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Welcome to the 15th edition of HD Insights, released at the 2016 Huntington Study Group (HSG) Annual Meeting in Nashville, 
TN. We are proud to be celebrating five years of pursuing our mission to promote, disseminate, and facilitate HD research with 
content that is valuable and informative to the global community of HD researchers. This 15th edition marks the third year of our 
Insights of the Year competition, the second of our Meet the Next Generation of HD researchers feature, and the continuation of 
our updates on HD clinical trials, compounds in development, and research from around the world. We are grateful to our 
sponsors, our readers, and our authors for their contributions towards our ongoing mission. 
This year, our Editorial Board and last year’s Insights of the Year winners nominated 17 articles as the most influential 
developments in HD research from July 2015-July 2016. All 17 explore fascinating and promising discoveries and advancements 
in our understanding of HD and in our attempts to develop treatments. The three winners, selected by the Editorial Board and 
previous awardees, will be presenting their work at a panel session at the HSG meeting on November 2. Also at this year’s 
meeting, the 2016 HDSA Human Biology Fellows awarded scholarships to attend HSG and the two 2016 Shoulson Scholars, 
featured in our “Meet the Next Generation” series, will be presenting their research and connecting with new and veteran 
investigators and researchers from around the world. This edition also brings you an update from Dr. Kimberly Kegel-Gleason 
on the promise and opportunities in the use of induced pluripotent stem cells in HD research, a highlight from the Journal of 
Huntington’s Disease. Dr. Joseph Ochaba shares his work exploring potential therapeutic targeting of PIAS1 to diminish 
neurodegeneration. We sit down with WAVE Life Sciences, a new biotechnology company using proprietary techniques to 
produce stereopure nucleic acid therapies for HD and other rare diseases, and introduce you to their new compounds. Finally, 
we continue to update the HD community on upcoming, ongoing, and recently completed clinical trials. 
HD Insights is dedicated to creating connections and bringing together ideas and people in the HD community to advance HD 
research. This edition features job opportunities both for those in training and at a later stage in their careers, in academia and in 
industry. If you have an opportunity you would like to share with nearly 3000 HD researchers and clinicians, please let us know 
at editor@hdinsights.org. 
Your comments, suggestions, and contributions are invaluable to us. If you would like to get in touch, please email 
editor@hdinsights.org. If you or your colleagues would like a free electronic subscription to HD Insights, please visit 
www.HDInsights.org and complete the subscription form. Thank you for all that you do. 
- -  R A Y  D O R S E Y  
    E D I T O R ,  H D  I N S I G H T S

D I S C L O S U R E S :  D R .  D O R S E Y  R E C E I V E S  G R A N T  S U P P O R T  F R O M  P R A N A  B I O T E C H N O L O G Y ,
T E VA ,  R O C H E ,  B I O M A R I N ,  R A P T O R  P H A R M A C E U T I C A L S  A N D  T H E  H U N T I N G T O N  S T U D Y  G R O U P .
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Current research interests: Dr. Fritz began working with individuals with HD during her doctoral work, as both a 
consulting physical therapist in the HD clinic, and during research studies, including a clinical trial that examined the 
influence of a video game on balance, and a multi-center trial that examined the reliability of physical performance 
measures. Since completing her PhD, Dr. Fritz has maintained a strong working relationship with the European 
Huntington's Disease Network. Dr. Fritz joined the Physical Therapy & Neurology faculty at Wayne State University 
in 2015.

She serves as the principal physical therapist for the Wayne State University HD Clinic, and directs the Neuroimaging 
and Neurorehabilitation Laboratory. The overarching research goal of the laboratory is to develop novel rehabilitation 
strategies that target motor and cognitive decline in individuals with neurodegenerative diseases such as HD. Dr. 
Fritz’s lab is currently examining motor and cognitive performance over time to establish patterns of change, and 
biomarkers that might indicate future impairment.

Hopes for the future of HD research: Dr. Fritz hopes that clinical trials that examine non-pharmacologic interventions 
will improve the function and quality of life of individuals with HD, their care-givers, and families.

Publication highlight: Fritz NE, Hamana K, Kelson M, et al. Motor-cognitive dual-task deficits in individuals with 
early-mid stage Huntington disease.  Gait Posture. 2016 Jul 17;49:283-289. doi: 10.1016/j.gaitpost.2016.07.014. [Epub 
ahead of print]

Meet the Next Generation
The global HD research community continues to grow 
and welcome a new, diverse generation of investigators. 
As we did in 2015, HD Insights interviewed next-
generation HD researchers who have been invited by the 
HSG to attend the 2016 HSG Annual Meeting. We bring 
you their backgrounds, their current work, and their 
vision for the future of HD research.

Scholars invited to HSG 2016: 
2016 Shoulson Scholars
Nora Fritz, PhD, PT, DPT, NCS
Martin Kronenbuerger, MD

HDSA Human Biology Fellows
Regina Kim, PhD
Dawn Loh, PhD
Sonia Podvin, PhD

   

VITAL SIGNS 
Name: Nora Fritz, PhD, PT, DPT, NCS

Education: 
• BS, Zoology, Miami University, Oxford, OH 

• DPT, Physical Therapy, The Ohio State University, Columbus, OH

• PhD, Rehabilitation Science, The Ohio State University, Columbus, OH

• Postdoctoral Fellowship, Johns Hopkins University, Baltimore, MD

Current position: Assistant Professor of Physical Therapy and Neurology, Wayne State 
University, Detroit, MI 

Hobbies and interests: Traveling and gardening

Dr. Nora Fritz
Shoulson Scholar

https://www.ncbi.nlm.nih.gov/pubmed/27474949
http://www.ncbi.nlm.nih.gov/pubmed/27474949
https://www.ncbi.nlm.nih.gov/pubmed/27474949
http://www.ncbi.nlm.nih.gov/pubmed/27474949
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Meet the Next Generation, cont...

   

VITAL SIGNS  
Name: Regina Kim, PhD

Education: 
• PhD, Large-scale MRI processing/Biomedical Engineering, University of Iowa, Iowa City, IA

Current position: Research Scientist, University of Iowa, Iowa City, IA; Research Professor, 
Korea University, Ansan, Korea

Hobbies and interests:  Rock-climbing and other exercise
Dr. Regina Kim

Human Biology Fellow

Current research interests: Dr. Kronenbuerger worked as an attending neurologist at academic centers in Germany 
and the Netherlands, until his interest in movement disorders led him to join the Movement Disorders team at Johns 
Hopkins Hospital as a fellow. During a rotation with Dr. Christopher Ross at the Johns Hopkins HD center, Dr. 
Kronenbuerger began working with HD patients and became involved in HD research. He and his colleagues are 
currently investigating MRI changes in premanifest and manifest HD, hoping to develop a sensitive marker of 
disease progression that can be used in future clinical trials of disease-modifying therapies. They are beginning a one-
year follow-up study with their original cohort to assess MRI changes and evaluate their model.
Hopes for the future of HD research: “We are on a good path,” Dr. Kronenbuerger said, “because medications such 
as laquinimod that have been shown to be effective for other neurological diseases are now being evaluated in HD.” 
He is hopeful that MRI markers for disease progression will finally enable the trials necessary to develop disease-
modifying treatments.
Publication highlight: Kronenbuerger M, Hua J, Unschuld P et al. Cortico-striatal functional connectivity in 
premanifest and manifest Huntingon’s disease measured with high-field functional MRI. [abstract]. To be presented 
during the Tenth Annual Huntington Disease Research Symposium, November 3rd, 2016, Nashville, TN.

   

VITAL SIGNS  
Name: Martin Kronenbuerger, MD

Education: 
• MD, University of Heidelberg Medical School, Heidelberg, Germany

• Residency in Neurology, RWTH Aachen University Medical School, Aachen, Germany; 
Privatdozent (German academic title comparable to PhD)

• Medical Faculty RWTH Aachen University, Aachen, Germany

Current position: Movement Disorders Fellow, Parkinson and Movement Disorders Center, 
Johns Hopkins University School of Medicine

Hobbies and interests:  Outdoor activities with family, including hiking and mountain 
camping

Dr. Martin Kronenbuerger
Shoulson Scholar

(continued on Page 5...)

Current research interests: Dr. Regina Kim became involved in HD research when she came to the University of Iowa 
to earn her PhD in Biomedical Engineering, with a focus on large-scale MRI processing. With the help of Dr. Hans 
Johnson, Dr. Kim began her research on the large dataset generated by the PREDICT-HD study. Her work focuses on 
analysis of large-scale biological datasets, with a particular focus on imaging analysis. She is just finishing her HDSA-
funded project analyzing volumetric MRI data from the PREDICT-HD study, hoping to use the super-computing 
power of the University of Iowa’s high-performance computing resources (see HD Insights, Vol. 7) to identify changes 
in the brains of HD patients. Her work aims to not only confirm and further characterize the changes in volume 
already observed in the caudate and putamen, but also to identify volumetric changes in approximately 125 additional 
regions of the brain, to better characterize the progression of HD in the premanifest and prodromal periods. Her team 
seeks to identify a spectrum of changes within the brain which can not only provide a biological signature of HD 
progression, but which may also give insights into the symptomatology of the disease. 

http://huntingtonstudygroup.org/hd-insights/predictions-using-high-performance-computing-to-visualize-the-hd-brain/
http://huntingtonstudygroup.org/hd-insights/predictions-using-high-performance-computing-to-visualize-the-hd-brain/
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She hopes that these imaging markers may be combined with biological markers and other imaging modalities to 
provide a sensitive, objective assessment system for future HD trials. 
Hopes for the future of HD research:  “It was 10 years ago that I started [doing research in HD], and people were 
saying that ‘there is no cure for HD, and we’re still just trying to understand the process.’” Now, we’re working on 
clinical trials, she says. She “won’t say for sure,” but hopes to see a disease modifying treatment on the market within 
the next ten years.
Publication highlight: Kim EY, Lourens S, Long JD, Paulsen JS, Johnson HJ. Preliminary Analysis Using Multi-atlas 
Labeling Algorithms for Tracing Longitudinal Change. Front. Neurosci. 2015, 9(242). doi: 10.3389/fnins.2015.00242. 
eCollection 2015.

Copyright © Huntington Study Group 2016.  All rights reserved.
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Meet the Next Generation, cont...

Current research interests: Dr. Loh began her studies by completing an undergraduate degree in genetics. The HD 
gene was discovered during her studies, which catalyzed her interest in the disease. She completed her PhD in 
Edinburgh, then took a post-doctoral position at UCLA with a mentor who focused on sleep-wake timing and the 
biology of circadian “clocks.” Their work in mouse models of neurodegenerative disease included explorations of 
sleep-wake dysregulation in HD mouse models that express varying CAG repeat lengths.
After six years exploring the striking neurological basis of these disruptions in mice, Dr. Loh is currently investigating 
sleep disruption in human HD patients through her HDSA Human Biology fellowship. Her project utilizes an at-home 
activity monitor used throughout sleep research that enables comparison of the sleep-wake patterns of HD patients 
and age-matched controls. She is primarily interested in identifying sleep-wake cycle disruption in HD patients, and 
understanding the biology of this disruption. She hopes that future research might determine whether sleep hygiene 
education or other methods of improving sleep quality might improve sleep in HD patients, and perhaps even slow 
the progression of the pathology.	
Hopes for the future of HD research: Dr. Loh is excited about the move toward nucleotide-based therapies, and 
hopes that they will be a game changer. In the absence of an effective disease-modifying treatment, she hopes to see 
more research into the peripheral effects of HD, and more integration of whole-body outcome research.
Publication highlight: Loh DH, Jami SA, Flores RE, et al. Misaligned feeding impairs memories. Elife. 2015 Dec 10;4. 
pii: e09460. doi: 10.7554/eLife.09460.

