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Changing our approach
elcome to a new edition of HD Insights. These are
interesting times. As I write this, I am conscious that
many of us are personally affected by the coronavirus,
and the impacts on travel, research, and clinical burden.
Perhaps it is ironic that this edition, in part, focuses on a
virus—one that is harnessed for a new treatment in HD.
One of the joys of being a clinician scientist is to be on the front lines of
investigating new therapeutic options for patients. Already, many of us have
administered monoclonal antibodies and intrathecal medications, but now we in
the HD world enter a new therapeutic world: genetic treatments administered
intracerebrally via viral vectors.
The potential implications of this treatment for our patients and our clinical
practice are vast. In this edition we explore various perspectives on AAV treatments
from: a neurologist who works in basic science, a neurosurgeon who administers these
treatments, a clinical coordinator who must take the journey with patients through
the clinical trials, and a clinician scientist who consider the AAV vector as a potential
treatment, and leads the uniQure trial. I am indebted to Drs. McFarland, Larson and
Reilmann, and to Danielle Buchanan for taking time out of their hectic schedules
and writing such informative articles. I think you will find these perspectives really
useful as you consider this new approach.
Also, we are excited to do a piece on Jack Griffin, who many of you know. Jack
has individually encouraged many clinicians, social workers, and HD centers in
getting much needed funding to folks that are trying to expand care. I think you
will also enjoy the uplifting story of Lysle Turner.
As always, thank you for your encouragement and kind words regarding HD
Insights. Our podcast continues to be a great success, as does our periodical.
In these trying times that may be isolating to some, I hope you will be encouraged
as we press on in our care for HD.
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2,300
total downloads

of the first nine HD Insights
podcast episodes so far

HD COMMUNITY

Great response to the
HD Insights podcast

KEVIN GREGORY

Kevin Gregory is Director of
Education, Communication &
Outreach at the Huntington
Study Group.

BY KEVIN GREGORY

W

hen I first suggested the idea of
a podcast to Dr. Daniel Claassen
in June 2019, it was not with the
intention to supplant Oprah as the
most listened to podcast in the

world. And spoiler alert: Oprah’s numbers are still safe.
Instead, my hope was that we could use the medium to
get bring more stories, more awareness, more… well,
more insights on Huntington disease and HD research.

Don’t have a mobile device for podcasts? No problem.
Users can also play any of the episodes on their computer
from the following URL:
https://huntingtonstudygroup.org/hd-insights-podcast
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Although we may still be looking
up at the Oprah-level stratosphere of
metrics used to measure podcasts,
the audience that the HD Insights
Podcast has pulled in since its
September launch has been inspiring.
This is especially so, considering
that podcasts are classified by their
general focus and scope, and the HD
Insights Podcast occupies a niche
classification within the “Science”
channel category of Apple podcasts.
To date, our venture into the pod
universe has resulted in over 2,300
downloads of the first nine episodes!
And while United States listeners
make up just over 70 percent of the
audience, we also have listeners from
32 other countries.
Apple charts popularity of podcasts

by daily downloads by category and
country. In the Science channel
category, HD Insights Podcast has
appeared in the Top 100 in the U.S.
four times. We’ve made it as high as
67th in Switzerland, 51st in Germany,
44th in the Netherlands, 21st in
Belgium, and 8th in Thailand.
As of this writing, we had just
completed recording Episode 10 of
the HD Insights Podcast. Here is a
quick rundown of the episodes so far.
Interested listeners can find the
HD Insights Podcast on Apple or
Google Podcasts — where they can
download, subscribe, rate and review
episodes. Listeners that subscribe to
the podcast series automatically get
the latest episodes downloaded to the
device they used to subscribe.

SIX
Dr. Carolyn Gray
11/19/19

EPI SO D ES T O D AT E

ONE
Dr. Daniel Claassen
9/10/19

TWO
Dr. Joseph Higgins
9/24/19

THREE
Dr. Vicki Wheelock
10/8/19

FOUR
Dr. Victor Sung
10/22/19

FIVE
Dr. Martha Nance
11/5/19

Dr. Daniel Claassen talks about his role as
Director of the HD Center of Excellence
at Vanderbilt University, and shares more
about the current and future state of care
in HD. He also shares his interesting
journey from music into neurology and HD.

Over the past summer, uniQure announced
that enrollment in the first clinical trial
for AMT-130 was starting. We spoke
with Dr. Higgins about the development
effort around this novel treatment for
Huntington disease, the reaction from
the HD community, and his early career
experiences in clinical research.

Dr. Vicki Wheelock, Director of the UC
Davis HDSA Center of Excellence, and
long-time Huntington Study Group
member, joins us to talk about her
involvement in the Huntington disease
community. Her research work includes
clinical trials at UC Davis, working closely
with advocacy groups in the greater
Sacramento and Northern California area,
engaging with families and youth impacted
by HD, and helping spread clinical
knowledge about HD beyond our borders.

SEVEN
Gene Veritas
(aka Ken Serbin)
12/4/19

EIGHT
Catherine
“Cat” Martin
12/16/19

NINE
Dr. Andrew Feigin
2/10/20

Dr. Sung is the Director of the Huntington
disease Clinic at the University of
Alabama at Birmingham. Dr. Sung
shares his thoughts on the evolution of
HD treatments, his experiences working
with HD patients, and his enthusiasm
about the future potential for treatments
currently in development.

Dr. Nance covers a wide range of topics
about the impact of HD on youth, and
provides some valuable insights on genetic
testing. Dr. Nance has some great stories
to share, and this was a must-listen to kick
off HSG 2019 week in Sacramento, as she
serves as the chair of the Huntington Study
Group’s Family Education Committee.

TEN
Dr. Lori Quinn
and Dr. Nora Fritz
2/24/20

In this episode, we talk about the role of
the clinical coordinator in a research trial,
typically the person a trial participant has
the most direct contact with throughout
a study. Carolyn shares her experiences
working on clinical drug studies, the efforts
and responsibilities of the coordinator, and
what participants can expect during their
trial visits to the research center.

You probably know him better by his
blogger name Gene Veritas, of the popular
Cure HD blog. HD Insights Podcast was
thrilled to sit down in person with Ken
Serbin. We asked Ken about his journey,
including the genesis of both the blog
and the Gene Veritas pseudonym. He
also shared with us why he started out
under that name and how he ultimately
came to the decision to reveal his true
identity.

Catherine (Cat) Martin is Executive
Director of the Huntington disease Youth
Organization (HDYO). Cat shares some
fascinating insights on how her hometown
came together for her family and other HD
families, why it is important for caregivers
to make time for themselves, and how
the global view about how to talk to youth
about HD has changed in the past decade.

Dr. Andrew Feigin, Chair of the Huntington
Study Group, joined us to usher in 2020
and a new year of HD Insights Podcasts.
In this episode, Dr. Feigin shares what
his experience was like on the Venezuela
Collaborative Research Group, which
isolated the HD gene 25 years ago, his
tenure at North Shore University Hospital
on Long Island setting up a Huntington
disease clinic, and current initiatives he’s
leading with the Huntington Study Group.
We also get an update on the SIGNAL
trial from Dr. Feigin, who serves as the
Principal Investigator on that trial.

Physical therapy (PT) is a critical
component of quality patient care for those
with HD. Dr. Lori Quinn and Dr. Nora Fritz
joined the podcast to discuss their team’s
research that led to the recent publication
of clinical guidelines for the use of physical
therapy with HD patients, along with
the broader impact and considerations
for incorporating physical therapy into a
patient’s and caregiver’s routine.
S P R I N G 2 0 2 0 / . 05
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An HD hero calls for eyes on
the patient care homefront
HD Insights celebrates
Jack Griffin’s hands-on leadership.

J

ack Griffin shares the high enthusiasm for the current HD
research horizon, as he watches the surge in therapies that
may slow or arrest the disease process, and enable us to
envision a cure at last. Yet Jack, eight years the caregiver for
his wife with HD, keeps his sights trained on the home front
of patient care. Through difficult firsthand experience, he learned all too
well about the yawning care gap that exists outside the clinic.

Jack has focused on addressing these deficits in “informal care” by supporting HD groups that
provide the after-clinic care needed by HD patients and families here in the USA. He believes
the availability of this care will be the magnet needed to reach the estimated 70 percent of HD
sufferers who are “invisible”— not identified or receiving care. Lacking hope, many of these
people simply choose to remain in the shadows. “Data shows when you reach one young adult in
an HD family you can likely reach the extended family,” Jack explains.
He was no stranger to philanthropic projects before his wife Nancy’s diagnosis. He had already
been instrumental in providing housing and better schools for the some of the neediest who live
in the midst of underserved communities. Through his career in real estate development and
multiple nonprofit projects, he learned what it takes to galvanize people and resources to change
living conditions and lives. To this day, the D.C. inner city is dotted with buildings that have been
built or converted to charitable use thanks to Jack’s work.
After Nancy’s diagnosis with HD, Jack applied his expertise to support needed education,
care and outreach to the HD community. When others have said “It can’t be done,” he has
found a way to make it happen. He has provided seed money, advised on project management,
and found ways to get the needed pro bono work to turn many “impossible” tasks into
accomplished realities.
BJ Viau, founder and chairman of the board at HDYO, captures the opinion of many when
he says, “Jack is someone we should all hope to be one day! His generosity and strategic
involvement in both the HD space and beyond has positively changed the lives of people
around the world and will continue to make an impact for many years to come.”

Data shows when you reach one young
adult in an HD family you can likely
reach the extended family.”
JACK GRIFFIN
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JA C K G R IF F IN
----------------------

Jack enjoys seeing the world via long
distance mountain treks, on- and off-road
biking trips, bare boat sailing, and scuba
diving. He enjoyed tennis for years but says
complaining joints sent him to the golf links
instead. While he refers to himself as “a
terminal intermediate,” he plays frequently
in Bethesda, MD, Naples, FL, and Rehoboth
Beach, DE.
Jack and Nancy have three children, with
“wonderful” spouses, and six grandchildren.
Martin is a real estate professional in
Bethesda, Sean works for the National
Oceanic and Atmospheric Administration
in Puerto Rico, and Beth Ann is a
biostatistician in Brussels, Belgium.

