PERSPECTIVE THE ILLUSION OF INCLUSION

The lllusion of Inclusion — The “All of Us” Research Program
and Indigenous Peoples’ DNA

Keolu Fox, Ph.D.

Raw data, including digital se-
quence information derived

from human genomes, have in
recent years emerged as a top
global commodity. This shift is
so new that experts are still eval-
uating what such information is
worth in a global market. In 2018,
the direct-to-consumer genetic-
testing company 23andMe sold
access to its database containing
digital sequence information from
approximately 5 million people to
GlaxoSmithKline for $300 mil-
lion. Earlier this year, 23andMe
partnered with Almirall, a Span-
ish drug company that is using
the information to develop a new
antiinflammatory drug for auto-
immune disorders. This move
marks the first time that 23andMe
has signed a deal to license a
drug for development.
Eighty-eight percent of people
included in large-scale studies of
human genetic variation are of
European ancestry, as are the ma-
jority of participants in clinical
trials.! Corporations such as Geis-
inger Health System, Regeneron
Pharmaceuticals, AncestryDNA,
and 23andMe have already mined
genomic databases for the strong-
est genotype—phenotype associa-
tions. For the field to advance, a
new approach is needed. There
are many potential ways to im-
prove existing databases, includ-
ing “deep phenotyping,” which
involves collecting precise mea-
surements from blood panels,
questionnaires, cognitive surveys,
and other tests administered to

research participants. But this
approach is costly and physiolog-
ically and mentally burdensome
for participants. Another approach
is to expand existing biobanks by
adding genetic information from
populations whose genomes have
not yet been sequenced — infor-
mation that may offer opportuni-
ties for discovering globally rare
but locally common population-
specific variants, which could be
useful for identifying new poten-
tial drug targets.

Many Indigenous populations
have been geographically isolated
for tens of thousands of years.
Over time, these populations have
developed adaptations to their en-
vironments that have left specific
variant signatures in their ge-
nomes. As a result, the genomes
of Indigenous peoples are a trea-
sure trove of unexplored varia-
tion. Some of this variation will
inevitably be identified by pro-
grams like the National Insti-
tutes of Health (NIH) “All of Us”
research program. NIH leaders
have committed to the idea that
at least 50% of this program’s
participants should be members
of underrepresented minority pop-
ulations, including U.S. Indige-
nous communities (Native Amer-
icans, Alaskan Natives, and Native
Hawaiians), a decision that explic-
itly connects diversity with the
program’s goal of promoting
equal enjoyment of the future
benefits of precision medicine.

But there are reasons to be-
lieve that this promise may be an
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illusion. Previous government-
funded, large-scale human genome
sequencing efforts, such as the
Human Genome Diversity Proj-
ect, the International HapMap
Project, and the 1000 Genomes
Project, provide examples of the
ways in which open-source data
have been commodified in the
past. These initiatives, which
promised unrestricted, open ac-
cess to data on population-spe-
cific biomarkers, ultimately en-
abled the generation of nearly a
billion dollars’ worth of profits
by pharmaceutical and ancestry-
testing companies. If the All of
Us program uses the same unre-
stricted data-access and sharing
protocols, there will be no built-
in mechanisms to protect against
the commodification of Indige-
nous peoples’ DNA.

Many communities have par-
ticipated in large-scale studies of
human genetic variation as part
of drug-development efforts. For
example, Vertex Pharmaceuticals’
next-generation cystic fibrosis
cocktail, Trikafta (elexacaftor/teza-
caftor/fivacaftor and ivacaftor), was
developed using digital sequence
information from patients with
cystic fibrosis and funding from
the Cystic Fibrosis Foundation.
Loci identified in persons of Af-
rican ancestry led to the develop-
ment of PCSK9 inhibitors.? Most
recently, Regeneron scientists iden-
tified mutations in the B4GALT1
gene that are associated with
lower cholesterol levels and lower
fibrinogen levels in members of
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an Amish community, a discovery
that could potentially yield a new
class of cholesterol drugs.?
Although participants in these
studies may benefit from the de-
velopment of new treatments, it’s
not clear that any of the drugs
developed using insights gained
from research on these popula-
tions led or will lead to direct
benefits for those communities
in the form of subsidized medi-
cations, royalties, or intellectual-
property rights. What’s more, the
prices of such drugs often put
them out of reach for some pa-
tients in the study populations;
for example, Vertex’s cystic fibro-
sis drug was priced at more than
$300,000 per year. The Common
Rule, which guides human-sub-
jects research, makes it clear that
research shouldn’t be conducted
on groups that won’t benefit from
the results, and lack of afford-
ability of new treatments consti-
tutes a breach of that principle.
Indigenous peoples are legiti-
mately concerned about the poten-
tial for commodification of drugs
derived from research on their
genomes, and as a consequence,
they are sometimes reluctant to
participate in genomics research.
All of Us investigators are inter-
ested in recruiting participants

