Feature

THE

CONTROVERSIAL
EMBRYQ TESTS
THAT PROMISE
AHEALTHIER BRBY

Some companies offer tests that rank embryos
based on their risk of developing complex
diseases such as schizophrenia or heart disease.
Are the tests accurate — or ethical? By Max Kozlov

he has her mother’s eyes,”
beginsthe advertisement,
“but will she also inherit
her breast cancer diag-
nosis?” The smooth voice
in the video is promoting
the services of Genomic
Prediction, a US company
that says it can help prospective parents to
answer this question by testing the genetics
of embryos during fertility treatment.

For Nathan Treff, the company’s chief
scientific officer, this mission is personal. At
24, he was diagnosed with type 1 diabetes — a
disease that cost hisgrandfather his leg. If Treff
had it his way, no child would be born with a
high risk for the condition.

His company, in North Brunswick, New
Jersey, offers tests based on a decade of
research into ‘polygenic risk scores’, which
calculate someone’s likelihood of getting a
disease on the basis of the genetic contribu-
tions of hundreds, thousands or even millions

a
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of single DNA letter changes in the genome.

Genomic Prediction and some other com-
panies have been using these scores to test
embryos generated by invitrofertilization (IVF),
allowing prospective parents to choose those
with thelowestrisk for diseases suchas diabetes
or certain cancers. A co-founder of Genomic
Predictionhassaid, controversially, that people
mighteventually be abletoselect for traitsthat
are unrelated to disease, such asintelligence.

Pre-implantation genetic testing (PGT)
for rare genetic disorders and chromosomal
abnormalities has become common practice
in the US$14-billion IVF industry. But testing
for polygenic conditions (oftenreferred to as
PGT-P) is much newer, with only asmall hand-
ful of companies selling it in a few countries,
including the United States and Brazil, where
itislargely unregulated.

In the United States, people undergoing
IVF can request that their clinicians order
PGT-P, which promises screening for various
conditions, including some cancers, heart
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disorders, diabetes and schizophrenia. Only :
afewhundred people have done so, according
to Treff. But if experience with other forms of
PGT is any indication, the use of PGT-P could
skyrocket: the proportion of IVF cycles that
included more-established forms of PGT in
the United States increased from 13% in 2014
t027%in2016.

Many are troubled by the possibilities that
PGT-P presents: bioethicists have long been
wary of attempting to select disease and dis-
ability out of the human gene pool, and the
high cost of testing could further entrench
health inequities.

Researchersarealso concerned that, in most
cases, the genomic models behind these tests
aretooweak to predict disease riskinamean-
ingful way for a developing embryo. Polygenic
risk scores areripe for misinterpretation, and
people might be misled by the information
they receive. Genomic Prediction says that it
offers genetic counselling to clients.

Therearealready indications that those who

ILLUSTRATION BY PAWEL JONCA



aren’tinfertile might turntoIVF to take advan-
tage of the testing, subjecting themselves to
healthrisks for areward that is speculative at
best, says Laura Hercher, a genetic counsel-
lor at Sarah Lawrence College in Bronxville,
New York. Treff doesn’t see a problem with
otherwise-healthy people opting for the
tests, but Hercher says people “shouldn’t be
hyper-stimulating their ovaries so they can
use mediocre tests to pick between embryos”.

Jared Robins, executive director of the
American Society for Reproductive Medicine
(ASRM) in Washington DC, which represents
fertility clinics and researchers, agrees. The
ASRM is reviewing the technology and has
yet to take an official stance on the tests. But,
he says, “it’s a technology not quite ready for
prime time”.

Reading the risk

The first baby conceived by IVF was bornin
1978, and researchers have since developed
tests that screen embryos for chromosomal

abnormalities and some monogenic condi-
tions — those caused by a single defective
gene, such as cystic fibrosis. Although these
testscome with their own ethical and practical
concerns, they are not nearly as controversial
asPGT-P.

PGT-P takes advantage of a decades-long
effort in genomics to identify the genetic
contributors to many common diseases.
Pinpointing the precise roots of diabetes,
schizophrenia, heart disease and a host of
other conditions has proved to be a fiend-
ishly difficult task, however. Most diseases are
considered polygenic — often linked to many
differentgenesinteracting with each otherand
their environment in complex ways.