A CAREER OF BUILDING

---------------------After graduating from Georgetown in business administration in 1962, Jack served as a
lieutenant in the U.S. Army, stationed in Germany. He returned to the U.S. to enter the real
estate business, starting with the NY Central Railroad, then joining General Motors. He then
worked for a small D.C. commercial developer, providing a foundation for his next move. In 1980,
he partnered with a colleague in launching a development company, Mulligan/Griffin Associates,
Inc., which focused on building facilities for large high-tech firms. In 1998, his company merged
into a top real estate investment trust, Boston Properties.
At 58, Jack began to put his financial resources and his experience in real estate development
to work for others less fortunate. Taking early retirement, he created the Griffin Foundation (GF),
which became his new career.
This led to 22 years of providing leadership and seed money to nonprofits in the D.C. area. His
work began by developing the first single room occupancy (SOR) facility through an organization
called SOME (So Others Might Eat). This was the first such facility to provide permanent housing
for homeless people in Washington D.C. SOME has continued to develop multiple SORs and lowincome housing for the homeless, seniors and other in need.
He then helped grow Victory Housing Inc., owned by the Archdiocese of Washington, D.C.,
into an important assisted living and low-cost independent housing provider for seniors.
At that point, his mission turned to addressing the financial difficulties preying on inner city
K12- education in D.C. Jack provided partial funding and leadership to help keep 14 inner city
schools open. In an effort to save seven of these schools that were facing imminent closure, he
led their conversion to public charter schools. Today, they operate as top-tier performers.
In recent years, Jack has continued to use his leadership and foundation resources to
address a broad spectrum of needs, such as projects undertaken by the Catholic Relief
Services and other Catholic charities, reading programs, hurricane and earthquake relief
efforts in Puerto Rico.

JACK AND NANCY
Jack’s focus on Huntington disease began
after his wife Nancy’s diagnosis in 2012,
which suddenly explained eight years of
behavioral changes he had observed.

PHILANTHOPY HIGHLIGHTS:
Griffin Foundation
Has provided leadership and seed
money for nonprofits in the Washington,
D.C. area for 22 years.
Victory Housing, Inc.
Helped to grow it into an assisted living
and low-cost independent housing
provider for seniors.
Relief Efforts
Helped with projects including Catholic
Relief Services and hurricane and
earthquake relief efforts in Puerto Rico.
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HD Hero (continued)
DEVASTATING NEWS LEADS TO HD ADVOCACY

---------------------Jack’s focus on Huntington’s began after Nancy’s unexpected diagnosis in 2012, which
suddenly explained eight years of behavioral changes he had observed. He encountered
another unpleasant surprise as he tried to navigate the landscape of HD care beyond the
clinic. It became clear to Jack that the smattering of quality HD clinics across the country
were a few pockets of gold amid a wasteland of care resources.
Jack refocused the Griffin Foundation on the simply stated purpose of “Expanding care and
outreach to HD patients and families.” Through the foundation, he has served as a strategic
organizer and provider of seed money and other support for projects at HDSA, HDBuzz, HSG,
HDYO, HDCERC at MedStar /Georgetown, HDReach, Help4HD International, Vanderbilt HD
Center and HD Puerto Rico.
One of his first projects was to help expand the training and education needed by medical
professionals and social workers. When Dr. Lavonne Goodman, a volunteer with the Huntington
Study Group (HSG), asked for help in raising funds for the first continuing medical education
(CME) training, Jack answered the call.
This CME program has expanded and continues to grow the number of doctors, nurses and
social workers who are trained to care for HD patients and families. Due to its success, several
pharmaceutical companies now fund this needed program.

REFOCUSING EFFORTS
Jack refocused the Griffin Foundation to
expand care and outreach to HD patients
and families following Nancy’s diagnosis.

THE HUNTINGTON DISEASE CARE IMPROVEMENT PLAN (HDCIP)
----------------------

In 2017, Jack joined forces with HSG to
commission a formal study by Price Waterhouse
Coopers (PwC) to evaluate the state of HD care
here in the USA and develop a plan for improving
the care landscape. This study would give birth
to the HD Care Improvement Project (HDCIP).
PwC conducted a survey of 860 patients and
caregivers to identify the deficits in care, leading
to the release of new recommendations for
care improvements. They also studied the HD
organizations to identify the legal and logistical
barriers that kept resources from flowing into HD
community care. Their study report, published
in 2017, pinpointed the characteristics of the
disease that set it apart from others, both in
terms of care needed and unique difficulties
in securing needed funding.
PwC’s report included recommendations
for moving HD care forward, founded on three
initiatives: 1) a patient engagement and health
promotion platform, 2) a translational research
consortium and 3) an integrated community
care pilot.
While the plan was met with interest from HD
organizations and providers, today it remains
aspirational. For all its devoted constituents,
Jack explains that the HD community lacks
leadership and resources that can be dedicated
solely to executing the HDCIP recommendations.
“HD organizations — for the most part —
are small. They are not funded by the hundred
million-dollar campaigns that you see in cystic
fibrosis or Parkinson disease that address both
care and a cure,” Jack explains.
. 08 / H D I N S I G H T S

Grass roots fundraising for HD is confounded
by a unique set of challenges: onset is usually
in midlife, multiple family members may have
symptoms, and family support may have eroded
due to misunderstood behavioral changes
and the intense patient care demands. Plus,
the family’s personal finances may have been
decimated by the cost of care and loss of
employment opportunities.
These factors make it difficult to spread
awareness, provide training, and marshal the
care provider teams needed by patients and
their families.
Friend and HD colleague Mary Edmonson,
M.D., whose family is in their third generation of
HD-affected family members, reflects on Jack’s
passion for filling this need:
“I met Jack when I was invited to advise the
Georgetown program at its inception about ten
years ago. We had a spirited discussion about
how to keep innovative HD programs sustainable
and how to engage vulnerable HD families
beyond the D.C. area. We have debated ideas
about what care in the community could look
like, now and on the day treatment advances will
bring HD families out of hiding to receive care
— from an unprepared healthcare workforce.
Jack understands that for patients to
receive good care, there has to be a welltrained network of providers to create a local,
strong HD workforce. When we decided to
create a basic curriculum for HD providers,
he supported the CME4HD program at its
inception and at every step since.”

KEY STATEMENTS FROM THE
REPORT CONFIRM THE NEEDS
AND CALL FOR ACTION:
“The HD community is fragmented. We
need a coordinated, collaborative effort among
stakeholders to improve care for patients.”
“There is need for more support for HD
patients and families.”
“People desire more credible, accessible
information. Improving online resources can
help fill information gaps.”
“Increased HD specialty training is
associated with higher satisfaction with care.”
“Improving resources available to patients
and families should be a goal for HD
organizations, along with measurement of
patient outcomes.”

BOOSTING FUNDING FOR HD
----------------------

While he understands the primary focus
on research on a cure, Jack reminds the
community not to lose sight of the need to make
the day-to-day reality for people living with HD
more palatable. “There are a lot of ongoing
casualties while HD devotes most of its funding
to just finding the cure,” Jack says. “Given
the treatments currently available and the
knowledge we have about caring for patients,
we should be able to achieve a reasonable and
meaningful quality of life today
for both patients and their families.”
Jack cites an echoing message from
Dr. Martha Nance, Chair of the HSG Family
Education Committee and Director of the
HDSA Center of Excellence at Hennepin
County Medical Center. “Until we find a

cure for Huntington disease, the primary
goal is to optimize function and quality of
life for our patients.”
He maintains hope that future funding will
enable leaders to pick up the threads of the
HDCIP and move the plan into action. The
new treatments coming online will create an
expanded demand for services. More of the
“hidden” 70 percent with HD need to be
identified and come forward as candidates
for these treatments.
Adequate funding will be critical to meet this
expanding need. Jack sees a win-win for the
community HD and for the pharmaceuticals
if these companies expand their funding to
support more HD clinics, social workers, and
other care outreach.

More of the “hidden”

70%

with Huntingon’s disease
need to be identified
and come forward as
candidates for new
treatments

INSPIRATION IS A TWO-WAY STREET

---------------------Today, Jack continues to lead the Griffin Foundation and to provide the daily care for
Nancy, who he says is now benefitting from treatment with Austedo. Between her medication
and excellent home care providers who work with Jack on how to respond to changes in
symptoms and behaviors, home life has improved. “We are able to spend better quality time
with our children, grandchildren and friends than before,” he says.
He is grateful to many who have walked the journey with him. “I may have found my way of
giving to the HD community, but I don’t know where I would be without the support it has given
me as well. For example, if it had not been for Dr. Karen Anderson taking my phone calls some
nights and on weekends in the early days after diagnosis, I am not sure how things would have
evolved. But to my point about the unmet funding needs, when I asked her why she was taking
my calls, she said it was because she did not have the funding to pay for a social worker.”
Our thanks go out to you, Jack, for decades of unrelenting work to improve the lives of people
who haven’t had a place to live, good schools or good care. Thank you, too, for reminding us that
as we look ahead at new and promising research, we keep one eye on the here-and-now needs of
HD patients. They deserve a reasonable and meaningful quality of life, and your work is making
that possible for more individuals than ever before.

I may have found
my way of giving to
the HD community, but I
don’t know where I would
be without the support it
has given me as well.”
JACK GRIFFIN

A novel approach to
Huntington’s disease
Committed to listening, learning, and partnering
with the Huntington’s disease community

wavelifesciences.com
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profiles

BY LISE MUNSIE, PH.D.

Dr. Munsie is Senior Development Manager and Project Leader,
Pluripotent Stem Cell Therapies at CCRM, a Canadian, not-forprofit group that is focused on developing and commercializing
regenerative medicine, cell and gene therapy technologies.

2

DELIVERYING THERAPY
For constitutive gene therapies, viral
delivery and genomic integration for
the therapy is required.

Studies on Neural
Consequences of HD

1

Silencing huntingtin (Htt) is currently the most promising
therapy for Huntington disease (HD) with two phase I/II
clinical trials underway. The method used in these clinical
trials for silencing Htt in vivo is transient anti-sense
oligonucleotides (ASOs) which need to be consistently
re-delivered. For constitutive gene therapies, viral delivery
and genomic integration of the therapy is required. The
efficacy and safety of this approach is currently being
evaluated as a strategy for single dose, long term-HD
treatment by HD laboratories globally.
AAV5 delivery of microRNA to knockdown Htt (AAVmiHTT) was evaluated for efficacy in neurons and astrocytes
differentiated from HD patient-induced pluripotent stem
cells (iPSC).1 In this model AAV5-miHTT successfully transduced and knocked down Htt in both
neural cell types. Significantly, this model showed no off-target passenger strand activity, an
important safety consideration for moving this delivery method into the clinic.
Caron et al., from the Hayden lab, tested AAV5-miHTT in a humanized HD mouse model.2 This
study demonstrated that a single administration of AAV5-miHTT could sustain Htt knockdown for at
least seven months in vivo. This therapy is not allele-specific, and this paper specifically investigated
the effects of pan-Htt knockdown by investigating the effects in a humanized wildtype model.
This treatment was effective in treating motor and cognitive phenotypes in the mutant Htt model,
however there were still motor effects in the wildtype model, indicating that sustained knockdown of wildtype Htt will not be completely tolerated, as was long hypothesized.
Finally, in the Htt knockdown space, the Olajincaz lab produced an RNAi that is potentially
effective at knocking down pathogenic proteins in several PolyQ disorders. The group tested
short hairpin RNA (shRNA) targeting expanded CAG tracts in fibroblast cells derived from HD,
spinocerebellar ataxia 3 and 7, and dentatorubral-pallidoluysian atrophy patients. A universal
therapy could be very desirable from an economical and reimbursement standpoint, and should
be further investigated. Auspiciously, the group was able to optimize the intervention to have a
preference for mutant-expanded alleles over their wildtype counterparts.

