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Alzheimer’s disease is a form of dementia that affects tens of
millions of people globally. Although we can modestly improve the
quality of life of patients, there is currently no cure, largely because
the underlying biological mechanisms of the disease are poorly
defined. Understanding the abnormal molecular characteristics of
Alzheimer’s disease is the focus of Dr. Erin Norris’s research at The
Rockefeller University. By studying the dysfunction of the plasma
contact system, which may result in abnormal coagulation and
inflammation that may lead to Alzheimer’s disease, Dr. Norris and
her colleagues have uncovered novel biomarkers, paving the way
for exciting new therapeutics.

A Common but Challenging Disease
Alzheimer’s disease is the most common
form of dementia, which is an umbrella
term encompassing a variety of diseases
characterised by a progressive decline
in cognitive functions such as memory,
language, attention and reasoning.
The symptoms often initially present
as minor problems with memory that
progress into confusion, issues with
speech and movement, alterations
in personality like aggression, and
even hallucinations. Risk factors for
Alzheimer’s disease include a family
history of the condition, older age,
lifestyle factors associated with
cardiovascular disease and untreated
depression.
While people do not tend to pass away
from the illness itself, many patients
experience a reduced appetite and
their diminished cognitive ability can
result in difficulty swallowing, causing
inhalation of food and frequent chest
infections. Currently, there is no cure but

certain drugs can alleviate some of the
symptoms. Psychological treatments
such as cognitive stimulation therapy
can try to help prevent the further
deterioration of memory and language.
Changing the home environment in
which a person with Alzheimer’s disease
resides can also allow them to live more
independently by simplifying day-to-day
tasks.
Research across the globe has been
dedicated to finding and targeting the
molecular irregularities that cause
Alzheimer’s disease. Although the
exact causes are not well-defined, it
is understood that when proteins (the
building blocks of all cells) in the brain
act abnormally, the function of brain
cells known as neurons is disrupted. The
subsequent series of toxic events results
in damage to neurons. The connections
that facilitate brain activity are also
disrupted, which eventually causes the
neurons to die, leading to a decline in
cognitive function.
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The proteins responsible for these
destructive events are called betaamyloid and tau. Beta-amyloid is a
fragment of a very large protein called
amyloid precursor protein. When these
fragments aggregate they disrupt cellto-cell communication and continue to
cluster with other cellular debris into
large deposits called amyloid plaques.
These plaques can then also lead to
chronic inflammation in the brain,
which is toxic to neurons. Tau proteins
are important for the internal support
of neurons and help to carry essential
nutrients and materials. However,
in Alzheimer’s disease, tau proteins
become atypically organised to create
neurofibrillary tangles which disrupt the
transport system.

Targeting the Plasma Contact System
These pathologies of Alzheimer’s disease have been extensively
studied, but an issue that has been less explored is vascular
dysfunction – problems in blood vessels and blood circulation.
Many patients experience a reduced blood flow in the brain
known as hypoperfusion, damage to brain blood vessels and
disruption to normal mechanisms that stop bleeding and
repair damage (haemostasis). Vascular disorders such as
obesity, hypertension and diabetes are also common in those
with Alzheimer’s. Dr. Erin Norris and her colleagues from The
Rockefeller University in New York are working to understand
the links between Alzheimer’s and vascular dysfunction and the
biological processes behind them.
The vascular system is responsible for coagulation, which is
the process of liquid blood changing into a solid state, or blood
clot, to repair injuries. There are two mechanisms by which this
occurs – the first is extrinsic clotting. When an injury or trauma
occurs outside of the blood vessel (a cut, for example), this
pathway is activated to heal the damage. The other is intrinsic
clotting, which occurs when there is trauma to the blood vessel
itself or the tissues surrounding it. These two mechanisms
merge together to form blood clots via the cleavage (cutting
up) of fibrinogen proteins into smaller fibrin proteins using an
enzyme called thrombin.
Research from Dr. Norris and her scientific team has revealed
that the intrinsic clotting pathway in patients with Alzheimer’s is
disrupted, whilst the extrinsic system is left intact. In one study,
Dr. Norris and her colleagues investigated the plasma contact

