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Abstract
Genome editing of the human embryo using CRISPR/Cas9 has the potential to prevent hereditary diseases from being
transmitted to the next generation. However, attitudes to this technology have not been examined sufficiently among the
genetic professionals who will use it in the near future. We conducted a questionnaire survey of Japanese clinical geneticists
and certified genetic counselors. Differences were observed between them in their recognition of this technology and
impressions on its difficulty and cost. Both groups worried about misuse of it, with insufficient information and rules. As key
elements for such rules, they considered ethics, safety, and purpose. Most disapproved of modifying physical traits as an
enhancement, though they hoped for the treatment of severe diseases. At current clinical sites, they tended to adopt a prudent
attitude by mentioning only the possibility of genome editing in the future. Academic policies and legislation are required,
especially for application in human embryos, through a consensus of professionals and general citizens. Furthermore,
professionals should maintain awareness of new developments and regularly reexamine attitudes for the ongoing
development of more suitable rules, education systems, and clinical protocols. As preparation for changes, opportunities to
address ethical issues and initiate discussions are also required.

Introduction

Extensive studies of the pathophysiology of congenital
diseases have contributed to their treatment. Enzyme
replacement therapy has drastically improved the prognoses
of metabolic enzyme deficiencies. However, therapy has
to be lifelong. Subsequent gene therapies incorporating
a normal gene into the genome of patient's somatic cells
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might solve this problem [1, 2]. Numerous gene therapies
have been developed, and 2930 clinical trials are being
conducted around the world as of December 2018 [3]. Some
gene therapeutic methods are approved as products against
specific diseases in the United States and European Union
[4], and two products are almost approved in Japan [5, 6].
When genetic modifications are applied to not only somatic
cells but also fertilized eggs, it is theoretically feasible to
prevent hereditary diseases from being transmitted to the
next generation. Although applications to fertilized eggs
remain a controversial subject in both technical and ethical
terms [7, 8], mitochondrial replacement against mitochon-
drial diseases has been reported [9]. In Japan, a clinical trial
for infertility treatment using eggs with augmented devel-
opmental competence via autologous mitochondrial transfer
is registered in the database of the University Hospital
Medical Information Network (UMIN000021387).

Therapeutic modification of a gene into an inappropriate
locus may cause abnormal transcription or deleterious
effects on the function of another gene at that locus. In
particular, modification errors in the germline could lead to
transmission to the patient’s descendants.

In 2012, Jennifer Doudna reported a novel genome
editing technology that made it possible to more accurately
modify a gene at an appropriate position using the
CRISPR/Cas9 system [10]. Therefore, this technology has
been expected to be a new candidate for genetic therapeutic
approaches. CRISPR/Cas9-mediated somatic editing has
prompted extensive research; 14 clinical trials against
cancers, HIV, and leukemia are active or recruiting parti-
cipants as of March 23, 2019 according ClinicalTrials.gov,
a clinical trials registry. The first genome-editing experi-
ment on a human fertilized egg with β-thalassemia was
conducted in China in April 2015 [11]. However, this
report using developing technology for germline editing
was currently published without evaluation of its errors or
any consensus of its application. Thus, discussion on the
use of genome editing for human fertilized eggs has grown
since then.

In December of the same year, an international summit
was held in Washington D.C., including scientists, ethical
scholars, legal experts, and human rights advocacy groups
from more than 20 countries. They proposed that genome
editing technology for human embryos should be available
only as part of basic research, and clinical applications
should be prohibited because of ethical and technological
concerns about the effects on individuals and the next
generation. In Japan, a similar statement as “A joint pro-
posal from four academic societies on human genome
editing” was announced by the Japan Society of Gene and
Cell Therapy, The Japan Society of Human Genetics, Japan
Society of Obstetrics and Gynecology, and Japan Society
for Reproductive Medicine [12].

In February 2017, the United States Academy of Sci-
ences announced the approval of genome editing of human
fertilized eggs only in cases of serious diseases [13].
Although this announcement may be a first step to reali-
zation of the clinical application of genome editing in
human reproductive cells, establishment and improvement
of legal and educational systems are required. As a foun-
dation for policymaking, the opinions of both specialists
and general citizens are indispensable. Responses to this
announcement were issued from major countries and
organizations [14]. In September 2017, the Science Council
Japan proposed requirements for adequate rules for research
and applications, risk evaluation system for products using
somatic genome editing, and tentative prohibition of clinical
genome editing in germline cells [15].