Silencing
Huntingtin
as a Therapy

1
Keskin S. et. al. (2019) AAV5-miHTT Lowers Huntingtin mRNA and Protein without Off-Target Effects in Patient-Derived Neuronal
Cultures and Astrocytes Molecular Therapy: Methods & Clinical Development: 15 275-285
3
Caron N.S. et al. (2019) Potent and sustained huntingtin lowering via AAV5 encoding miRNA preserves striatal volume and cognitive
function in a humanized mouse model of Huntington disease. Nucleic Acids Research: 48(1) 36-54

Kotowska-Zimmer, A. et. al. (2020) Universal RNAi Triggers for the Specific Inhibition of Mutant Huntingtin, Atrophin-1, Ataxin-3,
and Ataxin-7 Expression Molecular Therapy: Nucleic Acids: 19 562-572
3
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In Huntington disease, neurons are the cell type that
is differentially lost—specifically, medium spiny neurons
(SPN) in the striatum. Therefore, investigating neural
consequences in HD frequently takes the spotlight in
research efforts.
A report published in Neuron uses unbiased genome
genetic screening, using shRNA and CRISPR libraries, in
the central nervous system to identify genetic modifiers
in the brain.1 In agreement with other studies, the
group finds that SPNs are sensitive to perturbations
in autophagy, proteostasis, mRNA processing and
mitochondrial pathways—processes that support high
metabolic activity. Using HD mouse models, the group
found that genes that modified mutant huntingtin
(mHtt)-induced pathology were in pathways involved in
dopaminergic signaling, methylation-dependent chromatin
silencing, as well as in genes involved in mitochondrial
dynamics (specifically of the Nme gene family).
Another very elegant study published in Cell Reports
used the Cre-Lox system to conditionally knockout Htt
from either indirect pathway medium spiny striatal neurons
(IP-SPN) or direct pathway medium spiny strial neurons
(DP-SPN) using the Adora2A-Cre and D1-Cre transgenic
mouse models.2 Loss of Htt in different neurons leads to
different pathologies. For instance; knockout of Htt in the
IP-SPNs results in hyperactive locomotion without loss
of motor coordination, whereas DP-SPN Htt loss results
in hypoactive locomotion and impaired coordination. The
overall conclusion from the paper showed that Htt loss
in the striatum reproduces key HD pathologies such as
neuronal connectivity and survival in an age-dependent
manner. This suggests that Htt-induced pathology in SPN
is likely due to a loss-of-function mechanism.
Although SPNs are the primary neurons affected by
HD, other neuronal types like microglia are thought
to contribute to disease progression. Microglia are the
immune cells of the brain and consequently would be
affected during neurodegeneration, and microgliosis
is observed in HD. Inhibiting colony-stimulating factor
1 receptor (CSF1Ri) leads to a complete depletion of
microglia from the brain. The Crasper et al. group used
the FDA approved CSF1Ri inhibitor pexidartinib to deplete
microglia from the brain of the R6/2 mouse model.3
They depleted the microglia at six weeks; this is after
development but prior to symptomatic onset in this model.
This treatment was beneficial both in motor and cognitive
tests, indicating that microglia modulate toxicity in HD.
1
Wertz. M.H et al. (2020) Genome-wide In Vivo CNS Screening Identifies Genes
that Modify CNS Neuronal Survival and mHTT Toxicity Neuron: 106, 1–14

Burrus J.C et al. (2020) Striatal Projection Neurons Require Huntingtin
for Synaptic Connectivity and Survival Cell Reports: 30, 642–657

2

Crasper, J.D et al. (2020) Microglial depletion prevents extracellular
matrix changes and striatal volume reduction in a model of Huntington
disease BRAIN: 143; 266–288

3

3
New Insights
into Htt
Pathogenesis

The normal function of huntingtin (Htt) is still not fully understood,
and thus, how it leads to selective pathogenesis is still somewhat of
a mystery. Normal mitochondrial function is important in every cell
of the body. However, neurons have high energy usage, and therefore
unique mitochondrial requirements. Mitophagy is the process by which
dysfunctional mitochondria are processed by the lysosome. A recent
manuscript investigated how mutant Htt (mHtt) affect the process
of mitophagy.1 The group used a differentiated immortalized striatal
neuron model and induced mitochondrial depolarization leading to
mitochondrial damage, inducing the mitophagy pathway.1 Monitoring
mitochondria using cytotracker and inducing mitophagy using Rotenone
or CCCP showed impaired mitophagy and an accumulation of damaged
mitochondria in the presence of mHtt. This dysfunction was caused by
impairing the autophagy initiation complex and led to an accumulation
of reactive oxygen species.
Another unanswered question is which part of the Htt protein is
required for pathology. Since it is a large protein, there are many
fragment models that lead to different pathology and severity of
disease. To probe this question using a single model, Dr. Marsh’s
group utilized a well-characterized Drosophilia model and inserted
different fragments of Htt with different repeat lengths into the same
locus.2 They did an in-depth studying looking at the localization and
pathology that these fragments cause and at differential pathology in
different cell types — neuronal and non-neuronal. In Drosophila full

length, mHtt is toxic (whether localized
to nucleus or cytoplasm) is not processed
to smaller fragments, and its toxicity is
independent of aggregation. The group
additionally showed that PolyQ alone
cannot cause pathology.
On the topic of PolyQ, or the expanded
repeat leading to unrelated toxic species
causing toxicity, it has been hypothesized
that RAN-translation (repeat associated
non-AUG translation) may lead to pathology
in Huntington disease, and other PolyQ
disorders. Yang et al. used CRISPR/Cas9 to
make an elegant mouse model to test this
hypothesis.3 The model produce Htt mRNA
but not PolyQ protein, and therefore could
produce RAN translation in the absence
of protein expression. The group found no
RAN-translated products in any of their
mouse models, and found the expression
of PolyQ protein to be required for disease.
They came to the conclusion the RANtranslation is not involved, or of minimal
consequence in the pathology of HD.
Sandra Franco-Iborra, S. et. al. (2020) Mutant
HTT (huntingtin) impairs mitophagy in a cellular
model of Huntington disease Autophagy, DOI:
10.1080/15548627.2020.1728096

1

It has been hypothesized that RAN-translation (repeat
associated non-AUG translation) may lead to pathology
in Huntington disease, and other PolyQ disorders.

2
Chongtham, A. et. al. (2020) Effects of flanking
sequences and cellular context on subcellular behavior
and pathology of mutant HTT Human Molecular
Genetics: 00 1–15
3
Yang, S. et. al. (2020) Lack of RAN-mediated
toxicity in Huntington disease knock-in mice.
PNAS /doi/10.1073/pnas.1919197117

MONITORING FUNCTIONS
Fluorescence microscope image of
cells undergoing mitosis. Normal
mitochondrial function is important
in every cell in the body.
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Gene therapy holds amazing
promise of novel treatments
and even possible cures for
many devastating diseases,
including Huntington disease.
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B Y N I K O L AU S M cFARL AN D

Will AAV

Deliver?
The promise of gene therapy using
adeno-associated virus in Huntington disease

G

A Primer on Gene Therapy

NIKOLAUS McFARLAND, MD, PhD
Dr. McFarland is an associate professor
of neurology at the Norman Fixel
Institute for Neurological Diseases,
Center for Translational Research in
Neurodegenerative Disorders, University
of Florida College of Medicine. He directs
the UF Huntington Disease Society of
America (HDSA) Center of Excellence,
a multidisciplinary clinic and research
program for patients and families with
Huntington disease.
Dr. McFarland has strong clinical
interests in Parkinson disease and
atypical Parkinsonisms (Parkinsonplus syndromes) such as progressive
supranuclear palsy (PSP) and multiple
system atrophy. He partnered with
a colleague in developing a multidisciplinary clinical-research program
for PSP and atypical Parkinson disease
through the support of the Allen family
and several other afflicted families.
This multidisciplinary clinic is now
recognized as a CurePSP Center of Care.

ene therapy targets nucleic acids, the building blocks of DNA
and RNA which encode the “instruction set” for proteins that
make up our cells and body. Gene therapy holds amazing
promise of novel treatments and even possible cures for many
devastating diseases, including Huntington disease.
Manipulation of our genes and their products can take
place in several ways and at different levels, and depends heavily on the type of
genetic defect. In some disorders, a genetic defect, or mutation, results in decreased
expression of a protein or one that is mutated and no longer functions properly. Such
a defect results in a relative “loss of function,” and theoretically can be ameliorated
by introducing a genetic therapy that replaces the affected gene with a functional
version or introduces another disease-modifying gene.
In contrast, some genetic defects result in abnormal, increased expression of a gene
and its associated protein, or produce a mutant version of the protein that causes
pathology and disease. Such defects are called “gain of function,” mutations and require
approaches that silence or knockdown the affected gene, reducing its pathologic effects.
To complicate matters, mixed effects are often observed and researchers must
choose different strategies for gene therapy. Strategies include i) gene-editing
(such as CRISPR-Cas9), ii) introducing a disease-modifying gene, iii) expressing
a functional copy of a defective gene, or iv) silencing/knockdown of a mutant
allele using RNA interference (RNAi). Each of these approaches holds promise
for many devastating neurological diseases, including monogenetic disorders such
as Huntington disease, and even multifactorial disorders that may result from a
combination of genetic and environmental factors predisposing for disease, such
as Parkinson and Alzheimer disease.

S P R I N G 2 0 2 0 / . 13

HD IN S I G HTS

4 C O V E R S T O RY

AAV has the better safety profile and is non-pathogenic in its wildtype form.
AAV also provides higher levels of transgene expression, vector spread, and
longer duration of gene expression, with minimal toxicity.

Challenges of Delivering the Medicinal Payload

G

ene therapy for neurological diseases depends critically
on delivery, but poses several challenges. Current
therapies, such as antisense oligonucleotides (ASO) for
Huntington disease, knockdown the HTT gene product (i.e.,
Huntingtin protein) but require repeated injections — intrathecal
— of ASO every few months because of degradation and
declining effects.
Promising new delivery methods are actively being investigated
with the goal of providing continuous therapy (or potential cure)
with a single administration. These include non-viral delivery
vectors such as liposomes, exosomes, and nanoparticles. Each of
these provides a simple, safe method of delivering genetic therapy,
but are fraught with low efficiency and transient effects, requiring
repeated administration and potential risk of immune response.
Recombinant viral vectors are naturally more efficient and
can provide stable, long-term expression of a desired gene
in the central nervous system. Adenovirus, adeno-associated
virus (AAV), and lentivirus have each been used and studied
in various animal systems. Of these, AAV has the better safety
profile and is non-pathogenic in its wildtype form. AAV also
provides higher levels of transgene expression, vector spread
(1-3 mm), and longer duration of gene expression, with
minimal toxicity. Given these attributes, AAV has thus been
used successfully in several neurological disorders including
Canavan, Alzheimer and Parkinson disease, and spinomuscular
atrophy (to name a few).