Amassing genome and health data on
hundreds to thousands of people, typically
as part of biobanking projects, has enabled
researchers to compare subtle differencesin
the DNA of people with or without a certain
condition. They use artificial-intelligence
models to detect DNA-letter differences,
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called single nucleotide polymorphisms
(SNPs), thatare more widespread in the group
with the condition.

One SNP alone might make a negligible
difference to a person’s risk of developing
diabetes, but adding up the effects from tens
to millions of these variants can produce a
model for scoring that risk. Researchers can
then see how predictive their models are by
looking at the genomes and health conditions
of peoplewhoweren’tincludedinthe original
population, to see whether high scorers are
indeed more likely to have a given disease.

For example, a 2018 study' trained a
model to detect SNPs for coronary artery
disease using the genomic data of almost
61,000 people with the condition and around
123,000 individuals without it. After testing
the predictor on a separate group of nearly
290,000 people in the UK Biobank, they
found that those scoring in the highest few
percentiles had, on average, arisk of develop-
ingthe disease that was more than three times
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higher thanin the remaining population. The
UK National Health Service is piloting these
scores as a way to identify adults who have
a high risk of developing heart disease. The
ideais that physicians can recommend life-
style changes and routine screening to those
with high risk scores.

But researchers are still grappling with the
limitations of these scores, says Peter Visscher,
a quantitative geneticist at the University of
Queensland in Brisbane, Australia, who pio-
neered the methods that underlie polygenic
risk scores. Oneissueis that genetic variation
can explain only a proportion of the total
risk — environmental factors such as diet or
air quality, for example, are also important
contributors. And because polygenic scores
simply correlate with the presence of a condi-
tion, itisdifficult to discernwhether they truly
reflect genes that contribute to the disease, or
whether they reveal something broader about
the populations that have that condition.

Thescores mightalso be misleadingbecause
the underlying datalack ethnic and geograph-
ical diversity. Scores are typically generated
and validated using biomedical information
from people with European ancestry, in data
sets such as the UK Biobank, limiting their
applicability to people of other ethnicities.

For all of these reasons, the scores are not
yetready for widespread usein clinics for any
purpose, says Visscher — let alone as a basis for
selectingan embryo.

Testing boundaries

The PGT-P process starts off the same as any
other pre-implantation genetic test: clinicians
take asmallsample of a days’-old embryo and
sequence its DNA. Then, using information
from studies of polygenic risks, they find the
variants that correlate with the likelihood of
developing a certain condition later in life.
Sequencing the DNA of an embryo when it
is composed of only a few hundred cells is no
easy feat. Researchers at MyOme, a company
in Menlo Park, California, developed a tech-
nique? that can reconstruct the full genome
of such embryos with nearly complete accu-
racy — with the help of genome sequences
fromboth parents. MyOmeis creating its own
embryo-screening test for polygenic condi-
tions, andis studying how clients and clinicians
process the results, according to Matthew
Rabinowitz, a co-founder of the company.
GenomicPredictionalready offers screening
for schizophrenia, four heart conditions, five
cancersandtypelandtype2diabetes. IVF clin-
icstrytogenerate multipleembryostoincrease
the chance of successful pregnancy, and
Genomic Prediction calculatesanoverall health
scoreforeachembryo (see ‘Scoringembryos’).
Thescoreincorporatestherisk of each disease,
weighted on the basis of how many years a dis-
ease could take offthat embryo’s future life. It
alsoincludes a breakdown of individual risks
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SCORING EMBRYOS

Some companies are selling genetic tests for embryos generated by in vitro fertilization that they say
can identify an embryo with the lowest risk of developing common diseases, such as diabetes and
some cancers. The method relies on sequencing the embryo’s genome and comparing it with existing

data on genetic risk factors in adult populations.

Genetics and risk

Researchers have discovered links between individual DNA letter changes, called single nucleotide
polymorphisms (SNPs), and the risk of having a disease. To do this, they compare genome and
health data from thousands of people with or without various diseases.
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To apply this information to an embryo, clinicians
take a few cells from embryos that are about

5 days old. They extract and sequence the

DNA and look for SNPs.
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developing 12 disorders, including diabetes and some
cancers. Each embryo’s overall score is calculated by

combining the risk of each disease and weighting them by

their effect on life expectancy. A higher health score

Sequence
DNA and
identify SNPs

Embryo 1

. —

—>

suggests a lower overall risk.