   

VITAL SIGNS  
Name: Dawn Loh, PhD

Education: 
• BSc, Genetics, University of Edinburgh, Edinburgh, UK

• PhD in molecular genetics, MRC Human Genetics Unit, University of Edinburgh, 
Edinburgh, UK 

Current position: Project Scientist with the Department of Psychiatry and Biobehavioral 
Sciences at the University of California Los Angeles, CA

Hobbies and interests:  Camping and hiking with her family in the outdoors of California

Dr. Dawn Loh
Human Biology Fellow

(continued on Page 6...)

   

VITAL SIGNS  
Name: Sonia Podvin, PhD

Education: 
• BA, Biochemistry, Wellesley College, Wellesley, MA

• PhD, Pharmacology and Experimental Therapeutics, Boston University School of Medicine, 
Boston, MA

Current position: Assistant Project Scientist, Laboratory of Dr. Vivian Hook, Skaggs School of 
Pharmacy and Pharmaceutical Sciences, University of California, San Diego, CA

Hobbies and interests:  Open-ocean swimming; karate

Dr. Sonia Podvin
Human Biology Fellow

http://www.ncbi.nlm.nih.gov/pubmed/26236182
http://www.ncbi.nlm.nih.gov/pubmed/26236182
https://elifesciences.org/content/4/e09460
http://www.ncbi.nlm.nih.gov/pubmed/?term=Misaligned+feeding+impairs+memories.
https://elifesciences.org/content/4/e09460
http://www.ncbi.nlm.nih.gov/pubmed/?term=Misaligned+feeding+impairs+memories.
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Meet the Next Generation, cont...
Current research interests: Dr. Podvin has dedicated her career to studying mechanisms of neurodegeneration. Her 
current work in HD focuses on identifying and characterizing proteins and peptides that interact with HTT in human 
brain tissues obtained from HD brain banks, and evaluating differences in these interactions between human tissue 
and available animal models using bioinformatics and systems biology. Understanding the protein molecular 
interactions that go awry in HD will point to potential therapeutic target testing for discoveries into novel therapies 
for HD patients. 
While acquiring and analyzing proteomics mass spectrometry data from human HD brain tissues, Dr. Podvin is also 
working on a manuscript that evaluates a curated list of all available published HTT interactors in the field from 
animal and cellular HD models that she has collated, to utilize as a reference dataset. Analyzing the HTT interactors 
in animal and cellular models versus those in human tissues can facilitate understanding of similarities and 
differences between non-human HD model systems and humans, for use in future preclinical testing platforms. Her 
lab plans to manipulate the interactor proteins they have discovered in human patient-derived stem cell models to 
evaluate them as potential therapeutic targets.

Reflecting on her experiences at this year’s HDSA meeting, Dr. Podvin said that she was moved by how HD patients 
and families handled the development of this disease with so much courage, grace, and strength. Hearing from 
patients, their families, and their advocates gave her a new appreciation of the urgency with which treatments are 
needed. She is excited to be attending the HSG meeting to discuss the ways in which veteran HD researchers and 
clinicians use neuroscience in their clinics to improve care for their HD patients, and how she can incorporate their 
invaluable knowledge-base to plan future research strategies.

Hopes for the future of HD research:  Through her work, Dr. Podvin hopes to contribute to the growing body of 
publicly available data on the biology of HD to speed the search for new treatments. She also hopes to better 
characterize differences between HD biology in humans and HD animal models to improve translation of novel 
therapies.

Research Round-Up: 
Insights of the Year 2015-2016
In this edition, we recognize the most influential papers in HD research in the 2015-2016 year with our 
largest Insights of the Year competition yet. The winners of last year’s competition nominated 17 articles 
reporting on basic science, clinical, and imaging and biomarkers research. Fourteen authors provided 
summaries, included in this edition, and the remaining three are cited in their respective sections. 
The HD Insights Editorial Board and prior winners then voted to select the three most influential papers, 
one in each category. The authors of the winning papers will present their research in a panel discussion 
at the HSG Annual Meeting on November 2, 2016. Congratulations to all the nominees and winners!

In the lab…
Human-to-mouse prion-like propagation of mHTT 
Most influential insight 
By: Iksoo Jeon, PhD, Francesca Cicchetti, PhD, and Jihwan Song, DPhil
To date, the pathophysiology of HD has been thought to be primarily driven by cell-autonomous mechanisms. However, we 
have demonstrated that HD patient-derived fibroblasts, or their induced pluripotent stem cells (iPSCs), can transmit mutant 
huntingtin (mHTT) protein aggregates to genetically unrelated and healthy host tissue following implantation into the cerebral 
ventricles of neonatal mice in a non – cell-autonomous fashion. We found that transmitted mHTT aggregates gave rise to loss 
of striatal medium spiny neurons, and increased inflammation and gliosis in associated brain regions, which led to motor and 
cognitive impairments, thereby recapitulating the behavioral and pathological phenotypes that characterize HD.

(continued on Page 7...)
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HD is caused by an expanded polyglutamine tract in the amino terminus of huntingtin (HTT) protein. How the addition of 
extra glutamines in such a large protein (3,144 amino acids) 
results in such a drastic change in structure and function 
of HTT has remained an unresolved question. In order to 
gain insights into the role of polyglutamine tract length in 
the modulation of HTT structure and function, we 
utilized purified full-length human HTT that had 
polyglutamine tract lengths of 2, 23, 46, 67 and 78. Using 
several structural and biochemical approaches, we found 
that HTT is folded back, forming a spherical shape with 
an internal cavity that may serve as a binding pocket for 
other molecules.

Our study used Circular Dichromism Spectroscopy and 
3D-EM analysis to show that the expanded 
polyglutamine tract alters the entire structure of HTT, 
instead of a local change near the polyglutamine tract. 
Furthermore, cross-linking mass spectrometry studies 
provide a glimpse into the domain structure of HTT and 
how the five sub-domains are oriented with respect to 
each other, implying that the polyglutamine expansion 
influences the arrangement of these sub-domains relative 
to each other. Thus, altered structure, as seen in mHTT, can 
produce distinct alterations of normal protein-protein interactions, as well as result in differential post-translational 
modifications that may serve as therapeutic targets (unpublished observations). While more work is needed to obtain a high-
resolution structure of HTT, these insights may contribute to understanding the role of mHTT in HD pathogenesis.
Nominated article: Vijayvargia R, Epand R, Leitner, et al. Huntingtin’s spherical solenoid structure enables polyglutamine tract − dependent 
modulation of its structure and function. Elife. 2016 Mar 22;5:e11184. doi: 10.7554/eLife.11184.

Copyright © Huntington Study Group 2016.  All rights reserved.
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Figure. 3D EM maps of Q23 and Q78-huntingtin. 3D EM maps, 
reconstructed from negative stained Q23- (grey) and Q78- (cyan) huntingtin 
particles, are presented in different x-axis angles. The final resolutions are 
calculated at 33.5, and 32.0 Å, respectively.

In addition, we showed that exosomes can carry 
mHTT as cargo between cells, triggering the 
manifestation of HD-related behavior and 
pathology.

This is the first evidence of human-to-mouse prion-
like propagation of mHTT in the mammalian brain, 
a finding that will help unravel the molecular basis 
of HD pathology, as well as to lead to the 
development of a new range of therapies for CNS 
neurodegenerative diseases. We are currently 
developing ways to overcome the pathogenic host 
brain background to better treat HD, using stem 
cells and other methods.
Nominated article: Jeon I, Cicchetti F, Cisbani G, et al. 
Human-to-mouse prion-like propagation of mutant 
huntingtin protein. Acta Neuropathol. 2016 Oct;132(4):
577-92. doi: 10.1007/s00401-016-1582-9. Epub 2016 May 
24.

Figure. Mutant htt proteins (EM48) derived from human fibroblast carrying 143 
CAG repeats (HD143F) attack medium spiny neurons (DARPP-32) in the host 
mouse brain, shown here at 40 weeks post-implantation.

Huntingtin’s spherical solenoid structure enables polyglutamine tract − dependent modulation of its structure 
and function 
Nominee, “In the lab…” 
By: Ravi Vijayvargia, PhD and Taeyang Jung, PhD

Research Round-Up: Insights, cont...

https://elifesciences.org/content/5/e11184
https://elifesciences.org/content/5/e11184
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PPAR-δ is repressed in HD, is required for normal neuronal function, and can be targeted therapeutically 
Nominee, "In the lab…” 
By: Audrey S. Dickey, PhD
Polyglutamine-expanded huntingtin (mHTT) physically interacts with peroxisome proliferator-activated receptor delta (PPARδ) 
as indicated by co-immunoprecipitation in either mouse cortex or using only in vitro-generated mHTT and PPARδ proteins. 
mHTT also represses transcriptional activity of PPARδ indicated by reductions in a transactivation reporter assay, and reduced 
expression of target genes. Pharmacologically increased PPARδ transactivation ameliorated mitochondrial dysfunction, and 
improved neuron survival in mouse models of HD. Genetic expression of dominant-negative PPARδ in the brains of mice was 
sufficient to induce motor dysfunction, neurodegeneration, mitochondrial abnormalities, and transcriptional alterations that 
recapitulated HD-like 
phenotypes. 

A preclinical trial to 
evaluate therapeutic 
potential found that 
pharmacologic 
activation of PPARδ 
with the agonist 
KD3010 in a N-
terminal mHTT 
fragment mouse 
model improved 
motor function, 
reduced 
neurodegeneration, and increased survival.

In medium-spiny-like neurons generated from induced pluripotent stem cells (iPSCs) derived from individuals with HD, 
PPARδ activation also reduced mHTT-induced neurotoxicity, increasing optimism that positive results in mouse models can 
translate to humans.

Advancing towards clinical trials of KD3010, another preclinical trial in a full-length mHTT mouse model is underway, and we 
have identified compelling biomarkers to assist with the clinical translation of our research. PPARδ activation may be 
therapeutically beneficial in HD and related neurodegenerative disorders.

Nominated article: Dickey AS, Pineda VV, Tsunemi T, et al. PPAR-δ is repressed in Huntington's disease, is required for normal neuronal 
function and can be targeted therapeutically. Nat Med. 2016 Jan;22(1):37-45. doi: 10.1038/nm.4003. Epub 2015 Dec 7.

Selective expression of mHTT during development recapitulates characteristic features of HD 
Nominee, "In the lab…” 
By: Aldrin Molero, MD, PhD

Research Round-Up: Insights, cont...

Figure B. Results from quadriceps of preclinical trial mice (wild 
type and HD N171-82Q) indicate that PDK4 and SCD1 would 
perform better as biomarkers. (* = p< 0.05 compared to WT ctrl; # 
= p < 0.05 compared to HD ctrl)

Figure A. Knockdown of Htt with siRNA improves PPAR 
transcriptional activity both with and without PPAR agonist in 
primary cortical neurons from wild type and BAC-HD mice. 

Emerging evidence shows that mHTT disrupts key neural developmental processes. We investigated the role of HD-associated 
developmental deficits in disease pathogenesis using a mouse model, restricting the expression of full mHTT from the 
embryonic period until post-natal day 21. We showed that similar to mice that express mHTT throughout their life, mice that 
expressed mHTT only during the stages of brain development exhibited the characteristics of HD such as motor deficits, 
neurophysiological abnormalities, and neurodegenerative changes. Further, these mice displayed during the adult life 
enhanced vulnerability to NMDA-mediated excitotoxicity, and impaired corticostriatal functional connectivity and plasticity.

