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A Look Into
the Crystal Ball
Should Genetic Testing
Tell Your Future?
by Elisabeth Bradford
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T

he holidays can be a
difficult time for some and
figuring out what to get
for family and friends can present
a real challenge. For the bargain
sale price of $99, you can buy your
loved ones a DNA testing kit. But,
when it comes to learning about
your genetic risk for Alzheimer’s
disease, the results can feel like a
stocking full of coal. There is a fine
line between finding out “Wow,
I’m 3% Neanderthal!” and “Oh…
I carry a copy of ApoE4 and am
at an increased risk of developing
Alzheimer’s.” With the advent of
direct-to-consumer DNA tests like
23andMe, ordinary people can
learn more than ever before about
their genetic information. However,
coupled with some serious privacy
concerns, this unprecedented
access to the secrets held in your
genetic code could really ruin your
holiday season.
Since its first product launch
back in 2007, over 12 million
people have purchased a kit, spat in
a tube, and shipped off their DNA
to be analyzed by 23andMe.1 In its
early days, 23andMe was cast as
an exciting way to discover where
in the world your ancestors came
from and to learn about genetics
using your own DNA. With the test
results, consumers could uncover
their genetic predispositions for
all sorts of different traits based
on which genetic variants were
found in their DNA. The test can
tell whether you possess the gene
that allows you to detect that
distinct smell in your urine after
eating asparagus and the gene that
causes you to sneeze when you
look into the sun. As the first of its
kind on the market, 23andMe was a
true trailblazer in the field and was
even heralded as Best Invention
of the Year by Time Magazine.2 To
that end, 23andMe set off a wave
of personal genomics services and
turned public attention towards
the fascinating world of genetics.

In fact, as of 2019, over 26 million
people worldwide had purchased
some form of at-home DNA testing
kit.3
While this may seem like an
exciting way to take a peek into
how your genetic code shapes
the person you are and how you
experience the world, the services
offered by 23andMe aren’t all
fun. Over the years, 23andMe
has battled with the FDA to
provide consumers with a more
comprehensive report on their
genetic blueprint, beyond just
their genetic propensity for novelty
traits. In 2017, 23andMe won that
battle.4 Now, with the 23andMe
Ancestry and Health Service,
users are given the option to learn
whether they carry the genetic
variants associated with developing
an array of life-changing diseases,
like the neurodegenerative disease
Alzheimer’s. This means that
companies like 23andMe hold
the genomic data that predicts
the possible futures of millions
of people. With such sensitive
information, it is critical that these
companies have robust privacy
policies to protect the identity of
the consumer. However, this may
not always be the case, and in the
end, it may not even matter if a
company goes through the process
of anonymizing your genetic
sequence.
Considering the widespread
popularity of personal genetic
testing kits, it’s time to discuss
how genetic risk factor results
are obtained, what the results
actually mean for your chances of

developing Alzheimer’s disease,
and engage in an ethical discussion
surrounding genetic data privacy.
Together, we can make informed
decisions on whether it’s worth it to
purchase that holiday gift.

From Saliva to SNPs:
Breaking Down the
Genotyping Process
To understand how 23andMe
DNA testing kits detect genetic risk
factors in our DNA, we first need to
understand what genetic variants
are and how they come about.
DNA is a long double-stranded
molecule made up of a combination
of four smaller molecules called
nucleotide bases. The near infinite
arrangements of the bases adenine,
guanine, cytosine, and thymine (A,
G, C, and T) form the code that acts
as the blueprint of life. This code
provides the genetic instructions
to create new lifeforms capable
of growth, development, survival,
and reproduction. Genes are the
distinct sections of this sequence
that contain code for building the
proteins that perform all of the
functions essential to life.
During development and
throughout life, cells divide and
create copies of themselves so
that organisms can grow and
replace old cells in the body.
This process of division involves
replicating DNA such that the new
cells possess the same genetic
information as the parent cells.
However, this process is imperfect
and sometimes cells makes typos
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Figure 1. Process used by personal genomics services to identify genetic variants in
DNA. Original image by Elisabeth Bradford. Created in BioRender.