Type 1 diabetes

Heart attack Embryo1
Overall
Breast cancer —> health score:
Prostate cancer -0.3
Schizophrenia
Type 1 diabetes
Embryo 2
Heart attack Overall
Breast cancer —>» health score:
1.2

Prostate cancer
Schizophrenia
Risk (%)

for each disease, says Treff.

Inits simulations®, the company says that
its tests can reduce the risk of choosing an
embryo that later develops type 1 diabetes
by 72%. But that figure assumes that the sim-
ulated coupleisselecting between five viable
embryos, is of European ancestry and has a
family history of the disease. For most peo-
ple,whodon’thaveagenetic predisposition to
type 1diabetes, the chances that their child will
develop the conditionare exceedingly rare.In
opting for this test, they would only slightly
reduce the risk of something that is already
very unlikely, says Hercher.

Other geneticists argue that PGT-P doesn’t
have adequate predictive power to signifi-
cantly reduce disease risk for many conditions.
One reason, says Visscher, who co-authored
a 2021 paper* that outlined problems with
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PGT-P, is that sibling embryos are much more
similar to each other than are non-related
embryos, so the difference inrisk will never be
asnoticeableas for two unrelated adults. And
because a single cycle of IVF typically yields
only threetofourviableembryos, the testsare
lessuseful thanif people had, say,20 embryos
tochoose from, says Gabriel Ldzaro-Muiioz, a
bioethicist at Harvard Medical School in Bos-
ton, Massachusetts. Treff acknowledges these
concerns, but he notes that any risk reduc-
tion — however small — is significant enough
to warrant using PGT-P, and that it would be
unethical for providers not to offer the test.
Francesca Forzano, a clinical geneticist at
Guy’s and St. Thomas’ NHS Foundation Trust
inLondon, counters thatit would be unethical
to offer someone a test when you don’t have
clear, real-world evidence that it’s beneficial.

SOURCE FOR ‘CALCULATE SCORES’: GENOMIC PREDICTION



“It’'sone thing whenyou have no other options,
like when you offeravery sick child something
off-label, but here there is no label to begin
with,” says Forzano, who chairs the Publicand
Professional Policy Committee of the Euro-
pean Society of Human Genetics in Vienna,
Austria, and who co-authored acommentary®
arguing against PGT-P last year. Treff says that
he has published evidence for the tests’ effi-
cacy®; MyOme and Orchid in San Francisco,
California, a third provider of PGT-P, did not
respond torequests for commentonthe ethics
of their tests.

Longroad ahead

Proving that these tests work as intended will
be along and extremely difficult task, says
Hercher. To properly validate them, research-
erswould needtofollow peoplebornasaresult
ofthese tests to see how many develop the con-
ditions that PGT-P screens for, and compare
them with people who were not screened in
this way asembryos. But because many of these
conditions arise later in life and are relatively
rare, such trials would span an entire lifetime
andinvolve thousands of people, says Hercher.

Inthe absence of datafrom any longitudinal
trials, researchers have been modelling the
potential benefits of PGT-P screening by retro-
spectively scoring groups of adults and seeing
whether the tests would have made animpact.
For example, in 2019, Shai Carmi, a statistical
geneticist at the Hebrew University of Jerusa-
leminlIsrael, and his colleagues created virtual
genomes for simulated embryos by blending
together the DNA sequences of randomly gen-
erated pairs of men and women. They then pre-
dicted how tall the simulated embryos would
bein adulthood, using polygenic risk scores.
If the hypothetical parents had five embryos
tochoose from, they could expect to gainonly
about 2.5 cmin height and 2.51Q points over
the average, the researchers found’.

Using a similar method, researchers at
Genomic Prediction applied their polygenic
riskscoresto40,000 late-life individualsinthe
UK Biobank whose medical and genetic history
wasavailable, and put themingroups of up to
10 people. Comparing the highest-scoring
individual in each group with the rest of the
dataset, they found that their test would have
reduced the risk of choosing an embryo with
ahigh chance of developing almost any of the
20 diseases they screened for,and would have
improved life expectancy by betweenadayand
a month for most conditions tested®. (The
study was posted to a preprint server and has
not yet been peer reviewed.) The researchers
found no evidence that selecting against any of
the 20 diseases would increase the likelihood
of developinganother —aphenomenon known
as antagonistic pleiotropy, in which one gene
controls more than one trait. However, they
didn’tsearchfor effects on diseases outside the
group of 20. Carmi finds the results promising,

butsayshe’d like to see the analysis replicated
using other, more diverse genomic databases.