These findings strongly suggest that mHTT expression during development may exert long-term disease-modifying effects, 
including engendering selective neuronal vulnerability to degeneration. We also observed that despite similarities between 
mice that expressed mHTT only during the period of brain development, and those that expressed mHTT throughout life, 
defects observed in the former were as not as severe as those observed in the latter model.

(continued on Page 9...)

http://www.ncbi.nlm.nih.gov/pubmed/26642438
http://www.ncbi.nlm.nih.gov/pubmed/26642438
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Research Round-Up: Insights, cont...
Thus, our studies provide support for a model of HD 
pathogenesis that encompasses two pathogenic 
components or “hits”, one developmental, and the other 
reflecting the ongoing effects of mHTT (see Figure). 
Further studies are necessary to better define the 
developmental underpinnings of HD-associated 
vulnerabilities, such as the underlying developmental 
substrate leading to enhanced vulnerability to cell death.

Nominated article: Molero AE, Arteaga-Bracho EE, Chen CH et 
al. Selective expression of mutant huntingtin during 
development recapitulates characteristic features of 
Huntington’s disease. Proc Natl Acad Sci USA. 2016 May 
17;113(20):5736-41. doi: 10.1073/pnas.1603871113. Epub May 2 
2016.

Figure. The “two-hit” model of HD. The first “hit” consists of mHTT-associated 
impairments during developmental neurogenesis, leading to mature neurons 
with enhanced vulnerability to death. The second “hit” consists of physiological 
stressors and mHTT-associated deleterious effects during adulthood.

Glial therapeutics for HD 
Nominee, "In the lab…” 
By: Steve Goldman MD, PhD
Our group studies the role of glial cells in neurological disease.1,2 We asked whether modification of the local glial environment 
might potentiate the survival of medium spiny neurons, one of the major neuronal cell types lost in HD. We were especially 
interested in this since in another recent study, we identified a strategy for regenerating new medium spiny neurons in brains 
affected by HD.3 In our new study reported in Nature Communications,4 we 
generated human glial progenitor cells (hGPCs), a cell type that can make both 
astrocytes, which are the support cells of the brain, and oligodendrocytes, which are 
the brain’s myelin-producing cells, from both normal and mHTT-carrying human 
embryonic stem cells (hESCs), using cell differentiation strategies that we developed 
for the purpose. We then transplanted mHTT-expressing human glia into the brains 
of neonatal mice, to establish mHTT human glial chimeric mice. The mHTT glial 
chimeras manifested significant deficiencies in coordination as well as abnormalities 
in neuronal physiology relative to normal hESC-derived controls. These data 
established a significant role for human glial dysfunction in HD.

We next asked whether normal glia might replace diseased glia, and thereby either 
slow or halt disease progression if introduced into the HD brain. We found that 
when normal hGPCs were transplanted into neonatal R6/2 mice, a transgenic 
mouse line that carries the mHTT gene and otherwise develops a severe form of the 
disease, the animals indeed manifested slower disease progression and lived 
significantly longer. The mHTT-expressing diseased medium spiny neurons in these 
glial-transplanted HD mice showed restored functional competence, with a return to normal levels of excitability. Importantly, 
the mice manifested significant improvements in both cognition and coordination, as reflected by their performance in a variety 
of behavioral and motor tests that were first conducted in the lab, and then verified by an independent contract research 
organization engaged by our funding sponsor, CHDI.

These findings together suggest that the restoration of a normal glial environment in the HD brain by the intracerebral 
transplantation of glial progenitor cells might offer significant benefit in the treatment of HD.
Nominated article: Benraiss A, Wang S, Herrlinger S, et al. Human glia can both induce and rescue aspects of disease phenotype in 
Huntington disease. Nat Commun. 2016 Jun 7;7:11758. doi:10.1038/ncomms11758.

Figure. A human glial mouse chimeric 
striatum. Human glia in red, much larger 
and more complex than mouse glia, in 
green.
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Transcellular spreading of huntingtin aggregates in the Drosophila brain 
Nominee, "In the lab…” 
By: Daniel Babcock, PhD

Our research focuses on mechanisms by which mHTT spreads 
within cell populations. We previously expressed a fluorescently 
tagged human huntingtin (HTT) protein with a polyglutamine 
expansion in a small population of neurons in the Drosophila 
brain in order to monitor the spread of mHTT aggregates 
throughout the nervous system.1 We found that these aggregates 
spread throughout the brain and are internalized by other types 
of neurons. While some groups of neurons accumulated a large 
number of mHTT aggregates, other types of neurons died 
rapidly. Both of these processes were prevented by inhibiting 
exocytosis and endocytosis in the affected neurons by expressing 
a dominant-negative form of Shibire, the Drosophila homolog of 
Dynamin, demonstrating that exocytosis and endocytosis are 
major routes of transmission for mHTT.

Some of our updated results include examination of spread of 
mHTT aggregates using various populations of neurons. One 
example is shown in the accompanying figure that shows spread 
of mHTT aggregates from gustatory receptor neurons labeled 
using the gr63a-Gal4 driver. Determining how the capacity of 
aggregates to spread differs between neuronal populations will 
help us to find new ways to halt the spread of toxic mHTT 
aggregates in HD.

Nominated article: Babcock DT, Ganetzky B. Transcellular spreading of huntingtin aggregates in the Drosophila brain. Proc Natl Acad 
Sci USA. 2015 Sep 29; 112(39): E5427–E5433. Published online 2015 Sep 8. doi: 10.1073/pnas.1516217112.

Figure. Expression of mHTT 
aggregates (red) using UAS-
mRFP.Htt.138Q in a subset of 
gustatory receptor neurons. 
Gustatory neurons are targeted 
using the gr63a-Gal4 driver, and 
are labeled with GFP (green). In 
24-day-old Drosophila flies, 
mHTT aggregates are seen 
throughout the brain, in a unique 
pattern far beyond the boundaries 
of the neurons in which they are 
expressed. Neuropil (blue) is 
marked by anti-bruchpilot.
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The size of the expanded CAG repeat largely determines the 
rate of the pathogenic process that leads to clinical symptoms in 
HD; however, the CAG repeat count does not perfectly control 
age at onset, strongly suggesting the existence of genetic and 
environmental modifiers. Such modifiers are hypothesized to 
interact genetically with HD pathogenesis to modulate the 
timing of clinical manifestations. Thus, identification of genetic 
factors that modify HD will shed light on components involved 
in HD pathogenesis, and ways to delay the disease processes. 

In order to identify genetic factors capable of modulating age at 
onset of motor symptoms, the GeM-HD Consortium performed 
genome-wide association (GWA) analysis of HD patients from 
several large natural history studies and genetic research 
collections. By rigorously searching for genetic variations that 
show correlation with the difference between observed and 
CAG-predicted age at onset, three genome-wide significant 
modification signals were discovered. These findings imply 
that HD can be modified prior to clinical disease onset, 
supporting the potential of genetic modifier pathways as 
therapeutic targets.

In the clinic…
Identification of genetic factors that modify clinical onset of Huntington's disease. 
Most influential insight 
By: Jong-Min Lee, PhD, on behalf of the Genetic Modifiers of Huntington’s Disease (GeM-HD) Consortium

Figure. This chromosome ideogram shows genomic regions with suggestive 
significance (blue bars, association analysis p-value < 0.00001) and with genome-
wide significance (red bars, association analysis p-value  < 0.00000005), 
supporting the presence of genetic modifiers of age at HD onset. The chromosome 
15 region involves two independent genome-wide significant association signals. 
The height of each bar represents the significance in the modifier GWA analysis. 
The entire HD modifier GWA analysis results are available at the Genetic 
Modifiers of Motor Onset Age (GeM MOA) website. 

Research Round-Up: Insights, cont...
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There is growing evidence that chronic neurodegenerative 
disorders of the central nervous system are associated with 
sleep disturbances, and HD is no exception. There are now 
several studies that report abnormal sleep quality in manifest 
HD patients.1-6 The abnormal sleep quality begins early in the 
disease course.7,8 This is intriguing, given that sleep has such 
an important function in normal brain health, and raises the 
question of whether sleep dysfunction could elicit or magnify 
early aspects of HD. We have previously shown in a 
comprehensive cognitive, sleep, and metabolic study that 
sleep deficits were among the earliest abnormalities detected 
in premanifest HD patients. They appeared at the same time 
as cognitive disturbances,9 years before any motor 
abnormalities (see HD Insights, Vol. 13).

To better understand the nature and significance of these 
sleep disturbances in HD, we have followed up this study in 
several ways. First, we have undertaken a detailed 
characterization of sleep profile and brain activity during 
sleep, and investigated the relative contribution of the 
pathological CAG repeat, age, and sex in the modulation of 
those HD specific sleep abnormalities. Second we extended 
our analyses to a new group of premanifest and manifest HD 
patients who had previously undergone sleep studies in Paris 
with Prof Isabelle Arnulf. Third, we followed up a smaller group of premanifest patients and controls to assess the reliability of 
sleep features as early biomarkers of HD. Our preliminary results suggest that there are specific alterations of sleep and sleep-
dependent brain activity in HD driven by the CAG repeat length and independent of age and sex.
Nominated article: Lazar AS, Panin F, Goodman AO, et al. Sleep deficits but no metabolic deficits in premanifest Huntington's 
disease. Ann Neurol. 2015 Oct;78(4):630-48. doi: 10.1002/ana.24495. Epub 2015 Aug 21.

Sleep disturbances are early key features of HD: why is this important? 
Nominee, "In the clinic…” 
By: Alpar S Lazar, PhD and Roger A Barker, MRCP, PhD, FMedSci

Figure. Group differences in sleep quality parameters measured by 
polysomnography of the night restricted to the first 8 hours of sleep. Results show 
an increased time spent awake (left panel) and decreased sleep continuity during 
the night (right panel). Analyses are controlled for age. Log transformed estimates 
and SEM are indicated. Pre-HD A: lower disease burden score; Pre-HD B: higher 
disease burden score; Manifest HD: a small subgroup of patients with early 
manifest stage HD; Stars indicate significance in all figures: *p ≤ 0.05, T-test; N 
Controls = 25, N Pre-HD A = 15, N Pre-HD B = 16, N Manifest HD = 8.

References 
1.Arnulf I, Nielsen J, Lohmann E, et al. Rapid eye movement 

sleep disturbances in Huntington disease. Arch Neurol. 2008 
Apr;65(4):482-8. doi: 10.1001/archneur.65.4.482. Erratum in: 
Arch Neurol. 2008 Nov;65(11):1478.. Schieffer, Johannes 
[corrected to Schiefer,Johannes].

2. Wiegand M, Möller A, Lauer C, et al. Nocturnal sleep in 
Huntington's disease. J Neurol. 1991 Jul;238(4):203-8.

3. Piano C, Losurdo A, Della Marca G, et al. Polysomnographic 
findings and clinical correlates in Huntington disease. A 
cross-sectional cohort study. Sleep. 2015 Sep 1;38(9):1489-95. 
doi: 10.5665/sleep.4996.

4. Hansotia P, Wall R, Berendes J. Sleep disturbances and 
severity of Huntington's disease. Neurology. 1985 Nov;35(11):
1672-4.

5. Neutel D, Tchikviladze M, Charles P, et al. Nocturnal agitation 
in Huntington disease is caused by arousal-related abnormal 
movements rather than by rapid eye movement sleep 
behavior disorder. Sleep Med. 2015 Jun;16(6):754-9. doi: 
10.1016/j.sleep.2014.12.021. Epub 2015 Mar 3.

