multispectral microscope on a
larger scale than currently possible
in order to improve malaria diagnosis. Second, they are trying to better understand the mosquito population that delivers malaria to
humans using LIDAR (Light
Detection and Ranging) a remote
atmospheric sensing method.
The microscope that Dr. Zoueu and
colleagues have developed is a retrofit of an existing microscope using
a specialized multi-spectral light
source, imaging camera and auto2

mated analysis software for characterizing data collected from blood
smears.
The new microscope is designed to
reduce human error and improve
accuracy in malaria detection and
diagnosis. This can be a significant
problem since technicians currently
manually prepare blood smears and
analyze hundreds of slides looking
for subtle signs of malaria infection.
The monotony can be overwhelming and lead to incorrect diagnoses.
Overall performance depends upon
the researchers’ training and ability
and the day-of-week/time-of-day
that the slide is being reviewed. Dr.
Zoueu emphasized the role of
fatigue in mis-diagnosis, observing,
“…by Friday afternoon, nobody has
malaria.”
Dr. Zoueu and his AFSIN colleagues decided to create a new
microscope system that would take
the human element out of the process. By deploying this new device,
the researchers were able to
decrease the time that a blood
sample spent in the lab from the
better part of a day to 3 minutes
while simultaneously increasing the
accuracy of diagnosis. Ultimately
this is expected to substantially
reduce the time to treatment and
improve outcomes for patients.
To date, each of the member AFSIN
countries has deployed one specialized multispectral microscope that
must be shared amongst researchers and clinicians within that country. In the short term, the AFSIN
group would like to deploy ten
microscopes per country (from one
per country today) at a cost of
approx. $360,000. The longer-term
goal will have an even greater

impact. Researchers plan to reduce
the size of the device to something
that is battery-operated, hand-held,
and completely portable. This
device would have a cost-factor
favorable for deploying it in every
clinic or village.
Dr. Zoueu and Mr. Merdasa’s other
project makes use of a laser capable of transmitting light up to 20
kilometers: however, they are limiting the light transmission to only
within 1 kilometer for safety. This
LIDAR (Light Detection and
Ranging) device is capable of
remotely detecting malaria-carrying
mosquitos by looking at the beat
frequencies of mosquito wings
encoded in the intensity fluctuations
of backscattered light. From these
measurements, the team is able to
determine the gender of the mosquito (only females bite and transmit
the malarial parasite) and may also
determine whether it is carrying the
malaria virus. One benefit of this
technology over the existing standard is that by using a laser beam,
the researchers are not harming the
mosquitos or the ecosystem.
Dr. Zoueu and Mr. Merdasa’s visit
was co-sponsored by the Beckman
Laser Institute & Medical Clinic,
UCI’s BioEngine, the UCI Samueli
School of Engineering, the UC
Irvine Institute for Clinical and
Translational Science, and the UCI
Program in Public Health.
BLI hosts dozens of LAMMP seminars annually. For a complete listing and videos of past seminars,
visit the LAMMP website at
lammp.bli.uci.edu/seminar.php

Jeremie T. Zoueu, Ph.D.
Dr. Zoueu is a Professor of Photonics at the National Polytechnic
Institute in Yamoussoukro (Cote d’Ivoire) and currently is working
as a Research Professor at the School of Engineering of the
Virginia Commonwealth University for his sabbatical year. He
holds a Ph.D. in physics from Pierre & Marie Curie University in
France in the field of lasers and photonic materials. Dr. Zoueu is
also the coordinator of the African Spectral Imaging Network
(AFSIN). He is currently working on developing an optical tool for
a rapid, sensitive and accurate diagnosis of malaria, malarial
drug-target interactions, and malaria mosquito forecasting devices based on remote sensing spectroscopy in collaboration with
colleagues from Lund University in Sweden.

Aboma Merdasa
Mr. Merdasa is a Ph.D. candidate at the Department of Chemical
Physics at Lund University, Sweden, where he is employing optical super-resolution microscopy to characterize organic solar cell
materials. He has a long-standing collaboration with the Applied
Spectroscopy group of the Atomic Physics Division at Lund
University where he has helped develop economically realistic
optical instruments with the primary objective of detecting malaria. In 2010, he helped establish the African Spectral Imaging
Network (AFSIN) which is not only dedicated to educating students in spectroscopy but also putting spectroscopic methods
into practice to solve relevant problems in developing countries.
3