when they are copying the DNA
sequence, like putting an A where
there should be a G. These typos
create distinct points of variation in
the genetic sequence called single
nucleotide polymorphisms (SNPs;
pronounced
“snips”).5
These
differences in genes are known
as genetic variants. Sometimes
these SNPs have no effect on an
organism, but when they occur
within sections of sequence that
encode important genes, they can
influence our physical appearance
and even our health. Since half of
your genome is inherited from one
parent and the other half comes
from the other parent, these SNPs,
or little typos in your genes, can be
passed down through generations
of your family tree. This kind of
genetic variation drives the vast
diversity of characteristics we see
across individuals and different
families.
Importantly, the SNPs we
hold in our genetic code can tell
us a lot about our susceptibility
for different diseases. Since SNPs
cause slight changes in the DNA
sequence, they can also change
the function of the DNA protein
products. In some cases, the
resulting functional changes can
negatively impact our health. By
3

gathering DNA sequence data as
well as physical characteristics and
health reports from thousands of
people, researchers have been able
to perform large-scale statistical
analyses to uncover the genetic
variants that are highly associated
with the development of different
diseases. When a genetic variant
is found to be associated with
an increased risk of developing
a disease, it is designated a
genetic risk factor. In the case of
Alzheimer’s, almost every statistical
study has pinpointed one genetic
variant as the factor that is most
significantly associated with the
presence of Alzheimer’s disease in
the brain.6,7 That genetic risk factor
is ApoE4, a variant of the ApoE
gene, which is widely recognized as
the primary risk factor for late-onset
Alzheimer’s.8 The ApoE4 sequence
only varies by a couple of SNPs
from the other forms of the ApoE
gene, ApoE2 and ApoE3, that play
no part in increasing your risk of
Alzheimer’s.9
It is important to note that while
ApoE4 is a genetic risk factor for
developing Alzheimer’s, inheriting
one or two copies from your
parents does not seal your fate—a
greater risk does not necessarily
mean you will lose your memories.

While some diseases can be traced
back to a single genetic variant,
this is not the case for Alzheimer’s.
The development of Alzheimer’s
involves a wide array of different
genes, meaning that some people
with ApoE4 never develop a single
symptom of Alzheimer’s, and some
people without the variant do in
fact develop the disease.
Now that we have established
that this genetic variant ApoE4
is highly associated with the
development of Alzheimer’s, how
exactly do services like 23andMe
take a vial of your spit and uncover
the secrets embedded in your
genetic code? Direct-to-consumer
personal genomics services often
use technology called microarray
chips to genotype your DNA, or
identify which genetic variants
your DNA holds (Figure 1).10 Once
the 23andMe labs receive your kit
in the mail, your DNA is carefully
extracted from the microscopic
skin cells floating around in your
saliva.11,12 The amount of DNA that
can be extracted from your spit is
miniscule. So, the scientists copy
your DNA over and over again until
there is a more substantial amount
to work with. Your amplified
DNA sample is then chopped up
into small segments. With the
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preprocessing of your DNA sample
completed, the scientists apply
your DNA to a microarray chip.
These chips are covered with bits of
DNA sequence that match up with
genetic variants of interest, or the
sequences that correspond with
an increased risk of disease. These
bits of DNA are all tagged with
fluorescent labels, which will come
in handy later in the genotyping
process. When 23andMe is looking
for the presence of ApoE4 in your
DNA, they design a microarray chip
that holds that complementary
ApoE4 sequence. If you do have
a copy of ApoE4 in your genome,
it will be in one of those choppedup pieces of DNA. Therefore, when
your DNA sample is applied to
the microarray chip, your ApoE4
will stick to the complementary
sequence on the chip, causing the
fluorescent tag to emit a bright,
colorful light. This light tells the lab
they have found a match.
By now, you are probably
wondering how a couple of typos
in one gene can put you at an
increased risk of developing
Alzheimer’s. To address this, let’s
take a deep dive into what is known
and what remains elusive along
the path of Alzheimer’s disease
development and its relation to
ApoE4.

