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Alzheimer’s disease (AD) is a complex disease that attacks the brain

that mostly a�ects people 65 years and older. AD a�ects more

and more people each year. A major problem with AD is that it is

diagnosed too late. A big goal is to find ways to help doctors identify

the disease early, so they can better help AD patients. Biomarkers are

something that can tell you if a part of the body is feeling healthy or is

being attacked by a disease. This articlewill describe one exciting new

category of biomarkers that carry information from the brain into the

blood. These biomarkers can be used to see how healthy the brain is

feeling or if it is getting hurt by a disease like AD.

WHAT IS ALZHEIMER’S DISEASE?

Alzheimer’s disease (AD) is a devastating neurodegenerative disease
that is usually diagnosed in people 65 years and older. The word
neurodegenerative means that the disease a�ects the nervous system,
and that, over time, the disease damages and breaks down (or
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degenerates) nerve cells, called neurons. In particular, AD damages
NEURON

A special kind of brain
cell that help carry out
functions like learning
and memory.

the brain neurons that control our bodies and determine howwe think,
remember, and feel. Multiple factors contribute to the risk of getting
AD and how fast it gets worse [1], including older age, buildup of
certain toxic proteins in the brain called amyloid-beta and tau, and

AMYLOID-BETA

A protein that is
increased in
Alzheimer’s disease.

Tau

A protein that is
increased in
Alzheimer’s disease.

a person’s genes. Currently there is no cure for AD, but there are
a few drugs that can temporarily reduce symptoms in people who
have it.

AD is a disease that starts long before it is diagnosed, lasts for many
years, and worsens over time. In its earliest stages, the person displays
no memory-loss symptoms, but the brain is starting to get damaged.
For a while, the brain can keep performing its functions by having
the healthy parts help the damaged parts. As damage increases, the
brain is less able to work, and the person starts having some memory
problems. In the most severe stage of AD, known as dementia, people
experience severe memory loss, confusion (like confusing the past
with the present), di�culty completing everyday tasks (like getting
dressed or even swallowing), and di�culty speaking.

By the time a person is diagnosed with AD, the person’s brain has
already su�ered quite a bit of damage, which is extremely hard to
repair with medication. Doctors need a way to test for AD even before
noticeable symptoms appear, or when those symptoms are still mild.
That is why AD biomarkers, which will be described below, are a great

BIOMARKER

Biomarkers can be
anything (like a protein
found in the blood) that
tells you if a part of the
body is feeling healthy
or is being attacked by
a disease.

research topic, since they allow doctors and scientists to detect AD in
its earlier stages, which could help thousands of people.

WHAT IS A DISEASE BIOMARKER?

A disease biomarker can be anything—from a protein found
someplace in the body, for example in the blood, to a picture of the
brain taken using brain-imaging techniques. A biomarker is something
that can tell you if a part of the body is feeling healthy or is being
attacked by a disease. For example, a doctor can check the amount
of a sugar called glucose in a sample of your blood to see if you have
diabetes. In this case, a high sugar level in the blood is a biomarker
for diabetes. For complex diseases like AD, doctors and scientists rely
heavily on biomarkers for identifying people in the early stages, when
symptoms are mild or absent.

Well-Accepted Biomarkers of AD

A true diagnosis of AD can only be confirmed by checking the brain
after the patient has died. Specifically, doctors check to see if there are
increased amounts of two proteins in the brain: amyloid-beta and tau.
Thanks to technological advances, increases in these two proteins can
now be detected in a living person, using two well-accepted methods
[2]. The levels of the proteins can be measured in the cerebrospinal

CSF

Cerebrospinal fluid
(CSF), a fluid that the
brain and spinal cord
are bathed in.

fluid (CSF), a fluid that the brain and spinal cord are bathed in, or a
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Figure 1

Figure 1

Getting and analyzing
CSF. To get a CSF
sample, a needle is
inserted into the lower
back, known as the
lumbar area of the
spinal cord. Scientists
can study the proteins
in the CSF sample. In
AD, the quantities of
amyloid-beta and tau
proteins in the CSF are
used as biomarkers.

brain imaging technique called positron emission tomography (PET)PET

Positron emission
topography (PET) is
used to identify protein
amounts in the brain of
a living person.

can be used to detect the buildup of the proteins in the brain.

WHY DOWE NEED BLOOD BIOMARKERS FOR AD?

Getting the CSF to check for the levels of amyloid-beta and tau
requires inserting a needle into the spine (Figure 1). This process,
called a lumbar puncture, is unpleasant for most people. PET imaging
involves injecting radioactive tracer substances into an arm vein. The
substances light up amyloid-beta or tau in the brain, depending on
the tracer injected, which allows the PET scanner to take a picture
of these proteins in the brain (Figure 2). While PET imaging is not as
unpleasant as CSF collection, it is very expensive and not available at
most medical centers.

Scientists are trying to find blood-based biomarkers for AD. A
blood-based test will hurt less than the CSF test, and will be cheaper
and more available than PET imaging [3]. Blood-based biomarkers for
ADwill allow doctors to test peoplemore easily andmore often, and to
detect AD earlier. Scientists and doctors believe that if drugs are given
before the brain gets too damaged, they might have a better chance
at slowing AD.

