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Abstract
Recent advances in biomedical technologies have extended the boundaries of previously established regulatory guidelines pertaining 
to stem cell research. These guidelines constrained the study of human pluripotent stem cells (hPSCs) and their derivatives 
from use under various conditions, including the introduction of hPSCs into the brains of host animals because of concerns of 
humanizing the brains of animal species. Other guidelines constrained the use of hPSCs in creating human-animal chimeras because 
of the potential contribution of human stem cells not only to the brain but also to the germline. Some regulatory guidelines forbid 
the growing of human embryos ex vivo beyond the stage of primitive streak development because of concerns regarding the 
creation of human forms of life ex vivo. At the subcellular level, there are guidelines regulating the transfer of mitochondria within 
human embryos. At the molecular level, there are guidelines regulating genome editing to prevent permanent genetic alterations 
in germline cells. These and other issues related to stem cells have been reviewed, and new research guidelines established by 
the International Society for Stem Cell Research (ISSCR) for its membership. Because many of the recommended changes by 
the ISSCR impact research being conducted by members of the American Society for Neural Therapy and Repair (ASNTR), the 
ASNTR established a task force to review relevant recommendations by the ISSCR to determine which new guidelines to adopt 
for research conducted by the ASNTR society membership. The final ASNTR recommendations are presented in this document.
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Introduction

Stem cells offer the possibility of replacing dysfunctional cells 
and organs in order to repair the human body. Since the char-
acterization of human embryonic stem cells (ESCs) by 
Thomson et  al.1 and the generation of induced pluripotent 
stem cells (iPSCs) by Takahashi and Yamanaka2, tremendous 
strides have been made in characterizing somatic cells differ-
entiated from ESCs and iPSCs. Recent advances further push 
the boundaries of stem cell research to the limits of current 
research guidelines established by certain countries, scientific 
institutions, and scientific societies3. These boundaries were 
initially established to limit the manipulation of pluripotent 
human stem cells into animal hosts that would result in human-
like neurological capabilities, produce human–animal chime-
ras where human cells would contribute to the germ line, and 
grow human embryos beyond the development of the primi-
tive streak. Advances in technology also raised concerns about 
the use of gene-editing approaches that would introduce per-
manent changes in the human germline, as well as concerns 
regarding human mitochondrial transfer and exchange.

These and other issues were assessed by a panel convened 
by the International Society for Stem Cell Research (ISSCR). 
As a result of their deliberations, this panel has provided rec-
ommendations for new guidelines for the conduct of stem cell 
research by members of its society. Several of those recom-
mended guidelines impact the nervous system research con-
ducted by members of the American Society for Neural 
Therapy and Repair (ASNTR). As a consequence, a task force 
was convened by the ASNTR to review the new guidelines 
recommended by the ISSCR for stem cell research to deter-
mine whether the ASNTR should adopt these recommenda-
tions as well. This report provides recommendations for 

incorporating new guidelines for research on stem cells by the 
ASNTR based on those recommended by the ISSCR.

Topic 1: Studies Transplanting Human Stem 
Cells or Their Direct Derivatives Into the Central 
Nervous System of Animals

ISSCR recommendation 2.2.1.1.  Research involving the trans-
fer of human stem cells or their direct neural or glial deriva-
tives into the central nervous system (CNS) of postnatal 
animal hosts requires review by institutional animal research 
oversight committees supplemented by reviewer expertise in 
stem cell or developmental biology. Such oversight should 
weigh the potential benefits of the research and utilize avail-
able baseline non-human animal data grounded in rigorous 
scientific evidence or reasonable inferences and involve dili-
gent application of animal welfare principles.

Background and rationale for ISSCR recommendation 2.2.1.1.  The 
use of human pluripotent stem cells (hPSCs) has become 
increasingly relevant in biomedical research exploring stem cell 
biology. As a result of this sustained interest, along with 
advancements in science and technology and successful experi-
mentation, transplanting hPSCs into animal hosts has created 
another avenue for producing animal models of human disease, 
generating human organs for transplantation, and evaluating 
stem cell therapies4,5. While these advancements may be benefi-
cial, it is necessary to recognize the potential concerns of safety 
and efficacy associated with transferring hPSCs and their deriv-
atives into animal hosts while ensuring proper animal welfare.

Pluripotent stem cells are a category of undifferentiated 
stem cells with the potential to generate all human cell types 
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during development4. There are two types of hPSCs: ESCs 
and human iPSCs. ESCs are pluripotent stem cells derived 
from the inner cell mass of early developing embryos4,6. 
Human iPSCs are pluripotent stem cells generated from adult 
somatic cells by induction with select transcription factors2,4. 
As a result of their pluripotency, ESCs and hiPSCs are ideal 
candidates for generating a wide range of cells through tar-
geted differentiation protocols and have been used to gener-
ate models of human neurological disease.