from native groups, but given the
fraught history of genetic studies
involving Indigenous peoples —
including the example of Hava-
supai v. Arizona State University, in
which the tribe successfully sued
the university for improperly us-
ing its members’ blood samples
— tribal communities continue
to be wary about participating in
the NIH’s newest endeavor.*
Commodification of data and
policies permitting unrestricted
access to them extend histories
of marginalization and disem-
power Indigenous people from
making decisions about how and
under what circumstances their
data can be used. If All of Us in-
vestigators want to recruit Indig-
enous-community members, they
could include Indigenous people
in the development of policies
concerning data access, data use,
and intellectual property. Advo-
cates for the emerging concept
of “Indigenous data sovereignty”
have called for greater participa-
tion of Indigenous people in the
governance of data and biologic
samples and for the use of digi-
tal tools that define sample usage
rights in order to increase trans-
parency and integrity in the use
of digital sequence information.®
One way to facilitate a para-
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digm shift toward equitable ben-
efit sharing would be to ensure
that Indigenous people have con-
trol of data from Indigenous popu-
lations, including digital sequence
information. Two approaches for
achieving this control have been
used (see figure): individual-inter-
est models (also known as share-
holder models, which involve
fractional ownership of stock) and
collective-interest models (which
involve community trusts). Luna-
DNA, a community-owned plat-
form for biomedical research, is
an example of the fractional-
ownership model. This public-
benefit corporation distributes
proceeds from the platform back
to people who share their DNA
for research. Community trusts,
which not only provide subsidized
access to drugs but also reinvest
in communities that participate in
genomic research, can also be
established in partnership with
both the NIH and pharmaceuti-
cal companies.

There is precedent for commu-
nity-partner—based benefit shar-
ing in several industries. In No-
vember 2019, the South African
government announced that, in
accordance with the Nagoya Pro-
tocol, the San and Khoi peoples
of southern Africa would share
in the profits of the lucrative
rooibos-tea industry. The Lucara
Diamond Corporation, which op-
erates in Botswana, recently be-
gan allocating 5% of all retail
sales for community-based bene-
fit sharing. As a result, the Bot-
swanan government is beginning
to use diamond royalties to fund
infrastructure, health care, and
education initiatives. In the phar-
maceutical industry, startups such
as Variant Bio are exploring long-
term benefit-sharing models, un-
der which royalties from drugs
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developed using community-spe-
cific digital sequence informa-
tion will be shared by means of a
collective-interest model.

As we chart the future of pre-
dictive and preventive medicine,
equity and inclusiveness should
guide the trajectory of innovation
in the United States. Just as the
public is taking an increasingly
critical look at extractive indus-
tries to ask what is environmen-
tally sustainable, when data are
the commodifiable resource at
issue, we need to ask questions:
What is socially and culturally
sustainable? Who has access to
digital sequence information?
What might partnerships that rely
on sharing valuable data sets look
like? How should benefits be
shared? And how do we develop
drugs in a way that respects the

contributions of various commu-
nities and encourages investment
and capacity building for mar-
ginalized groups, while still pro-
viding financial incentives for
drug development and commer-
cial research and development?
The success of the All of Us
program will depend on answer-
ing these questions. As new tech-
nologies converge in the field of
human-driven therapeutics, oppor-
tunities for developing block-
buster drugs using information
from studies of human genetic
variation will increase exponen-
tially. It will take equitable inno-
vation in this area to ensure that
the benefits truly reach “all of us.”

Disclosure forms provided by the author
are available at NEJM.org.
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