Adeno-associated Viruses “Unpacked”

A

AV is a small, nonenveloped, single-stranded DNA
(ssDNA) virus that was first identified as a contaminant
of adenoviral preps. It requires co-infection with a
helper virus to replicate. The AAV genome has 4700 base pairs
(bp) and two open reading frames (ORFs), rep and cap, that are
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12

natural AAV serotypes
and over 100 variants have been discovered and
isolated from humans and non-human primates

flanked by inverted terminal repeats (ITRs). Rep is needed for
replication, transcription, integration, and encapsidation of the
virus. The cap ORF includes three proteins that encode for the
viral capsid and its assembly.
This simplicity of the AAV genome allows for relatively
easy design of recombinant AAV vectors for gene therapy.
Between the ITRs, a rAAV vector has a packaging capacity
of about 4.7 kb, which is small, but adequate for most
genetic therapies (including desired promotor and enhancer
sequences). The production of rAAV is simple and typically
involves triple transfection of human embryonic kidney
(HEK293) cells.
This includes use of a helper plasmid for genome replication
and plasmid with rep and cap genes that mediate replication
and capsid assembly, followed by purification. Note that
rAAV’s do not contain any viral coding sequences, so targeted
cells do not replicate or produce viral product.
To date, 12 natural AAV serotypes and over 100 variants
have been discovered and isolated from humans and nonhuman primates. AAV serotypes are determined by the

capsid protein motifs. These critically affect capsid-receptor
interactions.
Effective viral transduction depends on cell surface capsidreceptor binding, uptake, uncoating, single strand DNA release,
synthesis and transcription. Without a helper virus, AAV cannot
replicate and typically remains extrachromosomal. Rarely does it
integrate, and when it does, it occurs specifically in the short arm
of chromosome 19.
Each of the 12 natural AAV serotypes has different properties,
but all provide efficient transduction and cellular tropism in the
CNS. Multiple comparative studies demonstrate that most newly
discovered serotypes are superior to AAV2, which was the first
AAV described and used extensively. AAV most efficiently and
typically targets neurons with specificity of >80%. AAV serotypes
1 and 5, however, may transduce both neurons and glia, while
AAV4 transduces ependymal cells.
Additionally, some AAV serotypes such as 8 and 9 are
axonally transported, retrograde or anterograde, and demonstrate
trans-synaptic transmission, increasing vector spread. AAV9,
in particular also appears to have the ability to cross the

AAV provides multiple
advantages for effective delivery
of gene therapy including safe,
widespread CNS transduction,
long duration therapeutic
effect, lack of pathogenicity (or
immunogenicity), and efficient,
scalable methods for vector
production and purification.
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These studies and ongoing developments
indicate AAV as an excellent choice for
CNS gene delivery and highlight some
of the challenges and future potential
for genetic therapy in neurological
disease such as HD.

blood-brain barrier (BBB) into the central nervous system
(CNS) after intravenous injection, providing a potential
avenue for peripheral delivery.17

AAV Benefits and Hurdles

A

AV provides multiple advantages for effective delivery
of gene therapy including safe, widespread CNS
transduction, long duration therapeutic effect, lack
of pathogenicity (or immunogenicity), and efficient, scalable
methods for vector production and purification. Most AAVs,
though some better than others, have the ability to target
neurons and glia that are often both affected and play roles in
neurological disease, including HD.
Further, multiple studies demonstrate that AAV provides
long, stable transgene expression in the CNS. Stable lifelong
transgene expression has been shown in mice, whereas in
nonhuman primates there is data to indicate stable AAV
transgene expression of eight or more years, and 10 years in
the human brain. These data suggest that AAV gene delivery
has the potential to provide a permanent therapy for disease
after a single administration/treatment.
Additional advantages of AAV include its non-pathogenic
nature and mostly episomal transgene expression, resulting
in reduced risk of insertional mutagenesis. AAV research is
continually expanding and producing novel AAV variants
with mosaic capsids or employing capsid mutagenesis to
reduce degradation, enhance receptor binding, and increase

. 16 / H D I N S I G H T S

transgene expression. Novel mutations help to reduce the
needed AAV vector dose and thereby decrease the risk of
immune response (such as neutralizing antibodies).
Importantly, AAV gene delivery comes with some potential
disadvantages too. In particular, AAV transgene expression
is often delayed and takes about two weeks to reach optimal
expression due to second-strand DNA synthesis. One solution is
self-complementary AAVs (scAAV) that have double-stranded
DNA genome and are transcriptionally active upon decapsidation.
However, the double-strand nature of the scAAV vector also
limits transgene capacity to about half, or ~2.2 kb. While limiting,
this size is still enough for many gene therapy strategies.
Another potential issue is immune response. While rAAV
are non-pathogenic and do not replicate, the capsid proteins or
transgene product can stimulate an immune response, resulting
in potential clearing of transduced cells and loss of transgene
expression. AAV serotypes with higher expression have been
shown to induce more of an immune response compared to
AAV2. Further, prior exposure to an AAV serotype can stimulate
production of neutralizing antibodies, limiting future AAV
therapeutics in an individual.
Off-target effects are also a concern, especially with peripheral or
IV delivery, where a vector circulates throughout the body, exposing
other organs. When RNA interference is used to knockdown
genes, micro RNA (miRNA) is now preferred over short hairpin
RNA (shRNA) due to reported toxicity. miRNA’s are expressed at
lower levels, efficiently processed, and have no reported toxicity.

AAV Choices

A

AV has been extensively studied and used in human
gene therapy, but historically AAV2 has been the
choice for many experimental interventions. Examples
include AAV2 expression of NGF in Alzheimer disease, and
GDNF or neurturin (CERE-120) in the striatum, versus
glutamate decarboxylase (GAD) in the substantia nigra for
Parkinson disease. Intraparenchymal (targeted brain) delivery
with AAV2 so far has been the most common and bypasses the
BBB, but results in limited vector spread and expression around
the injection site. For targets such as the human caudate or
putamen, this necessitates several injections.
Increasingly, newer AAV serotypes are being used for
neurological disease and have the potential for higher transgene
expression and spread (including trans-synaptic) in specific
brain regions. AAV serotypes 1, 5, and 8 in particular have been
shown to more widely transduce the striatum. Such a strategy is
currently being investigated for Huntington disease.

10

The number years
stable AAV transgene
expression in the
human brain
This suggests that AAV gene delivery
has the potential to provide a
permanent therapy for disease after
a single administration/treatment.

Two recent trials have been initiated employing miRNA to
knockdown HTT and utilize rAAV to deliver gene therapy,
targeting the striatum. uniQure (AMT-130) is using AAV5. In
February 2019, they presented data on minipig striatal injections,
demonstrating spread of their transgene to the cerebral cortex and
lowered mutant HTT. The FDA last spring granted uniQure
FastTrack designation. Voyager Therapeutics, in collaboration
with Sanofi-Genzyme and the CHDI Foundation, developed a
similar approach (VY-HTT01) for HD, but is using AAV1 for
delivery. Preclinical data in mice demonstrated initial safety and
efficacy. These studies and ongoing developments indicate AAV
as an excellent choice for CNS gene delivery and highlight some
of the challenges and future potential for genetic therapy in
neurological disease such as HD.
I am fortunate, at the University of Florida, to be part of the
studies that explore AAV technologies, and to expand the “toolkit”
for developing gene therapies. The studies include characterizing
novel AAV capsid mutants, promoters for cell-specific targeting,
modifiers to enhance expression, purification and delivery methods.
It is a great opportunity to be at the forefront of developing gene
therapeutics for both animals and humans, including neurological
disease such as Pompes.

I am fortunate, at the University
of Florida, to be part of the studies
that explore AAV technologies,
and to expand the “toolkit” for
developing gene therapies.

•
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ATM-130

Phase I Study
Gene Therapy
B Y R A LF REIL MANN

Going to the

Mattresses
Reducing brain Huntingtin using virus vector-mediated
gene therapy in the uniQure AMT-130 phase I study

A
Ralf Reilmann, MD, PhD, FAAN
is the Founding Director of the
George-Huntington-Institute in
Muenster, Germany, and co-chair
of the AMT-130 study steering
committee with Dr. VIcki Wheelock.
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sked by the HD Insights team to share my perspectives about
the uniQure AMT-130 phase I study that currently recruits
patients, I would like to start by sharing some history about
how we got to where we are now. About five years ago I
received a phone call from my colleague and friend Raymund
Roos, head of the Huntington Center of the Leiden University
Medical College in the Netherlands. He asked me whether I would be willing to help
the gene therapy company uniQure, based in his neighboring city of Amsterdam, to
develop a preclinical and clinical program for its virus vector lowering the huntingtin
protein (Htt) in Huntington disease.
Just a few weeks later we had a first meeting at the George Huntington Institute
(GHI) in Muenster, Germany (www.ghi-muenster.de), which is located only a two
hour drive from Amsterdam. The uniQure team shared their data on the AAV-5
virus vector program, named “AMT-130,” that was obviously able to reduce Htt
production in preclinical studies. Data from cell and animal studies suggested that
the delivery of the virus vector to the brain was reliable and safe. Brain cells reached
by the vector would likely be able to reduce huntingtin production for life — with
just one intervention!

Data from cell and animal
studies suggested that the
delivery of the virus vector
to the brain was reliable
and safe.

S P R I N G 2 0 2 0 / . 19

Can We Deliver?

T

his was an exciting perspective. However, in order
to deliver the treatment, we were challenged by the
necessity of a neurosurgical intervention. Luckily, we
learned that after precise positioning of the target regions in
the basal ganglia by magnetic resonance imaging (MRI), it is
possible to define safe trajectories for stereotactic delivery of
the virus via a tiny catheter. This avoids damages to vessels or
functionally important brain regions.
The field has gained experience with similar neurosurgical
procedures in HD patients receiving deep brain stimulation, (e.g.
in the study “HD-DBS” (NCT02535884)), coordinated by my
colleague and collaborator Jan Vesper, a stereotactic neurosurgeon
from Duesseldorf, Germany. In addition, stereotactic neurosurgery
was successfully conducted for deep brain stimulation and gene
therapy in a large group of patients with Parkinson disease.
In fact, precise delivery of a vector to the individually predefined
target regions in the brain can be observed live during the
operation, using intraoperative MRI monitoring.
So, after intense discussions with Jan Vesper, who now is in
charge of overseeing neurosurgical procedures in this study,
and other leading colleagues of the international neurosurgical
community (including Paul Larson interviewed in this issue),
we were convinced that the challenge of virus delivery can be
managed with acceptable low risk.