Grafting hPSCs or their direct derivatives into the animal 
CNS has been performed to understand stem cell integration 
and survival post-transplantation (Fig. 1). In particular, stud-
ies demonstrated that human iPSC-derived neuronal cells 
grafted into rodent brains survive up to 2 years after trans-
plantation7, integrate and form synapses with endogenous 
neurons8, and extend their axons toward relevant targets8,9. 
Researchers have translated these transplantation protocols 
into animal models of CNS disease and injury, including 
Parkinson’s disease10, stroke11, traumatic brain injury 
(TBI)12, and spinal cord injury (SCI)8, to assess therapeutic 
efficacy and understand post-transplant cell biology for 
potential clinical translation. In many of these studies, trans-
planted cells survived and improved overall animal health 
and function, paving the way for clinical trials, including the 
ongoing human iPSC transplantation clinical trials for SCI13 
and amyotrophic lateral sclerosis (ALS)14 in Japan. While 
preclinical studies may provide promising results that sug-
gest therapeutic benefits, this does not always translate to 
clinical trials, as animal models do not capture the full com-
plexity of human disease and injury; therefore, researchers 
opted to generate updated animal models using human stem 
cells. Espuny-Camacho et  al. described grafting human 
iPSC-derived neurons into postnatal mice to generate an 

Alzheimer’s mouse model that followed relevant Alzheimer’s 
pathology15.

While these advancements in modeling and treating CNS 
diseases and injuries in animals with hPSCs have been fruit-
ful for understanding neurological diseases and the therapeu-
tic value of the neural and glial derivatives, it is important to 
highlight the accompanying public and scientific concerns. 
In a survey studying US public readiness for human–animal 
chimeric embryo research, one primary concern participants 
raised was the incorporation of human cells into the brain of 
animal hosts and the potential for neurological humanization 
of animal hosts16. Based on the current state of stem cell 
transplantation research, the ISSCR subcommittee guide-
lines described that biological humanization is not scientifi-
cally consistent with the idea of cognitive humanization of 
animal hosts17. A literature review of preclinical peer-
reviewed publications revealed no evidence to suggest cog-
nitive humanization of animals in response to human–animal 
cell integration18. Nevertheless, this concern remains influ-
ential in outlining guidelines for the use of human stem cells 
in the CNS of postnatal animal hosts.

Legal and institutional boundaries exist to regulate 
human–animal stem cell transplantation. These policies can 
vary from the local to the national level, as well as between 
institutions. Generally, any research involving animals 
requires institutional approval before animal use to ensure 
animal safety and welfare through every protocol involving 
the use of animals. To use hPSCs for transplantation into 
animals, additional oversight often is needed from commit-
tees19. Approval from these oversight committees, along 
with compliance with other additional institutional, local, 
and national regulations, should be the primary concern for 
this research. However, conducting human–animal stem cell 

Figure 1.  Grafting human stem cells or their direct derivatives into the central nervous system of host animals is a successful model for 
understanding stem cell integration and survival after transplantation.
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transplantation research in adherence to regional regulation 
is complicated by the lack of both national and international 
consensus. Within the US alone, states such as Arizona and 
Louisiana restrict human-derived cell contribution to animal 
brain tissue to less than 51%, in contrast to California, which 
has specific restrictions for non-human primates but gener-
ally allows for a wider range of research with Stem Cell 
Research Oversight approval3. On an international level, 
guidelines for human stem cell transplantation in animals 
remain largely unspecified. Many countries, including 
Canada, Australia, and Germany prohibit the transplantation 
of animal cells into human embryos but have no specific 
guidelines for the inverse—introducing human cells into 
animal embryos3,20. There have been discussions to over-
come this ambiguity in regulation, including the United 
Kingdom’s Guidelines for Human Embryonic Stem Cell 
Research3. In 2019, Japan’s Ministry of Education, Culture, 
Sports, Science, and Technology relaxed regulations on 
human–animal chimeric embryo research21. These new 
guidelines have eased restrictions and currently allow for 
research on animal brains containing human cells from 
human–animal stem cell transplantation22. Considering the 
variety of international recommendations and regulations, 
the guidelines recommended by the ISSCR are meant as 
considerations to supplement existing legal restrictions and 
aim to generate international consensus on human–animal 
stem cell transplantation.

The ISSCR recommendation on the transfer of hPSCs or 
their neural or glial derivatives into the CNS of postnatal ani-
mal hosts includes enhancing behavioral monitoring and 
data-collection procedures, considering limited study design, 
and ensuring proper expertise in animal research review 
committees17. For behavioral monitoring and data collection, 
additional considerations should be made on assessing cog-
nitive and developmental trajectories after introducing 
human stem cells or their derivatives into the animal CNS, 
particularly the brain. This includes assessing behavioral 
baselines, regular monitoring for changes and enhancements 
of animal cognition, and appropriately adjusting research 
protocols in response to these data. When designing these 
studies, it is recommended to begin by limiting pilot studies 
to obtain the necessary information on the developmental 
progression of modified animals, and then adjusting proto-
cols to provide relevant findings to the review committees. 
In addition, the animal review committees should include 
members with sufficient and relevant scientific and clinical 
expertise to assess and make judgments on human–animal 
chimera protocols. These recommendations are intended to 
ensure the maintenance of animal welfare while addressing 
public and scientific concerns.

ASNTR recommendation.  The ASNTR Task Force found rea-
sons to adopt ISSCR recommendation 2.2.1.1 with addi-
tional considerations for implementation. The ASNTR Task 
Force agreed with the overall approach of building 

on existing regulatory structures to allow for widespread 
adoption. Responsible progression of human stem cell 
research in animals through behavioral monitoring and flex-
ibility in study design should be maintained. While not every 
institution has the access and resources necessary to create 
animal review committees with the specific member compo-
sition, the ASNTR Task Force recommended that the exact 
composition of the committee does not need to be consistent 
across institutions, so long as an array of perspectives is con-
sidered. Furthermore, it was suggested that the animal review 
committees should increase the diversity of perspectives by 
including biosafety and bioethics as considerations for 
approving human–animal stem cell chimera protocols. When 
adhering to these guidelines, human–animal chimera 
research can progress safely and responsibly.