Taking the potential of genome editing into considera-
tion, discussion for a consensus among general people who
will share benefits of the technology is required [16].
Additionally, it is necessary to understand the thoughts and
attitudes on this technology of clinicians, especially genetic
professionals, who will probably make use of the technol-
ogy at clinical sites in the near future. Some surveys among
general people have been conducted worldwide [17], in
western countries [18–20], China [21], and Japan [22]. In
addition, a survey of medical field personnel was presented
at the American Heart Association meeting in 2017 [23].
However, the attitudes of clinical genetic professionals have
not been studied sufficiently.

Here we conducted a study to examine the attitudes of
Japanese clinical genetic professionals on genome editing
within the scope of their current knowledge and experience.

Methods

We conducted a questionnaire survey of Japanese board-
certified instructors of Clinical Geneticists (CGs) and
Certified Genetic Counselors (CGCs), both of which are
certified by the Japan Society of Human Genetics and
Japanese Society for Genetic Counseling. This study was
approved by the Social, Ethical, and Legal Issues Com-
mittee of the Japanese Society for Genetic Counseling.
Considering that this study was a questionnaire survey
distributed to genetic professionals, institutional review
board approval was not required.

Preparation of the questionnaire

The draft of the questionnaire was prepared based on
questions used in domestic symposia and previous research
[17, 24, 25]. All of the questions were reviewed and dis-
cussed by the Social, Ethical and Legal Issues Committee of
the Japanese Society for Genetic Counseling, and created as
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selective questions in a self-answer form. This survey was
conducted in Japanese language.

A total of 36 questions were involved in our ques-
tionnaire. The questionnaire was divided in to seven main
themes: 1. Self-information on the respondent; 2. Knowl-
edge of genome editing technology; 3. The perception of
genome editing, and acceptance criteria on the practical
application of genome editing; 4. Opinions on genome
editing use in basic and clinical research; 5. Factors for
making regulations and rules on the use of genome editing;
6. Opinions on therapy options including genome editing
and future plans; and 7. Free entry. Individual question IDs
were given to each question (Supplementary Table 1). The
IDs are shown in the each of the corresponding Results
sections.

Questionnaire investigation

We performed a cross-sectional study involving an anon-
ymous, self-administered questionnaire of CGs (n= 285)
and CGCs (n= 205) after excluding five individuals whose
addresses were unknown (n= 485). The survey period was
from August 2017 to October 2017. We mailed the ques-
tionnaire to the participants with an instruction to respond
through paper-based posting or a Web-based system using
free software, LimeSurvey [26].

Statistical analysis

All missing values were excluded, and analysis was per-
formed using descriptive statistics for each question item.
For testing the differences between groups, we used Stu-
dent’s t-test or analysis of variance (ANOVA) for numeric
variables, and chi-square test or Fisher’s exact probability
test for nominal or ordinal variables. Fisher's exact prob-
ability test was applied when an expected frequency less
than five existed in an expected frequency table for com-
parative analysis of the group [27]. The significance level of
each test was basically 0.05. In the subsequent post-hoc
test, the p value after Bonferroni correction was used.
Statistical analyses were conducted using JMP pro 13.0.0
(SAS Institute Inc.) software.

Results

Self-information of respondents [Q1–Q6]

A total of 277 clinical genetic professionals (57.1%, 277/
485) participated in the study by completing the ques-
tionnaire form. Respondents consisted of 176 of 283 CGs
(62.2%), and 101 of 202 CGCs (50.0%). Answers were
provided using paper-based mailing and the web-based

system by 208 (75.1%) and 69 (24.9%) respondents,
respectively. The other self-information including educa-
tional and clinical backgrounds are shown in Table 1
[Q1–Q6].

Knowledge of genome editing technology [Q7–Q8]

We gave all clinical genetic professionals basic information
on genome editing prior to this study to explain the inten-
tions of the study and what genome editing is. We asked
them to answer the questions regarding their existing
knowledge before reading the information in order to avoid
biased answers from arising.