MEASURING FAT
Interdisciplinary BLI team develops a new way to image fat metabolism
An interdisciplinary BLI team with
support from the National Institute
of Biomedical Imaging and
Bioengineering (NIBIB) and the
National Center for Advancing
Translational Science (NCATS) has
used a new imaging technique to
measure how people break down
dietary fat into products the cells of
their bodies can use. The technique is a cost effective and convenient way to image this critical process—also called fat metabolism—
and provides a way to test interventions aimed at reducing cardiovascular disease, diabetes, and the
increased risk of heart attack and
stroke that can be caused by metabolic syndrome.
Clinicians currently use a variety of
less-than-ideal techniques to measure fat levels in patients. One
common measure is the body
mass index (BMI), a ratio of height
to weight—but it can’t account for
differences between muscle and
fat. They can observe fat via magnetic resonance imaging (MRI) or
ultrasound—but neither method
4

can determine activity levels within
the tissue. Until now, it has not
been easy to measure metabolically active fat, which consumes more
oxygen and has more mitochondrial activity, and is associated with
better health outcomes.
Now the UCI team has shown that
both the composition and metabolism of fat tissue can be measured
using diffuse optical spectroscopic
imaging (DOSI). The technology
uses near infrared light to penetrate
tissue and measure the concentrations of various molecules, like
hemoglobin, water, and lipids, such
as fat.
“DOSI provides a new imaging
method to measure the dynamics
of fat,” said Behrouz Shabestari,
Ph.D., director of the NIBIB program in Optical Imaging and
Spectroscopy. “It could provide a
useful clinical tool for understanding metabolic disorders and providing new strategies for diagnostic
monitoring of obesity and weight
loss.”

In their study, published online April
22, 2016 in the International
Journal of Obesity, the researchers
enrolled 10 overweight people who
followed a calorie-restricted diet for
12 weeks. At the beginning, middle,
and end of the 12 weeks, the
researchers used DOSI to assess
two measures: tissue scattering,
which indicates change in cell volume due to the way particles within
and between cells scatter light, and
fluid absorption.
Over the 12-week course of the
dieting study, tissue scattering indicated that cellular particles shrank
in size and increased in density, or
how tightly they are compacted.
The fat cells got smaller while the
organelles within them, like the
mitochondria, became more activated. The absorption signatures
revealed an increase in the rates of
metabolism, hydration, blood volume, and delivery of blood to the
tissue area.

3 Months
Scattering Power

Baseline

Water Fraction (%)

Tissue
Scattering

Tissue
Water

G. Ganesan et al., Int J. Obesity, (2016)

Diffuse optical spectroscopic images (DOSI) of sub-surface abdominal adipose tissue in a volunteer subject. Left column shows
baseline images of tissue scattering amplitude (top row) and water content (bottom row). Changes to scattering and water content
following a 3-month calorie-restricted diet (right column) reveal shrinking adipocytes and increasing metabolism, respectively.

“Essentially what we’re seeing is
the metabolic activation of the
lipid,” said Bruce Tromberg,
Ph.D., director of the Beckman
Laser Institute and Medical Clinic
at UCI and senior author of the
paper. “With the calorie-restricted
diet, we’re seeing the lipid beginning to come alive. There’s
enhanced perfusion, there’s oxygen consumption, and that’s an
indication that the patients will
undergo weight loss.”
DOSI is both inexpensive and
easy to offer patients; it’s similar
to performing an ultrasound.
Because of this, individuals could
be easily monitored over time to
guage the effects of different
interventions.
“It could help people keep tabs on
whether their diet and exercise is
actually working and could be
integrated into a series of measurements of fat and muscle,”
said Tromberg, who hopes that
one day it might be part of an
index—along with things like BMI,

blood pressure, and cholesterol
levels—to assess risk for metabolic syndrome, cardiovascular
disease and diabetes. “We could
characterize the biochemical
composition of your fat non-invasively and gain new insight.”
NIH support for the research
included funding from NIBIB
(EB015890), and an NIH clinical
translational science award
(TR000153) and a training grant
(TR000153).
This article was originally posted
on NIBIB.NIH.gov and has been
reused here with permission.
Written by Teal Burrell.

Goutham Ganesan, Ph.D.,
lead author of the study, is an M.D./
Ph.D. student in the UC Irvine (UCI)
Medical Scientist Training Program
(MSTP). He completed his Ph.D.
dissertation research on muscle
and fat metabolism. Goutham
works jointly in the labs of
Professors Pietro Gallassetti and
Bruce Tromberg through a partnership between the BLI and UC
Irvine’s Institute for Clinical and
Translational Science (ICTS).
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MI Receives Awards from NIH and The Cove Fund
Modulated Imaging, Inc. (MI) was awarded a $1.8 million grant from
the National Institutes of Health (NIH) to further develop their
Ox-Imager CS technology (pending FDA clearance) to help predict
and manage the treatment of diabetic foot ulcers. This will support
three clinical studies as well as research and development of a
point-of-care diagnostic system.
In addition to this grant, MI closed its first round of venture capital
financing with an initial $500,000 seed investment from The Cove
Fund and Photonics Management Corp., a subsidiary of
Hamamatsu Photonics KK. The Cove Fund was established in 2015
to provide startup funding for promising new ventures that emerge
in Orange County, CA, with a special focus on technology and life
science companies originating from UC Irvine. MI was spun out
from the Photonic Incubator at the Beckman Laser Institute and
uses Spatial Frequency Domain Imaging (SFDI) technology that
allows rapid, sub-surface measurement of multiple tissue properties, including blood perfusion and tissue oxygenation, and can be
used on all skin types.

