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New Methods, Funding Propel Neurogenetics 
B Y  A M Y  R O T H M A N  S C H O N F E L D

W
ithin the last 2 years, new
DNA sequencing technolo-
gies, dubbed NextGen (“next

generation”), have been introduced that
are revolutionizing the field of neuroge-
netics. As these advances gain recognition
within and outside the medical commu-
nity, the pace of progress is quickening,
with the help of support from broad-
based advocacy groups and more funding
options. These technologies are already
bringing greater diagnostic opportuni-
ties to practice, although the time might
not yet be ripe for translating the results
into information useful for the clinical
management of patients.

“For rare diseases, this is a real game-
changer type of technology,” comment-
ed Matthew J. Huentelman, Ph.D., a
neurogeneticist affiliated with the Trans-
lational Genomics Research Institute in
Phoenix. “We have had some significant
leaps in what we can do with the human
genome over the past couple of years, es-
pecially in the mechanics and chemistry
of how sequencing is done. Several com-
panies have built machines that sequence
DNA in fundamentally different ways
than we did 5-10 years ago.” Since 2007,
Dr. Huentelman has been applying
NextGen technology to the study of
Alzheimer’s disease and autism.

Whole exome DNA sequencing is one
of the NextGen technologies that are be-
ing applied to neurologic disorders. Unlike
whole genome sequencing, whole exome
DNA sequencing focuses on the small
portion of the genome (less than 2%)
that contains protein-coding bits of DNA,
known as the exome. For example, Dr.
Murat Gunel, chief of the Neurovascular
Surgery Program and codirector of the
Program on Neurogenetics at Yale Uni-
versity, New Haven, Conn., recently used
whole exome sequencing to determine
that several distinct types of malforma-
tions of cortical development, including
microcephaly, pachygyria with cortical
thickening, and hypoplasia of the corpus
callosum, were all associated with reces-
sive mutations in a single gene, WDR62
(Nature 2010;467:207-10). This discovery
was made by analyzing the DNA of sev-
eral children with microcephaly among 30
interrelated Turkish families.

The last few months have brought
other reports that used whole exome se-
quencing to identify causative gene mu-
tations for Perrault syndrome (Am. J.
Hum. Genet. 2010;87:282-8), Joubert’s
syndrome (Am. J. Hum. Genet.
2010;86:93-7), and Fowler syndrome
(Human Mutation 2010;31:918-23).

One advantage of exome sequencing
studies is that researchers can use small-
er sample sets – with an “n” as small as
1 – in a comprehensive fashion, Dr.
Huentelman said. “This is great for rare
diseases or to gain a foothold in a disease
that has been hard to understand at the
population level. For instance, we can an-
alyze the differences between twins dis-
cordant for autism.”

Advantages of exome sequencing in-

clude its speed and cost-effectiveness.
Dr. Gunel reports that in his laboratory,
whole genome sequencing might take
several weeks and cost about $50,000
while he can receive the results of whole
exome sequencing within 9 days, at a
cost of about $3,500.

“These tests are still pricey,” said Dr.
Andrea Gropman, a neurogeneticist at
the Children’s National Medical Center
and George Washington University, both
in Washington. For sequencing genes
related to autism, she said, costs might
range from $1,000 to $5,800, which in-
surance companies might or might not
cover. “For some families, that means
they must pay out of pocket.”

New Funding Opportunities
Advances in the field might be attribut-
able, in part, to greater funding oppor-
tunities. Dr. Gunel’s research was sup-
ported in part by a $2.9 million “stimulus
grant” from the National Institute of
Neurological Disorders and Stroke, part
of the $8.2 billion provided to the Na-
tional Institutes of Health from the
American Recovery and Reinvestment
Act. He plans to use his stimulus money
to extend whole exome sequencing to
hundreds of other families affected by
malformations of cortical development.

Another significant source of funds
has been distributed through the NIH’s
Office of Rare Diseases Research
(ORDR), which allocated almost $70
million in 2003 toward the creation of 10
clinical consortia and one Data and Tech-

nology Coordinating Center.
“In the late 1990s and early 2000, we

felt we didn’t have a good infrastructure
in place to do research in rare diseases –
of which we estimated there were at
least 6,800,” said Steve C. Groft,
Pharm.D., director of the ORDR. “We
hoped the funds we provided could go
toward establishing that infrastructure.”