In the evaluation of their self-evaluation of knowledge
on genome editing, we used a seven-point scale from zero
to six corresponding to “Understanding all of its char-
acteristics such as principle, purpose, and problems with
experience of using the technology”, “Understanding
all of the characteristics but without experience”,
“Understanding part of the characteristics”, “Some
understanding from TV or Web information”, “Not
understanding well but interested in the technology”,
“Heard once about the technology or not interested in it”,
and “Know nothing about the technology” [Q7]. The
average score of CGs (3.7) was significantly higher than
that of CGCs (2.7) (p < 0.001, t-test) (Supplementary
Figure 1A left). Those with a score of three or more were
74.0% (205/277) were regarded as respondents with
a good understanding of genome editing. In order to
confirm they really understood about genome editing, we
tested the respondents in this group using six additional
questions: “It is possible to modify genes freely without
failure”, “It is a requirement to have a license to perform
gene editing”, “Gene editing is endorsed by national
authorities”, “Such treatment is covered by insurance”,
“Has a Nobel Prize been won for this technology?” and
“The correct usage is prescribed in law” [Q7.2]. The
average score was 5.71/6 (correct answer rate: 95.2%)
among the group who understood genome editing, and
there was no significant difference between CGs (average
score: 5.73) and CGCs (average score: 5.64) (p= 0.34,
t-test) (Supplementary Figure 1A right).

Because it is necessary to consider the ethical aspects of
clinical use alongside the technical understanding of gen-
ome editing, we also tested on the recognition of the
statement proposed by four academic associations of
genetics [Q8]. The joint statement in April 2016 was a
current concept of genome editing technology in Japan at
the time of starting our study.

A total of 74.7% (207/277) of respondents recognized
the proposal, although the percentage among CGs (80.1%,
141/176) was higher than that among CGCs (65.3%,
66/101) (Supplementary Figure 1B).
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In addition, we tested whether experience in basic
research on genetics was related to the level of under-
standing of genome editing and the joint statement of the
four academic associations of genetics [Q6]. Because the
experience ratio of CGs (65.9%, 116/176) was higher than
that of CGCs (38.6%, 39/101) (Supplementary Figure 1C,
Table 1), we evaluated knowledge about genome editing
and the statement in every group separated by their
experience in basic research. The average score indicating
knowledge of genome editing was 5.07 in experienced
group, and this was significantly higher than 3.15 in the
non-experienced group (t-test, p < 0.001). The ratio of
cognition of the statement was 83.2% (129/155) in experi-
enced group and 64.0% (78/122) in non-experienced group,
and this difference was also significant (chi-square test, p <
0.001) (Supplementary Fig. 1D).

The perception of genome editing [Q11–Q14]

Among genetic professionals, 86.6% (240/277, Fig. 1a)
showed concerns about misuse, and 5.78% (16/277,
Fig. 1A–g) answered that the rules were adequate.
Meanwhile, 48.7% (135/277, Fig. 1a–c) expected early
applications for treatments. In addition, CGCs felt the
technology was highly complicated and expensive
(Fig. 1a–d) [Q11]. Subsequently, we asked about anxiety
regarding editing technology and requirements for clinical
use, because the anxieties and requirements could influ-
ence the perceptions held by genetic professionals. In
particular, they had anxieties about “The probability of
unexpected side effects due to the modification” (78.7%,
218/277), “Non-medical uses such as a designer baby, and
subsequent loss of human diversity” (67.5%, 187/277),
and “Having insufficient methods to evaluate the success
of the modification” (23.5%, 65/277) (Fig. 1b) [Q14]. In
addition, they required “Safety”, “Selection of subjects or
targeted diseases for modification”, and “Endorsement by
the nation or an organization” when this technology was
practically applied to different kinds of cells, including
non-human cells, human somatic cells, and human
germline cells. (Supplementary Figure 2) [Q12]. Germline
cells here include eggs, sperm, fertilized eggs, and early
embryos.

We studied the perceptions of genetic professionals on
media reports [Q13]. Because general people often obtain
information on genome editing through the mass media.
Many respondents answered “Not enough information has
been reported” (40.1%, 111/277), and their perceptions on
the content of such information in the mass media
were “Information has been reported, but it was not
necessarily correct” (28.5%, 79/277), or “Information has
been reported, but it focused only on positive aspects”
(26.4%, 73/277) (Supplementary Figure 3).