Recognition by the National Academy of Inventors

NEWSBRIEFS

BLI Medical Director J. Stuart Nelson was highlighted in the 2016
Activities Report of the National Academy of Inventors (NAI) for
inventing and pioneering the development of “dynamic cooling.” The
technique delivers a precise cryogen spray with each pulse of laser
energy to optimize the treatment of skin disorders, such as port
wine stain birthmarks and other vascular malformations. His invention, the Dynamic Cooling Device, has been integrated into more
than 25,000 lasers worldwide in a commercial relationship with the
Syneron/Candela Corporation. The patent that he and his co-inventors hold at UCI has consistently been ranked each year since 2000
as the 3rd or 4th most successful Intellectual Property source in the
entire University of California system, generating a total of more
than $50 million in licensing revenue.

Seminar Series Speaker
Professor of Biomedical Engineering Zhongping Chen was a guest
speaker at the Department of Radiological Sciences research seminar series at the UCI Medical Center on July 13, 2016. His topic
was “Development of multimodality intravascular imaging system for
cardiovascular and neurovascular imaging.” His presentation reported on the development of integrated multiple modality intravascular
imaging techniques for identification and evaluation of vulnerable
plaques. The integrated imaging modality combines the high-resolution capabilities of optical coherence tomography (OCT), deep penetration depth of intravascular ultrasound (IVUS), and molecular
sensitivity of photoacoustics (PA) and fluorescence imaging to
quantify plaques.
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Presenter at Hawaii Meeting
Allen Sabio, Beckman Laser Institute (BLI) Contracts and Grants
Director, was a presenter at the National Council of University
Research Administrators (NCURA) Region VI/VII/VIII Meeting
held in Maui, Hawaii, on October 1-4, 2016. The topic was
“Managing Large Multi-project Center Awards: Successful
Department Strategies Managing a NIH P41 Center Award.”

Elected Fellow of BMES
Visiting BLI faculty member and Professor of Biomedical
Engineering at UC Riverside, Bahman Anvari, has been elected
a 2016 Fellow of the Biomedical Engineering Society (BMES).
Fellow status is awarded to members who demonstrate exceptional achievements and experience in the field of biomedical
engineering as well as a record of membership and participation
in the society. His research is directed toward development and
application of optical methods for biological measurements,
imaging, and therapy. Specifically, current research areas
include fabrication and application of self-assembled and optically-active nano-materials for imaging and phototherapy of disease, and use of optical trapping methods to study the electromechanical properties of cell membranes.

BLI Director Named Honorable Guest Professor
BLI Director Bruce Tromberg has accepted a post of Honorable
Guest Professor (HGP) of Shizuoka University, Japan.
Recognized for his/her outstanding academic achievements, the
role of an HGP is to enhance an international cooperative relationship in scientific research and education by participating in a
Doctoral course.
Shizuoka University is well known in the field of engineering,
creative innovation and the invention of next generation technology. In 1924, Professor Kenjiro Takayanagi, known as “the father
of Japanese television,” started his research program on an
electronic television system at Hamamatsu Technical College,
now known as Shizuoka University.

Keynote Speaker/Editor of Special Edition of LSM

Art in Science 2016
The annual Art in Science competition sponsored by the UC Irvine
OSA/SPIE student chapter was held
at the Beckman Laser Institute (BLI)
Library on November 17, 2016. The
competition invited all UC Irvine students, postdoctoral researchers and
faculty in all disciplines to present
their work as an elegant form of art
based on a science or engineering
related subject. Two out of 34 total
submissions were from Biomedical
Engineering undergraduate students
Rebecca Rowland and Melissa
Baldado, who work in Dr. Anthony
Durkin’s lab.

