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SUMMARY

We report findings from a new survey of US public attitudes toward human-animal chimeric embryo (HACE) research, designed to
compare with recently reported Japanese survey data. We find that 59% of the US public can personally accept the process of injecting
human induced pluripotent stem cells into genetically modified swine embryos and having human tissues produced in a pig’s body trans-
planted into a human. This is greater acceptance than in Japan, and there is even strong acceptance among those with strong religious
affiliations and who self-identify as conservatives. We argue that strong public support for HACE research, as well as the emerging liter-
ature suggesting that humanization of research animals is very unlikely, should compel the NIH to lift its current moratorium on HACE

research.

INTRODUCTION

In the fall of 2015, the National Institutes of Health (NIH)
issued notice NOT-OD-15-158, effectively placing a mora-
torium on funding research, “in which human pluripotent
cells are introduced into non-human vertebrate animal
pre-gastrulation stage embryos while the Agency considers
a possible policy revision in this area.” The purpose of this
moratorium was for the NIH to undertake a deliberative
process in an effort to study the state of the science, as
well as the ethical, legal, and social implications of hu-
man-animal chimeric embryos (HACEs). But other coun-
tries are now re-examining their policies toward HACE
research (Foong, 2019). In March 2019, Japan’s Ministry
of Education, Culture, Sports, Science, and Technology
lifted the country’s ban on conducting research on HACEs
beyond 14 days after the introduction of human pluripo-
tent stem cells or the appearance of the primitive streak (Sa-
wai et al., 2019). Four months later, Hiromitsu Nakauchi of
the University of Tokyo and Stanford University received
permission from the Japanese government to create hu-
man-animal embryos to be transplanted into surrogates
(Lanese, 2019). In July 2019, a group at the Salk Institute
in San Diego announced that, with partners in Spain and
China, they had created embryos containing both human
and monkey cells (Lanese, 2019).

In 2016, the NIH released notice NOT-OD-16-128, re-
questing public comment on the proposed changes to
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the Guidelines for Human Stem Cell Research. The Adminis-
trative Procedures Act of 1946 (Pub. L. No. 79-404) re-
quires that federal rulemaking engage the public through
public notice and comment. The public comment mech-
anism reflects an interest in considering public views
when making science policy (Kolber, 2009). It is clear
that the majority of those who commented in response
to NOT-OD-16-128 objected to HACE research (National
Institutes of Health). But the degree to which these
responses are reflective of the general public were
unknown.

In Japan—leading up to the change in government pol-
icy—Japanese researchers surveyed the public and identi-
fied the overall levels of support as well as the factors
contributing to support for HACE research (Sawai et al.,
2017a). To better inform policy debates in the United
States, we replicated the Japanese study with a sample of
Americans. Similar to the Japanese public, we find broad
public acceptance for the injection of human induced
pluripotent stem cells (iPSCs) into genetically modified
swine embryos. We also find evidence of resistance to
HACE research—with significantly lower support from in-
dividuals who object to animal research generally. Based
on these findings, as well as mounting evidence that
HACE research can be conducted without causing animal
humanization, we argue that the NIH should lift its mora-
torium and replace it with strict guidelines for ethically
sound research.
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RESULTS

Analysis of Public Attitudes toward HACE Research in
the United States
In July 2018 and June 2020, 430 survey participants, from
48 states, were recruited via Amazon’s Mechanical Turk ser-
vice and completed a survey hosted on the Qualtrics online
platform. The demographics of the study participants are
reported in Table S1. The survey replicated and adapted
the Sawai and colleagues study of Japanese public attitudes
on HACE research (Sawai et al., 2017a). While underpow-
ered and not sufficiently diverse to generalize to the Amer-
ican population as a whole, the sample remains national
and we gain confidence in our results as they are consistent
with other recent data on American public attitudes toward
HACE research (Kantor, 2017; Pew Research Center, 2018).
Using the pancreas as an example organ, all participants
were shown Figure 1 to demonstrate the progressive steps
of HACE research. Participants were then asked, “What
steps of this research are you willing to accept according
to your personal feelings?”

® Step 1, Injection: human iPSCs are injected into a
modified swine embryo that cannot produce a
pancreas.

® Step 2, Production: the embryo is transplanted into the
uterus of a pig to produce a pig with a human
pancreas.

® Step 3, Transplantation: the human pancreas produced
in the pig’s body is transplanted into a human.

® None: participants were also able to note if none the
steps were acceptable to them.