Topic 2: Human–Animal Chimeric Embryo 
Research

ISSCR recommendation 2.2.2.2.  Chimeric embryo and in 
utero research should proceed for the minimum time neces-
sary to achieve the scientific aim. This research must pro-
ceed incrementally, stopping at well-defined time points to 
assess the degree and scope of chimerism during develop-
ment before proceeding to full gestation, if full gestation is 
among the well-justified goals of the research. To avoid 
unpredictable and widespread chimerism, researchers should 
endeavor to use targeted chimerism strategies to limit chime-
rism to a particular organ system or region of the gestating 
chimeric animal.

Background and rationale for ISSCR recommendation 2.2.2.2.  
There is an ever-growing organ demand for transplantation 
therapy, and the severe shortage of donors cannot meet this 
demand. The fields of interspecies chimerism and blastocyst 
complementation demonstrate potential as an alternative 
method for generating whole transplantable organs and cells. 
Major efforts in the chimerism field are aimed at developing 
functional human organs in host animals like pigs. These 
functional organs can then be extracted and used for organ 
transplantation in a clinical setting. Furthermore, when using 
blastocyst complementation, the host embryo is genetically 
modified to enhance donor cell contribution to specific 
organs of interest (Fig. 2).

Several studies have evaluated interspecies chimerism 
using different combinations of donor–host species, such as 
rat–mouse, marmoset–mouse, human–mouse, and rhesus 
monkey–pig, among others. Evolutionarily close species 
such as mice and rats successfully formed interspecies chi-
meras with multiple chimeric organ systems. The Nakauchi 
group at Stanford generated rat pancreas in PDX1-/- mice 
hosts23 as well as mouse islets in PDX1-/- rats24. The mouse 
islets that developed in the mouse–rat chimera were func-
tional and maintained normal host blood glucose levels when 
implanted into a diabetes-induced mouse model. Blastocyst 
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complementation also has been successfully implemented in 
the generation of other organs, such as rat thymus in an athy-
mic mouse model25 and functional mouse kidney in the 
SAL1-/- rat model26.

The ultimate goal of the interspecies chimerism field is to 
develop human organs in host animals for transplantation 
therapy. More recent studies have focused on using human or 
non-human primate cells as donor cells for interspecies chi-
merism and blastocyst complementation experiments; how-
ever, the chimeric efficiency of these evolutionarily distant 
species has been limited. Multiple studies are beginning to 
tackle the barriers to chimerism27 by using different strate-
gies, such as stage-matching donor and host cells28,29, over-
expressing anti-apoptotic genes in the donor cells30, and gene 
editing host embryos.

In a human–mouse chimerism study, human iPSC-derived 
neural crest cells injected in utero into embryonic-day-8.5 
(E8.5) mouse blastocysts successfully formed human–mouse 
interspecies chimeras (~30% efficiency). The level of chime-
rism from human cell contribution was much lower than that 
in mouse–mouse chimeric controls31. Human PSCs injected 
into in vitro gastrulating mouse embryos (E6–E7.5) also 
formed chimeras, with high human contribution in the devel-
oping chimeric fetus with ~70% of chimeric embryos with 
human cells32.

Human iPSCs overexpressing anti-apoptotic genes, such 
as BCL230,33 and BMI134, successfully integrated into mouse 
blastocysts and formed human–mouse chimeras with an 
increased efficiency until E10.5 in vitro. BCL2 overexpress-
ing human iPSCs also complemented ETV2-null pig embryos 
and differentiated into the endothelial lineages in the E18 
human–pig chimera35. Although successful chimerism was 
observed between human and non-human hosts, the chimeric 
efficiency and human donor cell contribution have been 
extremely low in most studies.

Significant progress in human–pig interspecies chime-
rism was recently reported by Wang et al.36. Human cell con-
tribution as high as 50%-65% was observed in pig kidneys. 
The authors demonstrated that transient expression of BCL2 
in the human donor stem cells greatly increased the effi-
ciency of the chimeric contribution of the human cells to the 
mesonephros in the kidneys of SIX1-/- SALL1-/- pig embryos 
assessed at E28 that provided a nephric-defective niche for 
the human cells36. The study also showed a limited contribu-
tion of human cells to the CNS and genitalia. These findings 
suggest that the blastocyst complementation strategy could 
be used to prevent widespread chimerism in other organs, 
such as the brain and genitalia, which would raise ethical 
concerns in the field. This study, for the first time, clearly 
demonstrated that high contribution of human cells to organs 
in host organisms like pigs is possible, while also avoiding 
contribution to off-target organs.

ASNTR recommendation.  It will be possible to achieve a 
higher level of human cell contribution in specific organs of 
host animals in future studies, which would help to move the 
field closer to the primary goal of developing whole human 
organs in host animals for transplantation therapy. Further-
more, complementation strategies have demonstrated the 
ability to target specific organs for chimerism and to avoid 
widespread chimerism. Adopting the ISSCR Recommenda-
tion 2.2.2.2. will ensure that the field of chimerism continues 
to progress toward its fundamental goal, carefully and incre-
mentally in an organ-specific manner.

