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 Biopharmaceutical Research and Development
◦ In-vivo and in-vitro models 

 Disease modeling generally
◦ Organoids
◦ Organ-on-a-chip and body-on-a-chip systems

 Solid organs and other tissue replacement.
 Prosthetics and other implants.
 Models for pre-surgical training.
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 Purpose 
◦ Replacing diseased tissues and organisms – how about for 

enhancement?
 Source of Cells
◦ Embryonic stem cells – how about combined with animal cells? 

 The use of an instrument to manipulate human nature.
◦ Eugenics & cloning? New species?

 Information and consent.
◦ Public need to know, privacy and human subjects in 

experimentation.
 Safety
◦ Unknown risk/benefit ratio vs established therapy.

 Justice and access.
◦ Affordability; availability, commodification (parts as commodity).

Patuzzo S, Goracci G, Gasperini L, Ciliberti R. 3D Bioprinting Technology: Scientific 
Aspects and Ethical Issues. Science and Engineering Ethics. 2018;24(2):335-348.
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 Biomaterials derived from non-human organisms, such as gelatin (from 
porcine skin) or alginate (from seaweed), may induce immunological 
responses, introduce pathogens. 22

 Use of living stem cells in any bioprinting therapy, even cells derived 
from the patient, carries risks, including tumor formation, 
immunological reactions, the unpredictable behavior of the cells, and 
long-term health effects yet unknown.24

 Transient forces in 3D bioprinting may direct stem cells towards an 
undesired lineage.22

 3D bioprinting process often requires curing to convert liquid bioink into 
a more solid form. The effects of such exposure may cause DNA 
damage,25 which may not be apparent initially.4

 Biodegradation may lead to cytotoxicity, clotting, inefficient excretion 
resulting in a buildup of toxins in the body, and migration of by-
products.26

Gupta N, Agarwal S. Three-Dimensional Bioprinting: Role in Craniomaxillary Surgery 
Ethics and Future. Journal of Craniofacial Surgery. 2020;31(4):1114-1116.
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 Development of authentic bioinks, which can 
mimic the complex and diverse composition of 
various tissues is not easy.

 Quality control is problematic if the only reliable 
test for functionality is implantation. 

 If the organ is successful in one person it does 
not guarantee functionality in other person22 as 
each organ/tissue is customized.

 Procedures need to be cost-efficient, so that they 
can be utilized by people from all financial strata.

Gupta N, Agarwal S. Three-Dimensional Bioprinting: Role in Craniomaxillary Surgery 
Ethics and Future. Journal of Craniofacial Surgery. 2020;31(4):1114-1116.
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Aswar, U.M. Ethical Principles: Nuremberg code, declaration of Helsinki 
and Belmonte Report , Sinhgad Institutes, 9/17/2013

Laid the foundation for current guidelines on informed consent
and human experimentation.
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 In a letter to the editor of Lancet in 1990, Arthur 
Caplan a University of Minnesota Ethicist stated: 
◦ “Ethicists have offered opinions about the morality of 

research proposals and generally support bodies such as 
institutional review boards to oversee clinical research. 

◦ The primary hindrance to controlled clinical trials in the 
USA today is not the regulations that emerged in the 1970s. 
Nor is it the rantings of ethicists about the immorality of 
such trials. 

◦ The morality of randomized trials is being questioned by 
patient advocacy groups and by many pharmaceutical and 
device companies.”
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Otto, I. A., C. C. Breugem, J. Malda, and A. L. Bredenoord. "Ethical Considerations 
in the Translation of Regenerative Biofabrication Technologies into Clinic and 
Society." [In English]. Biofabrication 8, no. 4 (Dec 2016): 7.
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 “In translational medicine, dynamic interactions 
between scientists, clinicians, ethicists, patients, 
and other members of society are instrumental in 
enabling effective scientific progress.”1

 “Ethics is sometimes regarded as a brake on 
science, yet in our perspective, ethics provides 
moral guidance and the incentive to continuously 
refocus on the scientific direction and its 
impact.”2

1. van Delden J JMand Bredenoord AL 2015 Future challenges for 
bioethics: regenerative medicine Global Bioethics: What for? edGSolinis 
(Paris: UNESCO Publishing) pp 137–41
2. Otto, I. A., C. C. Breugem, J. Malda, and A. L. Bredenoord. "Ethical 
Considerations in the Translation of Regenerative Biofabrication Technologies 
into Clinic and Society." [In English]. Biofabrication 8, no. 4 (Dec 2016): 7.
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 Positive ethical consequences, for example, 
creating alternatives to animal testing (e.g. drug 
testing), filling a therapeutic need for minors and 
avoiding species boundary crossing.

