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Abstract: CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) as a gene editing 

tool is a precise and promising technology. By CRISPR technology, human gene can be introduced 

into the animal gene pool to develop chimera for human like cells/tissue. However, the long-term 

effects of gene editing in human are unknown. After revisiting the state-of-the-art publications in this 

discipline, it appears that the possibility of development to full-term chimeric/non-human animal by 

CRISPR technic for xenotransplantation is a future reality. Concern over the safety and ethical issues 

of gene modification remain for the xenotransplant recipient and the regulators. Countries like UK and 

the USA might find a leeway within which they would legally practice the research of development of 

the “non-human animal” to extract organs genetically compatible with the human body by hovering 

around the legal terminology. This article highlights the clinical, ethical, legal, and social issues of 

chimeric non-human animals for developing human-compatible organs. We have predicted how real 

and near the future is for gene modification and animal-human chimera formation for the purpose of 

xenotransplantation. 
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Introduction: Longevity can not be achieved 

without access to healthcare and the support 

of cutting-edge medical technologies. Organ 

transplant is the only option open to certain 

types of patients with particular health 

conditions. There are always more people 

waiting for a transplant than the available 

organs from donated sources 1.  According to 

US Department of Health and Human 

Services, over 100,000 Americans wait for 

organ transplants, and 6,000 of them pass 

away for waiting per year1. Science is 

exploring a new possibility to develop a 

chimera (fusion of more than one distinct set of 

genes of different animals) from the non-

human animal for organ harvesting that is 

genetically compatible with human body2. 

CRISPR is the breakthrough technic for the 

creation of chimera introducing human 

particular organ gene into non-human animal 

that ultimately particular organ of nonhuman 

takes the recepient organ phanotype3. 

However, gene modification is not beyond the 

clinical, legal and ethical issues. After revisiting 

the literature, we can predicton how real and 

near the future is for the xenotransplantation. 

Law and the regulations regarding gene 

modification research in the selected countries’ 

context were discussed in this article. We also 

have briefly analysed the clinical, legal and 

ethical issues involved in the  

xenotransplantation (organ transplant from the 

chimeric non-human animal source to human).  

 

Methodology: This review article  was  

prepared by extensive literature review of  the 

published articles and  books relating to the 

legal, clinical and ethical issues in “gene 

editing to form chimera” at the Department of 

Law, University of Dhaka, during the period of 

2018 to 2022.  PubMed, Google Scholar, 

Embase and HeinOnline were the preferred 

search engines. Relevant websites were also 

searched for the content on the subject matter. 

Chimera, CRISPR, ethics, non-human animal, 

and xenotransplant were the possible 

keywords to retrieval of the literature. This 

article investigated the law relating to research 

and the use of chimera in certain particular 

countries.  The article search for the 

preparation of this writing includes publications 

between 2012 and 2023. The way forward, 

conclusion, and recommendations are the 

strength of this paper.  

 

What is  Chimera: Chimera is a single 

organism that is made up of cells of different 

embryonic origins and expresses two sets of 

phenotypes 4.  In antiquity, “chimera” was 

considered a monster-like creature composed 

of the body of a lion and head of a goat and 

the tail of a snake that was worshiped in Greek 

and Egyptian mythology4. Hermaphroditism (a 

person has both sex) is an example of a 

naturally occurring chimera5.  Microchimerism 

(transfer of a small number of two sets of 

genetic material/cells/ tissue) also occurs 

during pregnancy (fetus to mother) 6, 

conjoined twins (sharing genetic material of 

both babies)7, organ transplantation 8 and 

blood transfusion 9 etc. So “chimera” can be 

referred as the introduction of cells/ DNA of an 

individual into another organism to develop a 

cells/tissue/organ of an individual for human 

disease and treating several disorders.  

