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Krembil is 
dedicated 
to finding 
answers for 
eye diseases 

Every 12 minutes, someone 
in Canada joins the list of 
the visually impaired. The 
total number of people liv-
ing with significant vision 
issues now tops 500,000 
– and it continues to grow, 
thanks in part to our aging 
population.

So chances are, if you live 
in Canada, you know some-
one struggling with vision 
issues. In addition to blind-
ness, vision impairment can 
cause a host of other prob-
lems, from loss of sharpness 
or clarity of vision to a nar-
rowed visual field or a loss 
of depth perception. People 
experiencing these prob-
lems may be living with any 
one of a number of diseases, 
including age-related macu-
lar degeneration, diabetic 
retinopathy, glaucoma or 
retinitis pigmentosa. 

At the Krembil Research 
Institute, we are deter-
mined to unlock the secrets 
of these diseases. In recent 
years, we’ve assembled a 
top-notch team of research 
scientists who are com-
mitted to finding answers 
to fundamental questions 
about the retina, the brain 
and disease function. 

Many of the causes of 
these diseases remain 
unknown. But what is 
known is that living with 
these conditions can affect 
a person’s family life and 
relationships, their finances 
and mental health, but most 
of all, vision loss can have 
a negative impact on an in-
dividual’s overall quality of 

life. That’s why it’s essential 
for us to make a long-term 
commitment to high-calibre 
basic research. We were for-
tunate to receive a tremen-
dously generous philan-
thropic gift in 2015, which 
led to the establishment of 
the Donald K. Johnson Eye 
Institute in 2016. In less 
than a year, this entity – 
the largest vision program 
in Canada – has already 
helped foster a culture of 
collaboration between our 
clinicians and our vision 
scientists. 

When it comes to finding 
a cure to these conditions, 
no one lab can do so on its 
own. It will take many in-
cremental discoveries over 
a number of years. But gifts 
like this – and the many 
others that come from the 
community – allow us to 
recruit some of the brightest 
minds in the field, carve out 
a unique and diverse cul-
ture and move closer to our 
collective goal of becoming 
one of the top five vision 
institutions in the world. 

In the pages to come, you 
will read about the signifi-
cant advancements our sci-
entists have made in recent 
years, and the new frontiers 
we are exploring to diag-
nose diseases of the eye and 

restore vision. If you care 
about joining the search for 
answers about how the eye 
works, then we are more 
than happy to have you on 
our team. In the end, that’s 
the only way these problems 
get solved – by supporting 
innovative research pursuits 
like those currently under-
way at Krembil.

 
Sincerely,

Dr. Valerie Wallace

Co-Director, Donald K. 
Johnson Eye Institute; 

Senior Scientist, Krembil 
Research Institute;

Donald K. Johnson Chair in 
Vision Research

Dr. Robert Devenyi

Co-Director, Donald K. 
Johnson Eye Institute;

Clinician Investigator, 
Krembil Research Institute;

Karen and William Barnett 
Chair in Ophthalmology
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to the death of these cells.
“These are proteins that will tell your 

eye how to connect with the brain, and 
dictate where to establish and stop the 
connection,” explains Dr. Monnier. “What 
we discovered was a higher presence 
of neogenin in diseased photoreceptor 
cells, and we believe that these neogenin 
proteins are basically telling the cells, 
‘No, you cannot regenerate – you’re going 
to die.’ ”

Today, Dr. Monnier and his team of 
researchers at Krembil are working on a 
therapy that they hope can stop neogenin 
proteins from activating photoreceptor 
cell death. The scientists have developed 
a peptide called 4IG that, when injected 
into the retina, successfully blocked the 
death-inducing function of neogenin 
proteins in photoreceptor cells that 
are diseased with retinitis pigmentosa. 
Peptides are fundamental components of 
cells that carry out important biological 
functions.

Laboratory tests show that effects 

What if, with one injection, doc-
tors could turn off the molecular 

switch that triggers the death of the eye’s 
photoreceptors – those neuron cells in 
the retina that enable vision by process-
ing and transmitting visual information 
to the brain?

“It would significantly improve the 
lives of patients with conditions such 
as retinitis pigmentosa, glaucoma and 
age-related macular degeneration,” says 
Dr. Philippe Monnier, a senior scientist 

at the Krembil Research Institute. “Eye 
diseases dramatically impact quality of 
life, and the older you get, the higher 
your chances of developing an eye disease 
such as glaucoma.”

More than a decade ago, Dr. Monnier 
led a research team that made an intrigu-
ing discovery: when the eye’s photorecep-
tor cells are stressed – usually because 
of a malfunction caused by an injury or 
a gene mutation – proteins known as  
neogenins activate a pathway that leads 

Switching to a cure  
Renowned scientist Dr. Philippe Monnier and his team 

at Krembil are developing an injection that could 
dramatically improve the lives of patients
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looked at MS and stroke models, and we 
see potential applications of the therapy 
in these diseases as well,” he says.