6. Morton AJ, Wood NI, Hastings MH, Hurelbrink C, Barker RA, 
Maywood ES. Disintegration of the sleep-wake cycle and 
circadian timing in Huntington's disease. J Neurosci. 2005 Jan 
5;25(1):157-63.

7. Abbott SM, Videnovic A. Chronic sleep disturbance and 
neural injury: links to neurodegenerative disease. Nat Sci 
Sleep. 2016 Jan 25;8:55-61. doi: 10.2147/NSS.S78947. 
eCollection 2016.

8. Goodman AO, Rogers L, Pilsworth S, et al. Asymptomatic 
sleep abnormalities are a common early feature in patients 
with Huntington's disease. Curr Neurol Neurosci Rep. 2011 
Apr;11(2):211-7. doi: 10.1007/s11910-010-0163-x.

9. Lazar AS, Panin F, Goodman AO, et al. Sleep deficits but no 
metabolic deficits in premanifest Huntington's disease. Ann 
Neurol. 2015 Oct;78(4):630-48. doi: 10.1002/ana.24495. Epub 
2015 Aug 21.

All patients affected by HD have an expanded CAG repeat of 36 or greater – but do all people with 36 or more repeats go on to 
develop HD? Investigators at the University of British Columbia, the University of Aberdeen, and the Coriell Institute for Medical 
Research asked this question, and recently reported their findings in Neurology. To determine the number of people who have an 
expanded CAG repeat in the HD range, CAG repeat length was evaluated in 7,315 individuals from the general population of 
Canada, the United States, and Scotland.

HD reduced penetrance alleles occur at high frequency in the general population 
Nominee, "In the clinic…” 
By: Chris Kay

Research Round-Up: Insights, cont...
Additional genetic analysis is ongoing to reveal additional modifier loci that remain undetected in this initial GWA study due 
to sample size. 

Nominated article: Genetic Modifiers of Huntington’s Disease (GeM-HD) Consortium. Identification of genetic factors that modify 
clinical onset of Huntington's disease. Cell. 2015 Jul 30;162(3):516-26. doi: 10.1016/j.cell.2015.07.003.
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In total, 18 individuals had 36 or more CAG repeats, 
revealing that approximately 1 in 400 people (0.246%) 
have an expanded CAG repeat in the HD range. This is 
much higher than previous estimates based on the 
prevalence of HD patients seen in the clinic, who 
represent approximately 1 in 7,300 of the general 
population. Strikingly, most individuals with an 
expanded repeat had 36 and 39 CAG, called reduced 
penetrance alleles, which usually result in HD onset over 
the age of 60.

These results suggest that many people with the 
mutation in the reduced penetrance range may never 
develop the disease, but also that more people in old age 
may have signs of HD than previously believed. 
Increased testing for HD in elderly individuals with 
suggestive signs or symptoms may be warranted. 

Nominated article: Kay C, Collins JA, Miedzybrodzka Z, et al. Huntington disease reduced penetrance alleles occur at high frequency in the 
general population. Neurology. 2016 Jul 19;87(3):282-8. doi: 10.1212/WNL.0000000000002858. Epub 2016 Jun 22.
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Figure. Number of individuals with a genotype of 36 CAG repeats or greater, 
out of a total of 7,315 individuals examined from the general population.

Much of our understanding of the relationship between pathology and function in HD is a result of transgenic mouse studies. 
However, in many cases, the findings from such studies have not been verified in patients. For example, there is extensive 
literature that shows impairments of hippocampal-dependent cognitive 
tests in a number of HD mouse models, something that had not been 
investigated in patients. Therefore, we studied hippocampal functioning 
in patients with manifest and premanifest HD, using both a virtual 
reality version of the Morris water maze (MWM) task where participants 
have to swim through a virtual pool to find a submerged platform using 
a joystick (Figures A and B), and a computerized spatial memory task 
called the paired associates learning (PAL) task, both of which replicate 
tests that have been used in rodent studies.

We found that similar hippocampal deficits exist in patients with early 
manifest HD to those that have been described in transgenic mouse 
models. Specifically, performance in both the MWM and the PAL was 
impaired compared to controls.  Whereas controls demonstrated that 
they learned the location of the platform by exhibiting a decreased 
latency, manifest HD participants were not able to learn its location 
(Figures C and D).  Furthermore, during a probe test where the platform 
was removed, participants spent a large proportion of their search in the 
platform location, whereas HD exhibited a random search pattern. 
Similar findings were reflected in the CANTAB PAL where HD 
participants made significantly more errors than controls. Importantly, 
there was a significant correlation between decreasing performance in 
each of these tasks, and estimated time to disease onset in premanifest 
HD. These results highlight the potential use of either test in future 
therapeutic trials of treatments that target cognitive impairment in HD.
Nominated article: Begeti F, Schwab LC, Mason SL, Barker RA. Hippocampal 
dysfunction defines disease onset in Huntington’s disease. J Neurol Neurosurg 
Psychiatr. 2016 Sep;87(9):975-81. doi: 10.1136/jnnp-2015-312413. Epub 2016 Feb 1.

Hippocampal dysfunction defines disease onset in HD 
Nominee, "In the clinic…” 
By: Faye Begeti, PhD

Figure. (A) Diagram of virtual reality arena showing platform 
location (blue square) within the circular pool and corresponding 
landmarks. (B) Screenshot of MWM task where subjects have to 
use a joystick to search for the submerged platform.  (C) HD 
patients show impaired learning of the hidden platform compared 
controls and preHD. (D) Representative illustrations of the paths 
taken towards the hidden platform (blue square) demonstrating 
learning of the hidden platform location by controls and 
impairment of learning the platform location by HD patients.

Research Round-Up: Insights, cont...

http://www.ncbi.nlm.nih.gov/pubmed/26833174
http://www.ncbi.nlm.nih.gov/pubmed/26833174
http://www.ncbi.nlm.nih.gov/pubmed/27335115
http://www.ncbi.nlm.nih.gov/pubmed/27335115


!13        HD Insights, Vol. 15Copyright © Huntington Study Group 2016.  All rights reserved.

H D  I N S I G H T S  

Research Round-Up: Insights, cont...

Deutetrabenazine is a novel formulation of the tetrabenazine molecule. It contains deuterium, which reduces activity in the 
enzyme CYP2D6, a key step in drug metabolism, and increases active metabolite half-lives, leading to stable systemic exposure 
while preserving key pharmacological activity. Deutetrabenazine is the first deuterated compound to be evaluated in late-stage 
development.

The First-HD trial, conducted at 34 Huntington Study Group sites, enrolled 90 ambulatory adults diagnosed with manifest HD 
and who had a baseline Total Maximal Chorea (TMC) score ≥ 8, and randomized them to receive deutetrabenazine (n = 45) or 
placebo (n = 45) in a double-blind fashion. Study drug was titrated to optimal dose level over 8 weeks and maintained for 4 
weeks, followed by 1-week washout. The primary endpoint was TMC change from baseline to maintenance therapy, and was 
reduced in the deutetrabenazine group by 4.4 points vs 1.9 points in the placebo group (P < 0.001). Secondary endpoints were: 
the proportion of patients who achieved treatment success on Patient Global Impression of Change (P=0.002); the proportion of 
patients who achieved treatment success on Clinical Global Impression of Change (P=0.002); change in SF-36 physical 
functioning subscale score (P=0.03); and change in Berg Balance Test (NS). Adverse event rates were similar for deutetrabenazine 
and placebo, including depression, anxiety, and akathisia. Among HD patients, the use of deutetrabenazine compared with 
placebo resulted in improved chorea at 12 weeks. Patients and clinicians both indicated the overall clinical importance of 
improved motor measures. A study of longer-term exposure safety and efficacy is ongoing.

Nominated article: Huntington Study Group. Effect of deutetrabenazine on chorea among patients with Huntington disease: a 
randomized clinical trial. JAMA. 2016 Jul 5;316(1):40-50. doi: 10.1001/jama.2016.8655.

Effect of deutetrabenazine on chorea in patients with HD 
Nominee, "In the clinic…” 
By: Samuel Frank, MD

Phosphodiesterase 10A (PDE10A) is an 
intracellular enzyme highly expressed in 
striatal medium spiny neurons. It hydrolyses 
cAMP and cGMP signaling cascades, thus 
playing a key role in the regulation of the 
direct and indirect striatal output pathways, 
and in promoting neuronal survival. By 
using combined molecular and structural 
imaging in vivo, we showed changes in 
PDE10A expression in premanifest HD gene 
carriers, which are associated with the risk of 
symptomatic conversion, and are detectable 
up to 43 years (range: 17–43 years) before the 
predicted onset of clinical symptoms. 
PDE10A expression in early premanifest HD 
gene carriers was decreased in the striatum 
and globus pallidus, similar to initial 
observations in animal HD models and 
postmortem HD brain tissue,1-3 and increased 
in motor thalamic nuclei compared to a 
group of matched healthy controls.

In imaging and biomarkers…
Altered PDE10A expression detectable early before symptomatic onset in HD 
Most influential insight 
By: Marios Politis, MD, MSc, DIC, PhD, 
FEAN and Flavia Niccolini, PhD

Figure. Axial summed [11C]IMA107 PET images co-registered and fused with 3-T MRI images 
for the striatum of a 33-year-old healthy male showing normal striatum [11C]IMA107 binding 
(BPND = 2.24) (left); a 35-year-old male premanifest HD gene carrier (CAGr: 40; DBS: 153; 
90% probability to onset: 43 years) showing mild to moderate decreases in striatal [11C]IMA107 
binding (BPND = 1.45) (middle-left); a 33-year-old female premanifest HD gene carrier (CAGr: 
43; DBS: 247.5; 90% probability to onset: 25 years) showing moderate decreases in striatal 
[11C]IMA107 binding (BPND = 1.32) (middle-right); and a 52-year-old male early premanifest 
HD gene carrier (CAGr: 41; DBS: 282.2; 90% probability to onset: 21 years) showing severe 
decreases in striatal [11C]IMA107 binding (BPND = 0.57) (right). 

NB: Predicted onset was estimated using the	validated variant of the survival analysis formula 
described by Langbehn et al.6 This formula can be transformed into a probability distribution for 
age of diagnosis and subsequently years from symptomatic onset that depends on both the 
subject’s CAG expansion length and current age.7

Also nominated: Bettencourt C, Hensman-Moss D, Flower M et al. DNA repair pathways underlie a common genetic mechanism modulating 
onset in polyglutamine diseases. Ann Neurol. 2016;79: 983–990. doi: 10.1002/ana.24656
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HD patients notably develop motor abnormalities. 
They also develop significant non-motor symptoms, 
including depression, anxiety, and sleep disturbance, 
that often precede the motor phenotype by many 
years. Understanding the biological basis of these 
early non-motor symptoms may reveal therapeutic 
targets that prevent disease onset or slow disease 
progression, but the molecular mechanisms 
underlying this complex clinical presentation remain 
largely unknown and are difficult to examine directly 
in a single human HD cohort.

This work leverages multiple large transcriptomic 
datasets across mouse and human cohorts to describe 
how genetic and transcriptional networks contribute 
to complex psychiatric traits in HD. These analyses 
led to several novel findings. We show that HD 
significantly changes molecular networks in the 
human cerebellum and frontal cortex, as well as the 
caudate.