system within the intrinsic pathway. This system is initiated
by a protein called coagulation factor XII (FXII) being activated
into its active form (FXIIa), which then triggers two arms of the
process. One arm is the clotting pathway that utilises factor XI
(FXI) to produce thrombin and blood clots, while the other is an
inflammatory pathway that uses prekallikrein (PK) to produce
the pro-inflammatory peptide, bradykinin.
Bradykinin is cleaved out of high molecular weight kininogen
(HK) by the activated form of PK (or PKa). HK is important for
both arms of the system because it forms complexes with both
FXI and PK allowing for their efficient activation by FXIIa. Due
to this dual function of HK, reducing or inhibiting the cleavage
of HK can prevent unwanted blood clots and inflammation,
as shown in some of Dr. Norris’s experiments. To prevent HK
cleavage, they depleted the amount of FXII in Alzheimer’s model
mice, which in turn prevented the function of HK. The mice
showed reduced neuroinflammation and neurodegeneration
and performed better cognitively compared to untreated mice.
These exciting results demonstrate a potential novel focus for
Alzheimer’s therapies. As contact system activation may play
a part in the pathology of Alzheimer’s, blocking it could slow
disease progression. Dr. Norris suggests HK as a prime target
in the quest to prevent inflammation as well as abnormal
coagulation, and her team has already discovered a way
of inhibiting the protein’s cleavage. Her method utilises an
antibody that binds to HK and prevents its cleavage and thus
its ability to generate bradykinin. Whilst the antibody is being
tested, she studies other abnormal molecular occurrences in
Alzheimer’s patients.
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Defining Biomarkers for Alzheimer’s Disease
The overactivation of the intrinsic pathway in Alzheimer’s
could be due to the unusual build-up of beta-amyloid protein.
Beta-amyloid can bind to FXII and lead to activation of the
plasma contact system, resulting in a high amount of cleaved
HK and bradykinin in the plasma of Alzheimer’s patients as
well as mouse models. While not all Alzheimer’s patients have
vascular dysfunction and contact system activation, being
able to identify those patients suffering from this condition
would be advantageous as there are already FDA-approved
treatments. Any method to slow the progression of the disease
in even a subset of patients would be beneficial. Therefore,
cleaved HK could be categorised as a biomarker, and could be
a useful means of diagnosing Alzheimer’s patients with vascular
dysfunction.
In order to create a diagnostic tool, Dr. Norris’s laboratory
team set out to generate and screen for antibodies that could
specifically recognise both the cleaved and uncleaved versions
of HK. Once these were identified, they used a method called
enzyme-linked immunosorbent assay to screen for these
proteins in human plasma. The tests revealed decreased
uncleaved HK and increased cleaved HK in those plasma
samples from Alzheimer’s patients, and these results correlated
with dementia and levels of beta-amyloid plaque in the
brain. This study provides solid evidence that cleaved HK in
plasma could be used as a novel biomarker for the diagnosis
of Alzheimer’s disease with a vascular pathophysiological
component.
Dr. Norris continued to explore this avenue in a subsequent
study that centred around mild cognitive impairment
(MCI). This disorder is a transitional stage between the
normal cognitive decline that comes with ageing and the
commencement of mild dementia. Patients with MCI tend
to adequately carry out daily tasks but have some deficits
in cognitive function such as short-term memory retrieval.
Approximately 10–15% of MCI patients convert to an
Alzheimer’s diagnosis per year.

Dr. Norris’s team examined the plasma of MCI patients for
evidence of contact system activation. Aligning with their
previous results, those living with MCI who experienced
poor memory recall had increased kallikrein activity and
subsequently, higher levels of cleaved HK. This finding further
supported her and her team’s hypothesis that contact system
dysfunction is a biomarker for Alzheimer’s and its related
dementias as it can contribute to its pathogenesis.
Implementing Novel Biomarkers
A further study by Dr. Norris’ group showed significantly
elevated levels of bradykinin in the plasma of Alzheimer’s
patients compared to healthy participants. Increased levels
of bradykinin are due to increased contact system activation
and cleavage of HK. Furthermore, those with a more profound
increase in bradykinin displayed more severe cognitive
impairment. These results strongly suggest that cleaved HK
and bradykinin are involved in disease pathogenesis. Moreover,
since bradykinin is a potent inflammatory molecule, it could
be responsible for much of the neuroinflammation found in
Alzheimer’s patients. Interestingly, post-mortem examination
of Alzheimer’s patients’ brain tissue showed that bradykinin
co-deposits with beta-amyloid plaques.
Dr. Norris and her colleagues at The Rockefeller University have
uncovered multiple, yet linked, biomarkers for Alzheimer’s
disease, and they are continuing their research into how they
can be targeted to develop novel and effective therapeutics.
They are particularly focused on an anti-HK antibody called 3E8
which binds very strongly to HK to inhibit the activation of the
contact system by beta-amyloid to prevent abnormal clotting
as well as inflammation. They believe this antibody could be a
promising method for slowing or preventing cognitive decline
to improve the quality of life of many MCI and Alzheimer’s
disease patients in the future.
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Dr. Erin Norris completed her BA in Biology with a Minor in
Chemistry at Franklin & Marshall College in Pennsylvania. She
then went on to earn a PhD in Pharmacological Sciences at the
University of Pennsylvania and completed her postdoctoral
training at The Rockefeller University. She has undertaken
numerous lecturing and research roles, as well as scientific
journal editing positions. Currently, Dr. Norris is a Research
Associate Professor in the Laboratory of Neurobiology &
Genetics at The Rockefeller University in New York. She carries
out research investigating the role of vascular dysfunction in
Alzheimer’s disease pathophysiology and how it can be used
to develop novel biomarkers and therapeutics. Supported by
significant and prestigious funding, Dr. Norris has published
over 50 peer-reviewed articles to date and is a popular invited
speaker at international scientific meetings and conferences.
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