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CONFRONTING THE
CHALLENGE OF
HUNTINGTON DISEASE

Huntington disease (HD) is an inherited and progressive

neurological disorder which is currently fatal. Dr James E. Goldman
and Dr Osama Al-Dalahmah, both at Columbia University, USA, are

utilising new techniques in molecular biology to better understand

the brain pathology associated with HD. Their vision is to develop

therapeutics that can slow the progression of the disease, and

ultimately, treat and even prevent it.
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A Neurodegenerative Disease
Without Cure

Huntington disease (HD) causes

severe and wide-ranging neurological
problems. It has a prevalence of
between 10 and 14 individuals per every
100,00 in Western populations but much
lower rates of prevalence are found in
Asian and other non-European groups.
Diagnosis of HD is based on a confirmed
family history or a positive genetic

test along with disturbance to motor
function (that is, physical movement).
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In the early stages, patients may

report emotional difficulties such as
depression and anxiety, and cognitive
difficulties such as trouble learning

new information or making decisions.
These difficulties increase with disease
progression, along with personality
changes. Motor impairments, which
typically start as small involuntary or
twitching movements, known as chorea
(from the ancient Greek word ‘choreia,
meaning dancing) also worsen. Thus, as
the diseases progresses, patients may
experience difficulties with walking,
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speaking and eventually swallowing, all
severely impacting on their physical and
psychosocial wellbeing.

Symptoms usually appear in adults
aged in their 30s and 40s, and being
aneurodegenerative disease that is
without a cure, HD is unreservedly
fatal. Life expectancy is usually only
around 15 years from the first onset
of symptoms. In the advanced stages
of the disease, patients require total
support in all their daily activities.
The final cause of death is usually a
complication secondary to HD, such as
pneumonia, heart failure or infection.

The Genetic Basis of Huntington
Disease

HD is an inherited disease, meaning
thatitis passed down through our
deoxyribonucleic acid (DNA), the
hereditary material of humans and
almost all other organisms. Inside
almost all the cells of the body, DNA
is contained in a specific part of a cell
called the nucleus. Genetic information
is stored in DNA in functional units
called genes. In the cell, information
is transferred from the nucleus (DNA)
to the cell machinery that makes the
proteins. To do this, the information
is copied into ribonucleic acid (RNA)
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In the figure above, each dot represents a single cell nucleus. The researchers used the specific sets of RNAs to tell them what types of
cells each nucleus belongs to. Note that the dots are clustered so that nuclei of similar cell types, defined by their RNAs, are arranged
together. On the right, we display the nuclei corresponding to the different cell types in the brains of Huntington (HD) and non-
neurological disease patients, all artificially colour coded. Oligodendrocyte precursor cells are an immature cell type present in the
adult brain. On the left, the same set of nuclei are displayed, but here all nuclei from the HD brains are in blue and those from the non-
neurological patients’ brains in red. Note that nuclei separate into disease vs. non-disease. This means that HD cells produce significant
differences in the RNAs from those in non-neurological (CON) brain cells. Understanding these differences is giving us insights into the
underlying molecular mechanisms that produce HD and will suggest therapeutic approaches.

Reproduced with permission from Al-Dalahmah et al, Single-nucleus RNA-seq identifies Huntington disease astrocyte states,

inside the nucleus, and then the RNA
is transported outside of the nucleus,
where it instructs the cell machinery to
make proteins.

Afaultin the DNA (or gene) is known as
a ‘mutation’ because the protein then
encoded by the DNA will be defective
and this can result in the development
of serious disease, including HD. While
many genetic diseases are not passed
on to children unless both parents carry
the mutation, HD has an autosomal
dominant pattern, meaning a child only
has to inherit the mutated gene from
one parent to develop the disease.