CRISPR-Cas 9 technology of gene 

modification system cut a specific sequence of 

DNA through artificial restriction enzymes that 

alter specific sites of DNA in any organism by 

adding, activating, deleting or suppressing 

genes 10. Researchers developed transgenic 

mice injecting ESC (embryonic stem cell) from 

a black mouse into a blastocyst from a white 

mouse and formed a bicolored (combination of 

black and white color) mouse chimera 11. This 

system of genome modification can be used in 

plants and animals as well 10.  

However, technological advancement now has 

opened up the development of interspecies 

hybrids chimera research for the procurement 

of human organs by CRISPR/Cas 9 

intervention. Transfer of rat iPSC (induced 

pluripotent stem cell) into mouse blastocysts to 

produce mouse embryos with organs of rat 

has been successfully achieved 12.  In that 

way, human iPSC can be injected into 

blastocysts (107 cells stage embryo at 3 day) 

of genetically altered animals that give rise of 

autologous human organs 13. Afterwards the 

chimeric (reaching required size) organ is 

harvested on the day of transplantation by 
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sacrificing the animal.  With further 

development of technology, site-specific gene 

modification by Cas9 mRNA and sgRNAs is 

successful in one-cell fertilized eggs even 13. 

CRISPR/Cas9 mRNA and sgRNAs open up 

iPSCs from a somatic cell bypassing animal 

germ line cell to produce own organs, which is 

a breakthrough invention and may reduce 

certain ethical crisis 14.  

CRISPER/Cas 9 technic suppresses the 

immune response, as a consequence reduces 

the long-term need of immunosuppressive 

drugs after transplantation15,16. CRISPR kits 

are significantly cheaper, easier, and more 

efficient than others (for example, ZFNs or 

TALENs)17.  

 

The Legal Framework of Genome Editing,  

Development of Chimeric Non-Human 

Animal  and Xenotransplantation in Select 

States: Gene editing Research is legal in the 

UK18 with  restricted regulatory framework19. 

Human Fertilization and Embryology Authority 

(HFEA) Act 1990 says “gene editing or 

transfection can be investigated for research 

purpose”19. Embryo research for the creation 

of a human embryo in vitro, is allowed till 14th 

day after fertilization before the formation of 

the primitive streak 20. Therefore, this law 

permits any type of germline research 

including human admixed embryo and 

chimeric embryo formation till the second week 

after fertilization 21.   

 

The 1997 Oviedo Convention for the 

Protection of Human Rights and Dignity of the 

Human Being sets the boundary for human 

genome modification. Article 13 of the Oviedo 

Convention states that the human genome can 

be modified only for the “preventive, diagnostic 

or therapeutic purposes” and it is not allowed 

to introduce or do any modification of the 

genome of the next generation 22. Only 29 

countries have ratified the Oviedo Convention 

until 2022. However, the USA and UK are not 

signatories to this convention 23.   

 

However,  the Embryology Act of 2008 (UK), in 

its  Section 4, prohibits to create, handle and 

storage of human-animal admixture of embryo 
24. Human-animal embryo research can be 

done only by a license24. Developing a non-

human gene edited chimeric animal in a host 

animal to full term to derive an organ 

compatible with human body, does not seem 

to be legal under the current law of UK. 

However, Currently, Home Office of UK in 

January 2016 stipulated new regulation that 

research involving the use of human material 

in animals requires authorization of the HFEA 

and research body and Animals in Science 

Committee 25. 

On the other hand, the law of the United 

States stipulates gene editing in human 

embryos without any legislative restriction 

before 200526. National Institute of Health 

(NIH) Revitalization Act in 1993 allowed 

research involving human embryos and 

embryo research was funded by NIH 27. 

However, ten years later, in 2005 the U.S. 

