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More than 300,000 SNPs from
patients with glaucoma and controls
were analyzed using high-resolution
SNP chips and additional SNPs from
public databases.
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Researchers also have learned
more about the genetics of Peter’s
anomaly.

“It’s an interesting ‘garbage basket’
disease in that all of the genes that
can cause developmental glaucomas
in isolated case reports have been
shown to cause Peter’s anomaly,” Dr.
Alward said.

Gene chips and genotyping

Looking at other developments in
glaucoma genetics, Dr. Alward dis-
cussed technologic advances such
as gene chips or DNA microarrays.
These discoveries allow researchers
to compare cases and controls over
hundreds of thousands of points of
DNA, compare large numbers of
unrelated patients and
unrelated controls, and
perform family studies
using far fewer subjects
than would have been
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type, according to Dr. Alward. The
findings have been replicated around
the world, and one of the SNPs ap-
pears to be the disease-associated
variation.

“It’s very important for clinicians
to be aware that most people who
have this sequence variation do not
get exfoliation syndrome. You should
not run out and test all of your pa-
tients for LOXL1,” he said. “If you
look at the original data, there were
75 people with this sequence varia-
tion who did not have exfoliation for
every one who did have exfoliation.
Yet, it’s a tremendously important
finding and it’s a substrate upon
which people develop this disease,
although there’s a lot more for us to
figure out.”

Other advances in secondary or
syndromic glaucomas include the
discovery of the PAX6 gene, which
is associated with aniridia, and two
genes, FOXCI and PITX2, associated
with Axenfeld-Rieger syndrome.
Nail-patella syndrome, which is as-
sociated with POAG, has been shown
to be caused by mutations in the
LMX1B gene.

in glaucoma,” he said.

“The challenge is com-

putation. Three of our
faculty members are engineers who
work on bioinformatics. The data
that stream in from these studies
are overwhelming and not the kind
of thing you can do on your iPhone.
These are also very expensive experi-
ments to run.”

High-throughput genotyping, a
process that can sequence 100 million
base pairs in 8 hours, is another new
technology. To illustrate the capabil-
ity of such an advance, Dr. Alward
said that when a colleague earned
his PhD in 1983, he spent 16 months
working on the sequencing of a gene,
a task that could be accomplished
in 8 seconds with high-throughput
genotyping. As with gene-chip tech-
nology, however, this latest advance
involves computational challenges
and significant expenses.

‘The data that stream
in from these studies

are overwhelming.’
Wallace L.M. Alward, MD

Until recently, break-
throughs in glaucoma genet-
ics emerged from painstaking
family research, with the dis-
covery of LOXLI being the ex-
ception. This approach remains
relevant, he said, alludingto a
family of Russian origin living
in the Chicago area that cur-
rently is under study. Members
of this family have an autoso-
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mal dominant inheritance of
optic nerve abnormalities that
vary from barely detectable to
extremely prominent.

“From a glaucoma perspec-
tive, the most interesting thing
about this family is that three
members have a photographi-
cally documented progression
of cupping without ever hav-
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ing elevated IOP,” Dr. Alward said. “We’re
hoping that if we can figure out what’s wrong
with this family at a molecular level, we will
be better able to understand the molecular
abnormality of optic nerve head cupping
and gain insight into non-pressure-related
factors involved in glaucomatous optic
neuropathy.”

Low-resolution gene-chip studies of this
family have found a linkage to chromosome
12, and researchers are looking for one or
more genes in that area that might be impli-
cated in the condition.

Building from animal systems
Researchers remain interested in animal
models, such as the DBA/2] mouse, as well.
This mouse has a spontaneously occurring
disease similar to pigmentary glaucoma, as
well as spontaneous glaucoma. Dr. Alward’s
colleagues at Iowa are studying a mouse with
mutations in the LYST (lysosomal
trafficking regulator) gene that has
clinical features very similar to
exfoliation syndrome. Mutations
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The field of pharmacogenetics could shed
light on responsiveness and resistance to
medication, he said.

“We know that there is a genetic basis
to response to beta-blockers, and we also
know that patients who have myocilin ju-
venile glaucoma are unresponsive to all
medication therapies and require surgical
therapy,” Dr. Alward said. “There is a little
bit of understanding about the genetic basis
of responsiveness, but there’s a lot more to
be figured out.”

He added that Dr. Shaffer once said it
was hoped that biochemists could identify
some of the enzyme systems responsible for
the glaucomas and develop more effective
therapy, and that goal is still valid today.

“What [we hope] molecular genetics will
do is allow us to understand the pathways
involved in causing disease so that we could
interrupt the defective pathway or identify a
protein that could be replaced. We may have
designer therapy—for example, a drug that
could be used to treat myocilin glaucoma
but not optineurin glaucoma or vice versa,”
Dr. Alward said. “We can model
diseases in animal systems. We
can build a better mouse instead
of a better mousetrap. We can cre-
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Genetic testing has become more
important in glaucoma diagnosis
as well as research efforts, Dr. Alward said.
Patients with glaucoma should urge all of
their family members to be screened peri-
odically. The best way to detect early pri-
mary glaucoma is to follow these relatives,
he said. Studies have shown that targeting
screening to individuals with a known fam-
ily history of glaucoma increases the yield of
these efforts.

Gene-directed therapy
Gene-directed therapy is one of the advances

in glaucoma that may come into clinical usage
down the road.

‘There is a little bit

of understanding

about the genetic basis

of responsiveness, but there’s

a lot more to be figured out’’
Wallace L.M. Alward, MD

“Underpinning all this therapy
would be presymptomatic di-
agnosis, and we can already do that,” he
continued.

Dr. Alward referred to a large family
under study because of its history of juve-
nile-onset glaucoma. The family includes a
woman in whom glaucoma with IOP levels
of 60 mm Hg or higher was diagnosed at 16
years and who underwent glaucoma surgery
at 18 years. Through genetic study, research-
ers have been able to determine that this
woman’s daughter will develop glaucoma be-
fore she has aged 20 years, although her son
has no increased risk. Knowing this infor-
mation, researchers and clinicians can target
their efforts toward the daughter and spare
the son unnecessary tests and anxiety.

Currently, instances such as this one are
infrequent, but the hope is that further ad-
vances will enable application of genetic
knowledge to a greater percentage of pa-
tients with glaucoma, he said.

Dr. Alward also discussed gene replacement
therapy, which is sometimes considered one of
the most distant goals in treatment of eye dis-
ease. Studies have shown that genes, however,
can be delivered successfully to the trabecular
meshwork cells and the retina, he said.
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‘We can build a better mouse
instead of a better mousetrap.
We can create a mouse

with a specific form

of glaucoma of interest

[for example, a myocilin
mouse] and study mechanisms
and treatments in that mouse

rather than in humans.
Wallace L.M. Alward, MD

In the retina field, researchers used a vi-
rally administered gene to treat dogs with a
form of Leber’s congenital amaurosis (LCA)
caused by a mutation in the same gene,
RPE65, that can cause LCA and blindness
in human children. Several months after
treatment, the dogs’ functional vision had
been restored, and their electroretinograms
were almost normal.

The National Eye Institute is sponsoring a
phase I clinical trial of gene therapy for LCA,
and studies also are taking place in the United
Kingdom.

“Obviously, for glaucoma, clinical use of
something like this is a long way in the future
because we have less-invasive ways of dealing
with glaucoma,” Dr. Alward concluded. “It’s
a pretty exciting proof of concept that gene
therapy is something on the horizon.”OT
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