BLI Dental Director Petra Wilder-Smith was the keynote speaker
at a symposium honoring the 10th Anniversary of the G. Pulla
Reddy Dental College & Hospital in Kurnoal, India, on
September 22, 2016. Speaking via internet link, Dr. WilderSmith’s topic was “Imaging-based screening and detection of
oral cancer.”
In addition, Dr. Wilder-Smith was the Editor of a special
November edition of Lasers in Surgery and Medicine (LSM) on
lasers in dentistry.
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Michael Ghijsen, B.S.
M.D./Ph.D. student Michael Ghijsen has received the Ruth L. Kirschstein
National Service Award (F30 Research Fellowship Award) from the
National Heart, Lung, and Blood Institute (NHLBI), National Institutes of
Health (NIH) for “Quantitative optical metabolic imaging of peripheral arterial disease.” Under the mentorship of Drs. Bruce Tromberg and Shaista
Malik, the objectives of this proposal are to develop a noncontact optical
imaging system capable of measuring oxygen metabolism in patients with
peripheral artery disease. The techonology will be used to form 2-dimensional maps of structural details while at the same time imaging fast
enough to measure intrinsic physiology related to heartbeat, respiration,
and the endothelial response to various challenges.

Michael W. Berns, Ph.D., and Bernard Choi, Ph.D.
Principal Investigator Michael W. Berns and Co-investigator Bernard Choi
have received a 1-year equipment supplement award from the Air Force
Office of Scientific Research for “Advanced optical technologies for
defense trauma and critical care.” The award will facilitate the continuation
of studies that individually and collectively employ optical based technologies specifically for the purpose of advancing combat casualty care of
wounded warriors. Prof. Choi will be in charge of developing the Laser
Speckle Imaging (LSI) systems for wound assessment and surgical applications.

Petra Wilder-Smith, D.D.S., Ph.D.

HONORS &
AWARDS

BLI Dental Director Petra Wilder-Smith has received a sub-award from a
National Institutes of Health (NIH) grant to Dr. Ron Liang, College of
Optical Sciences, University of Arizona at Tucson, for “A low-cost simple
oral cancer screening device for low-resource settings.” Dr. Wilder-Smith
will help develop and validate a hand-held miniature cell-phone-based
device which will allow for early detection of oral cancer risk and will help
determine any subsequent need for referral and treatment. The device will
be targeted for use by mobile healthcare workers in lower to middle
income countries.
Dr. Wilder-Smith has also received a grant from the dental company,
OraHealth, for “Effects of a test agent on oral biofilm, pH buffering, gingival
health and enamel remineralization.”

Elliot Botvinick, Ph.D.
Associate Professor of Biomedical Engineering Elliot Botvinick (in collaboration with Dr. Greg Weiss, UCI Department of Chemistry) has received a
two-year grant from the JDRF Diabetes Foundation for “Modification of the
human insulin receptor for in vivo monitoring.” In the body, insulin enters
the blood stream and then binds to a special molecule called the insulin
receptor which decorates the outside of many tissues, including muscle,
blood vessels, and fat. Through millions of years of evolution, the insulin
receptor has been optimized to discriminate between insulin and other
molecules in the blood in a way yet to be matched in the laboratory. Drs.
Botvinick and Weiss are using advanced molecular techniques to mutate
the insulin receptor such that it maintains its wonderful function but also
acts like a tiny glow stick whose brightness indicates how much insulin is
in the blood. These modified insulin receptors are placed at the tip of an
optical fiber, no wider than one human hair, and inserted just under the
surface of the skin. In this way, a device is created, similar in looks to a
glucose monitor, which will uniquely inform the patient of the instantaneous
levels of insulin in the body.
8

Hampton Students
at BLI in 2016
Christopher Johnson

(From left to right) Christopher Johnson, Joshua Marriner and Joshua Williams

BLI Partners with HBCUs to give
Students a Summer Research
Experience
The Beckman Laser Institute (BLI) at UC Irvine has been awarded a
3-year UC-HBCU “Pathways to Biophotonics and Biomedical
Engineering (PBBE)” grant by the UC Office of the President. The
award will support 10 undergraduate engineering students from partner
Historically Black Colleges and Universities (HBCUs) each summer for
research beginning in 2017. The grant, a $503,568 award from the
University of California Office of the President (UCOP), will fund
research with faculty mentors within the BLI and the Henry Samueli
School of Engineering. Participating HBCUs include Hampton University
(Norfolk, VA), Albany State University (Albany, GA) and Clark Atlanta
University (Atlanta, GA). Scholars will also participate in many summer
enrichment programs through the UCI Graduate Division to immerse
themselves in the culture of UC Irvine.
PBBE is the result of a collaboration between Hampton University
Professor of Chemical Engineering and Assistant Dean of Engineering
and Technology, Raymond Samuel, M.D., Ph.D. and BLI Director Bruce
Tromberg designed, in part, to develop new Biophotonics technologies
to reduce health care disparities. Dr. Samuel is also the principal investigator of the multi-institutional NIH supported Men’s Minority Health
Initiative, a consortium that can potentially utilize emerging, cost-effective bedside Medical Biophotonic devices developed in the BLI. With
support from Hampton University, UCI’s Henry Samueli School of
Engineering (HSSOE), UCI’s Office of Graduate Studies, and the BLI,
they created training slots for 4 Hampton University undergraduate students to work with BLI and HSSOE mentors during the summers of
2015 and 2016. This successful pilot program provided the foundation
for the newly funded UCOP PBBE. The long term goal is to strengthen
UC graduate programs by building relationships between UC faculty
and HBCUs and encouraging highly qualified African American students to enter STEM (science, technology, engineering and mathematics) doctoral programs within the UC system.