National Research Council and the Institute of 

Medicine recommended limits on research of 

human-nonhuman cells including animal-

human chimeras4.  Moreover, current, Human-

Animal Chimera Prohibition Act of 2021 

contains rules on:  a) create, attempt to create 

human-animal chimera, b) transfer or attempt 

to transfer a human embryo into a nonhuman 

womb, c) transfer or attempt to transfer a 

nonhuman embryo into a human womb 28. A 

clinical trial of gene therapy is currently highly 

regulated by the FDA’s (US Food and Drug 

Administration) 29 and also xenotransplantation 

research, of live cells, tissues, or organs from 

a nonhuman animal source into a human 

recipient are regulated by Cellular, Tissue and 

Gene Therapies Advisory Committee of the 

FDA 30, 31. Admixture of human and animal 

research are not eligible for NIH funding 32. 

Nevertheless, 83% of respondents can 

personally accept research on human-animal 

chimeric embryos 33. 

However, French and German law stipulates 

restrictions to develop chimeric human 

embryo. Both countries are not clear about the 

law of human-animal chimera formation4. 

Japan allows the human-animal chimeric 

development until the preimplantation stage 

(fourteen days of post-fertilization) but 
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prohibited to chimera transfer into an animal 

uterus 4.  

Ethical,  Legal, Clinical, and Societal Issues 

Concerning the Chimera: CRISPR gene 

modification is a versatile method. However, it 

is a  new system of biomedical tools that has 

raised clinical, legal, ethical, and societal 

concerns. A multidisciplinary intellectual 

approach is required to address the legal, 

moral-ethical and social implications of gene 

modification having biomedical applications 5.  

Legal Issue: There is a lack of legal consensus 

on whether this technology should be 

controlled by individuals or requires 

international regulation 34. Intellectual property 

rights on CRISPR (most likely patent) may limit 

the access to healthcare for all 16. Research in 

human-animal chimera and therapeutic 

application need tough Government regulation 
16.  

Ethical issues Concerning the Chimeras:  

Certain ethical controversies surround genetic 

modification research (where embryonic stem 

cells accrue by the destruction of a human 

embryo). Destruction of the embryo is not 

permitted in some religions (including 

Catholics and Hindus who consider it immoral) 
35. They consider life begins at the time of 

fertilization. The moral status of the conception 

is contemplated as human 35. Autonomy and 

vulnerability are the legal and ethical concerns 

regarding the research with chimera 32.  

In human-animal chimeric research, pigs are 

usually used as hosts for organs because the 

organ size and metabolism of the pigs are 

almost compatible with humans.  However, it 

raises ethical concerns over the welfare of the 

animals 32. Moreover, CRISPR /Cas9 technic 

with the human iPSC encompasses questions: 

would it develop a human-like intelligent brain 

(in the host), demonstrate human-like 

language, the ability to learn and solve 

complex problems and have human emotions? 

Can it be justified to destroy them simply 

because they are not human? 36. Are they 

created just to satisfy the human quest for 

longevity? How can we anticipate the risks-

benefits ratio? morals, safety,  

Clinical Issues with Chimera: CRISPR/Cas9 

method includes risk since it requires different 

DNA arrangements to changes. Moreover, 

CRISPR causes 50% more off-target activity-

induced mutations than the desired mutation, 

which could lead to genomic instability and 

disrupt functionality 37. However, the risk of 

exchanging off-target mutants within the same 

species may increase the heritable mutant 

quality. Off-target mutant gene may exchange 

to other species and has the chance to 

transform negative characteristics to 

generation 10. Patients may suffer the 

psychological risk of sorrow, anxiety, and 

distress in life for the plausibility of hereditary 

illness in their child. 

However, animal-human chimeric organs for 

transplantation may pose serious risks 

because of the expression of animal proteins 

that could elicit serious immunological 

reactions 38.  CRISPR human-animal 

technology may entail deliberate risk of injury 

or death of cell that may cause harm to   

human safety and dignity 39. Considering the 

unpredicted applications, a careful 

examination of its moral and societal 

suggestions is required 38.  

Another important clinical concern is that the 

fetus is not small adult in development and 

function40. Digestion, metabolism, and protein 

expression of the embryo is quite different than 

in adults. Therefore, fetal development by 

gene modification cannot be accomplished for 

an adult’s disease40. 