Further, we demonstrate that an astrocyte gene 
network in the caudate is most significantly altered in 
HD and is strongly correlated in a mouse population 
with many common non-motor HD phenotypes 

involved in the early phases of the disease. Finally, we identify genes and drugs that can regulate this network, and also show 
that deep brain stimulation of the subthalamic nucleus affects this pathway. This study provides evidence that multi-focal and 
non-neuronal molecular networks contribute to HD and argues that an understanding of the molecular mechanisms of non-
motor HD phenotypes can reveal novel therapeutic pathways.

Systems genetic analyses highlight a TGFβ-FOXO3 — dependent striatal astrocyte network conserved across 
species and associated with stress, sleep, and HD 
Nominee, "In imaging and biomarkers…” 
By: Joseph Scarpa, PhD

Figure. A systems biology approach revealed a novel HD-relevant gene network in a 
human HD cohort (GSE3790) that is astrocyte-specific, conserved across HD mouse 
models, and associated with stress susceptibility and sleep in a (B6xA/J)F2 mouse 
population. This non-neuronal gene network is downstream of the TGFβ-FOXO3 pathway 
and is regulated by several potentially therapeutic small compounds.

Research Round-Up: Insights, cont...
Connectivity-based functional analysis revealed prominent PDE10A decreases confined in the sensorimotor striatum and in 
both direct and indirect projecting segments of striatum. The altered balance of PDE10A signaling between motor thalamic 
nuclei and striatopallidal projecting segments of the striatum was the strongest reported association, with predicted risk of 
symptomatic conversion at an alpha level of 0.001.

A pilot PDE10A PET study reported 60–70% decreases in striatal PDE10A expression in five patients with manifest HD with 
significant striatal atrophy.4 Using PET with [18F]MNI- 659, Russell et al. have found 47.6% decreases in striatal and pallidal 
PDE10A expression in eight patients with early manifest HD and lower striatal PDE10A expression was associated with disease 
severity and disease burden of pathology.5 Our findings demonstrate in vivo a novel and early pathophysiological mechanism 
underlying HD, with direct implications for the development of new pharmacological treatments that can promote neuronal 
survival, and therefore improve outcomes in HD gene carriers.

For a discussion of other research exploring PDE10A in HD, see HD Insights, Vol. 5.
Nominated article: Niccolini F, Haider S, Reis Marques T, et al. Altered PDE10A expression detectable early before symptomatic onset in 
Huntington's disease. Brain. 2015 Oct;138(Pt 10):3016-29. doi: 10.1093/brain/awv214. Epub 2015 Jul 21.
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RNA-Seq of HD patient myeloid cells reveals innate transcriptional dysregulation associated with 
proinflammatory pathway activation 
Nominee, "In imaging and biomarkers…” 
By: James Miller, PhD

HD patients are known to have peripheral immune abnormalities, including increased plasma levels of proinflammatory 
cytokines and chemokines. These abnormalities occur many years before the onset of motor symptoms. HD myeloid cells are 
also hyper-reactive to immune stimuli, but the molecular mechanisms behind this are incompletely understood. 

We used RNA-sequencing to analyze the transcriptome of peripheral blood monocytes from 30 manifest HD patients and 33 
control subjects. We found that monocytes in HD patients have a significantly abnormal transcriptional profile even in the 
absence of stimulation, including previously undetected increases in the basal expression of proinflammatory cytokines such 
as IL-6. Further bioinformatic analysis revealed significant resting enrichment of functional gene sets relating to innate 
immunity and inflammation. A summary of relevant enriched gene sets is shown in the Figure. These data suggest that mHTT 
has a ‘priming’ effect on HD myeloid cells, whereby resting dysfunction of intracellular signaling pathways leads to an 
exaggerated inflammatory response to stimulation. Functional studies indicate that this is due to abnormal basal activity in the 
NFĸB pathway. This study enhances our understanding of peripheral HD pathogenesis, and supports targeting the peripheral 
innate immune system as a potential disease-modifying treatment for HD in future research. 

Nominated article: Miller JR, Lo KK, Andre R et al. RNA-Seq of Huntington’s disease patient myeloid cells reveals innate transcriptional 
dysregulation associated with proinflammatory pathway activation. Hum Mol Genet. 2016 May 11. pii: ddw142. [Epub ahead of print]. 

Figure.  Functional gene sets associated with innate immunity and inflammation are enriched in resting HD 
monocytes. A network diagram of significant biological themes is shown, indicating number of genes (node size), 
statistical significance (darkest shading = lowest p-value) and gene content similarity (edge thickness). A false discovery 
rate cut-off of < 0.05 was used to determine inclusion in the diagram, before filtering for sets with similar gene content. 

Follow up work will seek to understand the functional role of these regulator genes and the effectiveness of drugs in 
modulating motor traits, non-motor phenotypes, and disease progression.
Nominated article: Scarpa JR, Jiang P, Losic B, et al. Systems genetic analyses highlight a TGFβ-FOXO3 dependent striatal astrocyte network 
conserved across species and associated with stress, sleep, and Huntington’s disease. PLoS Genet. 2016 Jul 8;12(7):e1006137. doi: 10.1371/
journal.pgen.1006137. eCollection 2016.

Research Round-Up: Insights, cont...

Also nominated: Wagner L, Björkqvist M, Lundh SH, et al. Neuropeptide Y (NPY) in cerebrospinal fluid from patients with 
Huntington's Disease: increased NPY levels and differential degradation of the NPY1–30 fragment.  J Neurochem. 2016 137: 820–
837. doi: 10.1111/jnc.13624.

Also nominated: Rosas HD, Doros G, Bhasin S, et al. A systems-level "misunderstanding": the plasma metabolome in 
Huntington's disease. Ann Clin Transl Neurol. 2015 Jul;2(7):756-68. doi: 10.1002/acn3.214. Epub 2015 May 28.

http://www.ncbi.nlm.nih.gov/pubmed/27170315
http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1006137
http://www.ncbi.nlm.nih.gov/pubmed/26273688
http://www.apple.com
http://www.ncbi.nlm.nih.gov/pubmed/26273688
http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1006137
http://www.ncbi.nlm.nih.gov/pubmed/27170315
http://www.apple.com


!16        HD Insights, Vol. 15Copyright © Huntington Study Group 2016.  All rights reserved.

H D  I N S I G H T S

Can’t make it to this year’s Insights of the Year panel? 



!17 HD Insights, Vol. 15Copyright © Huntington Study Group 2016.  All rights reserved.

H D  Meet the Company 
VITAL SIGNS 
Name: WAVE Life Sciences
Stock symbol: WVE  
Share price as of 10/9/16: $30.27
Market capitalization: $574 million
U.S. Headquarters: Cambridge, MA

Precision Medicine for HD 
WAVE Life Sciences, a preclinical biopharmaceutical company publicly traded since 2015, utilizes their proprietary platform to 
synthesize stereopure nucleic acid therapies for currently untreatable genetic diseases. HD Insights spoke with Brenda Jeglinski, 
Director of Clinical Operations, Wendy Erler, Vice President of Patient Advocacy and Market Insights, and Michael Panzara, 
Franchise Leader for Neurology, about the company’s work in HD. The following is an edited transcript of the conversation.

HD INSIGHTS: Thank you all for joining us today. Please tell us about WAVE Life Sciences.

JEGLINSKI: We are a small company, just starting our first clinical trials. We are currently working with investigators to develop 
our clinical trials, and identify where and when we can begin the first human dosing with our compounds. 

ERLER: One of the exciting things about WAVE is that we have a number of people who have come into the company with past 
experience working in oligonucleotides, and that has really informed our HD program in particular.

HD INSIGHTS: How did WAVE first become interested in HD?

PANZARA: One of the unique aspects of our oligonucleotide platform is that we are able to control properties of each 
oligonucleotide, including specificity. This enables an allele-specific approach when targeting genetic diseases, making the 
mutation in HD an ideal target. In addition, WAVE is building a neurology franchise upon this platform. Neurological diseases are 
an area of high unmet need and our primary focus at WAVE. Combining our platform with our focus on this area of high unmet 
need, HD seemed liked the ideal place for us to begin to develop the next generation of therapeutics.

HD INSIGHTS: You mentioned that your approach is allele-specific. Other companies are developing non – allele-specific 
compounds. Can you talk about the possible relative advantages of allele specificity?

H D  I N S I G H T S

Brenda Jeglinski serves as the 
Director of Clinical Operations at 
WAVE. She enjoys spending her 
free time with her husband and 
children.

Wendy Erler, MBA is the Vice President 
of Patient Advocacy and Market Insights 
at WAVE. When she is not working to 
bring precision medicines to patients, she 
enjoys paddleboarding and spending time 
with her husband and their three 
children. 

Michael Panzara, MD, MPH is the 
Franchise Lead for Neurology at WAVE. 
When he is not thinking about precision 
medicines for HD, he enjoys spending 
time at home with his family.

(continued on Page 18...)



!18 HD Insights, Vol. 15Copyright © Huntington Study Group 2016.  All rights reserved.

H D  I N S I G H T S  

Meet the Company, cont...

(continued on Page 19...)

PANZARA: Healthy huntingtin protein (HTT) has many essential functions in the nervous system, while the presence of mHTT 
leads to neurodegeneration, so we thought that if we could develop an approach that targeted the gene product, the transcript of 
the mHTT allele specifically, while leaving the transcript for the healthy protein intact, we could potentially increase the benefits 
of treatment while minimizing risks. One of the strengths of controlling the stereochemistry of nucleic acid synthesis is that it 
allows us to specifically enhance and adjust properties of the nucleic acid, such as its stability, its activity, its immunogenicity, 
and most importantly, its specificity, which enables an allele-specific approach to treatment of the disease.

HD INSIGHTS: Can you talk about the preclinical evidence, and the importance of allele specificity?

PANZARA: The literature suggests that HTT has many important functions in preservation of neuronal health in the central 
nervous system, which is what prompted us to explore the potential to target mHTT in a selective way.1-4 By controlling 
stereochemistry, we have been able to design an antisense oligonucleotide that appears to discriminate between HTT and 
mHTT. We have done experiments in fibroblasts from HD patients known to have specific single nucleotide polymorphisms 
(SNPs) associated with their HD mutations.  We have designed our oligonucleotides to target those SNPs, and demonstrated in 
this system that mHTT can be reduced significantly, while leaving healthy wild-type HTT relatively intact (WAVE preclinical 
data). Again, the overarching goal was to create a very specific effect on the detrimental protein, while leaving the wild-type 
protein intact, attempting to maintain normal neuronal function.

ERLER: To date, nucleic acid therapies have comprised complex mixtures of hundreds of thousands of chemical entities called 
stereoisomers. Some of those stereoisomers have therapeutic effects, while some are less beneficial, or have an unknown impact, 
and could contribute to undesirable side effects. With WAVE’s novel chemistry platform, we eliminate those complex mixtures, 
giving us control over the pharmacology by creating stereopure compounds. This rational, very specific design is what gives all 
the attributes just described specific to our HD candidates, but also allows us to use our oligonucleotides in other ways, such as 
exon skipping.

HD INSIGHTS: Tell us about your regulatory status.

PANZARA: We intend to file two INDs before year’s end, and we have been granted orphan drug designation in the USA. This 
should enable us to initiate studies in the early part of 2017 that focus on two distinct patient populations. 

HD INSIGHTS: Can you tell us about the patient populations that you are looking to enroll in your first clinical trials?

PANZARA: Our compounds are developed to target the two most common SNPs associated with the mHTT allele which 
encompasses nearly two-thirds of the HD population.  In addition, we are looking to enroll patients over 25 years old with early 
manifest HD.