as a part of normal aging. Rather
than just losing track of where
you put your house keys, which
everyone experiences from time to
time, Alzheimer’s-induced memory
decline can manifest as completely
forgetting what house keys are
used for at all.
Long before the cognitive
effects of Alzheimer’s can be
detected, detrimental changes
in the brain are taking place.15 A
healthy human brain is made up of
billions of specialized cells called
neurons that communicate with
one another via electrical current
and chemical signals. These cells
allow us to do all of the amazing
things that are so essential to the
human experience, like thinking,
feeling, moving, breathing, and
eating. Contrary to popular belief,
neurons aren’t the only important
cells in our brains. There are also
many different kinds of glial cells
that perform a myriad of diverse
functions, including, but certainly
not limited to, providing support
and
nutrients
to
neurons.16
Alzheimer’s prevents all of the cell
types in our brain from performing
their essential duties and causes
the breakdown of this magnificently
complex cellular network that
forms the basis of who we are as

people. This deterioration spreads
throughout the brain, eventually
resulting in widespread neuron
death.
There are two hallmark
features of the Alzheimer’s brain
that likely cause the severe
neurodegeneration and memory
degradation that define the
disease, and scientists refer to
them as amyloid plaques and tau
tangles.17 Amyloid plaques are
caused by the abnormal buildup
of the protein amyloid-beta in the
spaces surrounding neurons. As the
disease progresses, these plaques
grow larger and larger, accumulating
more and more pieces of amyloidbeta protein, until the neurons are
ultimately overwhelmed and die.
The second cardinal characteristic
of the Alzheimer’s brain are tau
tangles. In a normal brain, the tau
protein works inside neurons to
help them hold their shape, like
bolts in the framework of a house.
However, in the Alzheimer’s brain,
the structure of tau is altered such
that the tau protein is unable to
act as the neuron’s bolts and ends
up accumulating in large clumps
within the cell. This change in tau
structure and function severely
destabilizes neurons. While these
molecular features of Alzheimer’s

ApoE4 and
Alzheimer’s Disease
Alzheimer’s disease currently
impacts the lives of 5.5 million
Americans and over 44 million
people worldwide, and with people
living longer and longer lives, this
global estimate is projected to at
least triple by the year 2050.13,14
The cognitive symptoms that
define Alzheimer’s disease are
those of chronic memory loss,
changes in behavior, and difficulty
forming
thoughts.15
However,
Alzheimer’s goes far beyond the
slow decline in memory that comes

Histopathology of amyloid plaques in the hippocampus. Image by Mikael Haggstrom. Public
Domain.
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disease are well-established, what
exactly causes them continues to
elude researchers in the field.
How does this all tie back to
the genetic risk factor ApoE4? It
turns out that ApoE4 is not only
associated with an increased risk
of developing Alzheimer’s, it is also
highly correlated with an increase
in amyloid plaque deposition and
tau tangle formation.8 However,
until recently, there was no clear
molecular path that led from
inheriting one or two copies of the
ApoE4 variant from your parents
to an increased presence of those
hallmark features of Alzheimer’s
disease in the brain. In 2017,
members of the Südhof lab at
Stanford University carried out a
series of experiments with the goal
of understanding how the different
variants of the ApoE gene influence
the development of Alzheimer’s as
well as the synthesis and secretion
of the amyloid-beta protein.18 From
prior research, the scientists knew
that ApoE proteins are produced
by the glial cells that surround
neurons and that neurons create the
amyloid-beta protein that buildsup into plaques in the Alzheimer’s
brain. So, they were curious to
see if the glia-generated ApoE2,
ApoE3, and ApoE4 proteins would
have different effects on amyloidbeta synthesis by neurons.
Incredibly, scientists today
have the ability to grow fully