Some concerns regarding the recommendation include 
the “minimum time necessary” for in utero chimeric research 
and having “well-justified” research goals are both subjec-
tive and not well-defined in the recommendation. As 
observed in multiple chimerism studies, even with comple-
mentation strategies in place, widespread chimerism is 

Figure 2.  Exogenic human organs and cells are generated in host animal chimeras via blastocyst complementation in gene-edited 
embryos. The host embryo is genetically modified to enhance donor cell contribution to specific organs of interest, and functional 
organs are then extracted and used for organ transplantation.
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sometimes unavoidable. Both these concerns require careful 
consideration by the researchers. In addition, an oversight 
committee or consultation with bioethicists would be ideal to 
ensure that the research progress is not hampered in the long 
term. The ASNTR Task Force supported the adoption of 
ISSCR Recommendation 2.2.2.2.

Topic 3: Culture of Human Embryos Beyond the 
Formation of the Primitive Streak or 14 Days

ISSCR recommendation 2.2.2.1.  Given the advancements in 
human embryo culture and the potential for such research to 
yield beneficial knowledge that promotes human health and 
well-being, the ISSCR calls for national academies of sci-
ence, academic societies, funders, and regulators to lead pub-
lic conversations touching on the scientific as well as the 
societal and ethical issues raised by this research. Should 
broad public support be achieved within a jurisdiction, and if 
local policies and regulations permit, a specialized scientific 
and ethical oversight process could weigh whether the scien-
tific objectives necessitate and justify the time in culture 
beyond 14 days, ensuring that only a minimal number of 
embryos are used to achieve the research objectives.

Background and rationale for ISSCR recommendation 
2.2.2.1.  The ISSCR recommendation 2.2.2.1 suggests that 

culturing human embryos beyond the current 14-day limit 
would require broad public support, local policies and regu-
latory permits, and a specialized scientific and ethical over-
sight process. The current limitation for in vitro human 
embryo culture up to 14 days was proposed by the Warnock 
Committee in 198437, and since, there has been an interna-
tional consensus regarding this time point. The justification 
for this time point is controversial and was set to ease public 
concern regarding human embryo research. Fourteen days 
occur before the formation of the primitive streak, which 
begins on day 15. Fourteen days is also the last developmen-
tal time point when identical twins can be formed and, there-
fore, is often considered by some organizations as the time at 
which individual identity is formed. In 1984, methods to cul-
ture human embryos beyond 14 days did not exist.

Today, techniques exist to culture human embryos beyond 
14 days (Fig. 3). Magdalena Zernicka-Goetz’s group devel-
oped mouse in vitro systems for studying mouse implanta-
tion38 and demonstrated that the system can be used to study 
human embryo post-implantation stages until day 1439. The 
group was forced to conclude their studies on day 14 due to 
the 14-day limit on the culture of human embryos. Jacob 
Hanna’s group successfully cultured mouse embryos for up 
to 6 days in culture from the pre-gastrulation stages until 
advanced organogenesis up to day 11 (mouse gestation 
period is 18–20 days)40. If ethical concerns are addressed, 

Figure 3.  Human embryo development from zygote to day-28 embryo. Current restrictions on growing human embryos in tissue 
culture limit growth to day 14 before the formation of the primitive streak at day 15. Extending the 14-day limit to days 15–28 would 
be beneficial to understanding human embryo gastrulation and to understand why miscarriages occur and aid the development of in vitro 
fertilization techniques.
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research groups hope to study human development and dis-
ease using human embryos in the same system. Studying 
human embryo development beyond day 14 will be benefi-
cial for understanding human embryo gastrulation and 
specification of the three germ layer lineages. Extending 
the 14-day limit also will be important to study and mini-
mize miscarriage and aid with in vitro fertilization (IVF) 
techniques.

ASNTR recommendation.  Adopting the ISSCR Recommenda-
tion 2.2.2.1 guideline will be an important step toward the 
progression of human embryo studies. Research groups 
would be responsible for adhering to local policies and con-
sulting with ethical oversight committees to proceed incre-
mentally and ethically. In addition to adopting the guideline, 
a new in vitro limit should be set, as a new limit has not been 
proposed in the guideline and remains a drawback to the rec-
ommendation. The new in vitro limit for culturing human 
embryos should address public concerns regarding human 
embryo research. The use of alternative model systems to 
study human embryo development, such as human ESC- and 
iPSC-derived embryo models, should be encouraged when-
ever possible. These models have been effective in closely 
replicating human embryo development until day 1441, can 
be used to study further stages of development, and consider 
the current ethical concerns with direct usage of human 
embryos. The ASNTR Task Force supported the adoption of 
ISSCR Recommendation 2.2.2.1.

Topic 4: Mitochondrial Replacement Techniques

ISSCR recommendation 2.2.3.  Further research is needed to 
refine and assess the safety and efficacy of mitochondrial 
replacement techniques (MRT), including minimizing the 
risk of mitochondrial carryover and disruptions to the inter-
action between mitochondrial and nuclear genomes. In addi-
tion, research on polar body transfer techniques and the use 
of mitophagy or genome editing is needed to reduce or elimi-
nate pathogenic mitochondrial DNA (mtDNA). Such 
research should be subjected to review by a special oversight 
process.