 There is a need for disease and drug testing 
models.

 3D bioprinting remains an untested clinical 
paradigm and is based on the use of living cells 
placed into a human body; there are risks 
including teratoma and cancer, dislodgement and 
migrations of implant.

Vermeulen, Niki et al. "3d Bioprint Me: A Socioethical View of 
Bioprinting Human Organs and Tissues." J med Ethics 43 (2017): 7.
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 In 2006, Shinya Yamanaka described successful 
reprogramming of human somatic cells into a 
pluripotent state that was similar to embryonic stem 
cells (ESC) in both its phenotype and transcriptome.

 Researchers may now pursue the more recently 
developed “Induced Pluripotent Stem Cell” (iPSC) 
technologies, or collect multipotent stem cells 
(adult/somatic stem cells) for producing pluripotent 
stem cells for 3D tissue engineering in order to 
bypass the destruction of human embryos.

Anderson, C. W., et al. "Stem Cells in Cardiovascular Medicine: The Road to 
Regenerative Therapies." Current Cardiology Reports 19, no. 4 (Apr 2017).

Li, P., and A. Faulkner. "3d Bioprinting Regulations: A UK/EU Perspective."  
European Journal of Risk Regulation 8, no. 2 (Jun 2017): 441-47.
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 Clustered Irregular Interspaced Short Palendromic Repeats.
 Gene drive – process by which mutations or corrections in 

genetic code can be “driven” through subsequent 
populations. Approaching 100% vs Mendelian inheritance 
of 50%.

 Changes in organisms with longer lifespans take longer to 
occur; and conversely, short lived organisms like insects 
may see rapid changes 
◦ The addressing Zika infected populations of mosquitos with Zika-

resistant gene with guide RNA and Cas protein.
 Somatic gene editing vs. editing the germline.
 Moderate intuitionism and Anticipatory Ethics are 

approaches ethicists take to study these technologies.

Nestor MW, Wilson RL. Beyond Mendelian Genetics: Anticipatory Biomedical Ethics and 
Policy Implications for the Use of CRISPR Together with Gene Drive in Humans. Journal of 
Bioethical Inquiry. 2020;17(1):133-144. 
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Volarevic V, Markovic BS, Gazdic M, et al. Ethical and Safety Issues of Stem Cell-Based 
Therapy. Int J Med Sci. 2018;15(1):36-45. doi:10.7150/ijms.21666
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Volarevic V, Markovic BS, Gazdic M, et al. Ethical and Safety Issues of Stem Cell-Based 
Therapy. Int J Med Sci. 2018;15(1):36-45. doi:10.7150/ijms.21666
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Volarevic V, Markovic BS, Gazdic M, et al. Ethical and Safety Issues of Stem Cell-Based 
Therapy. Int J Med Sci. 2018;15(1):36-45. doi:10.7150/ijms.21666
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Star Tribune, Minneapolis, MN, October 30, 2018.
Photo – RetractionWatch.com 
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Chinese scientist who produced genetically 
altered babies sentenced to 3 years in jail
By Dennis Normile, Dec. 30, 2019 , 8:15 AM

He Jiankui, the Chinese researcher who stunned the world last year by 
announcing he had helped produce genetically edited babies, has been found 
guilty of conducting “illegal medical practices” and sentenced to 3 years in 
prison.

A court in Shenzhen found that He and two collaborators forged ethical review 
documents and misled doctors into unknowingly implanting gene-edited 
embryos into two women, according to Xinhua, China’s state-run press agency. 
One mother gave birth to twin girls in November 2018; it has not been made 
clear when the third baby was born. The court ruled that the three defendants 
had deliberately violated national regulations on biomedical research and 
medical ethics, and rashly applied gene-editing technology to human 
reproductive medicine.