Christopher Johnson, undergraduate electrical engineering student from Hampton
University, joined the Beckman Laser
Institute and the Henry Samueli School of
Engineering this summer to participate in
the UCI Summer Undergraduate Research
Fellowship Program (SURF) and complete
a summer research project. Chris completed a research project with Biomedical
Engineering Prof. David Reinkensmeyer
entitled “Modulating grip force to actuate
the thumb using a thumb exoskeleton.”
Chris is interested in pursuing a Ph.D. in
electrical engineering to explore rehabilitation through robotics.

Joshua Marriner
Sophomore Joshua Marriner conducted a
summer research project in the lab of BLI
Professor Bruce Tromberg and participated
in the UCI SURF program. Josh is a nursing student at Virginia Community College
and came to UCI as a part of the
Hampton-Brandeis Partnership for
Research and Education in Materials
(PREM) program at Hampton University.
His project involved the development of
laser/photonics-based screening diagnostic
devices for the early detection of cardiovascular disease.

Joshua Williams, B.S.
Joshua Williams, a recent summa cum
laude Mathematics and Computer
Sciences graduate of Hampton University,
has joined the BLI team as a post-baccalaureate researcher, working with Drs.
Tromberg and Mihaela Balu. Joshua’s
interests are in developing accessible computer systems to accomplish data analysis
on large and complex health care data
sets. The ultimate goal of his research
focus is to provide user-friendly, physiciansearchable databases to help clinicians
make faster and more informed treatment
decisions for patients, especially in rural or
third world settings. He came to BLI to
broaden his background in clinical translational research practice and data set generation and analysis.
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A Win-Win Program for BLI Researchers and Undergraduate Students
The Undergraduate Research 199
Program is designed to provide students the opportunity to pursue independent research. Students from
Schools of Biological Sciences,
Engineering, Medicine, Physical
Sciences, and Information and
Computer Science work in the BLI
under the direct supervision of professors and receive course credit. The
BLI has participated in and benefited
from this program for nearly 30 years.
Many of our undergraduate students
have launched their post-graduate
careers based, in part, on their 199
training. Here are follow-ups on three
recent exceptional BLI undergraduate
researchers.

Sarah Azer
Sarah was a 199 student in the laboratory of Professor Matthew Brenner,
M.D., and a 2016 magna cum laude
graduate in Biological Sciences from
UCI. Sarah conducted research from
2013-2016 and was involved in several
projects using Diffuse Optical
Spectroscopy (DOS) for non-invasive
physiological monitoring during dehydration and rehydration. She was a
co-author on one peer-reviewed journal article and has prepared a second
article for publication from her work.
She presented a poster summarizing
her work at the 2015 MHSRS (Military
Health System Research Symposium)
meeting and received UCI’s
“Excellence in Research” designation
for her presentation.
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Sarah participated in a diverse collection of activities during her undergraduate years, including UCI’s Coptic
Christian club, volunteer work at St.
Joseph Hospital in Orange, CA, and
homeless outreach program activities
through her church.
After graduating, Sarah entered the
Mayo Medical School in Rochester,
Minnesota, in July 2016. She will reestablish her affiliation with the BLI by
returning to UCI for her Mayo Medical
School Selective Weeks rotation program.

Alex Matlock
Alex was a 199 student in the laboratory of Professor Bruce Tromberg,
Ph.D., and a 2014 summa cum laude
graduate in Biomedical Engineering
from UCI.
Alex worked in the Diffuse Optical
Spectroscopy and Imaging (DOSI) lab
from 2010-2014. His projects included
“Construction of a multichannel, multiwavelength prototype for diffuse optical spectroscopic imaging (DOSI)” as
well as a portable, point-of-care
Frequency Domain Photon Migration
(FDPM) instrument. Immediately after
graduation, Alex worked for one year
as the project manager for a collaboration between Dr. Tromberg’s lab and
the Korean company, LG Electronics.
He is currently in his first year of the
M.S./Ph.D. program in Electrical
Engineering at Boston University
working on developing an advanced
optical microscope for nano-particle
imaging.