Background and rationale for ISSCR recommendation 2.2.3.  The 
mitochondrial proteins that are necessary to perform func-
tions for producing energy for the cell are transcribed from 
both nuclear DNA and mtDNA. mtDNA only contains 37 
genes and is a closed circular molecule. The mitochondria 
found in the embryo originate from the oocyte cytoplasm42; 
therefore, these mtDNA diseases are not sex-specific but 
rather inherited by all offspring. Mutations within the 
mtDNA can be detrimental to various metabolic pathways. 
In recent decades, over 300 ribosomal RNA (rRNA) and 
transfer RNA (tRNA) genes, as well as over 300 points in 
coding and control regions, have been identified43. High lev-
els of mutant mtDNA can lead to heritable and often fatal 

diseases for which there are no cures44, leading prospective 
parents who are afflicted and wish to conceive to pass these 
mutant mtDNA onto their children. Laws and regulations for 
gene editing vary between regions and countries.

The United Kingdom (UK) was the first to approve and 
pass legislation in 2015 that allowed MRT45. Within the UK 
legislation, there are policies on compensation for oocyte 
donors and for an egg donor registry system, secure contact 
information for children born using donor gametes, and reg-
ulation for preventing genetic diseases on a case-by-case 
basis46,47. Only licensed clinics can perform MRT, and it is 
only allowed in limited types of cases48. Within the US, 
oocyte donation is allowed, but regulations differ between 
states. US legislation prohibits the Food and Drug 
Administration (FDA) form federally funding applications 
that include a human embryo that was intentionally created 
or modified to include heritable genetic modification31. 
Despite the availability of donated eggs, current legislation 
limits the use of MRT in both research and clinical applica-
tions. In addition, there are professional societies like the 
American Society of Reproductive Medicine that have 
guidelines on financial compensation for oocyte donors or 
best practices, but these are non-binding policies47. Mexico, 
on the other hand, has no national regulations for oocyte 
donation or regulation of human genetic information49. The 
lack of explicit federal regulations allowed for a controver-
sial MRT performed in Mexico by a US-based physician50. 
Thus, differing national regulations may impact the ability to 
collaborate in stem cell research and provide patient care in 
the same manner across nations.

Types of MRTs.  A possible prevention strategy for mtDNA 
disease is to transfer nuclei of at-risk zygotes and oocytes to 
unaffected and enucleated eggs or zygotes from donors (Fig. 
4). Currently, the two major techniques at the forefront of 
assisted reproductive technology (ART) are pronuclear 
transfer (PNT) and maternal spindle transfer (MST), requir-
ing micromanipulation.

PNT requires the isolation and transfer of pronuclei of at-
risk zygotes to another enucleated disease-free donor 
zygote51. The resulting zygote will contain healthy donor 
mtDNA and DNA from both parents and are potentially 
transferable43. The advantage of PNT is that both maternal 
and paternal genomes are within the pronuclei. During the 
first mitosis, the assembly of a normal bipolar spindle will 
make transmission of chromosomes to daughter cells more 
likely during the division to the two-cell stage52. Optimization 
of PNT leads to enhanced development of blastocysts with-
out incidence of aneuploidy or gene expression patterns. In 
addition, the carryover of mutant maternal mtDNA is less 
than 2.0%43,53. Disadvantages of PNT include decreased 
blastocyst development rate compared to typical fertilized 
embryos, a small risk of aneuploidy, and ethical concerns 
related to utilizing this technique52. In China, an infertile 
woman underwent ART using PNT, and it led to an initial 
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triplet pregnancy. Ultimately, the pregnancy resulted in no 
live births due to selective fetal reduction, respiratory dis-
tress in one of the two remaining fetuses, and cord prolapse 
in the last fetus54.

MST operates by isolating and transferring the metaphase 
II spindle complex of an at-risk oocyte to an enucleated 
donor egg43,51. The reconstituted and fertilized oocyte is a 
potentially transferable embryo. Non-human primate studies 

have been successful with viable offspring. Comparable 
postnatal growth and development appear unaffected in non-
human primates55,56. These zygotes have normal fertilization 
rates, blastocyst development, and ESC isolation rates53, and 
the carryover of mutant maternal mtDNA is less than 1.0%43. 
As aforementioned, a controversial MRT case in Mexico led 
by a US-based physician was performed using MST. The 
woman previously had four miscarriages, and two children 

Figure 4.  Mitochondrial transfer by (A) pronuclear transfer (PNT) and (B) maternal spindle transfer (MST). For PNT, pronuclei from 
the at-risk zygote (pink) are removed and transferred to the disease-free donor’s enucleated zygote (purple). For MST, the metaphase II 
spindle complex of the at-risk oocyte (black/pink) is removed and transferred to a disease-free donor’s enucleated oocyte (purple).
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died of MTATP6 mutation in mtDNA. The use of MST 
resulted in a son, who was healthy at 7 months of age. At 7 
months old, the boy’s mtDNA mutation load in his tissues 
was 2.36%–9.23%, which was much lower than that in her 
previous two deceased children. No further information on 
the boy’s health has been reported57.

Long-term impacts.  Currently, there are no consistent long-
term follow-ups after MRT; therefore, it is difficult to assess 
the long-term implications that arise from ARTs. Due to the 
lack of knowledge surrounding children born from MRT and 
the mitochondrial diseases being prevented, a long-term fol-
low-up plan would help MRT research better address any 
long-term impacts following the procedure. These long-term 
impacts include the presence of the mitochondrial disease 
and sequelae. Long-term follow-ups should be specific to the 
mitochondrial disease at hand and coordinated between the 
physician and parents during childhood. Once the child is 
legally competent and there is no evidence of disease, fol-
low-ups may be refused58.