Acceptable research and applications of genome
editing [Q9–Q10]

Because the majority of clinical genetic professionals
(61.0%) were concerned about the safety of genome editing
technology (Fig. 1A–e), under the condition that its techno-
logical safety was guaranteed, we confirmed opinions on its
applications for the eight purposes shown in Fig. 2a. Here we
defined safety as ideal conditions with accurate gene editing
and without side effects. It was found that most of the clinical

Fig. 1 The perception of genome editing. [Q9–Q14]. a Indicates the
impressions on genome editing technologies. This question permitted
multiple selections. The black and white bars indicate the percentages
of CGs and CGCs, respectively, selecting the item. The numbers of
respondents are indicated. Asterisks indicate a significant difference
(*p < 0.05, **p < 0.01). a–g in (a) are indicate as follows: (a) concerns
for misuse, (b) highly complicated technology, (c) expectation for
early application as a treatment, (d) expensive technology, (e) very
safe technology, (f) taking a long time for practical applications, (g)
inadequate regulations in place for use of the technology. b Indicates
anxieties about genome editing technology. Up to two items could be
chosen per respondent. This question had an item of “others” with free
entry, but this item was not included in this figure. The black and white
bars indicate the percentages of CGs and CGCs, respectively, selecting
each item. The numbers of respondents are indicated. a–e in (b)
indicate as follows: (a) taking too much time to obtain the necessary
knowledge and skills, thus limiting other clinical work, (b) having
costs and risks out of proportion to its effect, compared with other
treatments, (c) having insufficient methods to evaluate the success of
the modification, (d) the probability of unexpected side effects due to
the modification, (e) non-medical uses such as a designer baby, and
subsequent loss of human diversity
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genetic professionals opposed modifying physical char-
acteristics through editing of germline cells (93.5%, 259/277,
Fig. 2A–f) and of somatic cells (88.1%, 244/274, Fig. 2a(c)).
We also found opposition to application for non-serious
diseases using germline and somatic cells as well (Fig. 2a
(g)). On the other hand, in order to overcome severe her-
editary diseases, more than half of the participants accepted

applying this technology to somatic cells, and nearly 30%
agreed even for germline cells, (Fig. 2a(h)) [Q9]. In addition,
we tried to test how much accuracy was required for editing
for the same eight purposes. For application to an embryo to
treat a non-serious disease, more than 95% of professionals
opposed its use or would have agreed only when the success
rate was 100%. However, for the treatment of serious
disease, the opposition decreased to less than 80%, and
more than 15% of professionals agreed to use the technology
in embryos if the success rate was more than 75% (Supple-
mentary Table 2) [Q10].

Previous studies reported that a discussion on genome
editing increased the acceptability of the technology among
general people [22]. However, in this study, while
these acceptance criteria on editing of non-human cells
were positively affected by a higher understanding level of
genome editing, that of human genome editing was not
significantly influenced by their knowledge in genetic pro-
fessionals (Supplementary Figure 4).

Opinions on the applications of genome editing
[Q15–Q23]

This technology has been at research stage and has not
matured enough for clinical applications yet, except for
some clinical trials [28, 29]. Therefore, we investigated
contemporary opinions on research [Q15–Q18] and appli-
cations [Q19–Q23] about genome editing technology.
The genetic professionals agreed with limited use of
the technology and restricted to specific issues [Q15]
(Supplementary Figure 5A). Moreover, they demanded the
establishment of regulations for basic research, by the
nation (38.6%, 107/277), government ministries (30.3%,
84/277), or academic associations (24.9%, 69/277).
This trend was significantly affected by knowledge on
genome editing (p < 0.01, ANOVA) [Q16] (Supplementary
Figure 5B, C). Even if genome editing is safe, editing
applications to germline cells were not accepted except for
the treatment of severe diseases. Subsequently, we asked
about opinions on research using genome editing on
germline cells (Fig. 2b) [Q17]. More than half of the clinical
genetic professionals agreed with its use in basic research
but thought that fertilization for experimental purposes
should not be done (50.9%, 141/277, Fig. 2B, c). Although
both CGs and CGCs agreed with the use of fertilized eggs
in basic research, details of the opinions differed between
CGs and CGCs. Although CGs agreed with the actual fer-
tilization process with modified germline cells in basic
research, CGCs significantly disagreed with the process
(corrected p < 0.05, chi-square test, Fig. 2B-b). As another
significant difference between them, CGCs chose "Cannot
judge" more than CGs did (corrected p < 0.01, Fisher's exact
probability test, Fig. 2B–e). These opinions for handling