Sara Sabokpey
Sara Sabokpey completed her first
undergraduate degree in civil engineering in Iran in the late 1990s and
joined her father in building hospitals
and refugee camps for war victims. To
fulfill her artistic interests, she also
started her own successful fashion
line as an adjunct to her career as a
civil engineer. Social, political and religious persecution in Iran motivated
Sara to immigrate to Canada in 2003,
at the age of 26, where she spent a
year attending fashion school. In 2004
Sara immigrated to the U.S. to be with
her parents and worked for 5 years as
a construction engineer. In 2010, Sara
became a U.S. citizen and she began
to pursue a third career, her lifelong
passion for dentistry.
In 2010, Sara enrolled at UC Irvine to
work on a second undergraduate
degree in Biological Sciences and prepare for Dental school. From 2012 to
2014, she was a 199 student in the lab
of BLI Dental Director Professor Petra
Wilder-Smith, D.D.S., Ph.D. Dr. WilderSmith also hired Sara as a Jr.
Specialist to supervise students and
researchers and oversee multiple projects. Dr. Wilder-Smith says that “she
was an enormous asset to my group.”
After graduating from UCI, Sarah took
a year off to get married and have a
baby.
In September 2016, after a long and
circuitous route, Sara finally realized
her childhood dream: she became a
first year student in the UCLA School
of Dentistry.

4th Annual Short Course in Computational Biophotonics
The 4th Annual National Short
Course in Computational
Biophotonics (SCCB) was held
August 1-5, 2016, at the Beckman
Laser Institute (BLI) and Natural
Sciences II on the UCI campus. A
total of twenty trainees, including five
from industry, two from Korea, two
from Japan and one from Canada,
constituted the most diverse set of
students yet. The range of backgrounds and expertise also produced
the most interesting class to date.

these Short Courses. Over the initial
four years of the five-year NIH grant,
the software team has increasingly
emphasized educational uses of
VTS. These courses have provided a
valuable introduction of the VTS to
external users and are catalyzing the
application of VTS tools to solve
emerging research problems. The
increasing success of the Annual
Short Course is testimony to this
educational mission and the ability to
forge new collaborations.

The trainees attended the morning
lecture sessions and participated in
the afternoon tours of BLI labs. They
also worked in teams of two on the
laboratory exercises that were developed by the Virtual Photonics Team
to reinforce the learning acquired in
the lectures with “hands-on” computation using the Virtual Tissue
Simulator (VTS). This open-source
software platform is in its seventh
year of development by the VP software team consisting of Drs. Carole
Hayakawa and Janaka
Ranasinghesagara, Ms. Lisa
Malenfant and Ms. Jennifer Nguyen,
working under the guidance of VTS
software architect Dr. David Cuccia.
Profs. Vasan Venugopalan and Jerry
Spanier, who co-direct the Virtual
Photonics Technology Core within
the Laser Microbeam and Medical
Program (LAMMP), are also co-PIs
of a National Institutes of Health
(NIH) R25 grant that helps to support

A total of eleven lectures were given
by Profs. Venugopalan, Spanier and
Tromberg, Drs. Rolf Saager, Janaka
Ranasinghesagara, David Cuccia,
Joseph Jing, and Carole Hayakawa.
Their disciplinary backgrounds
encompass physics, mathematics,
mechanical engineering, electrical
engineering, and software engineering. The VTS developers have combined their talents to create a unique
biophotonics computational platform
that is platform-independent, extensible, open source and spans a very
large spectrum of tools.
Day 1 introduced radiative transport
fundamentals, scattering contrast in
cells and tissues, and oriented the
students to the computational
resources within VTS to be used in
the laboratory sessions. A lecture on
optical coherence tomography and
one on modeling focused beam propagation in scattering media complet-

ed the first day’s emphasis on
microscopy. An innovation this year
was to devote Day 2 entirely to
Monte Carlo (MC) methods and
applications. A lecture on Monte
Carlo fundamentals was followed by
one on one applications and extensions that introduced perturbation
and differential Monte Carlo (pMC
and dMC) and effective means to
provide MC simulations in both the
temporal and spatial frequency
domains. A tutorial on how to set up
and execute a Monte Carlo simulation rounded out the Day 2 instruction. Day 3 emphasized optical
dosimetry and recovery of ex-vivo tissue properties, as well as the connection between internal light fields
and optical reflectance and transmittance. These topics provide the basis
of optical diagnosis and imaging.
Concepts were reinforced in the
afternoon laboratory that provided
trainees the opportunity to perform
reflectance and transmission measurements on tissue phantoms using
an integrating sphere set-up and processing the data using computational
biophotonics algorithms. The theme
of Day 4 was diffuse optics and the
recovery of tissue optical properties
using spatially-resolved and spatial
frequency domain methods. Day 5
considered time-resolved and temporal frequency domain approaches
used in diffuse optics.
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Visiting Researcher

