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I would like to express
my sincerest gratitude for
receiving the AnGes Inc.
Travel Grant to attend the
annual meetings of JSGCT
in both 2017 and 2019. I am
truly honored to receive
these awards. As a physician-
scientist in training, it was

an amazing opportunity to see the cutting-edge
advances being made in the fields of gene and cell
therapy, and I greatly appreciated the focus on
clinical translation.

My scientific journey began during my
undergraduate studies in neuroscience and
psychology at the University of Rochester. I
was working in the lab of Dr. Daphne Bavelier
to develop a system for activating latent visual
plasticity in patients with amblyopia, or ‘lazy
eye,” even though amblyopia was believed to
be untreatable after a critical period of visual
development. I thus developed a passion for
addressing other “untreatable” diseases. Early
in my graduate education, I began to realize the
promise of gene therapy to address so many
diseases that currently have no treatment. I
decided to join the Hiroyuki Nakai lab to address
one of the key barriers to advancing gene therapy
- development of optimized gene delivery vectors.

Towards clinically-relevant AAV vectors for
gene therapy of the central nervous system
Historically, neurological diseases have been
difficult to treat, but the advent of clinical gene
therapy promises to revolutionize this field
of medicine. We have already witnessed the
bench-to-bedside translation of onasemnogene
abeparvovec (Zolgensma), a systemically-delivered
AAV9-based gene replacement therapy for the
treatment of spinal muscular atrophy. While
exciting, there remain multiple challenges to
future applications of systemically delivered AAV
vectors for central nervous system (CNS) gene
therapy. First, dissemination of AAV9 to the liver



induces an immune response and potentially dose-
limiting hepatotoxicity. Biodistribution to the
liver also decreases bioavailability of the AAV
vector to the CNS. Second, although systemically-
delivered AAV9 efficiently transduces the spinal
cord, transduction efficiency in the brain remains
relatively modest with a bias towards astrocytes.
Thus, there is a clear need for improved AAV
vectors that overcome these obstacles.

In order to overcome these obstacles, the Nakai
lab has invented novel technologies that allow us
to better understand and develop next-generation
AAYV vectors. The first of these technologies is
AAV DNA/RNA Barcode-seq, which allows us to
compare hundreds of different AAV capsids side-
by-side in a single animal. Dr. Kei Adachi utilized
this technology to identify a point mutation
(N272A) on the AAV9 capsid that conferred a
robust liver-detargeting phenotype. In 2017, 1
presented his work demonstrating that this point
mutation could be grafted onto the AAV-PHP.
B capsid to generate a novel capsid capable of
highly efficient brain transduction with drastically
reduced liver transduction. Unfortunately, it
later became clear that the mechanism by which
AAV-PHPB confers enhanced brain transduction
following systemic administration would not
translate to the primate context. In order to
identify clinically-relevant AAV variants that
are capable of transducing the primate brain, we
developed the transcription-dependent directed
evolution (TRADE) system. This system allows
us to screen large libraries of AAV variants for
the ability to achieve vector-mediated cell-type
specific expression of mRNA. In 2019, I presented
our application of the TRADE system utilizing
a peptide display library based on the AAVO9-
N272A capsid and biopanned for transduction in
brain neurons, which led to identification of the
novel capsid AAV9-N272A-HN1. Our current
data demonstrate that this capsid is capable of
enhanced brain neuronal transduction in both
mouse and non-human primate while detargeting
the liver.

Thus, our work advances the rapidly evolving
field of AAV capsid engineering and moves us
ever closer to a future of gene therapy for diseases
of the CNS.
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Hiroyuki (Hiro)Miyoshi (1963 - 2019)

My first memory of Hiroyuki Miyoshi, who everyone
called Hiro, was in the soft-ball field at the neighboring
UC San Diego. Short in stature, standing quite deep in the
field, he ran from one end of the field to the other catching
the well-hit fly ball. A little later, he ran forward, dove and
caught the ball, just inches from the ground. He went on
to hit the ball with his full might and scored the highest
number of runs, all effortlessly. I knew we had a star
amongst us.

One of the first major achievement of Hiro was to
generate Self-inactivating Lentiviral vectors, a very
important step in making safe delivery vehicles. After all
the vectors were based on AIDS virus, the mere name
evoked fears.

Next, Hiro wanted to undertake a difficult scientific
problem of trying to introduce foreign genes in pluripotent
hematopoietic cells by Lentiviral vectors, without
conditioning ,which limited the transduction of stem cells
by retroviral vectors. Hiro's working hypothesis was that
since Retroviral vectors can't transduce non-dividing cells,
in contrast to Lentiviral vectors, one should not need to
use factors required for cells to divide. He learnt the basic
technology of bone marrow transplantation, complicated
assays to identify various blood cell types and intricacies
of ideal conditions for Lentiviral transductions. Realizing
the importance of extending his work in mouse models
to human hematopoietic stem cells, he set-up an alliance
with Bruce Torbett at Scripps Research institute to use

immunocompromised mice. This was a master stroke,
because in a short time he was able to show very efficient
introduction of genes and their sustained expression in
human hematopoietic stem cells. This landmark paper
published in 1999 in Science, has become the basis of
numerous clinical trials, including the CAR-T technology.
Few patients will ever realize the real genius behind the
development of this technology.

Hiro was always upbeat and cheerful. He worked hard
but also enjoyed the life in California. He knew to mix work
with fun. He was one of the most liked colleagues and was
always willing to help.

After he left my laboratory, he went to Riken BRC
in Japan and later moved to Keio University School of
Medicine. His many contributions include, Development of
various reporter vectors for bio-imaging using lentiviral
vectors, development and spread of basic reagents of
lentiviral vectors, application of lentiviral vector in the
generation of transgenic non-human primates and stem cell
gene therapy. More recently at Keio University his efforts
were directed towards stem cell gene therapy for the
deadly brain tumors.

Hiro's untimely death has taken away and outstanding
scientist from our midst. We have lost a friend and a
wonderful human being.

I will sorely miss his smile, optimism and passion for
sports and science.

Let everyone gather
With no heartaches or tears.

Let the bright memories flow
From all the past years.
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