Fig. 2 The opinions to the applications of genome editing. [Q15–Q23].
a Indicates acceptance criteria for practical applications of genome
editing on the condition that its technological safety is guaranteed.
Each question allowed single choice from “agree”, “reservations” and
“opposed”, with black, gray, and white bars indicating the percentages
of respondents who chose the respective response. Numbers inside the
bars indicate the percentages of respondents who chose each response.
a–h in (a) are indicated as follows: (a) modification for breeding and
appreciation, (b) alteration to develop foods and drugs for human use,
(c) modification of the physical characteristics§ of individuals, (d)
alteration of the characteristics of individuals related to surmountable
diseases§§, (e) prevention or treatment of severe genetic diseases and
cancers, (f) alteration of the physical characteristics§ of descendants,
(g) alteration of the characteristics of descendants related to sur-
mountable diseases§§, (h) Prevention of severe genetic diseases with
serious symptoms, or without appropriate treatments, etc. §Physical
characteristics include height and color of skin or eye, for example.
§§Surmountable diseases include ones where the disease that can be
treated, prevented, or corrected easily, such as hereditary obesity or
myopia. b Indicates opinions on research using genome editing in
germline cells. This question permitted a single section. The black and
white bars indicate the percentages of CGs and CGCs, respectively,
selecting the item. The numbers of respondents are indicated. Asterisks
indicate a significant difference (*p < 0.05, **p < 0.01). a–e in (b) are
indicated as follows: (a) all basic research and clinical applications
should be allowed, (b) the use of germline cells in basic research
regardless of fertilization process should be allowed, (c) the use of
germline cells in basic research without experimental fertilization
should be allowed, (d) the use of germline cells should not be allowed
in basic or clinical research, (e) Cannot judge
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germline cells may be influenced by their thoughts about the
start of human dignity. Most professionals were of the
opinion that human dignity commenced with “fertilization
regardless of in vitro or in vivo” (27.1%, 75/277),
“implantation into the uterus” (23.5%, 65/277), and
“increased potential of the fetus to survive or grow up”
(19.9%, 55/277). This trend was the same in CGs and
CGCs. Compared with the previous answers about the cri-
teria for human genome editing techniques [Q17], those
who defined “dignity as a human” at an earlier stage than
birth near to fertilization [Q18] tended to oppose research
using germline cells (p < 0.001, Fisher’s exact probability
test) (Supplementary Figure 6).

Subsequently we also asked about current opinions on
the clinical applications of genome editing. Although most
genetic professionals thought it was “Too early to apply
editing in the clinical field” (76.2%, 211/277), they believed
the technology would be “Partially accepted as a benefit for
patients with certain diseases” (77.3%, 214/277) [Q19,
Q20] (Supplementary Figure 7A, B). In addition, more than
half of them permitted the clinical use of the technology if it
was “Regulated by appropriate laws or rules from academic
societies” (55.2%, 153/277), and nearly one-third of them
“Would accept it in the future but were opposed at present”
(31.9%, 86/277) [Q21] (Supplementary Figure 7C). We
tried to determine their opinions separately for the criteria
for genome editing using somatic and germline cells, using
a six-point scale in the process from basic research to

clinical applications [Q22]. For somatic cells, whereas
57.0% (158/277) of professionals would permit “Clinical
applications only for serious diseases”, 25.6% (71/277) of
them accepted it “Only for basic research” (Supplementary
Figure 7D). On the other hand, for human germline cells,
only 27.1% (75/277) accepted “Clinical application only for
serious diseases” and 31.8% (88/277) accepted it “Only for
basic research”. Moreover, 36.1% (100/277) “Did not
accept it for use in human germline cells” (Fig. 3a). Among
the opponents of human germline cell use, 41.0% (41/100)
(Fig. 3A-a) insisted that “Germinal cells including non-
human cells must never be used regardless of basic or
clinical research” [Q23]. We investigated why the respon-
dents, except for the 41.0% who were strong opponents,
would permit the use germline cells even partially, and the
most chosen reason was that “Genetic disease occurring in a
parent would be prevented from being transmitted to their
child” [Q23.2] (76.5% 127/166) (Fig. 3b).