The mutation for HD is found in the
HTT gene (also known as the HD gene),
which is responsible for making a
protein known as huntingtin, which
appears particularly important for
nerve cells (neurons) in the brain. Even
though all of the cells in HD patients
carry the HD mutation, the only cells
affected appear to be those in the
central nervous system, consistent with
the neurological effects of the disease.
However, within the brain, there is
substantial variation in the extent of
pathology across different regions.
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Obtaining a better understanding of
why some regions of the brain are

more vulnerable, and others more
resilient to HD pathology is critical to
the development of new therapies for
the disease. Exploring this important
question is the focus of Dr James E.
Goldman and Dr Osama Al-Dalahmah at
Columbia University, USA.

Harnessing New Methodologies to
Study Brain Pathology

Along with colleagues, Dr Goldman and
Dr Al-Dalahmah have very recently used
a novel, powerful methodology known
as single nucleus RNA sequencing
(sNRNASeq) to explore how RNA
changes in the brains of patients with
HD compared to healthy individuals. As
this cannot be conducted in patients
while they are alive, Dr Goldman and
the team used specimens from the New
York Brain Bank at Columbia University
Medical Center, following patient post-
mortem and the removal of the brain for
freezing and preservation for research.

The cingulate cortex within the brain

is associated with functions ranging
from cognition, emotion and behaviour,
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and has extensive connections to other
brain structures. It is often affected

in HD, and as such, was the region of
particular interest to Dr Goldman and
Dr Al Dalahmah. They studied patients
with HD at grade Ill/IV level of disease
progression, representing the late
intermediate stage and the advanced
stage, respectively.

Using snRNASeq, the researchers were
able to extract intact nuclei from all

of the cells in the frozen brain tissues

of patients with HD and healthy
individuals. As described above, these
nuclei contain RNA that has been
copied from the cell’s DNA. The RNA was
isolated from the nuclei of the individual
cells and it was then determined

which RNAs were present in each cell.
Specifically, this allowed the researchers
to identify what genes in the DNA had
been copied into the RNAs.

Importantly, not every cell in the human
body makes RNAs from every gene,

and many genes are, in fact, not copied
into RNA across all of the cell types. As
Dr Goldman explains, this difference is
what makes a cell in the liver different
from a cell in the heart, for example.




‘Our studies will allow us to formulate therapies to slow down the
progression of Huntington disease.’
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This figure shows a slice of one half of a brain from a Huntington disease (HD) patient on the left, and a comparison with a patient
without the disease on the right. The HD brain shows a loss of tissue in a region called the basal ganglia (black ovals) and a thinning of
the cerebral cortex (one area of cortex is shown by arrow). Note also the loss of white matter (*), which contains the long axon processes

by which neurons communicate with other neurons in the brain.

Courtesy of Dr Jean Paul Vonsattel, Columbia University Irving Medical Center

Similarly, there are different cell types in the brain, and each of
these copies different genes into RNA. Therefore, it is possible
to determine which genes are made into RNAs in the different
brain cell types. By comparing these RNAs to those extracted
from nuclei of the healthy control individuals, Dr Goldman, Dr
Al-Dalahmah and colleagues could see how the RNAs in HD
differ as a result of the disease.

They found many changes in the RNAs in HD in all brain cell
types, including nerve cells, glial cells, and cells of the immune
system. Glial cells are abundant in the brain and two common
types are astrocytes and oligodendrocytes. Astrocytes are
important in providing critical support for all neurons, while
oligodendrocytes make myelin sheaths which wrap around
long nerve cell processes called axons, to insulate them and
allow very rapid conduction of information.

They found that in HD, while many of the astrocytes appear to
try to protect neurons, others appear to be toxic to neurons.
The oligodendrocytes are also changed, such that they fail to
make myelin properly, meaning that they interfere with the
functions of neurons. These findings represent an important
step forward in understanding single cell gene expression in
HD, and provide a fascinating insight into the role of glial cells,
in particular, in HD brain pathology.

Future Work and a Therapeutic Vision

Building on this work, the investigators are now comparing
RNAs from patients in different stages of severity of HD and

different regions of the HD brain. In particular, they will look

for differences in the brains of individuals who have died in the
early stages of HD from those in the late stages of the disease.
This is critical, given that HD is a long-term, progressive disease.