ERLER: This is a really good opportunity to explain why there are two INDs being filed, since so many in the community have 
had exposure to other programs, specifically Ionis’s (see HD Insights, Vol. 13). Our planned INDs are, in fact, for two separate 
drug candidates for HD patients specifically targeted to two distinct SNPs (SNP 1 or SNP 2), so that means patients who are 
screened for these studies, will have a blood test to determine if they are eligible for SNP 1 or SNP 2 (see Meet the Compounds, 
p. 19). We plan to run both studies in parallel at the same trial centers.

PANZARA: In addition, an individual who does not want to know their CAG repeat number or their full genotyping can still 
participate in the study. The screening test would focus only on study eligibility, and the presence of either SNP 1 or SNP 2. 
From there, they would then have the opportunity to enroll, assuming they meet other inclusion and exclusion criteria.

JEGLINSKI: Another key factor is that because there is SNP 1 versus SNP 2, there are two different programs, but they are 
identical studies. There is no benefit or anything more enticing in one study versus the other.

HD INSIGHTS: It sounds as if WAVE is focusing on precision medicine, or personalized medicine – not only just focusing on a 
particular condition, but focusing on particular subpopulations within that condition.

PANZARA: Exactly. We see this as an important step towards precision medicine, designing the most appropriate drug for a 
given patient. We also see this as the start of an important part in the history of WAVE Life Sciences. These will be our first two 
clinical studies in precision medicine, but I think it epitomizes our approach to diseases with high unmet need: focusing on the 
most appropriate drug for a given patient.

http://huntingtonstudygroup.org/hd-insights-volume-13/
http://huntingtonstudygroup.org/hd-insights-volume-13/
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By: Meredith A. Achey, BM
Manufacturer: WAVE Life Sciences
Molecular formula: Stereopure 
antisense oligonucleotide (ASO) 
targeting single nucleotide 
polymorphisms (SNPs).
Mechanism of action: WVE-120101 
and WVE-120102 act by selectively 
binding mHTT mRNA, thereby 
selectively inhibiting production of 
mHTT. WAVE Life Sciences has 
developed a strategy to synthesize 
stereopure nucleotide-based 
therapies that may improve their 
efficacy and safety.1

MEET THE COMPOUNDS: WVE-120101 and WVE-120102
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Meet the Company, cont...
HD INSIGHTS: Can you say when these precision medicine treatments will be investigated in clinical trials?

PANZARA: Our intention for HD is open both trials in the first part of 2017. These will be phase 1 safety studies. 
HD INSIGHTS: This is WAVE’s first involvement in HD. Can you tell us a little bit about your impressions of the HD 
community? Any surprises or disappointments?

ERLER: I feel completely privileged and honored to have engaged with the HD community. It has been one of the most 
gratifying personal experiences of my career, because the community is incredibly open and warm, and very, very interested in 
sharing their stories so that we as an organization can better understand the true experience of living with HD, not just as a 
patient, but as a caregiver, or a spouse, son or daughter of someone who is living with HD. It has completely encouraged me to 
fight on behalf of these families, because I have just been so incredibly impressed with their fortitude and tenacity, and universal 
positive attitudes in light of their burden. At WAVE, we have been fortunate to have HD community members, patients and care 
givers, come to our office to meet with our team and share their stories and we have also been able to have WAVE employees 
participate in several HD fund raisers. 

So while I knew this was a devastating disease, I was definitely surprised at just the sheer will and force these families have, and 
how positive they are, and how everybody without question comments about wanting to get involved with our clinical trials, 
not to help themselves, but to help future generations.

PANZARA: The only thing I would add is that because I am relatively new to WAVE and to this particular therapeutic area 
from a drug development standpoint, I have been extremely impressed by the sense of collaboration and purpose of the HD 
community. Everyone is universally focused on doing whatever they can for patients with this disease.

HD INSIGHTS: Thank you all very much for your efforts and for WAVE’s interest in developing precision treatments for HD. 
We wish you all the best, and great success in the future.

Image source: Robinson R. RNAi Therapeutics: How Likely, How Soon? PLoS Biol. 
2004 Jan;2(1):E28. Epub 2004 Jan 20. DOI: 10.1371/journal.pbio.0020028. Published 
under a Creative Commons 2.5 License.

(continued on Page 20...)

http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.0020028
https://creativecommons.org/licenses/by/2.5/
http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.0020028
https://creativecommons.org/licenses/by/2.5/
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Study Year Type of 
therapy

Most promising 
target SNP(s)

Summary

Skotte NH 
et al.16 2014 ASO rs7685686_A

Allele-specific, high affinity ASOs targeting different SNPs associated 
with HD could together offer allele-selective silencing to approximately 
50% of patients, and non-selective silencing to the remainder.

Drouet et 
al.12 2014 shRNA

rs363125, rs362331, 
rs2276881, rs362307

shRNA delivered with a lentiviral vector to cellular and animal models 
showed in vitro and in vivo silencing of mHTT.

Yu D et al.17 2012 ss-siRNA Targets CAG repeat ss-siRNA targeting expanded CAG repeats led to selective silencing of 
mHTT expression in an HD mouse model.

Abbreviations: ASO: Antisense oligonucleotide; shRNA: small hairpin RNA; ss-siRNA: single-stranded small interfering RNA; SNP: single nucleotide 
polymorphism

Table. Selected studies of allele-specific gene-silencing therapies

Nucleotide-based gene silencing therapies such as RNA interference (RNAi) and antisense oligonucleotides (ASOs) represent 
some of the most promising potential therapies for genetic diseases such as HD. However, methods for their synthesis 
developed to date produce mixtures of stereoisomers, some of which are therapeutic, and others that may be less effective or 
potentially detrimental.1,2 WAVE Life Sciences has developed a propriety technology for the synthesis of stereopure nucleic acid 
therapeutics3-5 with the potential to improve therapeutic efficacy and reduce harmful effects.6	

The company hopes to develop stereopure nucleic acid therapies for a variety of genetic diseases, including central nervous 
system disease such as HD, and a number of genetic disorders that affect other organ systems.7 

WAVE’s most advanced HD programs currently encompass two compounds that target different single nucleotide 
polymorphisms (SNPs) common to the mutant allele. The company plans to file investigational new drug applications for both 
of these compounds this year, and has received orphan drug designation in the US for its lead candidate, WVE-120101.8 These 
compounds target the two most common SNPs associated with mHTT.9 Current efforts by Ionis in the first human trial of a 
gene-silencing nucleotide-based therapy do not target mHTT selectively (see HD Insights, Vol. 13), although preclinical data 
have not suggested a significant decrease in efficacy nor increase in potential harm from a non-selective approach.10 However, 
interest in more selective approaches has continued because the possibility for off-target effects with non-selective silencing 
remains problematic.11-15	

Pfister and colleagues9 reported that they have been able to develop small interfering RNAs (siRNAs) that target specific SNPs 
to treat approximately 75% of individuals with HD. In 2015, targeting approaches were further refined with the discovery that 
targeting three common haplotypes could enable selective silencing of the HD gene in approximately 80% of patients.13 The use 
of stereopure synthesis to enhance the delivery and efficacy of these highly targeted compounds may further refine ongoing 
efforts to develop an effective and safe gene-silencing therapy for HD.

http://www.wavelifesciences.com/platform
http://www.wavelifesciences.com/pipeline
http://huntingtonstudygroup.org/hd-insights-volume-13/
http://www.wavelifesciences.com/platform
http://www.wavelifesciences.com/pipeline
http://huntingtonstudygroup.org/hd-insights-volume-13/
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To update or add a clinical trial, please e-mail editor@hdinsights.org.Sources: www.clinicaltrials.gov and apps.who.int/trialsearch/

SPONSOR STUDY 
NAME/

IDENTIFIER

STUDY 
AGENT

PHASE PRINCIPAL 
INVESTIGATOR,

CONTACT

DESIGN TRIAL 
LENGTH

SITES STATUS

Beijing Pins 
Medical Co., Ltd

NCT02263430
PINS 

Stimulator 
System

I
Jia Fumin, PhD
010-59361265

pins_medical@163.com

Randomized, double-blind, parallel-
group, sham-controlled trial of Globus 

Pallidus Deep Brain Stimulation in 
individuals with HD

1 year
Beijing, 
China

Not yet 
enrolling

Azidus Brasil SAVE-DH Cellavita HD I

Alexandre Frederico, PI 
+55(19)3829-6160

alexandre@azidusbrasil.co
m.br

First in human, dose-escalation study to 
evaluate the safety of the stem-cell based 
therapy Cellavita HD in individuals with 

HD

5 years None listed
Not yet 
enrolling

Azevan 
Pharmaceuticals

STAIR  SRX246 I/II
Neal Simon, PhD

610-419-1057
ngsimon@azevan.com

Randomized, placebo-controlled, double-
blind, 12 week, 3-arm dose escalation study 

of SRX246 in individuals with irritability 
and early symptomatic HD

12 weeks None listed
Currently 
enrolling

Ionis 
Pharmceuticals

NCT02519036 IONIS-HTTRx I/II
Ionis Pharmaceuticals

800-679-4747 
patients@Ionisph.com 

Randomized, double-blind, placebo-
controlled study to to assess the safety, 

tolerability, pharmacokinetics and 
pharmacodynamics of multiple ascending 
doses of intrathecally administered IONIS 
443139 in patients with early manifest HD

29 weeks

6 total - 
Canada, 

Germany, 
and the UK

Currently 
enrolling

Charité University ETON-Study
Epigallocatechin 

gallate II
Josef Priller, MD

+49 (0)30 450 617209

Randomized, double-blind study testing the 
efficacy and tolerability of (2)-

epigallocatechin-3-gallate (EGCG) in 
changing cognitive function in HD patients

1 year
4 total - 

Germany
Study 

complete

Charité 
University

Action-HD Bupropion II Josef Priller, MD
+49 (0)30 450 617209

Randomized, double-blind study testing the 
efficacy and tolerability of bupropion in 
changing apathy in patients with HD

10 weeks
3 total - 

Germany
Study 

complete

Heinrich-Heine 
University

HD-DBS

ACTIVA® PC 
neuro-

stimulator 
(Model 37601)

II

Susanne Harnisch
+49 6421 2866553

susanne.harnisch@kks.uni
-marburg.de 

Randomized, double-blind, parallel-group, 
sham-controlled, multi-centre trial of Globus 

Pallidus Deep Brain Stimulation in 
individuals with HD

3 months
6 total - 

Germany
Currently 
enrolling

Institut National 
de la Santé et de la 

Recherche 
Médicale

TRIHEP3 Triheptanoin oil II
Fanny Mochel, MD, PhD
fanny.mochel@upmc.fr  

Randomized, double-blind, controlled study 
of Triheptanoin oil, an anapldrotic therapy, 

in early manifest HD
12 months

3 total - 
France and 

the 
Netherlands

Currently 
enrolling

Ipsen NCT02231580 BN82451B II
Bruno Padrazzi, MD

clinical.trials@ipsen.com 

Dose escalation, proof-of-concept study to 
investigate the safety and tolerability and 

the pharmacokinetic and the 
pharmacodynamic properties of twice daily 
BN82451B for four weeks in male patients 

with HD

28 days
1 total - 

Germany

Enrollment 
complete, 

study 
ongoing

Pfizer NCT01806896 PF-0254920 II
Pfizer CT.gov Call Center,

800-718-1021

Randomized, double-blind, placebo-
controlled study to evaluate the safety, 
tolerability and brain cortico-striatal 
function of 2 doses of PF-02545920 in 

individuals with early HD

28 days Paris, France
Study 

complete

Pfizer Amaryllis PF-0254920 II
Pfizer CT.gov Call Center,

800-718-1021

Randomized, double-blind, placebo-
controlled proof of concept study of the 

efficacy and safety of PF-02545920 in HD
26 weeks

23 total - 
Europe and 

United 
States

Currently 
enrolling

Teva 
Pharmaceutical 

Industries
PRIDE-HD Pridopidine II

Katie Blatt,
Teva

610-727-3297

Randomized, double-blind, placebo-
controlled study of safety and efficacy of 
pridopidine 45 mg, 67.5 mg, 90 mg, and 