Dr. Monnier says the application of 
4IG produced an unexpected finding: 
neogenins were also responsible for 
maintaining the blood-brain barrier –  
a protective membrane that prevents 
harmful substances from entering the 
brain.

“The blood-brain barrier prevents a 
lot of bad things from happening. For 
example, it prevents the immune system 
from going into your brain,” he says. “In 
multiple sclerosis, the immune system 
is somehow able to cross the barrier and 
attack the brain. So if we can restore the 
barrier, then we prevent immune system 
cells from [targeting] the brain.”

Krembil is now working to take 4IG 
from the lab into clinical practice. Dr. 
Monnier and his team are preparing to 
test 4IG for preclinical safety. They have 
also partnered with a pharmaceutical 
company to eventually produce and mar-
ket 4IG as a drug. 

“Our goal is, in four to five years, to  
be able to turn 4IG into a drug that can 
be administered to patients,” says  
Dr. Monnier.  ■

could be detected in as little as two 
weeks, says Dr. Monnier. An injection 
with 4IG improved photoreceptor cell 
survival and structure, and led to better 
vision.

“The improvement was very dra-
matic,” says Dr. Monnier. “The peptides, 
which are these small protein fragments, 
blocked the neogenin pathway that 
would normally lead to photoreceptor 
cell death.”

While the lab tests have focused 
primarily on retinitis pigmentosa, the 
findings may also be relevant for other 
eye conditions.

“We could have well identified a molec-
ular switch that is critical for cell death in 
multiple eye diseases,” says Dr. Monnier. 
“We have a lot of indications which tell us 
that by targeting this specific pathway, we 
can not only protect photoreceptors, but 
also other cell types in the eye that are 
important for diseases such as glaucoma 
and age-related macular degeneration.”

Jason Charish, a project lead in Dr. 
Monnier’s research into neogenin block-
ers for retinitis pigmentosa, notes that 
the study findings – and, most impor-
tantly, the potential for a cure – also have 
implications that go beyond the eyes.

Krembil scientists believe neogenins 
may also play a critical role in multiple 
sclerosis (MS) and in stroke, says Mr. 
Charish, a PhD student at the University 
of Toronto.

“Other members of the lab have also 

“ Eye diseases 
dramatically 
impact quality 
of life, and 
the older you 
get, the higher 
your chances of 
developing an 
eye disease like 
glaucoma.”

–  Dr. Philippe Monnier

Left: blood vessels in the brain. The blood-brain barrier is functioning well. Right: a cloud around the blood vessels indicating that the  
blood-brain barrier is no longer functional. This is seen in a model for MS, where the blood-brain barrier stops working.
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the eye to the brain – a window to the 
brain.”

Dr. Mandelcorn says that some smaller 
studies showed that when looking at im-
ages of the optic nerve head, the upper or 
“superior” portion of the nerve is thinner 
in late Alzheimer’s, more so than in a 
control group of subjects the same age.

If this nerve fibre layer loss could be 
proven to be a biomarker – an accurate 
early indicator of Alzheimer’s – then a 
simple eye test could become a valuable 
diagnostic tool for neurologists.

“The idea is that if you can find a pat-
tern of nerve fibre layer loss on an OCT 
scan, which is exquisitely detailed, you 

The test takes about a minute … two 
minutes, tops.

Perched on a stool, face supported 
on a chinrest, the patient looks into the 
optical coherence tomography (OCT) 
machine. A white cross on a black back-
ground is in her field of vision, with red 
lines that move up and down, back and 
forth. Dr. Efrem Mandelcorn, clinician 
investigator at the Krembil Research 
Institute and a retinal surgeon at the 
Donald K. Johnson Eye Institute’s Retina 
Clinic, directs a laser into the patient’s 
eye. He’s using light waves to take cross-
sectional pictures of the patient’s retina 
and optic nerve. It’s painless, it’s simple 

and it’s over very quickly. 
OCT has been used in optometrist’s 

and ophthalmologist’s offices to diagnose 
eye diseases like glaucoma for years. 
But researchers like Dr. Mandelcorn 
are hoping this simple test could be 
used someday to help doctors diagnose 
neurodegenerative disorders such as 
Alzheimer’s disease, Parkinson’s disease 
and amyotrophic lateral sclerosis (ALS), 
even before patients show symptoms.

“We have very good technology to look 
at the eye,” explains Dr. Mandelcorn. 
“You can look at what’s called the retinal 
nerve fibre layer, which goes right to the 
optic nerve. It is a direct connection from 

Are your eyes also the  
windows to your brain? 

Dr. Efrem Mandelcorn is exploring whether a simple eye test  
could help detect Alzheimer’s earlier 

Shelley White