The Minipig Studies

A

Minipig
Studies

were performed to assess:
the distribution of the AMT-130 virus vector
the AMT-130 virus vector’s ability to
reduce mHtt production
the long-term safety of the AMT-130
virus vector
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nother issue of concern was the question of whether
the virus vector would distribute in the target regions
of larger brains, and whether it would reduce the
mutated huntingtin (mHtt) in a relevant way. This was
actually one of the reasons why uniQure had reached out to
GHI: in collaboration with Jan Motlik and his team at the
Czech Academy of Sciences, we had worked several years on
phenotyping minipigs transgenic for HD with MRI, motor,
cognitive and behavioral tasks developed in GHI’s large animal
unit. Minipigs have a notably larger brain than rodents and a
body volume and genetic background very similar to humans.
The uniQure preclinical team around Pavlina Konstantinova,
Melvin Elvers and Astrid Vallès-Sanchez therefore decided
to perform minipig studies to assess the distribution of the
AMT-130 virus vector, its ability to reduce mHtt production,
and its long-term safety. Several studies using the minipigs
were successfully conducted by the study team in the following
years, and some are still ongoing.
These studies helped us to ascertain and understand the
distribution and efficacy of the vector in larger brains. Results
were shared at multiple meetings and are, meanwhile, partly
published. Distribution in the target areas and reduction of

CYTOPLASM

AAV5-miHTT

NUCLEUS

miHTT vector DNA
HTT exon 1
mRNA binding

AAA

pri-miRNA
pre-miRNA

HTT mRNA
degradation
Mature miRNA

AAV-miHTT GENE THERAPY FOR HD
Therapeutic RNA interference using virus vectors was confirmed to reduce mHTT on the mRNA and protein levels.

mHTT was confirmed in the minipig brains on the mRNA
and protein level, and all studies supported the safety of this
novel treatment approach.

Assembling the Support Team

I

n parallel to many years of intense preclinical preparations,
we prepared the transition of this treatment approach to
human patients. Our first expanded advisory board meeting
with colleagues from Canada, Germany, the Netherlands and
the USA was conducted at GHI in the end of 2016. Multiple
meetings with various experts from the Huntington Study Group
(HSG), the European Huntington Disease Network (EHDN)
and beyond, followed, until the protocol for the currently
recruiting clinical trial was finalized.
I thoroughly enjoyed the open communication between all
parties involved and would like to acknowledge the intense

assistance this project has received from different stakeholders.
As an active member of both the executive committees of the
HSG and EHDN, I very much enjoyed facilitating the development of the protocol and study set-up in the community. This
includes the feedback and support we received from patient
organizations such as the Huntington Disease Society of America
(HSDA), the European Huntington Association (EHA) and the
World Huntington Association (WHA).
This study is an excellent example of the efficient collaboration
in the global HD community. Accordingly, I was met by an
enthusiastic response from Vicki Wheelock, chair of the HD
Center of Excellence at the University of California in Davis,
when I asked her to join me as co-global coordinating principal
investigator of this study.
As usual in our community, we had a long-standing track
record of interactions and collaboration in previous projects,

This study is an excellent example of the efficient
collaboration in the global HD community.
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18

The number of months
the study will last, followed by structured,
long-term follow-up of patients for 5 years.

which facilitates close collaboration and efficient decision-making
in guiding this trial. This also holds true for all local PIs of the
referring HD centers and their teams — knowing each other and
having worked together before is very helpful in such projects,
which are truly joint efforts of a large group of professionals with
various backgrounds, that require multiple levels of interaction.

AMT-130 Put to the Test

T

his first-in-man study with AMT-130 primarily aims to
assess the safety of this novel treatment approach. Unlike
many studies with classical small molecules, this study has
multiple layers. Safety in this study will need to be looked at with
respect to the neurosurgical intervention, but also with respect to
long-term safety of the virus vector application. Given the special
nature of this intervention, with the potentially lifelong effect of
the virus vector, it seemed ethically mandated to do our best to
follow patients for long periods. We also knew it was important
to explore efficacy signals in this patient cohort, which is not
traditionally done in phase I studies.
While the study itself will last 18 months, we will conduct
structured long-term follow-up of patients for five years. uniQure’s
clinical/medical team is committed to applying the best available
clinical trial endpoints to ensure optimal characterization of the
patients included in this unique study.
Assessments include the Unified Huntington Disease Rating
Scale Total Motor Score (UHDRS-TMS), MRI, the objective
Quantitative-Motor assessments (which previously demonstrated
lack of placebo effects and high sensitivity), the computerized
HD-Cognitive Assessment Battery, and other standard assessments
for different symptom domains of HD. All of these were widely
tested in biomarker studies and HD clinical trials.
In order to obtain clinical readouts in a randomized, doubleblinded setting, a sham group was introduced in this trial.
Some patients will not actually receive the treatment, but just a
borehole and anesthesia at similar length as those participants
receiving the virus. Multiple biomarkers, such as the mHTT
concentration in the cerebrospinal fluid (CSF), will be measured
at different time points to monitor effects of AMT-130.

This first-in-man study with AMT-130 primarily aims to assess the
safety of this novel treatment approach. … Safety in this study will need
to be looked at with respect to the neurosurgical intervention, but also
with respect to long-term safety of the virus vector application.
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The New Pioneers in Gene Therapy

D

oes this mean we are finally “going to the mattresses” in
the fight against HD? It sure means we are entering a
new era — gene therapy is now being evaluated in HD.
We may assume that delivery of the treatment in predictable
doses to the target region is more reliable via stereotactic delivery
than through delivering antisense oligonucleotides (ASOs) to the
cerebrospinal fluid by repeated injections into the lumbar region.
If successful, the AMT-130 treatment may last a lifetime after
just one injection.
While preclinical studies in animals, including non-human
primates and minipigs, supported the safety of this approach, longterm safety of AMT-130 in humans has yet to be demonstrated.
The non-allele specific reduction of the Htt protein, (i.e. reduction
of the healthy and mutated protein, which has shown to be safe
in the previous IONIS trial using ASOs), will be assessed in this
trial for longer periods.
The patients and families supporting this trial are pioneers
and certainly “go to the mattresses” for people at risk for HD.
One may also view them as astronauts for HD. They help to
answer very important questions so that we can progress toward
meaningful therapeutic options for HD. The whole study team
looks forward to learning from this trial and sharing the results
with the HD community in the near future.

•

The patients and families
supporting this trial are
pioneers and certainly
“go to the mattresses” for people at
risk for HD. One may also view
them as astronauts for HD.

Ralf Reilmann and his team of neurologists, coordinators and
researchers at the George-Huntington-Institute (www.ghi-muenster.de)
in Muenster, Germany follow one of the largest groups of HD families
globally. Dr. Reilmann currently serves on the executive committees
of both the Huntington Study Group and the European Huntington
Disease Network. His serves as global coordinating principal
investigator for several clinical trials for HD.
uniQure_HD Insight_ad_031220_outline.pdf 1 3/12/2020 5:21:07 PM
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Gene

Therapy
What causes
Huntington disease?
Huntington disease is driven by a mutation
or change in your DNA. All cells contain genes
or DNA (your individual genetic blueprint).
In order to make proteins, including mutant
huntingtin protein, DNA is converted to messenger
RNA. Then, messenger RNA gets translated
(or made) into proteins. In Huntington disease,
messenger RNA gets translated into abnormal
huntingtin protein.

HOW IT WORKS:

AMT-130

Brain cell with
Huntington disease
Nucleus

Huntingtin
DNA

Messenger RNA

Mutant huntingtin protein

The goals of gene therapy
for Huntington disease
Maintain the patient’s
quality of life
Reduce the production of
mutant huntingtin protein
throughout the brain
Preserve brain cell function

Prevent or delay the
progression of the symptoms
of Huntington disease
Establish long-term,
multi-year benefit from a
one-time procedure

Introducing gene
therapy with AMT-130
AMT-130 is an experimental (not approved by the
FDA) gene therapy that is intended to slow the
progression of Huntington disease. AMT-130 has
been tested in animal models but not in humans.
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Caudate nucleus
Putamen

How AMT-130
is administered
During a single surgery,
AMT-130 will be administered
under general anesthesia by
a skilled neurosurgeon who
uses real-time MRI to guide
delivery of AMT-130 into the
caudate and putamen.

Catheter

Striatum

How AMT-130 works
AMT-130 is a gene therapy currently being studied in a clinical trial to assess the safety, tolerability,
and efficacy of a one-time treatment in adults who have tested positive for the huntingtin gene and
who have early-stage Huntington disease.
Brain cell with AMT-130

1

AMT-130

Entering the
brain cell
AMT-130 will be directly infused into
the brain under real-time magnetic
resonance imaging (MRI) guidance.

1

Nucleus

2

2

Creating blocking
messenger RNA
AMT-130 is intended to allow
brain cells to produce blocking
messenger RNA that interferes
with the Huntington disease
messenger RNA.

Blocking
messenger RNA

3

3

Reducing mutant
huntingtin protein
production
This process is intended to reduce
the production of mutant huntingtin
protein, slowing the progression of
Huntington disease.

Reduced production of
mutant huntingtin protein

Catheter
administering
AMT-130

Size of the catheter
The catheter used to administer AMT-130
is a very thin catheter (~1/32"), or about
the same thickness of a U.S. penny.

Catheter
Therapy administered to Parkinson patient,
Image courtesy of Annals of Neurology

Huntingtin
messenger RNA

~1/32"
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4 Q&A

AAV

What can we
learn from

Experience
in Parkinson’s?

HD Insights interviewed Dr. Paul Larson, professor and Vice

Chair of Neurological Surgery at the University of California
San Francisco, Chief of Neurosurgery at the San Francisco VA

Medical Center and Surgical Director of the Parkinson’s Disease
Research, Education and Clinical Center. Larson is widely

viewed as a preeminent global expert on/primary investigator
in clinical trials of vector-delivered medications. We asked
D R . PA U L L ARSON

Dr. Larson for his insights on the current state of AAV vector
delivery, trial participation and how our current knowledge
translates to HD applications.
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Dr. Larson, how did you become involved in
adeno-assisted viral vector (AAV) research?

Here at UCSF, our involvement stems from two different
beginnings. One is an AAV gene therapy program that started
here in San Francisco. A scientist had done all the basic
science research, and when his preclinical work got to the
point where it could be translated into clinical trial, he turned
to us, as Parkinson’s surgeons working at the same institution,
to take the next step.
The second thing that helped launch our trial work was,
literally, a cold call from a company saying, “We have
done preclinical work, and we’re ready to do a clinical trial.

Gene therapy is using a virus as a
safe carrier to get instructions into
the brain cells to have them change
their function in a beneficial way.

We know you do a lot of Parkinson’s surgery and hey, will you
help us out with this study?” We looked at the science behind
that particular therapeutic delivered with AAV, and it looked
sound and reasonable, so we started to partner with them.

What is it you are trying to accomplish on a microbiological
level by injecting AAV vector in the brain of a Parkinson’s
patient? How does this theoretically work for the
HD patient?