Societal Issues: Social inequity and injustice is 

the concern with high-tech animal-human 

chimera 41. CRISPR technic is high-cost 

medical treatment. All costs for implant and 

post implant medical care will be borne by the 

recipient 42. Only the rich and famous will be 

able to afford it, which increase the gap 

between rich and poor who really need the 

technology medically 42. Furthermore, there 

are concerns about the CRISPR technology 

that patients may not live long after spending 

high cost of the therapy 38. Germline and/or 

somatic cells may intend to order for designing 

a particular phenotype42. And there may be a 

black market for the organ transplants 43.  
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Conclusion: From the above literature, it can 

be concluded that moral and legal doctrine 

emerge that embryos do not have the moral 

status as human persons till fourteen days 

after fertilization. This provides the moral 

status less than human as it is still in cellular 

entity. This paves the way for genetic editing 

research.  The development of iPSCs from 

a somatic cell by CRISPR process is a 

breakthrough research that bypasses animal 

germ line cells and is still capable to produce 

own organs. This is a versatile research and it 

may change the definition of chimera. 

Research is still legally possible for the 

development of organs genetically compatible 

with humans in certain countries. By this 

technic an embryo may not be required to be 

destroyed for research. Gene editing tech of 

iPSC may provide own organ for transplant 

surgery by reducing transplant truism and 

black market. Possibility of the 

xenotransplantation is a distant future reality. 

Strict law and regulation are required for the 

biomedical application of this new technology. 

Moreover, this CRISPR/cas9 procedure may 

have the possibility of long-term adverse side 

effects. The scientific rigor of non-human-

human chimera is necessary before the clinical 

application. Finally, the introduction of 

xenotransplantation products should be 

considered only for medically indicated specific 

conditions of patients. The age and overall 

health conditions of the recipient may be taken 

into consideration.  

 

References:  

1. Gumbrecht J. US government announces plan to 
overhaul organ transplant system. CNN Health. CNN Wed 
March 22, 2023. 
https://edition.cnn.com/2023/03/22/health/organ-
transplant-system-hhs/index.html (Accessed in 1 June 
2023) 
2.Wu J, Luengo AP, Sakurai M, Sugawara A, Gil MA, 
Yamauchi T, et al. Interspecies chimerism with 
mammalian pluripotent stem cells. Cell. 2017 
Jan;168:473-486.  
DOI: https://doi.org/10.1016/j.cell.2016.12.036  
3. Tsuchida A ,  Zhang S , Doost MS ,  Zhao Y ,  Wang J , 
O’Brien  Eh  et al. Chimeric CRISPR-CasX enzymes and 
guide RNAs for improved genome editing activity. 2022, 
82; 6: 1199-1209.e6 
https://doi.org/10.1016/j.molcel.2022.02.002    
4. Bourret, R., Martinez, E., Vialla, F, Giquel C, Thonnat-
Marin A, and De Vos J. Human–animal chimeras: ethical 
issues about farming chimeric animals bearing human 
organs. Stem Cell Res Ther 2016;7:1-7. 
DOI: https://doi.org/10.1186/s13287-016-0345-9 