Important factors for making regulations and rules
on the use of genome editing [Q24–Q26]

It is important to prepare relevant rules and laws for the use of
editing technology in a clinical field. Therefore, we examined
what factors were required by clinical genetic professionals
for developing appropriate rules and laws [Q24]. Most clin-
ical genetic professionals were particularly focused on
“Ethical issues” (76.5%, 212/277), “Purpose of use and its

Fig. 3 Contemporary opinions about clinical application of genome
editing. [Q15–Q23]. a Indicates responses on the permissible use of
genome editing for germline cells such as human embryos and
gametes (ovum / sperm). This question permitted a single selection.
The numbers of respondents are indicated. The sum of respondents
who chose a or b (n= 100) were regarded as opponents of clinical
applications of genome editing with germline cells. Those who chose
c, d, e, and f, framed by a gray dashed square (n= 166), partially or
totally accepted the applications. a–f in (a) are indicated as follows: (a)
regardless of basic research or clinical application, it should not be
allowed at all, (b) basic research using non-human animals may pro-
ceed, (cells of human origin cannot be used), (c) basic research on
humans should be done, but clinical applications should not be done
yet, (d) clinical applications should be permitted only for severe
genetic diseases with severe symptoms and no available treatment, (e)
clinical applications should be permitted even if it is a therapeutic

purpose for a mild disease, (f) clinical applications should be allowed
for all purposes, including modifying physical characteristics as well
as for disease. b Indicates responses on the reason for accepting the use
of germline cells in genome editing. This question was limited to those
who chose c, d, e, and f (n= 166) in Fig. 3a. This question permitted
multiple choices. The numbers of respondents are indicated. a–f in (b)
are indicated as follows: (a) even in case of infertility, it may be
possible to increase the possibility of pregnancy or childbirth, (b) a
child with a function that his/her parents want can be obtained, (c)
genetic disease occurring in a parent would be prevented from being
transmitted to their child, (d) it should be permitted for applications to
limit serious diseases and subsequent issues, (e) the development of
reproductive medicine can be expected to aid Japan’s economic
growth, (f) the treatment and prevention of diseases can improve the
health conditions of people, leading to a reduction in medical
expenditure
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target” (67.5%, 187/277), and “Success rate and safety”
(65.3%, 181/277) as requirements when establishing rules
(Fig. 4). Among the factors, CGCs gave significantly more
weight to factors about “Success rate and safety” (p < 0.05,
chi-square test, Supplementary Figure 8A). In addition, we
asked for opinions about contemporary regulations [Q26] and
social systems on genome editing [Q25]. Most professionals
did not know the current status of regulations and systems in
Japan (44.8%, 124/277, Supplementary Figure 8B-a).

From the above result, we focused on the aspects of current
regulations that are inadequate. Overall, 49.7% (76/153) of
professionals who knew the status of current regulations
regarded them as inappropriate (Supplementary Figure 8B-b,
c, d). As a regulator, professionals thought that “Government”
(48.4%, 134/277) or “Academic societies” (39.0, 108/277)
were best placed to establish appropriate rules. On the other
hand, those who desired citizen-based regulation were in a
minority (6%, 17/277) (Supplementary Figure 8C).

Opinions on the therapeutic options including
genome editing and future plans [Q27–Q29]

The last section of this survey was on clinical experience in
genome editing. Among the respondents, a total of 96.0%
(266/277) had experience in the clinical field, and 24.8%
(66/266) had been involved in a “Consultation on genome
editing” (Supplementary Figure 9A) [Q27]. Main con-
sultation topics were about “Gene therapy” (74.2%, 49/66)
or the “Influence on the next generation” (32.9%, 35/66)
(Supplementary Figure 9B) [Q27.2]. In addition, a pro-
portion of the responders (31.4%, 87/277) had discussed the
subject with their co-workers or friends (Supplementary
Figure 9C) [Q28]. Subsequently, we asked how they would
answer questions, about treatment using genome editing
technology [Q29]. In most cases, we obtained the answer as

“It is impossible at present, but there is a possibility for
treatment in the future” (122/277, Supplementary Fig-
ure 10C), followed by “Without mentioning whether treat-
ment is possible or impossible, only provide a consultation
by giving information” (21.7%, 60/277, Supplementary
Figure 10D). The later standpoint of the consultation was
seen significantly more often with CGCs than CGs (cor-
rected p < 0.05, chi-square test).