ASNTR recommendation.  The ASNTR Task Force found that 
the ISSCR Recommendation 2.2.3 on MRT offered several 
advantages and disadvantages. The advantages discussed 
included 1) the ability to treat heritable and possibly fatal 
mtDNA diseases, 2) the opportunity to explore and refine the 
ART techniques discussed earlier to make them safe and effi-
cacious before clinical application, 3) the requirement of a 
special oversight process, and 4) the encouragement for fur-
ther research on MRTs in humans to better understand the 
techniques and clinical implications. The disadvantages dis-
cussed included 1) the risk of mitochondrial carryover still 
being possible; 2) the disruption of mitochondrial and nuclear 
genomes; 3) the ethical implications of accessibility of 
resources for the ARTs, genetic modification of germline, 
and genetic link to parents and donor; and 4) the current laws 
and regulations restricting research in certain countries. 
Despite these disadvantages, the task force agreed to endorse 
this recommendation due to the need to address and support 
additional research to better understand MRT as a potential 
therapeutic for treating mtDNA disease. Further research 
would help ensure the safety and efficacy of MRT before 
clinical application of the ART. The ASNTR Task Force ulti-
mately endorsed the ISSCR Recommendation 2.2.3 on MRT.

Topic 5: Emerging Categories of Embryo 
Research That Merit Close Review—Heritable 
Genome Editing

ISSCR recommendation 2.2.3.1.  Until there is further scien-
tific clarity on how to achieve desired genetic alterations, 
additional evidence for safety, and wider discussion and con-
sensus on ethics (ie, whether it should be done and, if so, 
under which circumstances), any attempts to edit the mito-
chondrial genome or modify the nuclear genome of human 

embryos for the purpose of human reproduction is premature 
and should not be permitted at this time.

Background and rationale for ISSCR recommendation 
2.2.3.1.  With the emergence of genome editing, its potential 
uses in human embryos have sparked an important debate 
surrounding its ethics. Currently, there are many diseases, 
such as cystic fibrosis, alpha-1 antitrypsin, hemophilia, beta 
thalassemia, sickle cell, and infections, that potentially could 
be prevented through gene therapies59. For example, cystic 
fibrosis, a genetic disease that affects the lungs and pancreas, 
among other organs, causes difficulty breathing and increased 
susceptibility to pneumonia. This recessive disease is caused 
by mutations in both copies of the cystic fibrosis transmem-
brane conductance regulator (CFTR) gene.  There is poten-
tial for this disease to be prevented with gene therapy prior to 
or during pregnancy by targeting the CFTR60. In vitro 
research has successfully utilized clustered regularly inter-
spaced palindromic repeats (CRISPR)/Cas9 to inactivate 
CFTR in human epithelial cells61, thus creating the possibil-
ity for human translation.

Various methods for generating genetic alterations are 
currently in development. Of the more prevalent methods is 
the CRISPR/Cas9 system, which functions by attaching 
itself to the target DNA sequence with the help of a guide 
RNA and then excising the target DNA at that location62 
(Fig. 5). The targeted DNA can undergo a variety of pro-
cesses to disable, alter, replace, or remove the target sequence 
depending on the tools in place. While CRISPR has demon-
strated precise targeting abilities, it is still a developing bio-
technology with potential off-target effects63. These off-target 
effects may occur when CRISPR/Cas9 cleaves a non-tar-
geted genomic site, and the effects of these off-target events 
can be detrimental.

In 2015, Liang et al. performed the first set of experiments 
using CRISPR-associated systems in human tripronuclear 
zygotes and showed that CRISPR cleaved specific genes in 
embryonic cells64. The embryos experienced mosaicism, 
development of two or more genetically unique sets of cells 
in the body, and off-target cleavage in some cells. However, 
subsequent studies minimized mosaicism by modulating the 
cell cycle stage during editing65. Together, these experiments 
highlight the potential for gene editing in humans at early 
cell stages and the associated risks.

In 2018, a researcher crossed an ethical line by allowing 
two genetically altered embryos to develop to term, making 
them the first genetically altered humans66. The researcher 
used a CRISPR system designed to target and delete 32 base 
pairs from the CCR5, the gene responsible for coding a pro-
tein necessary for human immunodeficiency virus (HIV) to 
infect T-cells. Some humans, particularly a select few in 
northern Europe, are born without this gene and have been 
shown to have HIV infection resistance with no known detri-
mental effects67. The goal of this research was to produce 
humans that would be resistant or immune to the variants of 
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HIV that require the CCR5 protein. At the time, the CRISPR 
technology was unable to make this precise change without 
errors. Reportedly one of the children was a heterozygote, 
and both children experienced mosaicism. The CRISPR sys-
tem did not delete 32 base pairs but instead made numerous 
changes to CCR5. Those changes would theoretically disable 
the CCR5 protein, but these genomic edits have not previ-
ously been recorded in humans, and the true effect of these 
edits is unknown. This research prompted outrage from 
numerous communities.