functioning neurons in petri dishes.
Thus, the Südhof lab applied the
different ApoE protein variants to
their neurons in a dish and carefully
studied how ApoE might contribute
to Alzheimer’s disease. They
found that ApoE proteins bind to
receptors on the neurons’ surface
and cause an intricate cascade
of events to occur within the cell
that can turn on the expression of
genes. One key gene that is turned
on by this ApoE-neuron interaction
is amyloid-beta precursor protein,
the building block of amyloidbeta. Importantly, they also found
that ApoE4 induced the highest
levels of amyloid-beta production
compared to ApoE2 and ApoE3,
which reflects their associated
Alzheimer’s risk.
These findings suggest that
when someone is an ApoE4 carrier,
over their lifetime the neurons
in their brain will be producing
more amyloid-beta protein than
non-carriers, putting them at an
increased risk of plaque formation
(Figure 2). This could be the
root of why ApoE4 is so highly
associated with the development
of Alzheimer’s. However, this is
likely not the only way that ApoE4
contributes to the disease, and
further research is required to
understand how ApoE4 contributes
to the many different molecular
features of the Alzheimer’s brain.
By continuing to clarify the

Figure 2. Hypothesized role of ApoE4 in the development of Alzheimer’s disease. APOE4 carriers
depicted represent individuals that carry two copies of the APOE4 variant, which is approximately
2% of the US population.19 Original image by Elisabeth Bradford. Created in BioRender.
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molecular mechanisms driving the
harmful symptoms of Alzheimer’s
disease, researchers can get closer
to identifying the best therapeutic
target for treatments.

Risky Business
The
estimated
risks
of
developing Alzheimer’s associated
with carrying one or two copies
of ApoE4 have shifted over
time as more research has been
performed. In the United States,
it is believed that around 60% of
the population carries two copies
of ApoE3, which has no associated
risk of Alzheimer’s.19 The ApoE4
variant is much less common across
the population, with approximately
25% of people inheriting one copy
from their parents. Those who
inherit two copies of ApoE4 are
truly in the minority, at only 2% of
Americans. In raw numbers, that’s
around 6.5 million people.
In 2017, research groups at
universities across the world joined
forces to calculate accurate risk
estimates of developing Alzheimer’s
disease for ApoE4 carriers.20 They
analyzed data from over 16,000
individuals aged 60-75 years. All
individuals included in the analysis
were assessed over a 4 to 18-year
period for cognitive impairment
and symptoms of Alzheimer’s
disease. Through this large-scale
statistical study, the international
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research groups found that the
risk of developing Alzheimer’s for
individuals carrying two copies of
ApoE4 is 30–55%. This means that
out of those 6.5 million Americans,
it is statistically probable that
approximately 3 million of them
will develop Alzheimer’s in their
later years. This risk is slightly lower
for the 25% of Americans carrying
only one copy, at 20–25%. This
study shows that despite being a
significant genetic risk factor for
Alzheimer’s and imparting a higher
degree of amyloid-beta synthesis,
ApoE4 does not determine the
carrier’s future. There is still a
large chance that many people
with ApoE4 will never develop the
disease. Interestingly, they also
found that people without a single
copy of ApoE4 still have a risk of
developing Alzheimer’s of 10–15%.
This emphasizes again that ApoE4
is not the only player in the path of
Alzheimer’s disease development.
It is critical to note that these
risk estimates can shift dramatically
on an individual basis due to
different lifestyle and family health
factors. Also, current risk predictions
for Alzheimer’s, including those
calculated in this study, are far too
heavily focused on individuals of
European descent. It is imperative
that more work is done to develop
estimates based on samples with
greater ethnic and racial diversity.