Targetting RNA and DNA from a therapeutic perspective is
described in the literature as the most promising approach we
currently have in the efforts to confront and meet the challenge
of HD. Dr Goldman reveals his vision that ‘Our studies will

allow us to formulate therapies to slow down the progression
of Huntington disease. Dr Goldman and colleagues are also
committed to sharing their data as a resource for all researchers
in the field of HD, further driving forward the ultimate goal

of treating and, one day, even preventing this currently fatal
disease.

Dr Goldman and Dr Al Dalahmah soon will begin to study the
brains of patients with Parkinson disease in the same way,
isolating cell nuclei and determining what RNAs are expressed
in the variety of cell types. They hope to discover the changes
that accompany the development of Parkinson disease, a
common neurodegenerative disorder that results in tremors,
slowness of movement and in some patients, a loss of their
cognitive abilities. They anticipate that some of the changes in
the Parkinson brain will mirror those in HD, while there may be
changes specific to each disease. With other investigators who
are pursuing similar strategies in other neurological diseases,
they eventually will contribute to an understanding of these
diseases at a new and deep molecular level.

WWW.SCIENTIA.GLOBAL




Meet the researchers

Dr James E. Goldman
Professor of Pathology and Cell Biology
Columbia University College of Physicians &
Surgeons
New York, NY
USA

Dr James E. Goldman completed his MD and his PhD in
neurobiology at New York University School of Medicine in
1976.In 1987, he moved to the Columbia University College
of Physicians & Surgeons, where he is now Professor of
Pathology and Cell Biology. As a practising neuropathologist
for over 30 years, Dr Goldman has a strong background in
central nervous system pathology and broad expertise in the
cellular and molecular pathology of neurological diseases.
His current work includes the use of fresh frozen human brain
tissue from the New York Brain Bank at Columbia University
Medical Center to investigate gene expression of individual cell
types in Huntington disease and other neurological disorders.
Dr Goldman has published prolifically in prestigious journals
over his career, which serves as testimony to his outstanding
contribution to science.

CONTACT

E: jeg5@cumc.columbia.edu

Dr Osama Al-Dalahmah
Columbia University Medical Center
New York, NY
USA

Dr Osama Al-Dalahmah completed an MD in medicine at the
University of Jordan in 2010 and then a PhD in developmental
neuroscience at the University of Oxford, UK, in 2015. Following
postdoctoral research at the same institution, he moved to
Columbia University, USA, in 2016, where he is currently an
Instructor in Neuropathology. With nearly a decade of clinical
and research experience in neurobiology, Dr Al-Dalahmah

is supported by ongoing funding and maintains an active
publication record in his scientific field. Notably, he is the

first recipient of the Nancy S. Wexler Discovery Fund Young
Investigator Prize from the Hereditary Disease Foundation for
his work on Huntington’s Disease.

CONTACT

E: 0a2298@cumc.columbia.edu

KEY COLLABORATORS

Vilas Menon, Department of Neurology, Columbia University
Jean Paul Vonsattel, Department of Pathology & Cell Biology,
Columbia University

Alexander Sosunov, Department of Neurosurgery, Columbia
University

Istvan Adorjan, Department of Anatomy, Histology and
Embryology, Semmelweiss University, Budapest, Hungary
Abdullah Ahmed Shaik, College of Medicine, Alfaisal University,
Riyadh, Saudi Arabia

Kenneth Ofori, Department of Pathology & Cell Biology,
Columbia University

Yang Liu, Department of Pathology & Cell Biology, Columbia
University

"~

FUNDING

Hereditary Disease Foundation

Huntington’s Disease Society of America

Taub Institute for Research on Alzheimer’s Disease and the
Aging Brain, Columbia University

Department of Pathology & Cell Biology, Columbia University

A2 Corommin Unrversiy @ COLUMBIA Hereditary
£ FOR RESEARCH Disease
Foundation

Department of Pathology EAURINSTCTCT HESEARGE

and Cell Biology

i:;" 2 NewYork-Presbyterian

oL b
Columbia University Irving Medical Center

Huntington’s Disease
Society of America

WWW.SCIENTIA.GLOBAL