…“He had defied government bans and conducted the research in the 
pursuit of personal fame and gain.”

He Jiankui
(pronounced HEH JEE'-an-qway)
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In the article, He and colleagues outlined five general principles to 
be followed when performing human gene editing, summarized as 
follows: mercy for families in need, only for serious disease never 
vanity, respect a child’s autonomy, genes do not define you, and 
everyone deserves freedom from genetic disease.

He et al.  failed to disclose their conflict of intertest.
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Theranos founder Elizabeth Holmes has been convicted of defrauding 
investors after a months-long landmark trial in California.
BBC News January 4, 2022

Prosecutors said Holmes knowingly lied about technology she said could detect 
diseases with a few drops of blood. Jurors found Holmes guilty of conspiracy 
to commit fraud against investors and three charges of wire fraud. She denied 
the charges, which carry a maximum prison term of 20 years each.
Holmes was able to raise more than $900m from billionaires such as media 
magnate Rupert Murdoch and tech mogul Larry Ellison. The firm promised it 
would revolutionize the healthcare industry with a test that could detect 
conditions such as cancer and diabetes with only a few drops of blood.

But these claims began to unravel in 2015 after a Wall Street Journal 
investigation reported that its core blood-testing technology did not work.

Holmes was not taken into custody, with no date confirmed yet for sentencing 
and a further hearing scheduled next week.
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 Protecting personal data.
 Avoid inappropriately extending the human lifespan.
 Avoid inappropriate cosmetic use.
 Managing public expectations.
 Avoiding scientific research exploitation.
 Recognizing conflict of interests of the experts.
 Maintaining transparency of the entire process.
 Making it affordable.
 Meeting supply and demand of human or non-human 

animal transplants.

Prof. Steven S. Saliterman
DHHS Organ Procurement and Transplantation Network.
https://optn.transplant.hrsa.gov/. November 2020
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UNOS (United Network for Organ Sharing) 
https://unos.org/data/transplant-trends/. November 2020
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UNOS (United Network for Organ Sharing) 
https://unos.org/data/transplant-trends/. November 2020

Prof. Steven S. Saliterman Bentley, TS, N.J. Ortner. Milliman Research Report, 2020
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 Brain organoids - self organized cellular 
structures that evolve to form brain tissue.

 Considerations:
◦ Research oversight, 
◦ Procurement and donor consent translational 

delivery, 
◦ Animal research, 
◦ Organoid consciousness and moral status.

Hyun I, Scharf-Deering JC, Lunshof JE. Ethical issues related to brain organoid 
research. Brain Research. 2020;1732.
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 Is there a limit to what should be bioprinted 
in medicine?

 How do we examine risks of significant harm 
associated with testing 3D constructs.

 Clinical trial paradigms.
 Ethical questions of irreversibility, loss of 

treatment opportunity and replicability.
 Need for of a specific framework for 

regulation and testing.
Gilbert F, O’Connell, C.D., Mladenovska, T. et al. Print Me an Organ? Ethical and 
Regulatory Issues Emerging from 3D Bioprinting in Medicine. Sci Eng Ethics 2018;24(1).
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Gilbert F, Viana JNM, O'Connell CD, Dodd S. Enthusiastic portrayal of 3D bioprinting 
in the media: Ethical side effects. Bioethics. 2018;32(2):94-102.

PubMed Indexed Papers World Indexed Patent Applications
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 Mass media is an important source of health information for 
the public.

 English articles indexed
by Factiva related to
3D bioprinting:

Gilbert F, Viana JNM, O'Connell CD, Dodd S. Enthusiastic portrayal of 3D bioprinting 
in the media: Ethical side effects. Bioethics. 2018;32(2):94-102.
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 Uses of Bioprinting
 Ethical issues
◦ Safety

 Ethical Practices
◦ Thought leaders
◦ Induced Pleuripotential Stem Cells (IPSC)
◦ Integrity

 Our Responsibility
◦ Transplants

 Emerging Concerns
◦ Brain Tissue
◦ Regulations
◦ Media/Press Coverage