One significant weakness of using such
retrospective analyses, says Leila Jamal, a
bioethicistat the US National Cancer Institute
in Bethesda, Maryland, is that it is difficult to
predict which conditions will be problematic
bythetimebabies screened with PGT-Preach
oldage. “Thetreatmentlandscape is changing
so rapidly,” she says, adding that both medi-
cine and people’s environments looked very
different only 50 years ago.

The science behind polygenic scores has
also progressed rapidly in the past five years,
which could soonrender current methods out
of date or, worse, incorrect, says Forzano.

Despite the limitations, researchers say
there are waysin which PGT-P might be useful.
Screening clients with a family history of con-
ditions that tend to be diagnosed early in life,
such as type 1 diabetes, might be beneficial,
says Hercher. That’s because environmental
factorsarethoughtto haveless of aninfluence
onthese diseases than on conditions that typ-
ically arise later in life, such as heart disease.
“It’s this unique moment where you can stop
this paradigm of transferring diseases and
disabilities from one generation to the next,”
says Rabinowitz.
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LANDSCAPEIS
CHANGING SO RAPIDLY.

Still, some specialists worry that thinking of
embryosintermsoftheir health scores could
increase the stigma around some conditions,
especially those affecting mental health. For
now, Genomic Prediction offers only one
mental-health-related test — for schizophrenia
—butthe company’s co-founder Stephen Hsu
has hinted that he’d like to see tests for intel-
ligence.

Lazaro-Munoz points out that for some
people with a mental-health disorder, their
diagnosis forms a much more crucial part
of their identity than for people with cancer
or heart disease, for instance. That means
that selecting against embryos with a risk of
mental-health conditions could add further
stigma.

“Thisistaking us astep closer where people
are narrowing their version of what is accept-
ableinachild,” says Hercher.

And the search for the ‘perfect baby’ could
lead some people to put themselves through

unnecessary IVF cycles, says Norbert Gleicher,
founder and head of the Center for Human
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Reproduction, an IVF clinic in New York City.
IVF success rates are already low — about
25-40% of IVF cycles lead to a live birth,
depending on the pregnant person’s age.
Gleicher worries that PGT-P will inevitably
lead to otherwise healthy embryos being dis-
carded, because people won’t be satisfied with
the scores and will opt for additional cycles.
“Thefirstrulein medicine is ‘do no harm’, not

3

‘get asmall benefitif thereis one’,” he says.

Loopholes and bans

Countries vary in how stringently they
regulate PGT. In the United States, PGT — as
with most other direct-to-consumer genetic
tests — is not subject to close scrutiny and
evaluation by the US Food and Drug Admin-
istration. Such tests are much more strictly
regulated in the United Kingdom, where the
Human Fertilisation and Embryology Author-
ity (HFEA) has said they can be used only to
avoid “serious inherited illnesses”. PGT-P is
illegal in the United Kingdom, and the HFEA
has noted that thereis no scientific consensus
on the validity of the tests.

For the United States and other countries
with a permissive approach, Lazaro-Mufoz
says it will be important to work with patient
advocacy groupsand companies to set stand-
ards about the information that consumers
and clinicians receive about these tests.

Hercher says she would be more comforta-
ble with an approach directed at people who
have a high risk for a particular disease. “A
healthier conversation would feel alotless like
you're building a better baby, and a lot more
targeted and specific.” She says that profes-
sional organizations such asthe ASRM canplay
animportant partin setting expectations for
companies and clinicians offering PGT-P.

Some power inis the hands of consumers of
these tests. Hercher implores those debating
using PGT-P to thoughtfully consider their
intentions for using the test. Pregnancy is
already avery fraught time, she says. If access
to PGT-P continues to expand, Hercher won-
derswhether its existence will change people’s
perception of parenthood. She worries that
people will effectively be able to ‘shop’ for
desirable traits, “taking us away from a place
of being unconditional in our regard for our
children and instead toward a consumerist
mentality”.

Max Kozlov reports for Nature from
Washington DC.
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