This approach allowed us to determine the level of accep-
tance for each stage of the research, as well as acceptance

study  whether  the

transplanted pancreas functions
appropriately

for chimerism in other organ and tissue systems. Across
the 430 participants in the survey, there was broad accep-
tance for at least some HACE research, with 83% of the par-
ticipants in our sample accepting at least injection of hu-
man iPSCs into genetically modified swine embryos (step
1), 71% accepting production of a pig with a human
pancreas (step 2), and 59% accepting clinical transplanta-
tion of the HACE-generated pancreas (step 3; Figure 2).

Although general support for HACE research is over-
whelmingly positive, we were able to identify subpopula-
tions of Americans who do not personally accept HACE
research. Statistical analysis finds that there are significant
and substantively meaningful differences in support be-
tween participants who (in a separate question) said they
support the use of animals for research and those who do
not (Figure 3; Table S2). We also found significant differ-
ences between conservative and liberal participants, and
those who acknowledge the importance of religion in their
daily life.

Broken down further, we identified variable levels of
acceptance of the contribution of human cells within spe-
cific organ/tissue systems. Specifically, Americans were less
likely to personally accept the presence of human cells in
sperm/egg (44%) and brain (51%), relative to heart (61%),
blood (64%), liver (73%), and skin (62%). Ordered logistic
regression identified significant differences with individ-
uals opposed to animal research in all organ tissue systems
(Figure 4; Table S3). Individuals with a religious affiliation
were less likely to accept human cells in sperm/egg, brain,
and blood (Table S3).

Although the within-cultural differences between these
communities are important, our study allows cross-na-
tional comparison with the Japanese results (Sawai et al.,
2017a). Figure 4 demonstrates that even the groups with
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Figure 2. American Public Acceptance of the Three Steps of
HACE Research

Graph of the proportion of total survey participants when asked the
question: “What steps of this research are you willing to accept
according to your personal feelings?”

lower acceptance in the United States are still more accept-
ing than the Japanese general public. For instance, while
only 43% of the Japanese public can accept human iPSCs
in a pig’s bloodstream, it is accepted by 62% of US conser-
vatives and 48% of US participants who are not favorable to
animal research generally (Table S3). These groups are simi-
larly more supportive than the Japanese public of the use of
iPSCs in pig's sperm/egg and brain. It is clear that,
compared with Japan, there is wide acceptance of HACE
research in the United States.

DISCUSSION

Research involving HACEs has the potential to answer sig-
nificant questions in human developmental biology and
be a source of human organs and tissues that can be used
to combat the donor organ shortage across the globe. Our
new survey data suggest the American public sees the po-
tential of HACE research and is ready to accept it in a vari-
ety of forms.

These results are in support of findings by two separate
nationally representative surveys in which a majority of re-
spondents were in favor of HACE research (Kantor, 2017;
Pew Research Center, 2018). The present study is unique
in that we have provided greater detail on the stages of
HACE research for organ production and transplantation
and identified personal acceptance for each of these stages.
In our study, we identified 11% of respondents whose per-
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sonal acceptance of HACE research does not extend
beyond the injection of human cells into a pig embryo
(step 1), which may suggest a hesitancy toward applica-
tions of this technology. Our study was also able to
examine how support for HACE research varies across mul-
tiple dimensions, with opposition to HACE research in in-
dividuals self-described as generally opposing animal
research, supporting previous results (Kantor, 2017; Pew
Research Center, 2018), as well as in individuals self-
described as religious and politically conservative.

The present study was also able to identify personal
acceptance of human cells contributing to individual or-
gan/tissue systems. Although personal acceptance of hu-
man cells within specific organ/tissue systems is framed
in the context of off-target effects from the production of
a human pancreas in a pig, these data can be used as a
guidepost for policy regarding targeted generation of hu-
man organ/tissue systems.

Another unique feature of this survey was the ability to
directly compare cross-culturally, suggesting that, even
more so than the Japanese public, the American public is
ready to accept HACE research. It should be noted that
no study, to date, has determined participant comprehen-
sion of the concept of HACE research. Future research
should examine in greater detail how lay subjects under-
stand HACE research, even when presented in detail as
we did in this survey.

As public acceptance of HACE research in both the
United States and Japan is emerging, the Japanese govern-
ment has recently taken the next step to approve studies
that involve generating human-animal chimeras (Cyra-
noski, 2019). Japan and other countries such as China are
continuing to pursue such work, and there is an increase
in the number of publications with a focus on multiple tis-
sue systems integrating with gene-editing technologies
(Crane et al., 2019a).