5. Madan K. Natural human chimeras: A review. European 
Journal of Medical Genetics 2020;63(9): 103971.  
DOI: http://doi.org/10.1016/j.ejmg.2020.103971  
6. O'Donoghue K. Fetal microchimerism and maternal 
health during and after pregnancy. Obstet Med. 
2008;1(2):56-64.  
DOI: http://doi.org/10.1258/om.2008.080008   
7. Waszak M, Cieślik K, Wielgus K, Słomski, R., Szalata, 
M., Skrzypczak-Zielińska, M., Kempiak, J., & Bręborowicz, 
G. Microchimerism in twins. Arch Med Sci. 
2013;9(6):1102-1106.  
DOI: http://doi.org/10.5114/aoms.2013.39212   
8. Lowsky R and  Strober S. Establishment of Chimerism 
and Organ Transplant Tolerance in Laboratory Animals: 
Safety and Efficacy of Adaptation to Humans. Front. 
Immunol 2022; 13: 1-22. 
DOI:https://doi.org/10.3389/fimmu.2022.805177  
9. Bloch EM, Jackman RP, Lee TH, Busch MP. 
Transfusion-associated microchimerism: the hybrid 
within. Transfus Med Rev. 2013;27(1):10-20.  
DOI: http://doi.org/10.1016/j.tmrv.2012.08.002  
10. Grant EV. FDA regulation of clinical applications of 
CRISPR-CAS gene-editing technology. Food Drug Law J. 
2016;71(4):608-33. 
https://pubmed.ncbi.nlm.nih.gov/29140647/(Accessed on 
25 Feb 2022).  
11.GOV.UK. [Internet]. London: Home Office. Guidance 
on the use of Human Material in Animals; 2016 
https://assets.publishing.service.gov.uk/government/uploa
ds/system/uploads/attachment_data/file/491496/Animals_
Containing_Human_Material_Final_Guidance.pdf 
(Accessed on 25 Feb 2022). 
12. U.S. Food and Drug Administration. [Internet]. 
Rockville, MD: Center for Biologics Evaluation and 
Research.  Source Animal, Product, Preclinical, and 
Clinical Issues Concerning the Use of Xenotransplantation 
Products in Humans; 2016. 
https://www.fda.gov/media/102126/download (Accessed 
on 25 April 2022). 
13. Niu Y, Shen  B, Cui  Y, Chen  Y, Wang  J, Wanget L, 
et al. Generation of Gene-Modified Cynomolgus Monkey 
via Cas9/RNA-Mediated Gene Targeting in One-Cell 
Embryos. Cell [Internet]. 2014 [cited 2022 July 
30];156(4):836-43.  
DOI: http://doi.org/10.1016/j.cell.2014.01.027  
14.Takahashi K and Yamanaka S. Induction of pluripotent 
stem cells from mouse embryonic and adult fibroblast 
cultures by defined factors. Cell. 2006;126(4):663-676.                                                            
DOI: http://doi.org/10.1016/j.cell.2006.07.024  
15. Kobayashi T, Yamaguchi T, Hamanaka S, Kato-Itoh 
M, Yamazaki Y, Ibata M, et al. Generation of rat pancreas 
in mouse by interspecific blastocyst injection of pluripotent 
stem cells. Cell. 2010;142:787–99.  
DOI: 10.1016/j.cell.2010.07.039. 
16. Tuttle BC. The failure to preserve crispr-cas9's 
patentability post Myriad and Alice. J. Pat. & Trademark 
Off. Soc'y. 2016; 98:391. 
https://www.jptos.org/index.php?mact=News,cntnt01,print,
0&cntnt01articleid=464&cntnt01showtemplate=false&cntnt
01returnid=97 (Accessed on 25 April 2022). 
17. Rothschild J. Ethical considerations of gene editing 
and genetic selection. J Gen Fam Med. 2020;21(3):37-47. 
Published 2020 May 29.  
DOI: http://doi.org/10.1002/jgf2.321   
18.Zaret A. Editing embryos: considering restriction on 
genetically engineering humans. Hastings L.J. 
2016;67:1810-11. https://www.hastingslawjournal.org/wp-
content/uploads/Zaret-67.6.pdf (Accessed on 25 April 
2022). 
19. HFEA (Human Fertilisation & Embryology Authority). 
HFEA Licence Committee – minutes [Internet]. HFEA, 
London; 2016 [cited 2022 April 7] 
https://www.hfea.gov.uk/media/2444/licence-committee-
minutes-14-january-2016.pdf (Accessed on 7 April 2022) 

