


According to multiple studies, one in three pregnancies
results in miscarriage and one in 33 babies that are barn
will have & birth defect, due to the embryo forming incaor-
rectly in the womb. Studying how the embryo develops can
help us find ways to bring these numbers down. In 2022,
we will see advances in this research thanks to stem-cell-
based, embryo-like structures that can be grown in the lab.
Stem cells offer a powerful way to study the early
development of the embryo. They can be grown in the labin
vast numbers and pushed towards making a huge asscriment
of cell types, including brain, blood, bone and muscle.
Recently, several researchers have found ways to join
stem cells together into small 30 balls of cells, which
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facilitate the creation of tiny embryo-like structures, These
are currently rudimentary - the structures can be variable,
they are inefficient to create and are unable to develop much
further. Next year, we are likely to see improvements, with
maore advanced embryo-like structures made from stem cells.
And we are also likely to see scientists using these models
to investigate specific problems, such as how the embryo
implants into the uterus, how organs start to develop or
how the embryo ensures that cells are in the right positions.

Such research has traditionally been difficult to perform
with hurnan embryos, Parents using IVF are able to donate
their surplus embryos, but regulation (usheld internationally
and enshrined in law in the UK) prevents researchers from
culturing them beyond 14 days. This makes it impossible
to study the progress of the human embryo directly as
it changes from a cluster of cells to a structure with the
organisation of a rudimentary body - when it is between

two and four weeks old. The Interna
tional Society for tem Cell Research,
which represents researchers in this field,
has called for a public dialcgue about
whether this limit should be changed.
Itis proposing that human embryo culture
should be extended on a case-by-
case basis. How regulatory bodies will
respond to this remains to be seen,
Inthe meantime, stem-cell embryo-like
models might mitigate some of the need
to use “real” human embryos at all, They
will allow researchers to perform precise
studies of embryenic development, seeing
how they react when a gene is mutated.
for example, or when they are exposed to
dangerous chemicals. Because they are
made from stem cells, they could even
be generated by taking blood or skin
samples from patients with a birth defect
themselves and winding back the clock to
an embryo-like state, This could help us
figure out how the defect occurred, and
perhaps even take steps to reduce the
incidence of such disarders in the future.
The development of embryo-like
maodels will ralse many new ethical
guestions. Other than a potential for
maoving down a slippery slope towards
cloning, stem-cell-based embrye models
begin to blur the line between what we
regard as human or not, s an early-stage
human emiryo, when it's just a small
group of 14 cells, more valuable if it comes
fram the union of sperm and egg? Oris
it the same as if it is derived in the lab
from stem cells? Should the moral status
often applied to human embryos alsc
apply to groups of cells, even in arrange-
ments that might only vaguely mirror
elements of actual embryo development?
Aswe push further towards models that
could alleviate the devastating conditions
faced at the very start of life, we will alsa
find ourselves challenged as a society to
ask big guestions, including the funda-
mental issue of what it means to be human.
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If the Covid-19 pandemic has taught us
onething itis that it is far better to prevent
a disease than try to trest it. In 2022, we
will build on thisinsight to dealwith other
“pandemics” of disease - obesity, heart
disease, cancer and dementia - which we
£an now address by investing in prevention
through the intelligent use of science.

Wellness - feeling healthy with an
apparent lack of symptoms of disease -
is a self-determination made without true
knowledge of the state of our bodies. For
most of human history, that was all we had
to go on. We only went to the doctor when
we seemed unwell, Now, health profes-
sionals can tell us if we are disease-free or
not, when we cannot do so for curselves.
Research we have done over several years
at Human Longevity and &t the Venter
Institute has shown through MRI scans that
three per cent of individuals over 50 have
a significant tumour of which they were
unaware. The majority of those, including
myself, are now cancer free, more than
five years after diagnosis and treatment,
Thisis the likely maximum lifespan lwould
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have had, had my cancer not been detected when it was.
Mext year, MRl scans will become even mare powerful when
combined with new computer algorithms that post-process
the raw MRI data. This will allow us to detect even smaller
tumaours, particularly when cougled with new lab tests that
can recognise tumour DNA in someone’s blood befare they
become visible. In 2022, these new tests will even Indicate
framwhich organ the DNA came. The combination of MRl with
circulating tumour DNA tests will begin to replace mammao-
grams for breast cancer - removing exposure to dangerous
radiation, improving both safety and breast-cancer diagnosis.
We will also be able to detect cases of Alzheimer's discase a
lot earlier, Increased risk of developing Alzheimer’s can be, in
part, predicted from the genetic code but, without other infor-
mation, those predictions are not diagnestic. In 2022, genome
tests will be combined with MRI brain scans, which can reveal
early brain deterioration, and PET scans, which can detect the
amaunt of amyloid in the brain, Human Longevity has been
atle to detect early Alzheimer’s disease prior to the onset of
symptoms. Numerous studies have shown that changes in brain
activity, diet and preventive pharmaceuticals enable the slowing
of disease progression. MRI brain scans have also proved to
have an unexpected benefit. One per cent of all “healthy”
tested individuals had a brain aneurysm, scmething usually
only discovered when somecne has a massive brain bleed.
In 2022, we will combine human genomics with extensive
phenotype data - such as whole-body MRl scans, metabo-
lomics, microlbiome data, blood DMNA cancer tests and data
from wearable diagnostic devices - to make the practice of
medicing much more predictable, thereby preventing disease.
[twill be up to us humans to acknowledge that we don't ahways
know when we are unwel and to make use of the continuous
irmprovemsnts in diagnostic tools that the world now offers us,