Gene therapy, if you think about it very basically, is using a
virus as a safe carrier to get instructions into the brain cells to
have them change their function in a beneficial way.
The vector is like an Uber, carrying a gene that we have put
in that virus. The virus latches onto brain cells and releases the
gene, which then programs the cell to do something different.
In Parkinson’s, there is an enzyme, amino acid decarboxylase,
that helps people make their own dopamine and also converts
medications that they take into dopamine. Since the levels of
dopamine are falling as the disease progresses in Parkinson’s
patients, what we are doing is putting in a gene that gives the
instructions to the cell to make that enzyme. We are teaching
the brain cell to produce more of that enzyme.
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In the U.S., there are

50 to 60

centers

currently doing MRI-guided neurosurgery to guide
placement of stimulating electrodes in the brain.

In Huntington disease, the problem lies in the production
of an abnormal protein, the huntingtin protein. With HD, we
are going to try to block production of that abnormal protein
by delivering instructions for the brain cells to make a little
fragment of RNA that will latch onto the abnormal RNA
responsible for making the huntingtin protein.

Would you give us a little history on your Parkinson’s
trials involving AAV delivery? What has changed and
what are the most important things you have learned
over the 20 years you have been conducting them?

MRI-guided technology provided a crucial learning
opportunity that enabled us to deliver these AAV-based
therapies more effectively, and that has made a huge difference.
As recently as five to seven years ago, Parkinson’s gene therapy
trials were done using traditional stereotactical surgical
techniques. This involves placing a head frame on the patient,
using an aiming device to place a cannula into the brain, and
then performing a blind infusion of a certain volume at a
certain rate.
Since we couldn’t visualize these infusions, we had to rely
on the assumption that our infusions were leading to a nice
spherical distribution of virus, easily covering the area of the
brain we wanted to treat. We now know that that is a very naïve
notion, that when you put a cannula in the brain and infuse
fluid, it does not behave in a predictable way. It can leak up
along the cannula, it can leak out along the little perivascular
spaces around the blood vessels, and it generally misbehaves.

Many of the phase II Parkinson’s trials ended up being negative
— no clear evidence of benefit — even though the phase I
results looked very promising. There may be several reasons for
those failures, but I think a large part of it was these incorrect
assumptions about how fluid infusions behave in the brain.
Now, intraoperative MRI provides a solution to the problem,
and we’ve used it in our last three Parkinson’s trials. We co-infuse
the virus with a contrast agent, and watch the infusion as it
is delivered into the brain. If it’s leaking up the cannula or if
it’s leaking out of the target area, being carried away from the
target by the perivascular spaces, you see it happening in real
time. Basic science work tells us that if we are using AAV,
where the contrast is going, the virus is going, for the most part.
I think that certainly when we infuse AAV vector from this
point forward, MRI-guided delivery is absolutely the way
to go. We aren’t unique in this — it has become, for many
neurosurgery applications, the technique of choice.

How do you expect control of the
distribution will influence trial outcomes?

When you can see what’s happening, it’s really very helpful.
Seeing that we had leakage of vector away from the target and
that we were nowhere near covering the intended area of the
target (the putamen in these trials) with the volumes we were
infusing was a game-changer for us.
In the early Parkinson’s trials, we were using 40 to 100
microliters of vector in a certain concentration. Now we know
that those are very, very small volumes. Our mathematical

MRI-guided technology provided a crucial
learning opportunity that enabled us to deliver
these AAV-based therapies more effectively,
and that has made a huge difference.
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I think that the landscape of neurosurgery is going to change
and I think we will be doing more therapeutic delivery to the
brain for a variety of treatments, whether it is delivering gene
therapy, stem cells or chemotherapy medications.

modeling had told us were going to reach about 50 percent of
the putamen, but we were really reaching about 15 percent. So,
it was no wonder these trials did not show an obvious treatment
effect; we were were probably being way too conservative in
terms of the volume of vector we were delivering.
Now we know we can use much higher volumes safely. For
example, in one trial we are currently doing, we’re using up to
1800 microliters, so we’re talking orders of magnitude more
vector than we were using before. In Parkinson’s, as we’ve used
more vector and gotten better coverage, clinical outcomes
appear to get better. Objective markers of enzyme activity like
PET imaging are looking better.
The only caveat is that, so far, we only have information from
open label trials, which are subject to a strong placebo effect in
Parkinson’s disease. The phase II trial we are currently running
is going to tell us if the robustness of this technique is really
going to stand up to the rigors of a double-blind trial.

It seems like these intraoperative MRI procedures
are not ubiquitous, and potentially there is a lot of
learning in doing this. Do you see it changing the
way neurosurgery is practiced in the U.S.?

There are 50 to 60 centers around the U.S. that are currently
doing MRI-guided neurosurgery to guide placement of
stimulating electrodes into the brain or laser fibers that treat
things like epilepsy. Most of these procedures are done on
regular, standard MRI scanners that are actually located in
radiology. Any medical center that has an MRI and a functional
neurosurgeon can potentially do it.
I think that the landscape of neurosurgery is going to change
and I think we will be doing more therapeutic delivery to the
brain for a variety of treatments, whether it is delivering gene
therapy, stem cells or chemotherapy medications. MRI-guided
delivery will be the technique of choice for many of these
therapeutic agents.
In two recent phase I trials, we used the same intraoperative
MRI technique, though using a slightly different approach.
Instead of coming through the frontal lobe to get to the target,
we came through the parietal-occipital area, and that allowed
us to use higher volumes at a single pass. We’re currently in a

multicenter phase II Parkinson’s study using that same technique.
We have brain tumor surgeons here at UCSF that use
MRI-guided delivery to do gene therapy for patients that
have recurrent brain tumors. They’ve already been treated with
surgeries to resect the tumors, but they recur. They are using
gene therapy to make the recurrent brain tumor cells susceptible
to a drug that you can then give the patient systemically. You
can potentially change the biology of a tumor by making it
vulnerable to a drug that it wasn’t susceptible to before.
In HD, it’s happening, in Parkinson’s, obviously, it’s
happening. There are people looking at gene therapy trials
in Alzheimer disease. I think it is going to be an interesting
decade ahead.

What are the challenges in AAV infusions into a
brain with greater atrophy, as brains of people with
advanced HD have?

HD is definitely a different disease from Parkinson’s. The
atrophy that occurs in HD poses challenges for infusion. The
folds in the surface of the brain get deeper and the ventricles
(fluid spaces in the brain) get larger, so the corridors for safe
passage of an infusion cannula become narrower. In addition,
the structures that you are trying to infuse are also atrophying.
So there definitely will be challenges moving forward, but I
think we can overcome them.

Some of the groups we’ve talked to express concern
about being in a study where they may have sham
surgery. Any advice on how to handle that in the
context of a trial?

This is probably the most common concern that potential
participants raise when you talk to them about being in a
trial like this. We really take time to explain the need to do
a placebo-controlled study, and that there is a placebo effect
with almost any intervention you do. If you look at the history
of Parkinson’s disease, which is the neurodegenerative disease
where the most study trials have been done by far, you see
a very strong placebo effect of between 30 and 40 percent
improvement that can persist for 18 months or longer. So, we
tell patients, “Look we have a therapy, we think it’s promising,
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Everyone has their own self-interest that they want to get
better, but if you talk about people who sign up for these
trials, almost without fail, they’ll tell you, they really want
to do something for the greater community.

but the only way that therapy has a chance of becoming a
standard treatment for you, and for the millions of other
patients like you, is in the context of a placebo trial.”
We really ask our participants to be partners in the science
with us. The patients that have a placebo intervention are
as or even more important than the people getting the
study intervention.
In many trials the sponsor will generally say, “If this trial
is positive and it looks like it’s safe and it looks like it works,
we will give you the study intervention once the trial is done.”
However, the study sponsor might think it’s safe and the
FDA might not agree, so there are no promises.
We also point out that we’re doing this trial because we
aren’t 100 percent sure it works, and there may be safety
concerns that arise when we do it in a larger number of
patients. I think it’s human nature to have a buy-in, to want
the treatment. We tell people to think about it from both
sides… you may not want the real treatment if it ends up
not really working. There were several stem cell trials for
Parkinson’s in the 90s, and even though the phase I studies
looked good, the patients that got the transplants didn’t
get better, and some of them developed a really significant
complication of frequent involuntary movements. So there
have been trials in the past where you didn’t want to be in the
active treatment group.
So those are some of the issues we talk through with all our
participants. No matter how gung-ho they are, we have those
discussions with them.
Everyone has their own self-interest that they want to get
better, but if you talk about people who sign up for these
trials, almost without fail, they’ll tell you, they really want to
do something for the greater community: “I have this disease
and of course I want to get better but I also want to push
the science forward in helping people who are suffering like
me and who maybe aren’t ready or are nervous about doing
something like this.” If it weren’t for patients really stepping
up and saying “Look, I’m willing to do this,” even if they
don’t know what they are going to get, we’d be nowhere near
where we are today. It’s a tremendous contribution they are
making. And most of the patients are very aware of that.
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The placebo effect for Parkinson’s
disease study trials shows an

30%–40%

improvement
that can persist for 18 months or longer.

One of the things we are noticing with these trials is
that there is a really strong team all the way from the
coordinator to the neurologist to the neurosurgeon. Can
you give some advice to neurologists that want to do
this about how to prepare to treat patients and interact
effectively within a neurosurgery team?

So far, these procedures have only been done in the context
of a clinical trial. You have to believe in what is being studied
and be excited about it. You have to be comfortable talking to
patients about the therapy, and be willing to spend the extra
time it takes to do that. Finally, you have to enjoy working in
a team, as this is very much a team effort.
I’m very close with my neurology colleagues. In fact, I am
in the same physical space as my neurology partners. When
we see a new patient who is referred for potential treatment,
the neurologist usually sees them first I see them immediately
afterwards. Sometimes, we will actually even see them at the
same time.
I can’t overemphasize how important the study coordinators
are. These trials are very complex, with number of assessments
that are done, the coordination that requires, the regulatory
burden that exists, the volume of study records that are
generated and maintained, the IRB approvals. It really is a
three-headed beast — it’s the neurologist, the neurosurgeon
and the study coordinator. I would argue in many cases that

the study coordinator is the most important person in the
context of these clinical trials. So the team approach is really
mandatory. It’s the only way you can be successful in doing
something like this.

Looking back on all the work you have done, any
top things you wish you had known when you started
this journey?

Certainly we now know that the surgical techniques we were
using in the beginning were not sophisticated enough. When
I look back at trials that we started in the early 2000s, we just
didn’t know any better. Part of the learning has just been a
simple evolution of science and surgical technique. We were
using what we thought were the best techniques at the time.
One overarching message I would pass on is to stay flexible.
Most neurosurgeons can relate to this example. I did my
putaminal infusions from a trans-frontal approach for over a
decade because it was considered “standard,” but it was clearly
not that efficient. My partner suggested that we place the
infusion cannula in the putamen from a posterior approach
to minimize the number of brain penetrations and increase
efficiency of the infusion. I was very resistant at first, but
ultimately he showed me that it really was safe and effective.
The lesson here is to keep your eyes and mind open to what’s
going on, and know that you will need to adapt over time.