112.5 mg BID versus placebo for 
symptomatic treatment in patients with HD

26 weeks
57 total - 

worldwide

Top-line 
results 
released

Teva 
Pharmaceutical 

Industries
OPEN-HART Pridopidine II Karl Kieburtz, MD, MPH

Open-label, single-group assignment study 
to assess the long-term safety of 45 mg of 

pridopidine in HD participants
2 years

22 total - 
United 

States and 
Canada

Enrollment 
complete, 

study 
ongoing

Teva 
Pharmaceutical 

Industries
LEGATO-HD Laquinimod II

Sarah Boe,
Teva

 610-727-3486

Randomized, double-blind, placebo-
controlled, parallel-group study evaluating 
efficacy and safety of Laquinimod (0.5, 1.0 

and 1.5 mg/day) in HD

12 months
46 total - 

worldwide
Currently 
enrolling

mailto:editor@hdinsights.org?subject=%20
https://clinicaltrials.gov/ct2/show/NCT02263430
mailto:pins_medical@163.com
https://clinicaltrials.gov/ct2/show/NCT02728115
mailto:alexandre@azidusbrasil.com.br
https://clinicaltrials.gov/ct2/show/NCT02507284
mailto:ngsimon@azevan.com
https://clinicaltrials.gov/ct2/show/study/NCT02519036
mailto:patients@isisph.com
http://www.clinicaltrials.gov/ct2/show/NCT01357681
http://www.clinicaltrials.gov/ct2/show/NCT01914965
https://clinicaltrials.gov/ct2/show/study/NCT02535884
mailto:susanne.harnisch@kks.uni-marburg.de
https://clinicaltrials.gov/ct2/show/NCT02453061
mailto:fanny.mochel@upmc.fr
https://clinicaltrials.gov/ct2/show/NCT02231580
mailto:clinical.trials@ipsen.com
http://www.clinicaltrials.gov/ct2/show/NCT01806896
https://clinicaltrials.gov/ct2/show/NCT02197130
http://www.clinicaltrials.gov/ct2/show/NCT02006472
http://www.tevapharm.com/news/teva_announces_results_from_exploratory_52_week_phase_2_pride_hd_study_of_pridopidine_in_huntington_disease_09_16.aspx
http://www.clinicaltrials.gov/ct2/show/NCT01306929
https://clinicaltrials.gov/ct2/show/NCT02215616
http://www.clinicaltrials.gov
http://apps.who.int/trialsearch/
mailto:editor@hdinsights.org?subject=%20
http://www.clinicaltrials.gov
http://apps.who.int/trialsearch/
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Clinical Development of HD Therapeutics as of October 2016

SPONSOR STUDY 
NAME/

IDENTIFIER

STUDY 
AGENT

PHASE PRINCIPAL 
INVESTIGATOR,

CONTACT

DESIGN TRIAL 
LENGTH

SITES STATUS

Omeros 
Corporation

NCT02074410 OMS643762 II
Albert Yu, MD
206-676-5000

Randomized, double-blind, placebo-
controlled, sequential cohort study to 

evaluate safety and efficacy of OMS643762 
in subjects with HD

28 days
4 total - 
United 
States

Trial 
suspended 

Assistance 
Publique - 

Hôpitaux de 
Paris

REVHD Resveratrol II
Fanny Mochel, MD, PhD
fanny.mochel@upmc.fr  

Randomized, placebo-controlled study to 
evaluate the therapeutic potential of 

Resveratrol on caudate volume in HD 
patients, using volumetric MRI

1 year
1 total - 
France

Currently 
enrolling

Vaccinex Inc. SIGNAL VX15/2503 II
Andrew Feigin, MD, 

Huntington Study Group: 
800-487-7671

Randomized, double-blind, placebo-
controlled study to assess the safety, 

tolerability, pharmacokinetics, and efficacy 
of VX15/2503 in individuals with late 

prodromal and early manifest HD

12-22 
months

20 total - 
United Staes

Enrollment 
complete, 

study ongoing

Raptor 
Pharmaceuticals

CYST-HD

Cysteamine 
bitartrate 

delayed-release 
capsules (RP103) 

II/III Christophe Verny, MD
Double-blind, placebo-controlled study to 

be followed by an open-label extension 
study 

36 months
8 total - 
France

Study complete, 
top line results 

released

Teva 
Pharmaceuticals

FIRST-HD
SD-809 

Extended 
Release

III
Samuel Frank, MD 

Huntington Study Group: 
800-487-7671

Randomized, double-blind study to 
determine whether SD-809 ER tablets are 

effective in the treatment of chorea 
associated with HD. To be followed by an 

open-label, long-term safety study 

12 weeks
7 total - 
United 
States

Results 
published

Teva 
Pharmaceuticals

ARC-HD
SD-809 

Extended 
Release

III
Samuel Frank, MD

Huntington Study Group: 
800-487-7671

Open-label, long-term safety study of 
SD-809 ER 58 weeks

7 total - 
United 
States 

Enrollment 
complete, 

study ongoing

Assistance 
Publique - 

Hôpitaux de 
Paris

NEUROHD
Olanzapine, 

Tetrabenazine, 
and Tiapride

III
Anne-Catherine Bachoud 

Levi, PhD
 +33 (0)1 49 81 23 01

Randomized, controlled study to compare 
the beneficial and adverse effects of 3 

different neuroleptics in HD
1 year

1 total - 
France

Currently 
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Teva CNS is committed to continued research and 
development of its product portfolio and to the development of 
medicines aimed at meeting the specific needs of the patient 
communities it serves. Teva's legacy in CNS is grounded in its 
commitment to ongoing collaboration with academia, medical 
institutions and patient advocacy groups to find innovative 
solutions for patients who live with chronic and debilitating 
diseases.

H D  I N S I G H T S
T H A N K S  T E VA  F O R  I T S

G E N E R O U S  S U P P O R T
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Highlights from the Journal 
of Huntington’s Disease
Original article:  Tousley A, Kegel-Gleason KB. Induced Pluripotent Stem Cells in Huntington's Disease 
Research: Progress and Opportunity. J Huntingtons Dis. 2016 Jun 28;5(2):99-131. doi: 10.3233/JHD-160199.

Although many cell types are affected in HD, the impact of the disease on CNS neurons is 
remarkable. Neurons of the cortex and striatum degenerate and eventually die, causing the majority 
of HD symptoms. Until recently, it has been difficult to study human CNS neurons because of ethical 
considerations – it is not ethical to perform a biopsy on human patients to obtain brain cells for research. Embryonic stem cells 
(ESCs) are pluripotent, meaning that they have the ability to become neurons; however, the use of ESCs to obtain neurons is 
also fraught with ethical challenges, including the destruction of an embryo. Enter induced pluripotent stem cells (iPSCs). Skin 
or blood cells from controls and HD patients can be made into iPSCs by the introduction of just a few factors. iPSCs are very 
similar to ESCs and can be differentiated to resemble CNS neurons or other CNS cell types in order to study disease 
mechanisms, and to screen compounds that might be developed into new therapies.

A major advantage to iPSCs is that normal and mutant proteins are expressed at endogenous levels just as they are in the 
human patient; furthermore, the effects of varied genetic backgrounds on the behavior of the mutant protein can be assessed. 
Studies with iPSCs from patients with neurodegenerative diseases other than HD have provided new insights previously not 
found using animal models. For instance, using three-dimensional cultures of CNS neurons from iPSCs from human 
Alzheimer disease (AD) patients, intracellular tangles, which are major feature of AD, were observed.1 Intracellular tangles 
had never been recapitulated in mouse models of AD, and the results pointed to a particular protein only found in humans as 
a major target of pathology.

As with research in other neurodegenerative diseases, iPSCs from controls and HD patients have been in development to 
uncover previously unknown human-specific pathological mechanisms, to validate phenotypes identified in animal models, 
and for compound screening. In our review,2 we characterize the state of the HD iPSC field. We describe the current inventory 
of cells available to HD researchers, many of which cells are freely available. We also highlight changes that have been 
identified in HD cells compared to controls, in pathways, individual gene changes, functional phenotypes, and the role of 
stress and aging. Furthermore, we compare results obtained with various neuronal differentiation protocols. 

By: Kimberly Kegel-Gleason, PhD

For more from the Journal of Huntington’s Disease, find them on Facebook. 

Induced pluripotent stem cells in HD research

Progress Opportunities

Numerous HD iPSCs created Increase the number of HD and control lines used within each study

A few genetically corrected, isogenic iPSCs created Increase number of genetically corrected, isogenic iPSCs created and available (CRISPR/Cas9)

Several studies on neuronal cultures using diverse 
differentiation protocols

Use of reproducible protocols for comparison of results across laboratories

Stress-induced phenotypes identified Expand the phenotypes identified in the absence of stress

SiRNAs and miRNAs targeting alleles with SNPs, Zinc 
Finger Proteins Develop additional allele-specific reagents and tools to target mHTT

Two studies with iPSC astrocytes Studies with iPSC glia (astrocytes, oligodendrocytes, microglia)

Co-culturing, 3-D cultures, and organoids

Artificial aging

Table: Summary of major progress and opportunities for expanded research using HD IPSCs
(article continued on Page 25...)

http://content.iospress.com/articles/journal-of-huntingtons-disease/jhd160199
https://www.facebook.com/journalhd/
https://www.facebook.com/journalhd/
http://content.iospress.com/articles/journal-of-huntingtons-disease/jhd160199
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Finding balance in HD: The role 
of PIAS1 in protein homeostasis
By: Joseph Ochaba, PhD
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Highlights from the Journal of HD, cont...
We also note the pervasive use of stress to unveil functional phenotypes in HD cells. Because stress exacerbates HD symptoms in 
patients, this may reflect important disease mechanisms. One argument in favor of this approach is that iPSC induced neurons 
are very immature compared to those in the brain of an adult with HD, so stress might mimic aging to enhance a phenotype. 
However, more time spent investigating what may be more subtle phenotypes in the absence of stress may lead to a better 
understanding of underlying pathology that leaves a cell vulnerable to stress and eventually triggers disease. 

Although much progress has been made, culturing and differentiating iPSCs is still extremely expensive, time consuming and 
difficult, thus limiting the number of investigators who can take advantage of this valuable resource. We hope this review will 
enable those new to the iPSC field to consider and control the inherent problems with iPSC lines, and so enable reproducible 
research across the field.

One major limitation we found for interpreting data across the HD field is the relative paucity of cell lines used – many times, 
reports include data from just one cell line. In order to increase the reproducibility of research across the field, we suggest that 
results from at least three HD cell lines from three individual patients and three cell lines from three individual controls be used 
for robust phenotypes (six lines total). For more subtle phenotypes it may be necessary to use many more cell lines. For 
comparison, 10–12 control cell lines are currently being used by investigators in other fields.3 Alternatively, a combination of 
control cell lines (cell lines from unaffected individuals), and genetically corrected cell lines (using homologous recombination or 
CRISPR), and use of effective mHTT-lowering reagents such as siRNAs, miRNAs or zinc finger proteins in HD lines could be 
used. We note that data from genetically corrected cell lines should be interpreted with caution because the cell lines undergo 
several rounds of selective pressure during their generation that could alter a particular phenotype. 