ASNTR recommendation.  Risks such as off-target effects, 
improper DNA repair, and downstream genetic effects of 
genome editing remain to be addressed thoroughly. Besides 
the safety concerns, there are ethical concerns such as con-
sent, human rights, religious views, availability, and equality. 
With all these concerns in mind, the ISSCR recommendation 
2.2.3.1 was accepted by the ASNTR Task Force. While 
potentially preventable diseases will remain a risk under this 
recommendation, this does ensure that unintended and off-
target effects are not caused in humans. The recommendation 
also ensures that sanctioned research can be done safely and 
that no ethical concerns will be violated. When considering 
all the potential risks, a clear consensus in favor of this rec-
ommendation was reached.

Topic 6: Classifying Stem Cell-, Cell-, and Tissue-
Based Interventions

ISSCR recommendation 3.1.1.  Stem cells, cells, and tissues that 
are substantially manipulated or used in a non-homologous 
manner must be proven safe and effective for the intended 
use before being marketed to patients or incorporated into 
standard clinical care.

Background and rationale for recommendation 3.1.1.  The ther-
apeutic use of manipulated stem cells, cells, or tissues for 
non-homologous treatments is complex, speculative, and has 
potential health, ethical, and regulatory risks to recipi-
ents68,69. There is a need for products to be thoroughly tested 
in preclinical and clinical studies and evaluated by regulators 
before these products are distributed as drugs, biologics, and 
advanced-therapy medicinal products70. Manipulated stem 
cells, cells, or tissues are classified based on the degree of 
manipulation: minimally manipulated, substantially manipu-
lated, or for non-homologous use71,72.

Minimally manipulated stem cells, cells, and tissues gen-
erally are non-expanded cells that have been isolated from 
biological material, where processing does not alter the rel-
evant biological characteristics of the tissue’s utility for 
reconstruction or repair73. Minimally manipulated cells and 
tissues are subjected to fewer regulatory requirements. 
Despite available literature containing varied protocols and 
studies performed in vastly different clinical settings, mini-
mally manipulated stem cells have been shown to be safe 
and beneficial in the short term74–76. For example, several 
studies have examined autologous minimally manipulated 
adipose-derived mesenchymal stem cells (MSCs) for treat-
ing osteoarthritis and tissue preparation used for structural 
support77 and have concluded the treatment to be safe and 
successful in patients78–80. These adipose-derived MSCs 
commonly are enzymatically extracted from fat lipoaspi-
rates as a stromal vascular fraction, followed by ex vivo 
expansion, which often lead to significant cellular senes-
cence and decreased multipotential and regulatory chal-
lenges81. Novel methods have been developed for harvesting 
and processing adipose tissue without the need for enzy-
matic treatment or expansion. These methods lead to clini-
cal utility for autologous minimally manipulated 

Figure 5.  There are various methods for generating genetic alterations. One of these methods is the CRISPR/Cas9 system, in which 
gene editing of the human zygote and germline transfers edited genes to subsequent generations.
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adipose-derived MSCs suitable for direct injection in the 
clinic or cryopreservation for future use82.

Challenges of using minimally manipulated cells include 
optimizing cell isolation techniques, developing advanced 
devices for delivery systems, and defining standardized pro-
tocols to ensure long-term safety and efficacy. In situ tissue 
engineering proposes a new approach for the use of mini-
mally manipulated cells in the operating room75,83,84. Unlike 
other therapeutic products containing cultured cells, mini-
mally manipulated stem cells, cells, and tissues do not require 
authorization in order to be marketed, making their safety 
profile an attractive therapeutic option. With these types of 
cells and tissue, the responsibility rests on the clinician to 
invite independent scrutiny of the manipulation process, 
such that scientific and regulatory experts can determine the 
proper level of regulatory oversight. Since it is advisable to 
contact legally authorized regulatory bodies if there is uncer-
tainty or disagreement about the regulatory status of particu-
lar therapeutic interventions, this lack of oversight is 
dependent on the ethics of the clinician.

In contrast, substantially manipulated stem cells, cells, 
and tissues are subjected to processing steps that alter their 
original structural or biological characteristics (eg, isolation 
and purification processes, tissue culture and expansion of 
the cells, genetic manipulation, etc)71. For example, the 
enzymatic digestion of tissue is considered a substantial 
manipulation and must therefore be subject to regulatory 
oversight as an advanced-therapy medicinal product85–87. 
The safety and efficacy of substantially manipulated cells 
and tissues cannot be assumed because the composition of 
the intervention may differ from the original tissue source. 
Demonstration of safety and effectiveness will depend on the 
particular intervention and the specific condition targeted, 
and therefore subject to approval by the US FDA.

Cells and tissue used in a homologous manner, whether 
substantially manipulated or not, means that they are used to 
maintain the original function in the same anatomical envi-
ronment. Cells and tissue used in a non-homologous manner, 
whether substantially manipulated or not, means that they 
are repurposed to perform a different function in the recipi-
ent prior to being removed, processed, and transplanted or 
otherwise delivered from the donor. While there are potential 
benefits to non-homologous use of cells and tissue, these 
also can pose serious risks.

Adipose-derived cell therapy has demonstrated a favor-
able safety profile given the underreporting of adverse 
events88,89. There is a need for future research to focus on 
higher-quality reporting of adverse events and adequately 
controlled trials with rigorous and comprehensive adverse 
event reporting. Only adverse events that are looked for will 
be found. For example, there are well-documented reports of 
vision loss with the use of adipose-derived stromal cells to 
treat macular degeneration90. A meta-analysis of the safety 
profile and efficacy of MSC therapy for acute myocardial 
infarction and ischemic heart failure also found that the clini-

cal trials reported highly variable definitions and descrip-
tions of adverse events91.