Playing Doctor: Don’t
Try This at Home
Considering
all
of
the
complex information that goes into
calculating one’s risk of developing
Alzheimer’s, is it right to learn about
your ApoE4 carrier status outside
of the doctor’s office and through
an app on your phone?
Due to FDA regulations,
23andMe only provides consumers
with
information
regarding
whether they do or do not carry
ApoE4, with no mention of the

individual’s personal risk in order
to avoid the product acting like a
diagnostic medical test. As this
genetic variant’s relationship to the
development of Alzheimer’s is still
largely unclear, this knowledge is
more likely to confuse consumers
than clarify any risk of disease.4
Furthermore, a study found that
up to 40% of genetic risk factors
identified
through
direct-toconsumer microarrays were actually
false positives.4 In other words,
due to imprecise genotyping
technology, 23andMe might report
that you carry ApoE4 when in
reality you do not. Therefore, most
health officials argue against directto-consumer DNA testing due to
the high probability of emotional
distress and misinterpretation of
results, especially for diseases like
Alzheimer’s for which there are no
treatment plans available to prevent
the disease.21 However, there are
some proponents of direct-toconsumer testing that argue for
DNA tests like 23andMe because
they provide consumers with
options outside of the traditional
healthcare system, granting them
autonomy.22
If you still wish to learn about
your genetic predisposition for
diseases like Alzheimer’s, finding
a genetic counselor might be the
best route.19 Genetic counselors
are health professionals highly
trained in genetic analysis and

counseling psychology. Therefore,
they can help you make a
personalized decision regarding
whether or not to engage in
DNA testing by considering your
family health history, lifestyle,
and environmental factors. In
fact, while it is not highlighted on
their website, 23andMe strongly
encourages users who wish to learn
about their genetic risk factors to
seek out genetic counseling before
undergoing testing.

23andWe? Some
Things Are Better
Left Unshared
With this knowledge of the
23andMe genotyping process,
you may feel that you can now
make an informed decision on
whether to buy that holiday gift.
Not so fast. There is a whole other,
darker dimension to direct-toconsumer genetic testing that is
not advertised on the website.
From 1973 to 1986, the
Golden State Killer struck terror
into the hearts of West Coast
residents. For decades, his horrific
crimes went unsolved. However, on
April 24, 2018, Joseph DeAngelo
was arrested by California police
officers and finally brought to
justice.23 It wasn’t because of any
mistakes DeAngelo made that the
police were finally able to catch him.
6
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It was because he had relatives who
had purchased DNA testing kits
and uploaded their genetic data to
GEDmatch, a free service that aims
to connect people to their relatives
based on genetic similarities. By
uploading DNA sequence from a
sample found at one of the crime
scenes to GEDmatch, the algorithm
uncovered the killer’s cousins,
and the investigators were able
to piece together his family tree.
These actions led to his eventual
arrest and life sentencing.
These investigative procedures
are
becoming
increasingly
prevalent as more people engage
in direct-to-consumer genetic

testing and the wealth of genetic
data held by private companies
grows. Recently, a Florida judge
granted a warrant allowing police
to override GEDmatch privacy
policies, setting the legal precedent
that will provide law enforcement
easier access to consumer DNA
databases.24 As was made evident
by the Golden State Killer case,
this access won’t just affect those
who have undergone DNA testing
themselves, it will also impact their
entire family tree. Anonymous DNA
is a thing of the past.
While 23andMe currently has
strong privacy policies and vows
to keep the police and insurance

agencies out of their data, there
is no guarantee that policies
will remain the same, especially
as legal precedents are set and
moral obligations shift in favor of
profits.25 To their credit, with their
vast genetic database, 23andMe
has performed amazing research to
elucidate how genetic variants link
to different traits, and they promise
not to use your data in research
unless given explicit consent.
Given all of this information,
does this still sound like the ideal
holiday gift? Regardless of your
decision, now you know exactly
what that gift entails.
■
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