•

You have to believe in what is being studied and
be excited about it. You have to be comfortable
talking to patients about the therapy, and be
willing to spend the extra time it takes to do that.
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IN BRIEF

4 C L I N I C A L C O O R D I N AT O R ’ S C O R N E R

Challenges of Recruiting:
reflecting on sham-controlled surgery trials
BY DANIELLE BUCHANAN

D

ouble-blinded clinical trials are the main way we assess potential treatments. Over the
last several years, we in the HD clinical trial space have been blessed to be involved in
many different treatment trials, ranging from oral medications, intravenous infusions,
intrathecal medications, and now neurosurgical treatments. These neurosurgical
treatments are delivered directly into specific brain regions of an HD patient. This will
be the first introduction of this type of treatment in HD patients, so we truly don’t know the clinical
implications, but it is an exciting new opportunity.
One of the unique challenges that coordinators face is the need to explain to interested patients
about the ‘placebo group.’ The placebo for these types of studies involves a sham (placebo) neurological
surgery procedure. In this procedure, patients typically have burrholes in the skull, and may undergo
anesthesia, but do not undergo brain surgery.

Over the last six months, my
coworkers and I have been fielding
questions from patients about this
potential new therapy. Patients will
express excitement for a possible
cure, and want to know more about
these clinical trials. In our recent
experience, many patients express
concerns about the invasiveness of the
procedure, time commitment to these
types of studies, the implications
regarding the possibility of being in
a sham group, and the relative lack
of safety data. A coordinator must be
proficient in how to answer these types
of questions — so here are my top line
reflections on this issue.
G REATER KNOWLEDGE,
GREATER PARTICIPATION

---------------------As a clinical research coordinator,
I often educate patients and their
caregiver enough on the trial to aid
them in deciding on participation,
mindful that I must not persuade
them unfairly. This can be a very
difficult process and due to balancing
potential reward versus the risk of

35%
The number of patients
who demonstrated a
therapeutic placebo response
to the sham surgery.
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Whether there is a sham surgery or a
placebo-controlled study, the placebo
effect is a real effect. A patient could
perceive as much positive benefit from
a surgery in the placebo group as if they
received an experimental medication.”
DANIELLE BUCHANAN
Danielle Buchanan is a clinical translational research coordinator at the Vanderbilt Huntington disease Center of Excellence,
which cares for over 400 HD patients in the southern region of the United States.

procedure, a patient may or may not
decline participation.
Based on a study by the Department
of Neurology at Boston University,
published by the Movement Disorder
Society in 2008, it was found that their
more educated patients were able to
use “societal prospective rationales”
to generate a more positive opinion
about a sham-controlled surgical
research study. Based on that data,
as a coordinator, my job is to present
the information clearly to all patients,
regardless of their educational level. I
do this by creating a consent form in
clearly stated lay language about the
drug and the study procedures. The
level of complexity of neurosurgical
trials is very high, so making sure the
patient can understand is key, and can
be a challenge. Overall, it takes time,
and coordinators need to be educators
and not feel rushed in reviewing the
study with them.
THERE ARE BENEFITS
OF A PLACEBO
---------------------Whether there is a sham or real
surgery, the placebo effect is a real
effect. A patient could perceive as
much positive benefit from a surgery in
the placebo group as if they received
an experimental medication. One study
found that up to 35 percent of patients

demonstrated a therapeutic placebo
response to the sham surgery in an
internal mammary artery ligation
surgical trial for angina pectoris.
These mimic responses found in
other possible placebo therapeutic
interventions, especially in Parkinson
disease.
There are many controversies about
the ethical precedent that sham
surgical trials face, as well as blinded
clinical trials in general. According to
the Nuremberg Code, an experiment
should avoid all unnecessary physical
and mental suffering and injury. I
believe many patients view clinical
trials skeptically. Many are not aware
that study protocols are carefully
reviewed by the FDA, and at each
individual site’s Institutional Review
Board. IRBs must determine whether
there is enough information to conduct
a trial safely without any ethical
concerns. As clinical coordinators, we
need to discuss this with our patients
thoroughly when talking about all
clinical trials, but more specifically,
more invasive trials.
When patient safety is carefully
protected, sham surgery placebo
groups improve the quality of end
results in clinical trials across the
disease spectrum. Sham surgery is
the only means we have to prevent
procedure bias.

DECIDING TO PARTICIPATE
---------------------As our patients come in to learn about
the various clinical trials, their responses
vary across the board. The idea of ASO
injections stops many people in their
tracks. I remember one patient who
simply said she did not want to endure a
brain surgery, regardless of whether the
drug could be a positive treatment for
HD. Particularly patients whose disease
has not progressed far may express
safety concerns about being a part of
any phase 1 trial, saying they do not
want to be one of the first humans
to receive the drug. Some patients
want to participate, but only in oral
or intravenous infusion trials.
Others, across various stages of the
disease, are eager to get on board.
We have many patients who have
said, “I am willing to do everything
it takes to participate in research to
help the future generation,” or “I
want to get every ounce of hope that
I can get, even if I have to get a sham
surgery before getting the drug.”
The HD community is one of the
most hopeful and inspiring groups of
people I have ever met. They are so
eager to hear about a potential cure
because this disease has affected
their family over many generations.
As a coordinator, it is a privilege to
take this journey with them.
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4 STORIES OF RESILIENCE

Do whatever you are
good at. Connect it
back to HD. If people want
to listen to my climbing
story, they have to hear
about my advocacy work.”
LYSLE TURNER
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The Highest Summit
An Adventurer Puts it all on the Line to Fight HD
BY PETER GOOCH

L

ysle Turner is facing a breaking point. Up against insanely
cold temperatures, devastatingly steep inclines, and pure
exhaustion, his body refuses to go on. But Lysle has been
here before; he knows what to do. Closing his eyes, he begins
reciting some of the 400 names written on the South African

flag he carries with him. All are names of people who have passed away; all
were lost to Huntington disease. He reflects on those he met before they
passed. He reminds himself that this impossible climb will raise awareness
for HD, a cause close to his heart. Reconnected to his greater purpose, he
heads toward Everest’s summit.

THE SHADOW OF UNCERTAINTY
As a young child growing up in South Africa, Lysle suspected that something odd had
happened to his grandfather, who passed away before his birth. His family spoke highly
of him and said that he fell ill, but that’s where conversations ended. This piqued young
Lysle’s interest, and his questions only grew more frequent. When his uncle began to
show signs of HD, his father sat 12-year-old Lysle down and explained that HD had
haunted his family for four generations. Of course, Lysle wondered if he and his father
would develop HD as well, but there were no answers for him. His father was content not
to be tested—to live his life to the fullest without knowing when or how it would end.
So, the young teenager put his own HD risk in a mental box and tried to bury it. Over
time, however, not knowing whether his close family would develop HD became less and
less bearable: it ran contrary to his nature. He generally coped with difficult circumstances
by making plans and taking action. By 22 years old, Lysle was living a successful life by
conventional standards: he was trying to make a career out of playing cricket and was
gaining ground as a published fitness model (he was Mr. Pretoria 2012). But something
bubbling in the background of his psyche couldn’t be contained any more.

ADVOCACY HIGHLIGHTS:
The Turner Together Foundation
Lysle founded this nonprofit dedicated
to making a meaningful difference to
humanity, to funding HD research, and
to supporting families with HD.

THE HD MISSION BEGINS
Lysle’s unvertainty about his and his family’s HD status
contributed to a drastic life change. In his own words,
he “ran away” from his previous life: he moved to
Tanzania, began a job at a shipping company, and
began to fight HD directly. He founded The Turner
Together Foundation: a nonprofit dedicated to making
a meaningful difference to humanity, to funding HD
research, and to supporting families with HD.
To raise awareness, Lysle began to relentlessly
climb mountains, from ascending Kilimanjaro
seven times to conquering Argentina’s Aconcagua,
the highest mountain outside of Asia. Teaming up
with other organizations to raise awareness through
social media, radio stations, TV and word of mouth,
his daring climbs—including running up Mount
Kilimanjaro in 11 hours— met these goals.
Meanwhile, Lysle told his family that he wanted to
know if he was at risk of HD. He trod carefully, as his
test results could inform his family of their HD status
as well. Despite his personal desires, his father chose
to get tested for HD: he wanted to put the question to
bed for Lysle and his sister. Thus, it was decided that
Lysle’s father would get tested before Lysle would,
since the results, if negative, would clear both him
and his sister of HD risk.
Their hopes came true: Lysle’s father tested negative,
meaning that Lysle’s generation was the first to be
safe from the disease. This revelation occurred early
in 2015, while Lysle was in the midst of an arduous
training process to prepare him to tackle the highest
mountain in the world: Mount Everest.
Mid-ascent, a horrific 7.8 magnitude earthquake
closed the mountain; massive avalanches buried
climbers. 22 people lost their lives, and Lysle and
other climbers turned back and rescued those who
survived. Despite this traumatic event, Lysle was still
resolved to resume the climb.
One year later, he became the youngest person from
the African continent to summit Mount Everest. On the
roof of the world, with his right eye beginning to freeze,
he proudly held up his South African flag. In Lysle’s
words, it was a declaration that “HD must be no more.”

EMOTIONAL ALCHEMY:
TURNING PAIN INTO POWER

Daring climbs
Lysle has climbed Mount Kilimanjaro,
Argentina’s Aconcagua, and the summit of
Mount Everest to raise awareness for HD.

Lysle said, “Everest would have died as a dream in a
notebook if I didn’t have this crucible.” Here, Lysle is

likening the experience of being surrounded by the
Photo courtesy Susan du Toit Photography

S P R I N G 2 0 2 0 / . 35

The sense of
responsibility toward
the greater HD
community isn’t a
weight holding me
down; it’s the wings
on my back.”
LY SLE TURNER

AT THE SUMMIT
Lysle Turner stands on the summit
of Mount Everest summit on
May 19, 2016, holding the South
African flag with the names of
people who passed away from HD.