Tomas Strömberg, Ph.D.
Implications for Human Health
Dr. Strömberg specializes in the development of new technologies to
image vascular function in the microcirculation. Microcirculation and
vascular function are altered in a number of disease states, particularly diabetes and peripheral vascular disease, in which arteries do
not deliver enough oxygenated blood to the legs and feet. He is particularly interested in the BLI technologies spatial frequency domain
imaging (SFDI) and diffuse optical spectroscopic imaging (DOSI) and
their potential to help physicians better recognize, understand and
direct earlier, more effective treatment of these diseases.
Strömberg’s research group at LiU is using point sensors and imaging cameras for measuring tissue composition using broadband
reflectance spectroscopies. They are also measuring blood flow in
the microcirculation using laser doppler flowmetry (LDF) and laser
speckle imaging (LSI). They have developed a system to integrate
reflectance spectroscopy and LDF into a wearable fiberoptic probe
and identify parameters in a realistic individualized multilayer skin tissue model using Monte Carlo simulations of light transport. The system is now commercially available from Perimed AB, Järfälla,
Sweden, for research use.

Tomas Strömberg, Ph.D., with support
from the Fulbright Swedish Visiting Research
Scholar Foundation, the European
Commission, and Sweden’s innovation agency
(VINNOVA) as a Marie Curie and VINNOVA
Fellow (VINNMER), is spending a one-year
sabbatical at the Beckman Laser Institute and
Medical Clinic (BLI). Dr. Strömberg is Vice
Head of the Department of Biomedical
Engineering at Linköping University (LiU),
Sweden, and a pioneer in Laser Doppler flowmetry and model-based approaches for measuring blood flow and metabolism in the
microcirculation. During his time in Irvine, Dr.
Strömberg is building research collaborations
with several BLI faculty, staff, and students in
areas of technology development, tissue
optics, and translational research.
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Prof. Strömberg is working with LiU and BLI collaborators to build an
SFDI system that can be integrated with LSI, including his latest project in hardware development for an LSI image processing chip with
improved performance. He is studying muscle and skin metabolism
as well as validating the LiU wearable fiberoptic probe technology
using optical tissue phantoms made at BLI. During October, several
colleagues from LiU visited BLI to participate in collaborative experiments.

Why BLI and UC Irvine are Ideal for a Sabbatical
BLI is “the top place to be for a sabbatical,” Prof. Strömberg said,
“because of the high-level research performed here and also for the
magnitude of people doing bio-optical research. One thing I have
been impressed by is the integration of students into the research
groups. I think it is favorable for students to be able to participate in
research projects at a fairly early stage which also is a benefit for the
researchers who are able to get more work done.”
Part of Prof. Strömberg’s family has accompanied him to Irvine. His
wife, Anna Strömberg, Professor in Nursing from LiU, is a visiting
professor in the program of Nursing Science at UCI. Their youngest
son, Jonatan, is a 7th grader at Rancho San Joaquin Middle School.
Their two older sons are studying and working in Sweden. During
their leisure time, the Strömberg family attends the UC Irvine
Anteaters men’s basketball games, often with Prof. Tromberg and his
family. Jonatan plays basketball in a SoCal Elite team while Tomas
enjoys working out with kettlebells at the Anteater Recreation Center.
Enamored with Texas BBQ, they also appreciate the outdoor activities Southern California has to offer, including the beaches, bodysurfing or just relaxing in the sun.

Arrivals
Myung-Chul Chang, M.D., Ph.D.
Dr. Myung-Chul Chang is a breast surgeon, faculty member of
the Department of Surgery, and Director of the Breast and
Thyroid Cancer Center at Dankook University Hospital, South
Korea. Dr. Chang will be working on the DOSI cancer project
with Drs. Bruce Tromberg and Anais Leproux during his one
year sabbatical at BLI. Dr. Chang is interested in new technologies to detect and differentiate cancer cells before or during
surgery.

FOUNDER’S COLUMN

Keiichiro Kagawa, Ph.D.
Dr. Keiichiro Kagawa is an Associate Professor at the
Research Institute of Electronics, Shizuoka University, Japan.
With research interests in ultra-high-sensitivity multi-aperture
cameras, computational imaging, and time-resolved biomedical imaging, he will be working as a Visiting Professor in the
LAMMP program on biomedical applications of time domain
imaging.

Bongkyun Kim, Ph.D.
Bongkyun Kim is a Visiting Researcher from BLI Korea,
Dankook University, Cheonan, South Korea. He will be at BLI
for one year working with Dr. Bernard Choi on development of
a faster, more quantitative laser speckle imaging system.

Seongheon Lee, M.D., Ph.D.
Dr. Seongheon Lee is a Clinical Assistant Professor at the
Department of Anesthesiology and Pain Medicine, Chonnam
National University Hospital, Gwangju, South Korea. He will
be working with Dr. Matthew Brenner to learn BLI technologies and to understand how they can potentially be useful in
the practice of clinical anesthesia.