Our review of the field identifies areas of opportunity for which additional research would be of great value. For instance, very 
few studies used other brain cell types that can be differentiated from iPSCs such as astrocytes and oligodendrocytes, which may 
also impact HD pathology. The field should welcome more studies using iPSC-derived glial cells.
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There are currently no medications or treatments to alter the devastating course of HD. Although some medications 
to ameliorate HD symptoms exist, they are often of limited effectiveness;1 therefore, there is a great need to develop 
treatments and discover targets to effectively alter the course of HD. As in many other neurodegenerative diseases, 
the underlying pathology of HD involves the decline or loss of protein quality control networks, homeostasis, and 
the consequent accumulation of highly insoluble protein complexes that in the case of HD contain modified and 
misfolded mHTT protein and other post-translationally modified proteins. 

Previous studies in the lab demonstrated that the enzyme PIAS1 (an E3 SUMO-protein ligase) alters mHTT 
accumulation and SUMO modification of HTT in cells.2 In collaboration with Dr. Beverly Davidson’s group at the 
Children's Hospital of Philadelphia, our lab recently investigated the role of PIAS1 as a potential new therapeutic 
target for HD in an animal model of the disease. 

To examine its role in HD pathology, PIAS1 expression levels were modulated in the striatum of a rapidly 
progressing HD mouse model, R6/2.3 Using miRNA to knock down PIAS1 expression in the striatum, we found 
significant improvements in HD-associated phenotypes in a baYery of motor and neuromuscular tasks; reduced 
pathogenic accumulation of insoluble mHTT; and improved longevity of the mice, with reduced levels of PIAS1 
compared to controls. (continued on Page 26...)
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Strikingly, reduced PIAS1 levels ameliorated neuroinflammatory disease – associated increases in apparent 
microglial accumulation and dysregulation of relevant proinflammatory cytokines. Conversely, overexpression of 
PIAS1 exacerbated disease phenotypes and the accumulation/aggregation profile. While the exact contribution of 
PIAS1 in HD remains unclear, we have demonstrated that this particular enzyme may provide a new target for 
RNAi-mediated suppression to treat several aspects of HD, including reversing protein aggregation; increasing 
synapses; and reducing inflammation – all of which contribute to maintaining a delicate biological balance – while 
also slowing or perhaps reversing behavioral decline. 

While aberrant neuronal signaling, inflammation, energy production, and gene expression underlie the molecular 
basis of HD, a delicate balance of functional properties of the proteome ultimately dictates cell function.4,5 Under 
normal conditions, proteome integrity is maintained by the proteostasis network. In HD, chronic expression of 
expanded polyglutamine peptides results in an 
age-dependent collapse of this balance as 
evidenced by increased aggregation and 
mislocalization and dysfunction of stable 
proteins.6 Because many of these networks may 
be potential therapeutic targets, our current 
work aims to investigate more longitudinal 
approaches by assessing the effects of PIAS1 
modulation and mHTT accumulation/
aggregation dynamics in long-term mouse 
models of the disease, in addition to clinically 
relevant human patient – derived induced 
pluripotent stem cell neuronal subtypes, in 
order to fully understand the contribution of 
PIAS1 to HD and evaluate its potential as a 
clinical target. The cellular environment plays a 
significant role in determining whether disease 
proteins are converted into toxic or benign 
forms, and for this reason, understanding the 
role that PIAS1 plays pre- or post-
symptomatically will be important moving 
forward. 

Our results strengthen the link between accumulation of insoluble protein complexes and HD pathogenesis, and 
suggest that PIAS1 protein is a potential new target for future therapies in HD. Together, the fundamental properties 
identified here may also broadly impact other diseases, suggesting that regulating multifunctional proteins such as 
PIAS1 may be one key to tipping the balance between normal protein homeostasis and disease processes that cause 
neurodegeneration.

Figure. The biochemistry in our brains is in a constant balance. In 
neurodegenerative disease, the scales often tilt toward a dysfunctional state. By 
restoring the fine balance of levels of PIAS1 in a mouse model of HD, we 
showed not only improvements in behavioral deficits, but a restoration of 
balance in several pathways known to be out of balance in HD. Decreasing the 
burden of PIAS1 on the cell appears to cause a shift in cellular homeostasis 
toward a protective state.  This study suggests that PIAS1 and other E3 
SUMO ligases may be key to tipping the balance between normal protein 
homeostasis and disease processes that cause neurodegeneration.

Finding balance in HD, cont...
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Job Opportunities
Teva Pharmaceutical Industries Limited
Description: Come join Teva in our quest to create new ways of addressing unmet patient needs by combining drug development 
capabilities with devices, services, and technologies. We seek new (clinical research) colleagues to join our Neurodegenerative 
Disease (NDD) and Movement Disorders (MDS) Teams who will be responsible for the development, execution, and management of 

multiple clinical programs worldwide across all phases of clinical research. 

Teva’s Global Specialty Medicines group works to identify and develop medical solutions to address unmet needs. Plans are in place to broaden the 
neurodegenerative diseases portfolio of products to include movement disorders, innovative solutions in headache and migraine, and socially responsible pain 
treatments.
If you are an MD or clinically experienced PhD, and would like to use your experience in neurodegenerative disease, movement disorders or rare diseases 
(Huntington’s disease, Parkinson’s disease, Alzheimer’s disease, and Motor Neuron Disease/ALS) to make a broad impact in the world of NDD and MDS we’d 
like to meet with you.  
Positions: We currently are looking to fill several key leadership roles including the following opportunities:

Vice President, Global Specialty Development, NDD

The Vice President will be responsible for providing scientific/medical leadership and support for Huntington’s disease products now going into phase III 
development programs as well as looking to develop the early pipeline.  There are several regulatory filings on the horizon; this individual will provide 
leadership and guidance throughout the process.  With the addition of several new DRUG/COMPOUNDS to the NDD pipeline, the visibility of the portfolio 
has been elevated and the new Vice President will be a very important part of the company’s near and long-term future.

The ideal candidate will have, but not be limited to, the following qualifications and competencies: 
• MD, Board Certified (Neurology, Psychiatry, etc.) or Clinical Geneticist with Strong Clinical Knowledge of Huntington’s disease.  (Neuroscientist or 

Neurology or Psychiatry.) Minimum of 10 years’ experience in a clinical development function within a biotech or pharmaceutical company.
• Outstanding proven track record in Huntington’s disease drug development; intimate understanding of Huntington’s disease a must. 
• Experience filing New Drug Applications preferred.
• Strong relationships with Huntington’s disease Key Opinion Leaders across the country and globe.

Director/Sr. Director Global Specialty Development, Movement Disorders 
The Director/Sr. Director is responsible for the development, execution and management of multiple clinical programs worldwide across all phases of clinical 
research in the areas of Movement Disorders (MDS).  The Director/Sr. Director will oversee clinical study teams, represent the clinical development department 
in functional area teams, and will be responsible for leading cross-functional teams in a matrix environment.

The ideal candidate will have, but not be limited to, the following qualifications and competencies: 
• MD, DO or equivalent combination of education and related work experience. PhD, PharmD with strong proven track record will be considered

• At least 3 years’ experience in a pharmaceutical industry environment or related area planning/managing clinical trials, with proven ability to 
manage projects and/or lead project teams effectively. MD/DO without prior industry experience but with relevant knowledge and expertise in 
clinical trials will be considered

• Experience in neurodegenerative disease, movement disorders, rare diseases (CNS) therapeutic areas is strongly preferred  (Huntington’s Disease, 
Parkinson’s disease, Alzheimer’s disease, Motor Neuron Disease/ALS)

Contact: If interested, please call | Send CV to: Al DiPalo, Sr. Strategic Sourcing Partner, Teva Pharmaceuticals, 267-619-2132, Mauro.dipalo@tevapharm.com 

For more detailed descriptions of these positions, please click on the position titles.

(continued on Page 28...)

Title: Prion-like protein spread in neurodegenerative diseases of the CNS and development of 
therapeutic approaches
Description: To date, HD has been considered to be cell autonomous, with a secondary inflammatory response as the 
cells die. However, our recent post mortem analysis of brains from HD patients who received fetal neural grafts has 
revealed the presence of mHtt aggregates within the genetically unrelated grafted tissue. Additionally, we have shown 
in these same patients that mHtt can be found in perivascular macrophages, and that in animal models of HD the 

blood-brain barrier (BBB) is leaky. These unique findings coupled to our work, and that of others, showing that mHtt is expressed in 
peripherally circulating monocytes raise questions as to whether mHtt is capable of passing from cell to cell, and as such the disease 
pathogenesis involves a non-cell autonomous component. The purpose of this project is thus to study various mechanisms of transmission of 
pathological mHtt protein using a multidisciplinary approach which include the use of transgenic animals, immunohistochemistry/
immunofluorescence, confocal microscopy and two-photon real time intravital imaging, flow cytometry, cell culture, and various molecular 
biology techniques and biochemical analyses. Click here for more information. 
Seeking: students and/or post-doctoral fellow 
Contact: Francesca Cicchetti, PhD, francesca.cicchetti@crchudequebec.ulaval.ca 

To post a job opportunity, email us at HDInsights@hsglimited.org.
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Contributors
Meredith A. Achey, BM 
Daniel Babcock, PhD 
Roger A. Barker, MRCP, PhD, FMedSci 
Faye Begeti, PhD 
Francesca Cicchetti, PhD 
Audrey S. Dickey, PhD 
Samuel Frank, MD 
Steven Goldman, MD, PhD 
Iksoo Jeon, PhD 
Taeyang Jung, PhD 
Chris Kay 
Kimberly Kegel-Gleason, PhD 
Alpar S. Lazar, PhD 
Jong-Min Lee, PhD 
James Miller, PhD 
Aldrin Molero, MD, PhD 
Flavia Niccolini, PhD 
Joseph Ochaba, PhD 
Marios Politis, MD, MSc, DIC, PhD, FEAN 
Joseph Scarpa, PhD 
Jihwan Song, DPhil 
Ravi Vijayvargia, PhD  

Title: Movement Disorder Neurologist                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
Description: The Movement Disorder Division in the Department of Neurology at the University of Rochester Medical Center 
(URMC) in Rochester, NY has an opening for a full-time Movement Disorder Specialist for a tenure-accruing position at the 
rank of Assistant/Associate Professor.  In addition, the candidate would receive a secondary appointment in CHET, a Center 

devoted to improving health through clinical studies and novel applications of technology. 

We are a committed group of over 100 faculty who routinely rank nationally as a US News and World Report Best Hospitals, and as one of the top Departments of 
Neurology in NIH funding.  The Department is one of the top ranked NIH-funded Medical School Departments of Neurology in the country with over 60 faculty 
within 11 divisions. CHET conducts multi-center clinical trials in Parkinson disease and Huntington disease and is a national leader in developing and evaluating 
new technologies (telemedicine, smartphones, sensors) to enable anyone anywhere to receive care and participate in research. The University of Rochester is an 
Equal Opportunity Employer and is committed to diversity.

Seeking: The ideal candidate will be a dynamic and outstanding fellowship-trained Movement Disorder Specialist, with a career interest in developing new 
models to care for and/or conduct novel clinical research studies in this field.  In addition, the successful candidate will be expected to care for patients in the 
outpatient Movement Disorder clinic approximately one day a week.

Contact: Ray Dorsey, MD, MBA; Director, CHET, ray.dorsey@chet.rochester.edu, +1 (585) 275-0663

mailto:ray.dorsey@chet.rochester.edu
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