unspoken threat of HD to a “crucible,” a severe test that holds the
potential to bring out the best in a person. He believes that a positive
outlook can help you emerge from a crucible with new strength.
Lysle is very grateful that he does not carry the genetic risk for HD.
On the other hand, he believes that without the pain and challenge
posed by the disease, his mountain climbs (both physical and
metaphorical), unstoppable determination, business success, and
recent graduation from Harvard probably wouldn’t have happened.
How did the threat of HD fuel Lysle’s achievement? To begin
with, Lysle’s deep desire to belong to a greater community was
fulfilled when he decided to take action and seek out the global
HD community. “Everyone wants some sense of belonging and
wants to help,” Lysle said. By extending his sense of family to
include the larger HD community, Lysle found a deep wellspring
of power to tap into whenever the going got rough, whether on
the mountain or in his business career. He knew that success
in either arena meant more funding and awareness for HD.
“In my earlier life, I would only go so far to achieve my personal
goals. After all, if I gave up on a goal, I’d only be letting myself down.
Now, if I give up on any of my HD-related goals, I’m letting the larger
community down — and I won’t do that.”
The sense of duty he felt toward his family and the HD community
did not crush him down; it ultimately lifted him up. He turned the
emotional pain from his life’s crucibles into fuel for a purpose-driven
life. He says with pride, “The sense of responsibility toward the
greater HD community isn’t a weight holding me down; it’s the
wings on my back.”
WHAT IF YOU ONLY HAD TEN YEARS?
Lysle discovered early on that adult-onset HD commonly begins
between ages 30 and 50. Thus, he decided to plan for the worst. 36 / H D I N S I G H T S

case scenario — symptom onset at age 30 — as jet fuel for his
ambitions. With this potential deadline on his unsymptomatic life,
Lysle planned to climb every “crazy mountain” in the world for HD
until his symptoms stopped him. “I prepared as if there might be
an early end to my life. My family didn’t like that,” Lysle said with a
laugh and a grimace.
When his father tested negative, Lysle’s deadline disappeared.
Lysle, now 30 years old, reflects, “Now that I’m on the other side
of 30, you know, I don’t know when my deadline will be. So, I kick
the can down the road a little bit too much when it comes to making
decisions that I used to make much more quickly. It’s a bit of a void.
Like, what now? I’m reassessing and seeing where to go from here.
But I don’t think I’ll ever reach a place where I’m comfortable with
what I’ve done, because I don’t believe that this journey ever stops…
in my eyes, it needs to last far beyond when I have left this earth.”
Lately, Lysle’s priorities have been more focused on the business
world. Make no mistake, he still lives at full speed: he recently
became a Harvard alum while running a holding company of various
businesses he founded. Asked what it would be like for him to give
up his full-speed pace of living and live a “normal life,” Lysle grins
a bit sheepishly. “It would be like s***, to be honest.”
MESSAGE TO THE HD COMMUNITY
Lysle believes that the idea of setting a mental “deadline for
life” could be a useful tool for those not at risk of HD. He says,
“Why don’t more of us set a deadline of 30 years old? After all,
even without HD, someone could reach 30, walk out and be hit
by a car. I wouldn’t have achieved as much in my life without
the risk of HD.”
He wants to help others find purpose and belonging by
connecting to their own greater communities. He sees too many

people work without a sense of greater purpose, putting off what
really matters to them for some undefined point later in life.
Lysle ensures that some of the publicity and resources gained
from his job are used to combat HD. After he attempted Everest
in 2015 and rescued injured climbers, the media scrambled
to learn about the cause Lysle was fighting for, and ended up
publishing information about Lysle’s HD foundation in the
process. “If people want to listen to my climbing story, they have
to hear about my advocacy work.” He also accomplishes this
through speaking engagements, donating all proceeds to The
Turner Foundation nonprofit.
“I think that people who directly work to impact HD are amazing.
However, you can create your own unique avenue for making a
difference. Channel whatever you are good at and enjoy doing. Take
action with what you believe you can champion. Connect it back to
HD. I urge you to forge into the unknown, take action, and break
new ground in your life, because we need more leaders to make an
impact on the world.”
Self-care and balance are also part of Lysle’s message. In the
middle of his hectic life, he finds peace in his faith and in being
alone, especially on the mountain or in nature. He strives to find
at least ten uninterrupted minutes every day to re-center and find
purpose. In this mindful state, Lysle says, “You’ll know where
your heart goes in that time. That might be where you need to
channel your energy. We all need our reset so that we don’t lose

our way in the process of life. Remember: if we are not looking after
ourselves, we can’t look after others.”
THE VALLEY BEFORE THE NEXT PEAK
Although Lysle’s mountain climbing spree has been replaced by
a more settled life, he is still driven by his passion to contribute to
the world in general and to the HD community specifically, where
he continues to find a sense of belonging. He feels that he can
be uniquely vulnerable with people in the HD community who
understand what he went through.
Lysle has many more projects in the works: he is currently
gearing up to speak at the HDYO International Young Adults
Congress in Glasgow, Scotland; in 2020, cameras are scheduled
to roll on a movie of his life story; and once the fast-moving
commitments in his life slow down a little, he will prepare for
another challenging expedition. In the long run, his aim is to
create speaking and training programs to help individuals and
businesses “take charge of their climbs” (their journeys) and
handle the difficult detours that they face along the way.
Like others in the HD community who test negative, Lysle is
now staring down uncharted decades of life. Although he knows
he is fortunate, living without a deadline is still new territory
for him. Luckily, traversing difficult territory is nothing new for
this adventurer. Lysle Turner will never stop finding new peaks
to climb.
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Together, we are more powerful
against Huntington’s disease
We’re proud to join you in the ongoing fight against Huntingon’s disease (HD).
Working together, we hope to further the knowledge about the cause of HD—the mutant
huntingtin (mHTT) protein.1,2 The more we learn about the mHTT protein, the more prepared
we are to fight it—for you and for your patients with HD and their families.
Learn more at HuntingtonsDisease.com/HSG

References: 1. Huntington’s Disease Collaborative Research Group. A novel gene containing a trinucleotide repeat that is
expanded and unstable on Huntington’s disease chromosomes. Cell. 1993;72:971-983. 2. Ghosh R, Tabrizi SJ. Huntington
disease. In: Geschwind DH, Paulson HL, Klein C, eds. Handbook of Clinical Neurology, Vol 147. Elsevier BV; 2018:255-278.
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CLINICAL TRIALS
UPDATES AND ADDITIONS
To update or add a clinical trial, please e-mail HDInsights@hsglimited.org.
SPONSOR

IDENTIFIER

AGENT

PHASE

Roche/
Genentech

GENERATION HD1

RG6042

III

Wave Life
Sciences Ltd.

PRECISIONHD2

WVE-120102

I / II

Wave Life
Sciences Ltd.

PRECISIONHD1

WVE-120101

I / II

Neurocrine
Biosciences

KINECT-HD

Valbenazine

III

uniQure
Biopharma

CT-AMT-130-01

AMT-130

Georgetown
University

Tasigna HD

University
of Texas Health
Science Center,
Houston

DESIGN

SITES

A Randomized, Multicenter, Double-blind, Placebo-controlled,
Phase III Clinical Study to Evaluate the Efficacy and Safety
of Intrathecally Administered RO7234292 (RG6042) in
Patients with Manifest Huntington disease

Worldwide

A Multicenter, Randomized, Double-Blind, Placebo-Controlled,
Phase 1b/2a Study of WVE-120102 Administered Intrathecally
in Patients With Huntington disease

Canada
and Europe

A Multicenter, Randomized, Double-Blind, PlaceboControlled, Phase 1b/2a Study of WVE-120101 Administered
Intrathecally in Patients With Huntington disease

Canada
and Europe

A Phase 3, Randomized, Double-Blind, Placebo-Controlled Study
to Evaluate the Efficacy, Safety, and Tolerability of Valbenazine
to Treat Chorea in Subjects with Huntington disease

United States
and Canada

I / II

A Phase I/II, Randomized, Double-blind, Sham Control Study
to Explore Safety, Tolerability, and Efficacy Signals of Multiple
Ascending Doses of Striatally-Administered rAAV5-miHTT
Total Huntingtin Gene (HTT) Lowering Therapy (AMT-130) in
Early Manifest Huntington Disease

United States

Nilotinib

I

An Open Label, Phase Ib, Proof of Concept Study to Evaluate
the Impact of Low Doses of Nilotinib Treatment on Safety,
Tolerability and Biomarkers in Participants with HD

United States

NCT03854019

Dextromethorphan/
Quinidine

I

An interventional study to assess efficacy and safety of
dextromethorphan/quinidine 20mg/10mg (DM/Q 20mg/10mg)
in patients with irritability due to Huntington disease

United States

Vaccinex, Inc.

SIGNAL

VX15/2503

II

A Phase 2, Multi-center, Randomized, Double-Blind, Placebo
Controlled Study in Subjects With Late Prodromal and Early
Manifest Huntington disease (HD) to Assess the Safety,
Tolerability, Pharmacokinetics, and Efficacy of VX15/2503

United States
and Canada

Azidus Brasil

ADORE-DH

Cellavita

II

Dose-Response Evaluation of the Investigational Product
Cellavita HD After Intravenous Administration in Patients
With Huntington disease

Brazil

Ultragenyx
Pharmaceutical

TRIHEP3

Triheptanoin oil

II

A Comparative Phase 2 Study Assessing the Efficacy of
Triheptanoin, an Anaplerotic Therapy in Huntington disease

France
and Netherlands

Sage
Therapeutics

SAGE-718

718-CLP-102 B

I

A Phase 1, Double-blind, Placebo-controlled, Multiple
Ascending Dose Study to Determine the Safety,
Tolerability, and Pharmacokinetics of SAGE-718 Oral
Solution in Healthy Adults With an Open-label Cohort
of Patients With Huntington disease

United States

CURRENTLY
ENROLLING

ACTIVE

RECENTLY
COMPLETED

Sources: www.clinicaltrials.gov and apps.who.int/trialsearch
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HD THERAPEUTIC

pipeline
Preclinical

TREATMENT
TYPE

Disease-modifying therapies
Symptomatic treatments
Gene-targeting therapies

• PTC small molecule (PTC Therapeutics)
• VY-HTT01 (Voyager Therapeutics)

Sources: www.clinicaltrials.gov, HDSA’s Therapies
in the Pipeline, and company/developer websites.

• TAK-686 (Takeda and Sangamo Therapeutics)

Phase

1

Phase

2

• MP101 (Mitochon)

• WVE-120101 (Wave Life Sciences)

• AMT-130 (uniQure)

• WVE-120102 (Wave Life Sciences)

•

•

SAGE-718 (Sage Therapeutics)

Phase

3

• RG6042 (Roche/Genentech)
• Valbenazine/NBI-98854

(Neurocrine Biosciences)

SRX246 (Azevan Pharmaceuticals)

• Pridopidine (Prilenia)
• Pepinemab – VX15/2503 (Vaccinex)

To Patients
• Deutetrabenazine (Teva)
• Tetrabenazine (Lundbeck)

A novel
approach to
Huntington’s
disease
Committed to listening,
learning, and partnering
with the Huntington’s
disease community

wavelifesciences.com

Vaccinex Inc.
1895 Mount Hope Avenue,
Rochester; NY 14520
585.271.2700
info@vaccinex.com
Vaccinex.com

Science in the Service
Of Medicine
Unique Targets.
Novel Mechanisms.
New Medicines.

Vaccinex is committed to innovation in the way we
approach drug discovery and development.
Vaccinex, Inc. (VCNX) is a clinical-stage biotechnology company
pioneering investigational antibody therapies in cancer and
neurodegenerative diseases, including Huntington’s disease.
Vaccinex’s SIGNAL trial is a
clinical study of its investigational
antibody, pepinemab (VX15/2503),
in Huntington’s disease. For more
information concerning the SIGNAL
trial, please visit Vaccinex.com
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We Make Quality
Healthcare Accessible
Teva Pharmaceuticals is working every day to make
quality healthcare accessible around the world.
As a manufacturer of specialty and generic
pharmaceuticals, Teva provides both new therapies
and greater access to quality, affordable medicines.

tevausa.com