Pre-pandemic plans
In 2022, Dr. Anthony
Fauci will initiate
a “‘pratotype”
vaCcine grograrmme
in anticipation of
the next pandemic

an idea ariginally
pitched by Dr. Barney
Graharn in 2017 Using
methodalogies and
research capsbilties
similar to those that
produced the Covid-19
vaccines, itwould draw
on existing research
to create protection
against viruses from 20
virus families. By 2027,
Dr. Fauciaims Lo nave
pratotype vaccines
for ten of the 20 virus
families targeted. 5V



LTIy 0L
el ailentetion give Salure o helpl

More than 300 million people worldwide
suffer from some form of infertility. Many
are opting for parenthood at & later stage
inlife - in their thirties and forties - when
the quality of their gametes (the egg and
sperm) is no longer at their biological
prime. Recent studies also show that we
are simply not as fertile as our grand-
parents. According to Shanna Shaw, an
envirgnmental and reproductive epide-
miologist at the lcahn School of Medicine,
and author of the book Count Dawn, the
average men's sperm concentration - that
is. the number of sperm per millilitre of
semen - has decreased by more than 50
per cent in the past four decades, with the
blame placed on factors such as environ-
mental pollution and unhealthy lifestyles,

Increasingly, couples have been
forced to resort to assisted reproductive
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technigues such as in vitro fertilisation,
commonly known as IVF. According to
the US Centers for Disease Control and
Prevention, about nine million babies have
been born using IVF since the first such
case in1978. It estimates that number will
reach 200 millionin 2100, In 2022, we will
see the increased use of robotics and
automation to meet that demand, while
also improving the effectiveness of IVF for
couples who are struggling to conceive

Many of the protocols invelved in an
IWF procedurs, from sperm analysis to
embryo selection, are still conducted
manually and without any regulatory
oversight. IVF remaing not only expensive
{a full treatment typically costs up to
£50,000] but also dismally ineffective,
with a success rate of merely 25 per cent,

We are now seeing a new generation
of startups dedicated to changing this
with robotics and machine learning,
San Francisco-based Alife Health, for
instance, is using Al to study massive sets
of historical data and eventually learn
to identify the most viable treatment
for couples undergoing IVF, improving
chances of a successful pregnancy.

Mew Yark-based TMRW is automating
IVF storage. It has built a robotic platform
that automatically tags the vials used to
store eggs and embryos with radio-
frequency identification (RFID) chips.
They are then stared in liquid nitrogen
tanks with sensors that constantly maonitor
variations of temperature and nitrogen.

Mojo, the startup | co-founded in
2017, has developed a smart micro
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scope that uses Al to scan sperm
samples and automatically count the
number of sperm cells, and analyse their
motility, morghology and DNA integrity.
Independent clinical trials have shown
that our technology has a 97 per cent
agreement with the gold-standard analysis
performed according to the WHO guide-
lines. The only difference is that our small
robot can doinfour minutes what it takes
a skilled lab technician 30 minutes to do.

Ultimately, for many of these startups,
including Mojo, the goal is to remaove
the human facter entirely, and replace
IVF fertility clinics with an integrated lab
of intelligent embryologist robots. In 2022,
we will see the first-ever successful IVF
procedure - from the gamete selection
to egg fertilisation - carried out without
human intervention The hope is that this
Al embryologist will not enly increase the
propability of IVF success to about /5 per
cent, it will alse make the process faster,
cheaper, safer and mare accessible. With
nc humans involved, artificial fertility will
no lenger be a painful, heartbreaking
and often financially costly experience,
but instead a hopeful and humane cne.
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