Discussion

This study was conducted to investigate the current opi-
nions of clinical genetic professionals on genome editing
using a self-reported questionnaire. Overall, 62.2 and 50.0%
of CGs and CGCs, respectively, in Japan participated in this
study. First, 74.0% of professionals (CGs: 83.5%, CGCs:
57.4%) considered they understood genome editing well
(Supplementary Figure 1A left). Although the self-
assessment by CGCs was low, the knowledge level (Sup-
plementary Figure 1A right) of CGCs was similar to that of
CGs in the group who understood genome editing. A total
of 74.7% of respondents recognized the joint statement on
the technology of genome editing in Japan. The percentage
of CGs who recognized the statement was higher than that
of CGCs (80.1 vs. 65.3%) (Supplementary Figure 1B).
Knowledge on genome editing and the statement were
related to their experience in basic research on genetics
(Supplementary Figure 1D). CGs had more experience in
basic research than CGCs (65.9 vs. 38.6%) (Supplementary
Figure 1C, Table 1). Taking these results into consideration,
more-effective education systems for CGCs may enhance
the general understanding level of genetic professionals on
genome editing. From the investigation on perceptions on
genome editing, though professionals hoped for early clin-
ical applications for the technology, they were concerned
about misuse, including applications for designer babies in
conditions with inadequate rules. In addition, they men-
tioned problems about a lack of information and biased or
incorrect information on genome editing. They felt the
media emphasized only the positive aspects and did not
report the risks of genome editing. Because press reports are
the only source of information for most general people, fair
knowledge including the risks of genome editing may not
be understood. These deficiencies may prevent genetic
professionals from making a consensus with general citi-
zens for clinical applications of genome editing in the
future. For clinical applications, clinical genetic profes-
sionals required not only proper rules to be established by
government or academic associations, but also criteria for
target diseases and the safety of the technology. Recently, a
report has indicated that genome editing technology is more
inaccurate than previous expectations [30], which has made

Fig. 4 Important factors for making regulations and rules on use of
genome editing. [Q24–Q26]. Figure indicates responses on rules
related to genome editing technology and factors considered to be
important for improving laws. This question permitted up to three
choices. The numbers of respondents are indicated. a ethical issues.
b Purpose of use and its target. c Success rate and safety. d Level of
knowledge and expertise of policy makers. e Level of understanding of
general people. f Quality or accessibility of the technology. g Religion
and cultural background of the population. h Cost
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professionals doubt the current safety standards of the
technology. These aspects indicate the importance of shar-
ing the latest information among professionals, its correct
interpretation for judging the trends of the technology, and
subsequent proper distribution of the information to both of
professionals and general people.

Even under the condition of promised technical safety,
professionals had less support for the use of this technology
for purposes of enhancement regardless of use on somatic
cells or fertilized eggs. On the other hand, because research
and clinical applications have been relatively accepted with
respect to life-threatening hereditary diseases, professionals
had expectations for treating serious diseases using genome
editing technology. A similar trend has reported in general
people; if the target disease is more serious, genome editing
is more acceptable [21, 31]. Although some reports have
shown that general people estimated the risk of genome
editing to be much higher due to a lack of knowledge [22].
Therefore, unlike general people, CGCs with much more
knowledge on genome editing might hesitate to clarify their
opinion and then select “Cannot judge”. A probable reason
for this was a difference in their roles as genetic profes-
sionals between CGs and CGCs. In comparison with CGs, a
physician who focuses on overcoming a disease in a clinical
situation, CGCs tend to consider the disease as a variant and
strive to support the client's autonomous decision.

Although both CGs and CGCs similarly recognized the
potential benefits of genome editing to overcome serious
diseases, they required laws and guidelines to remove the
concern about the safety and misuse of genome editing.
Indeed, when laws and guidelines were properly established,
combined with current proponents, around 70% of partici-
pants agreed with the partial or total gene editing of fertilized
eggs (Supplementary Figure 7C, a, b). The preparation of a
new guideline on genome editing of germline cells in Japan
has started. In September 2018, a draft of the new guideline
was proposed by the Ministry of Education, Culture, Sports,
Science and Technology and the Ministry of Health, Labor
and Welfare at an expert meeting in Japan [32]. The guide-
line seems to satisfy the factors that professionals regarded
most highly for making rules in our study. For example, only
surplus fertilized eggs from artificial reproductive technology
for the treatment of infertility could be used in research on
genome editing. In addition, the genetically modified eggs
are prohibited from being transferred to the uterus because
the safety and success rate are still unclear. The genome
editing of a fertilized egg is permitted only for basic research
on reproductive medicine, and the purpose must be strictly
evaluated by the government. Furthermore, this guideline
requires proper informed consent obtained from donors of the
fertilized eggs and interactive ethical reviews from both the
agency that provides the egg and the one that conducts the
research. Subsequent investigation by professionals should