Recently, a second round of funding of
approximately $125 million was award-
ed to 19 consortia, including 6 of the 10
original groups. Nine of the consortia
are related to neurologic disease, in-
cluding those focusing on Angelman,
Rett, and Prader-Willi syndromes; auto-
nomic rare diseases; neurologic chan-
nelopathies; spinocerebellar ataxias; dys-
tonias; lysosomal diseases; inherited
neuropathies; brain vascular malforma-
tions; and mitochondrial diseases. Con-
sortia have grown as they have become
successful in establishing partners from
other branches of NIH and industry, Dr.
Groft said.

One of the most unique aspects of the
Rare Disease Clinical Research Grants is

the mandate to collaborate with a patient
advocacy group. “We have noticed that,
in order to have a successful research pro-
gram for rare diseases, we need the in-
volvement of patient advocacy groups.
These groups are essential to help with
patient recruitment and to act as liaisons
between researchers and the group’s
constituency of patients and their fami-
lies,” Dr. Groft said.

In fact, a Coalition of Patient Advoca-
cy Groups has been formed as an arm of
the Rare Disease Clinical Research Net-
work. “The role of advocacy groups has
really matured over the last several
years,” Dr. Gropman said. “I work close-
ly with an amazing advocacy group in the
Urea Cycle Disorders Consortium. They
have gone from a grassroots support of
families to major partners in research.”

Dr. Gropman credits the group with
raising important clinical questions that
only those living with affected individu-
als might be aware of, educating patients
and their families about the importance
of participation in clinical trials, as well
providing financial support and finding
philanthropic partners. “Patient advo-
cates have a vested interest in moving the
clinical research process along,” she said.

Another new initiative aimed at facilitat-
ing funding for rare diseases is the R.A.R.E.
(Rare Disease Advocacy, Research, and Ed-
ucation) Project’s Global Genes Fund. The
organization’s Web site, which is in devel-
opment, aims to serve as a clearinghouse
for rare disease philanthropy.

“As long as the rare disease communi-
ty works in their separate disease silos, we
can only get so far. … If we can bring the
community together and not focus on an
individual disease, we can create a unify-
ing campaign and rare diseases then be-
comes a huge public health issue, larger
than the U.S. AIDS community and equal
to that of breast cancer,” said Nicole
Boice, founder and president of R.A.R.E.

One part of the Global Genes Fund,
which is set to launch in the second quar-
ter of 2011, will showcase innovative sci-
entific research projects that individuals or
businesses can contribute to, in donations
as small as $25. Initially, Ms. Boice expects
to focus on 10-20 research projects. “As the
platform grows and is successful at se-
curing funding, this will catalyze this
type of innovative funding.”

Using Neurogenetics in Practice 
Genetic testing can be helpful for diag-
nosing some neurologic disorders, but a
“bewildering” maze of tests is available,
Dr. Gropman said. Vendors have put to-
gether predetermined panels for whole
exome sequencing of some disorders,
such as spinal cerebellar ataxia or disor-
ders associated with mental disabilities.

“Using a panel, you can test for a num-
ber of different genes simultaneously,
but you cannot separate them,” she said.

Also coming to market are “designer”
panels that allow clinicians to pick and
choose which genes to target, but they
require knowing a priori which mutation
to focus on.

“While the technology has exploded,
knowing which test to order can be baf-
fling for many clinicians who do not
have extensive backgrounds in genetics.
If we find a variant but don’t know its
significance, it opens up a diagnostic co-
nundrum,” Dr. Gropman said. 

The field is still in flux. So many other
questions must be resolved, such as how
to deal with difficult or unanticipated re-
sults and whether technology and inter-
pretation need to be standardized.

Genotyping is not just a black-and-white
issue, according to Dr. Huentelman. In ad-
dition to the knowledge of a patient’s
mutation status, genotyping results must
also take into consideration the risk of de-
veloping clinical symptoms, and the ethi-
cal and pragmatic issues that knowledge
raises for patients and physicians.

As a first step, neurologists should be-
gin educating themselves about the
new technologies, potential applica-
tions, and shortcomings, by attending
sessions on neurogenetics at annual
professional meetings or more special-
ized conferences. 

Creating a professional relationship
with a geneticist or genetic counselor
might provide access to the most up-to-
date information and options.

“You need someone fully entrenched
in the field of human genetics,” said Dr.
Huentelman, who advocates creating a
genetics team to sort through the maze
of data that can be generated by a ge-
netic analysis.

None of the sources contacted for
this article had any relevant financial
disclosures. ■

Brain MRI scans of a child with microcephaly, polymicrogyria, and
schizencephaly (left) and brain scans of a healthy child (right). 

C
O

U
R

T
E

S
Y

D
R

. 
M

U
R

A
T

G
U

N
E

L

DNA sequencing
‘is great for rare
diseases or to
gain a foothold in
a disease that
has been hard to
understand... .’

DR. HUENTELMAN