Despite the NIH moratorium, American researchers have
nevertheless found ways to collaborate with international
partners. The promise of this research line, and the strong
support of the public for more of it, suggests that these
work-around arrangements are likely to increase. Science
will not sit idle. The NIH will face significant difficulties
in maintaining a strict ethics framework when the research
is funded and governed by foreign countries.

Working around the NIH moratorium, however, can lead
to problematic ethical and policy issues. Our data, for
instance, confirm ethical analysis suggesting that there is
strong opposition from those who are generally skeptical
about the necessity of animal research (Moy, 2017). Our
study also identifies specific opposition to the contribution
of human cells to the brain and sperm/egg of pigs. As the
International Society for Stem Cell Research has recom-
mended, HACE research should be undertaken only within
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clear ethical frameworks and with strict oversight, particu-
larly regarding the contribution of human cells to the brain
and reproductive organs. The present results serve to help
shape those recommendations and policies, by better clar-
ifying the differential public support for various aspects of
the research.

Our literature review of more than 60 scholarly articles
exploring the ethics of HACE research identified three pri-
mary concerns unique to human chimeric research: (1)
infringement upon the natural order/“playing God”; (2) vi-
olations of human dignity; and (3) the potential humaniza-
tion and resulting moral and legal status of the chimeric an-
imal. These issues have been discussed at length elsewhere
(Greely, 2011; Palacios-Gonzalez, 2015; Streiffer, 2019) and
should all be addressed when developing a new policy.

Of particular concern among respondents in the current
study is the contribution of human cells in the brain of the
pigs and the potential neurological humanization of the
animals involved in HACE research (Crane et al., 2019b; Sa-
wai et al., 2017b). Assuming humanization is possible, it
would require researchers to contend with both the moral
status of the resulting chimeric individual and the conse-
quences of blurred species lines, including potential moral
confusion (Baylis and Robert, 2007; Hiibner, 2018). Some
ethicists recommend a precautionary approach, but others
argue that partially humanized animals should simply be
treated commensurately with a moral worth derived from
the animal’s cognitive capacity (Porsdam Mann et al.,,
2019).

But how likely is it that humanization (however defined)
will actually occur? Our recent review of 150 peer-reviewed
transplantation studies found that, while a relatively high
degree of human-animal neurological chimerism has

Figure 3. Acceptance of the Three Steps
of HACE Research across Different Sub-
groups of American Participants and in
the Japanese General Population

Each horizontal bar depicts the percentage
of survey participants who supported up
to that step in HACE research. See also
Table S2.
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been observed in multiple studies, there was no evidence
to suggest that integration of human neurons within the
non-human animal results in humanization (Crane et al.,
2019b). Thus, although humanization could theoretically
be an issue and should remain a focal point of ethical and
legal concern when developing a new policy, HACE
research currently being conducted has observed very
limited contribution of human cells to a non-human ani-
mal brain in preterm human-animal chimeras. It has
been previously proposed that, if HACE research should
be allowed to resume, investigators monitor the extent to
which human cells contribute to a non-human animal
brain in a stepwise approach (Crane et al., 2019b) under
careful ethical guidelines, to limit the likelihood that “hu-
man cells in an animal” will result in “humanization” of
the sort that has generated so much ethical concern.

The Path Forward

In light of the strong public acceptance of HACE research,
the path forward should be an eventual lifting of the mor-
atorium on HACE research. In its place, the NIH should
develop policy that adequately addresses ethical challenges
such as animal welfare, human dignity, and neurological
humanization. This policy can build on existing guidelines
set forth by national and international research societies,
current policies of foreign governments, and the well-
developed ethics literature in this area, while also consid-
ering stakeholder input, including public survey data, to
ensure concerns over the contribution to the brain and
reproductive organs are addressed. Pursing such a path
would garner not only the support of wide swaths of the
scientific research community, but that of the vast majority
of the American public as well.
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EXPERIMENTAL PROCEDURES

Survey Design

To facilitate cross-national comparison with support for HACE
research in Japan, this study translated survey questions from Sa-
wai and colleagues (Sawai et al., 2017a) and adapted questions
on demographics for the US population (Supplemental Experi-
mental Procedures). Our survey was conducted using the online
survey platform Qualtrics. Qualtrics has been used in many fields,
including bioethics (Wangmo and Provoost, 2017) and neuro-
ethics (Cancer et al., 2018). After reading an informed consent
page (UMN IRB Approved, study 00001760), participants read a
brief page of information describing iPSCs. The information was
translated from similar text used in the Sawai survey. Participants
then answered a series of 10 questions related to their support of,
and concerns about, HACE research. Following this battery of
questions, participants then answered a series of background and
demographic questions.