https://www.cnn.com/profiles/jamie-gumbrecht
https://edition.cnn.com/2023/03/22/health/organ-transplant-system-hhs/index.html
https://edition.cnn.com/2023/03/22/health/organ-transplant-system-hhs/index.html
https://doi.org/10.1016/j.cell.2016.12.036
https://doi.org/10.1016/j.molcel.2022.02.002
https://doi.org/10.1186/s13287-016-0345-9
http://doi.org/10.1016/j.ejmg.2020.103971
http://doi.org/10.1258/om.2008.080008
http://doi.org/10.5114/aoms.2013.39212
https://www.frontiersin.org/people/u/1420786
https://doi.org/10.3389/fimmu.2022.805177
http://doi.org/10.1016/j.tmrv.2012.08.002
https://pubmed.ncbi.nlm.nih.gov/29140647/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/491496/Animals_Containing_Human_Material_Final_Guidance.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/491496/Animals_Containing_Human_Material_Final_Guidance.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/491496/Animals_Containing_Human_Material_Final_Guidance.pdf
https://www.fda.gov/media/102126/download
http://doi.org/10.1016/j.cell.2014.01.027
http://doi.org/10.1016/j.cell.2006.07.024
https://www.jptos.org/index.php?mact=News,cntnt01,print,0&cntnt01articleid=464&cntnt01showtemplate=false&cntnt01returnid=97
https://www.jptos.org/index.php?mact=News,cntnt01,print,0&cntnt01articleid=464&cntnt01showtemplate=false&cntnt01returnid=97
https://www.jptos.org/index.php?mact=News,cntnt01,print,0&cntnt01articleid=464&cntnt01showtemplate=false&cntnt01returnid=97
http://doi.org/10.1002/jgf2.321
https://www.hastingslawjournal.org/wp-content/uploads/Zaret-67.6.pdf
https://www.hastingslawjournal.org/wp-content/uploads/Zaret-67.6.pdf
https://www.hfea.gov.uk/media/2444/licence-committee-minutes-14-january-2016.pdf
https://www.hfea.gov.uk/media/2444/licence-committee-minutes-14-january-2016.pdf


Jamil et al.                                                                        Bangladesh Journal of Bioethics 2023; 14(2):13-18 