ASNTR recommendation.  The ISSCR recommendation 3.1.1 is 
as follows and depends on the degree of manipulation of the 
stem cells, cells, and tissues (Fig. 6). For minimally manipu-
lated stem cells, cells, and tissues, the ISSCR recommends 
that the FDA and other international regulators release detailed 
standards to delineate when manipulation of cell-based prod-
ucts can no longer be considered minimal or their use homolo-
gous and must be subject to regulatory oversight as an 
advanced-therapy product. For substantially manipulated stem 
cells, cells, and tissues, the ISSCR recommends that they be 
evaluated by national regulators as drugs, biologics, and 
advanced-therapy medicinal products. For non-homologous 
use of stem cells, cells, and tissues, the ISSCR recommends 
evaluation by regulators following the completion of well-
designed and carefully controlled preclinical and clinical stud-
ies. The ASNTR Task Force supported this recommendation.

Discussion

Advances in biomedical technologies have extended the 
boundaries of previously established regulatory guidelines 
pertaining to stem cell research. Such guidelines included 
limiting the study of hPSCs and their derivatives from use 
under various conditions. Other guidelines constrained the 
use of hPSCs in creating human–animal chimeras because of 
the potential contribution of human stem cells to the brain 
and germline. Advances in technology raised concerns about 
the use of gene-editing approaches that would introduce per-
manent changes in the human germline and concerns regard-
ing human mitochondrial transfer and exchange.

These and other issues were assessed by the ASNTR Task 
Force to review the new guidelines recommended by the 
ISSCR for stem cell research and determine whether these 
guidelines should also be adopted by the ASNTR. After the 
ASNTR Task Force endorsed the support of the ISSCR 
guidelines, these recommendations were each put to a vote 
by the ASNTR membership. The majority of those voting 
were in favor of accepting the ISSCR recommendations.

Topic 1: Studies Transplanting Human Stem 
Cells or Their Direct Derivatives Into the CNS of 
Animals

The ASNTR Task Force found reasons to adopt ISSCR 
guideline 2.2.1.1. We recommend that the exact composition 
of the committee does not need to be consistent across insti-
tutions but should focus on ensuring that a comprehensive 
array of perspectives is considered. Furthermore, it was sug-
gested that the animal review committees should increase the 
diversity of perspectives by including biosafety and bioeth-
ics as considerations for approving human–animal stem cell 
chimera protocols.
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Topic 2: Human–Animal Chimeric Embryo 
Research

The ASNTR Task Force found reasons to adopt ISSCR guide-
line 2.2.2.2. Adopting this recommendation will ensure that 
chimeric embryo and in utero research should proceed for the 
minimum time necessary to achieve the scientific aim.

Topic 3: Culture of Human Embryos Beyond 
Formation of the Primitive Streak or 14 Days

The ASNTR Task Force found reasons to adopt ISSCR 
guideline 2.2.2.1. In addition to adopting the guideline, we 
recommend that a new in vitro limit should be set, despite no 
proposal for such a new limit in the guideline, a drawback to 

Figure 6.  Recommendations for FDA approval or no FDA approval before a therapeutic can be marketed depend on the degree of 
manipulation of the stem cells and derivative cells and tissues. The reprogramming of cells for cellular therapy is considered to be a 
substantial manipulation of stem cells, cells, and tissues and requires FDA approval, while minimally manipulated stem cells, cells, and 
tissues do not require authorization to be marketed.
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the recommendation. This discussion on a new limit should 
address public concerns regarding human embryo research.

Topic 4: MRTs

The ASNTR Task Force found reasons to adopt ISSCR 
guideline 2.2.3. There is a need for additional research to bet-
ter understand MRT as a potential therapeutic to treat mtDNA 
disease. Further research would help ensure the safety and 
efficacy of MRT before clinical application of the ART.

Topic 5: Emerging Categories of Embryo 
Research That Merit Close Review—Heritable 
Genome Editing

The ASNTR Task Force found reasons to adopt ISSCR 
guideline 2.2.3.1. Until there is further scientific clarity, any 
attempts to edit the mitochondrial genome or modify the 
nuclear genome of human embryos for the purpose of human 
reproduction are premature and should not be permitted at 
this time. The recommendation also ensures that sanctioned 
research can be done safely, and no ethical concerns will be 
violated.

Topic 6: Classifying Stem Cell-, Cell-, and Tissue-
Based Interventions

The ASNTR Task Force found reasons to adopt ISSCR 
guideline 3.1.1. For minimally manipulated stem cells, cells, 
and tissues, we recommend following FDA guidelines for 
oversight as an advanced therapy product. For substantially 
manipulated stem cells, cells, and tissues, we recommend 
that the investigational product should be evaluated by 
national regulators as drugs, biologics, and advanced-ther-
apy medicinal products. For non-homologous use of stem 
cells, cells, and tissues, we recommend it be evaluated by 
regulators following the completion of well-designed and 
carefully controlled preclinical and clinical studies.

This concludes the recommendations for incorporating 
new guidelines for research on stem cells by the ASNTR 
based on those recommended by the ISSCR.
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