Recruitment of Survey Participants

The study includes two waves of data collection. In July 2018, 227
participants were recruited via Amazon'’s Mechanical Turk service
to participate in our survey hosted on the Qualtrics online plat-
form. To increase our sample size and provide a greater generaliza-
tion to the American public, an additional survey was conducted in
June 2020 and data from 203 participants were combined with
those of the 227 participants for a total of 430 participants. We pre-
sent here the results from analysis of the combined dataset
including both waves of respondents. When analyzed indepen-
dently, the results from the 2018 data and from the 2020 data anal-
ysis yield substantively similar conclusions and do not alter the
main conclusions of this report. Amazon Mechanical Turk is “a
web service that provides an on-demand, scalable, human work-
force to complete tasks” (Amazon Mechanical Turk, 2014). Re-
searchers advertise their studies on Mechanical Turk, and partici-
pants choose only those studies that interest them. Participants
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are paid for completing the studies. Payment is transferred directly
to the participants’ credit cards immediately after the completion
of a study. We paid participants $1.00 for completion of the survey.
No personally identifying information was collected. Mechanical
Turk s regularly utilized by researchers in multiple disciplines to re-
cruit participants to complete online research tasks (Amazon Me-
chanical Turk, 2014; Buhrmester et al., 2011; Paolacci et al.,
2010; Sheehan and Pittman, 2016). A Human Intelligence Task
“is a single, self-contained task a Requester creates on Mechanical
Turk” (Sheehan and Pittman, 2016). We recognize that partici-
pants recruited via Mechanical Turk are not representative of the
US public (Mortensen et al., 2018; Walters et al., 2018). Mechanical
Turk samples, including ours, are typically younger, more
educated, more liberal, and less racially diverse than the US general
population (Berinsky et al., 2012; Paolacci and Chandler, 2014;
Shapiro et al., 2013).

Ensuring Data Quality

In total, 743 surveys were logged through the Mechanical Turk ser-
vice. Prior to analysis, survey responses were removed if partici-
pants completed less than 97% of the survey questions and if the
duration of the survey was less than 100 s. This first pass removed
73 surveys. Ten surveys were then removed due to duplicate indi-
vidual Mechanical Turk identification numbers. Concern about
subjects’ compliance with survey instructions are of special inter-
est with online surveys because subjects cannot be monitored
while engaged in the online task. To address this issue, psycholo-
gists have developed “attention filters” designed to ascertain
whether subjects are in fact following instructions and paying
attention to the material being presented to them online. In this
study, we employed a modified version of the filter developed by
psychologist Oppenheimer and colleagues (Oppenheimer et al.,
2009). The design of the attention filter question was such that
users who did not read carefully would see, in large font, a headline
reading “Background Questions on Sources for News” as well as
another large, bold question: “From which of these sources have



you received information in the past month?” A series of check-
box options was provided (e.g., local newspaper, local TV news).
Subjects reading carefully, however, were instructed to check
only the “magazine” box and to type “654” into the text box pro-
vided. The results presented in this article are based only on the
“attentive” subjects, i.e., those subjects who were paying attention.
Here, 135 of 620 (22%) did not complete the attention filter prop-
erly and were excluded from the analysis reported in the article.
Finally, surveys in which responses on political ideology were ab-
sent were removed, leaving 430 surveys for analysis. Re-running
the models reported below with the excluded participants
included does not change the substantive results.

Analytic Methods

All statistical analysis was carried out using the program Stata,
version 16.1. In addition to summary statistics and basic difference
in means test, analysis utilized ordered logistic regression models.
This is appropriate because our outcome variables take on values of
0,1, 2, 3, and so on, i.e., they are non-continuous and they are or-
dered. Multicollinearity was assessed using the collin package in
Stata. The mean VIF was 1.10 for the independent variables
included in this model, suggesting no severe multicollinearity is-
sues with the model.

Data and Code Availability
The complete dataset (Table S4), captions for Table S4, and com-
plete survey are available in the Supplemental Information.
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