Inga Saknite, Ph.D.
Inga Saknite is a Fulbright scholar from the Biophotonics
Laboratory, Institute of Atomic Physics and Spectroscopy,
University of Latvia. She will be here for 5 months working
with Drs. Mihaela Balu and Bruce Tromberg as a Visiting
Assistant Project Scientist in the Nonlinear Optical Microscopy
Lab on developing and advancing multiphoton microscopy for
early and accurate diagnosis of skin melanoma.

Departures
Stephen Siegel
Director of Development Stephen Siegel has accepted a
position as Executive Director of Individual Giving at UC
Riverside.

Ylenia Santoro, Ph.D.
Ylenia Santoro has accepted a position with Masimo,
Inc. in Irvine, CA, to work on diffuse optics as an algorithm engineer.

Remembrance of
Things Past and Present
It’s a funny feeling when one of your former students
drops in to say “hello” and at the same time, he mentions, “I’m retired.” I don’t quite know if I feel older or
younger. Older, I suppose, when I realize that the student, Bill Wright, was my first engineering graduate student to earn his Ph.D. at the Beckman Laser Institute
from 1988-1993. Younger, I suppose, when I realize that
the work Bill did his thesis on, Optical Tweezers, started
the BLI and my own research in an entirely new direction that is still today a major focus and engenders the
same excitement that it did back when Bill built the first
optical trap at the BLI.
It’s an interesting story. Arthur Ashkin, the accepted
“Father” of optical trapping of biological objects had
published a paper in Science on this subject. As a result
of reading that paper, I invited Dr. Ashkin to give a seminar at the BLI. We were so intrigued by the ability to use
light to trap and move a microscopic object that I challenged Bill to see how soon he could build one in our
own lab. The next morning, he proudly showed me the
efforts of his long night’s work: an optical trap using a
frequency-doubled (green), continuous wave Nd:Yag
laser. And so began our many studies both perfecting
and using the optical trap “tweezers” to move whole
cells and move their chromosomes around to study the
forces involved in cell division as well as many other cell
manipulations. Eventually, the optical trap was combined with the laser nanoscissors, and the first U.S. patent was issued for this trap/scissors method in 2016.
It was indeed a pleasure to have him drop in recently as
it reminded me of the influence he has had on my
research, the BLI, and the field of optical manipulation
in general.
Michael W. Berns, Ph.D.
Arnold and Mabel Beckman Professor
Co-Founder, Beckman Laser Institute
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Visit BLI’s online database of publications at http://pubs.bli.uci.edu/

Predicting responses to neoadjuvant chemotherapy in breast cancer:
ACRIN 6691 trial of diffuse optical spectroscopic imaging (DOSI)
by B. J. Tromberg, Z. Zhang, A. Leproux, T. D. O’Sullivan, A. E. Cerussi, P.
Carpenter, R. S. Mehta, D. Roblyer, W. Yang, K. D. Paulsen, B. W. Pogue, S.
Jiang, P. Kaufman, A. G. Yodh, S. H. Chung, M. Schnall, B. S. Snyder, N.
Hylton, D. A. Boas, S. A. Carp, S. J. Isakoff and D. Mankoff
Cancer Research 76: 5933-5944, 2016
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The Beckman Laser
Institute & Medical Clinic
can pursue these important endeavors thanks, in
part, to the generous contributions of individuals
who are inspired by our
research. Make your gift
today by clicking the
“donations” link on our
website: www.bli.uci.edu.
Or, to learn about other
ways to give including how
you can include BLI in
your estate plans, contact
Erin Miller at
ewmiller@uci.edu or
949-824-8859.

The prospective multi-center ACRIN 6691 trial was designed to evaluate whether
changes from baseline to mid-therapy in a Diffuse Optical Spectroscopic Imaging
(DOSI)-derived imaging endpoint, the Tissue Optical Index (TOI), can predict pathologic complete response in women undergoing breast cancer neoadjuvant chemotherapy (NAC). DOSI instruments were constructed at the University of California,
Irvine, and delivered to 6 institutions where 60 subjects with newly-diagnosed breast
tumors (at least 2 cm in the longest dimension) were enrolled over a 2-year period.
Bedside DOSI images of the tissue concentrations of deoxy-hemoglobin, oxy-hemoglobin, water, lipid, and TOI were acquired on both breasts up to 4 times during NAC
treatment: baseline, one-week, mid-point, and completion.
It was concluded that the combination of baseline functional properties and dynamic
optical response shows promise for clinical outcome prediction.
This clinical trial is registered with www.clinicaltrials.gov (NCT 01257932).
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