AN ATTRACTIVE NEW BLOOD BIOMARKER FOR AD

Currently, scientists are studying a few di�erent kinds of AD biomarkers
in blood. Of these, we will focus on brain-secreted extracellular
vesicles (BEVs) [4]. Since the brain is such an essential organ and

BEVs

Brain-secreted
extracellular vesicles
(BEV) are little packages
that carry and deliver
messages, in the form
of biological molecules,
throughout the body.

it cannot repair itself as well as some other body parts, it is heavily
protected by line of “bodyguards” called the blood-brain barrier (BBB).

BLOOD-BRAIN

BARRIER

A line of bodyguards
that protect our brain
from
harmful substances.
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Figure 2

Figure 2

PET imaging. PET
imaging is used to
identify protein
amounts in the brain of
a living person. The
patient lies down on
the PET scanner table,
which can move in and
out of the machine.
First, a radioactive
tracer (purple) is
injected into the
patient’s arm. The
radioactivity allows the
machine to find and
track the tracer. The
tracer then travels to
the brain and binds to
the specific protein it is
designed for, in this
case amyloid-beta. The
imaging machine
locates it and takes a
picture: brighter and
more red means more
protein (PET images
source: https://
radiology.ucsf.
edu/patient-care/
services/
specialty-
imaging/alzheimer).

The BBB allows only the right things to enter or exit the brain based
on their chemical signature, kind of like a passport. BEVs are some of
the few structures that are allowed to pass through the BBB.

So, what are BEVs? In general, vesicles are like little packages that carry
and deliver messages, in the form of biological molecules, throughout
the body. An extracellular vesicle is a vesicle that is released from
a cell and carries messages from that cell to other cells. So, BEVs
are vesicles that are released by brain cells, and they carry messages
from the brain, across the BBB, to the rest of the body. Scientists can
successfully isolate BEVs from the blood and analyze their contents,
to see if they are carrying increased amounts of amyloid-beta and tau
proteins. This is cool, because BEVs can tell us what is going on directly
in the brain, from just a blood sample! To date, AD scientists have
studied BEVs released into the blood by four di�erent kinds of brain
cells—neurons, neural precursors, astrocytes, and vascular cells that
make up the brain’s blood vessels [4] (Figure 3). Since BEVs released
in blood by neurons have been the most looked at, we provide some
facts below of these findings [4].

BEVs RELEASED BY NEURONS

To establish BEVs as a good blood biomarker for AD, scientists first
need to determine whether more amyloid-beta and/or tau proteins
are found in BEVs from people with AD than in BEVs of people without
AD. By studying BEVs from neurons, scientists have found that there
is more amyloid-beta in AD patients than in people without AD, and
the amount increases as AD gets worse. This shows that the amount
of amyloid-beta in BEVs is related to the severity of the disease, which
is an important characteristic of a good biomarker. Also, amyloid-beta
in BEVs was found in AD patients up to 10 years before their diagnosis,
which means scientists may be able to use these BEVs to determine
who has AD, even before patients have any symptoms. Tau in BEVs
has also been detected in people with and without AD, but studies are
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Figure 3

Figure 3

Brain-secreted
extracellular vesicles.
Vesicles sent from the
brain to the rest of the
body are known as
BEVs. BEVs carry
information about the
brain’s health. So, if the
brain is sick, BEVs could
let us know before a
patient’s symptoms
start getting serious. On
the left is a BEV being
released from the brain
into the blood. BEVs
can contain various
molecules, such as
proteins. Currently,
scientists have studied
BEVs released by four
di�erent kinds of brain
cells in
blood—neurons, neural
precursors, astrocytes,
and vascular cells.

still unclear on whether tau is increased in the BEVs of AD patients, so
more work needs to be done.

For those that are curious, since AD can be caused by multiple factors,
scientists have started looking at other brain proteins contained in
BEVs for their biomarker potential, including neuronal proteins (from
neurons). While BEV biomarkers are looking promising more studies
are needed to know their best use for AD research.

AMORE COMPLETE PICTURE

AD is like a puzzle: multiple pieces must be put together to
see the big picture. Scientists have not found all the pieces yet.
However, combining the information we have can bring us closer to
understanding this disease. BEVs are one piece of this puzzle. Perhaps
analyzing biomarkers like BEVswill be an early, easy test used to initially
determine if a person is starting to develop AD. Then, doctors can
move on to more elaborate tests like PET and CSF. Together, these
methods will bring us closer to understanding AD and helping the
many patients who struggle with this terrible disease.
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YOUNG REVIEWERS

ADRIAN, AGE: 10

My name is Adrian, I have been into history for 2–3 years, my favorite school subjects

are History and Math. I like reading very much, and I am in 5th grade.

ORGANIZATION FOR HUMAN BRAIN MAPPING, AGES: 8–15

As part of the Kids Live Review Event at OHBM 2020, Adrian, Louie, Pinaki, Reina,

and Tian, grilled the scientists on their work in front of an audience. This group of

elite reviewers provided pointed feedback that improved the quality of each of these

papers, ranging from boredom, irritability, and social learning, to brain surgeries and

Alzheimer’s disease.
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