be continued to obtain novel requirements for genome edit-
ing, because their thoughts may evolve with progress in this
technology and the results of research. A requirement could
limit the technology as countermeasures against unethical,
illegal, or chancy editing applications. Recently, a Chinese
researcher announced the birth of twin babies using genome
editing technology of fertilized eggs [33]. A barrage of cri-
ticisms has been lodged against this as premature use of the
technology without any academic consensus, which will be
fraught with ethical and social problems. In response to the
announcement, the American Society of Human Genetics
immediately insisted again on the importance of scientific
and ethical discussions on the use this technology in a
statement to reaffirm its position about use of the technology
with human fertilized eggs [34]. In addition, the four aca-
demic societies of genetics in Japan proposed a "Statement of
four related academic societies on clinical application of
human embryo genome editing" in December 2018 [35].
Professionals have to catch up with the latest trends in
technology, because a problem, besides insufficient guide-
lines, identified from our study was that around half of
respondents did not know the current guidelines on genome
editing. This indicates it has to be considered how the
established rules including a draft are transmitted to genetic
professionals effectively. Sufficient interaction with citizens
is also required because citizens are the actual beneficiaries
from the technology, although professionals regarded gov-
ernment or academic associations as the most appropriate
formulator of the rules. Therefore, occasion to discuss with
citizens should be provided in the process of developing laws
and ethical guidelines for clinical applications.

Finally, one-quarter of respondents working in clinical
sites had already been involved in consultations about
genome editing and its effect to their offspring. Because it
has not been established how professionals should respond
to these kinds of inquiries from patients, the candidate
answers depended on the concerns held by genetic profes-
sionals. In the current study, the most-frequently chosen
answers were “It is impossible at present, but there is a
possibility for treatment in the future” (44.0%) and “With-
out mentioning whether treatment is possible or impossible,
only provide consultation by giving information” (21.7%).
The second response was chosen significantly more often
by CGCs than CGs. The reason for this result might be
attributed to the role of CGCs as a specialist for counseling.
As information on genome editing has matured and
increasingly spread to general people, these kinds of
inquiries from patients are expected to increase. It is also
required to prepare a guideline on how to respond to
patients properly before genome editing technologies are
applied to genetic therapies.

As a conclusion, the current study enabled us to inves-
tigate the opinions of genetic professionals who will
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probably use genome editing technology in their future
clinical setting. They had concerns about the safety and
ethical aspects of the technology, as well as fears over
inappropriate applications of it. On the other hand, they also
had expectations for its therapeutic application, including
genome editing of embryos against serious and difficult-to-
treat hereditary diseases. Genetic professionals, however,
tended to adopt a prudent attitude to the applications of
genome editing because of inadequate rules. There is sub-
stantial need for academic policies and legislation for using
the technology, especially when using human embryos,
through a consensus of professionals and citizens based on
the specific circumstances found in Japan. Genome editing
technology at present has been developing, and there are
promising tools for future medical treatments of con-
temporary serious diseases, but it is not a panacea. Thus, it
is required not only to establish proper policies but also to
improve them flexibly with developments in the technology
as they happen. The flexibility might be realized through
arranging effective education and discussion, and would be
created by formulators of the policies and users of the
technologies in the genetic medical field, namely clinical
genetic professionals. They have to obtain the latest infor-
mation about technologies and medical circumstances,
understand it correctly, and judge whether it can be applied
to rules and medicine at that moment. Furthermore, genetic
professionals as communicators should disseminate reliable
information to general people in order to develop a con-
sensus with them because they or their offspring may
receive the benefits of the technology.

In progressing the status of genome editing technology
using embryos in medical treatments, our study shows
current factors for major groups of genetic professionals,
CGs and CGCs, to judge what is required and how they
harness their own specialty to understand this controversial
technology. We have to pursue alterations in circumstance
and subsequent changes in mindset to establish a proper
environment including constructive rules, education sys-
tems, and clinical protocols.
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