18 

20. Jamil A. Patent framework for the human stem cells in 
Europe and the USA: innovation, ethics and access to 
therapy [Internet: Dissertation]. Bologna: Alma Mater 
Studiorum Università di Bologna; 2016  
DOI: http://doi.org/10.6092/unibo/amsdottorato/7739  . 
21.Council of Europe. Details of Treaty No.164. 
Strasbourg Cedex, France: Council of Europe; 1997 
https://rm.coe.int/168007cf98( Accessed on 7 July 2022). 
22.Council of Europe. Details of Treaty No.164. 
Strasbourg Cedex, France: Council of Europe; 1997 
https://rm.coe.int/168007cf98 (Accessed on 8 July 2022). 
23.Council of Europe. Chart of signatures and ratifications 
of Treaty 164. Strasbourg Cedex, France: Council of 
Europe;https://www.coe.int/en/web/conventions/full-
list?module=signatures-by-treaty&treatynum=164   
(Accessed on 7 July 2022). 
24.Human Fertilisation and Embryology Act 2008 
[Internet]. U.K.: The National Archives. Section 4A 
Prohibitions in connection with genetic material not of 
human origin; [cited 2022 July 7]. Available from: 
https://www.legislation.gov.uk/ukpga/2008/22/section/4  
(Accessed on 7 July 2022). 
25.GOV.UK. [Internet]. London: Home Office. Guidance 
on the use of Human Material in Animals; 2016 [cited 2022 
July 8]. 
https://assets.publishing.service.gov.uk/government/uploa
ds/system/uploads/attachment_data/file/491496/Animals_
Containing_Human_Material_Final_Guidance.pdf  9  
(Accessed on 8 July 2022). 
26. Ledford H. CRISPR fixes disease gene in viable 
human embryos. Nature. 2017; 548:13–14.  
DOI: https://doi.org/10.1038/nature.2017.22382 . 
27. National Institutes of Health. 1994. 
https://www.ncbi.nlm.nih.gov/books/NBK236531/ 
(Accessed on 28 June 2022). 
28. Congress.govt. Human-Animal Chimera Prohibition 
Act of 2021 https://www.congress.gov/bill/117th-
congress/senate-bill/1800( Accessed on 28 June 2022). 
29.What is Gene Therapy? New Hampshire Ave 
Silver Spring, MD:  US Food and Drug Administration. 
Available from: https://www.fda.gov/vaccines-blood-
biologics/cellular-gene-therapy-products/what-gene-
therapy. (Accessed on 24 May 2019). 
30. U.S. Food and Drug Administration. [Internet]. 
Rockville, MD: Center for Biologics Evaluation and 
Research.  Source Animal, Product, Preclinical, and 
Clinical Issues Concerning the Use of Xenotransplantation 
Products in Humans; 2016 
https://www.fda.gov/media/102126/download (Accessed 
on 9 July 2022). 
31. US Food and Drug Administration [Internet]. 
Washington DC: US Food and Drug Administration. 
Cellular, Tissue, and Gene Therapies Advisory 
Committee; 2019. https://www.fda.gov/advisory-
committees/blood-vaccines-and-other-biologics/cellular-
tissue-and-gene-therapies-advisory-committee (Accessed 
on 24 May 2019). 
32. Moy A. Why the moratorium on human-animal chimera 
research should not be lifted. Linacre Q. 2017;84(3):226-
231. DOI: http://doi.org/10.1080/00243639.2017.1293931.  
33. Crane AT, Shen FX, Brown JL, et al. The American 
Public Is Ready to Accept Human-Animal Chimera 
Research. Stem Cell Reports. 2020;15(4):804-810. DOI: 
http://doi.org/10.1016/j.stemcr.2020.08.018   
34. Kritikos M. European Parliamentary Research Service. 
Scientific Foresight Unit (STOA) 2018 
https://www.europarl.europa.eu/RegData/etudes/ATAG/20

18/624260/EPRS_ATA(2018)624260_EN.pdf (Accessed 
on July 12 2022). 
35.Shamima Parvin Lasker. Challenge of 21st Century to 
Integrate the Reproductive Technologies Concerning the 
Beginning of Human Life. Bangladesh Journal of Bioethics 
2012; 3(1):3.  

DOI: https://doi.org/10.3329/bioethics.v3i1.10865 
36. Mann SP, Sun R,  Hermerén GA. Framework for the 
Ethical Assessment of Chimeric Animal Research 
Involving Human Neural Tissue. BMC Med Ethics 
2019;20(1):1-9. DOI:https://doi.org/10.1186/s12910-019-
0345-2 . 
37. Zhang XH, Tee LY, Wang XG, Huang QS, Yang SH. 
Off-target Effects in CRISPR/Cas9-mediated Genome 
Engineering. Mol Ther Nucleic Acids. 2015;4(11):e264. 
DOI: http://doi.org/10.1038/mtna.2015.37    
38. Rasul MF, Hussen BM, Salihi A, Mohammed FR, 
Ismael BS, Jalal PJ et al. Strategies to overcome the main 
challenges of the use of CRISPR/Cas9 as a replacement 
for cancer therapy. Mol Cancer 2022; 21, 64 (). 
https://doi.org/10.1186/s12943-021-01487-4 
39. Ishii T. Germline genome-editing research and its 
socioethical implications. Trends Mol Med. 
2015;21(8):473–81. DOI: 
http://doi.org/10.1016/j.molmed.2015.05.006   

40.Lasker SP. Debate on Pediatric Research. Bangladesh 
J Bioethics 2013;4(1):1. DOI:   
https://doi.org/10.3329/bioethics.v4i1.14262 
 41.Kritikos M. European Parliamentary Research Service. 
Scientific Foresight Unit (STOA) 2018 
https://www.europarl.europa.eu/RegData/etudes/ATAG/20
18/624260/EPRS_ATA(2018)624260_EN.pdf (Accessed 
on 1 June 2023) 
42.Niemiec E, Howard HC. Ethical issues related to 
research on genome editing in human embryos. 
Computational Structural Biotechnology Journal. 
2020;18:887–96.       
DOI: http://doi.org/10.1016/j.csbj.2020.03.014  
43.Lisa-Ann Lee. Are human-pig chimeras the solution to 
the organ donation crisis? [Internet] New Atlas, Gizmag 
Pty Ltd.; 2017. 
https://newatlas.com/human-pig-chimera/47613 
(Accessed on 1 June 2023) 
 
 
 
 
Author Contribution:  Arif Jamil developed the article, 
collected the required research articles to develop this 
paper and made the first draft. Shamima P Lasker did the 
literature review, drafted the article and corrected the 
references style according to Journal and meticulously 
corrected the writing for final version. Ahmed Ragib 
Chowdhury checked the article and references. Andrew 
Seow went through the article, added his comments and 
edited where necessary.  All authors finally confirmed the 
text as ready for submission for the publication.  
 
Conflict of interest: None 
 
Funding: Self 
 

 
 
 
 
 

 

http://doi.org/10.6092/unibo/amsdottorato/7739
https://rm.coe.int/168007cf98
https://rm.coe.int/168007cf98
https://www.coe.int/en/web/conventions/full-list?module=signatures-by-treaty&treatynum=164
https://www.coe.int/en/web/conventions/full-list?module=signatures-by-treaty&treatynum=164
https://www.legislation.gov.uk/ukpga/2008/22/section/4
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/491496/Animals_Containing_Human_Material_Final_Guidance.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/491496/Animals_Containing_Human_Material_Final_Guidance.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/491496/Animals_Containing_Human_Material_Final_Guidance.pdf
https://doi.org/10.1038/nature.2017.22382
https://www.ncbi.nlm.nih.gov/books/NBK236531/
https://www.congress.gov/bill/117th-congress/senate-bill/1800
https://www.congress.gov/bill/117th-congress/senate-bill/1800
https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/what-gene-therapy
https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/what-gene-therapy
https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/what-gene-therapy
https://www.fda.gov/media/102126/download
https://www.fda.gov/advisory-committees/blood-vaccines-and-other-biologics/cellular-tissue-and-gene-therapies-advisory-committee
https://www.fda.gov/advisory-committees/blood-vaccines-and-other-biologics/cellular-tissue-and-gene-therapies-advisory-committee
https://www.fda.gov/advisory-committees/blood-vaccines-and-other-biologics/cellular-tissue-and-gene-therapies-advisory-committee
http://doi.org/10.1080/00243639.2017.1293931
http://doi.org/10.1016/j.stemcr.2020.08.018
https://www.europarl.europa.eu/RegData/etudes/ATAG/2018/624260/EPRS_ATA(2018)624260_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/ATAG/2018/624260/EPRS_ATA(2018)624260_EN.pdf
https://doi.org/10.3329/bioethics.v3i1.10865
https://doi.org/10.1186/s12910-019-0345-2
https://doi.org/10.1186/s12910-019-0345-2
http://doi.org/10.1038/mtna.2015.37
https://doi.org/10.1186/s12943-021-01487-4
http://doi.org/10.1016/j.molmed.2015.05.006
https://doi.org/10.3329/bioethics.v4i1.14262
https://www.europarl.europa.eu/RegData/etudes/ATAG/2018/624260/EPRS_ATA(2018)624260_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/ATAG/2018/624260/EPRS_ATA(2018)624260_EN.pdf
http://doi.org/10.1016/j.csbj.2020.03.014
https://newatlas.com/human-pig-chimera/47613

