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Bioethics

Lecture 3

- Genetic Frontiers
Andrew Fiala, Ph.D.
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Course Plan

* March 27: Introduction and The End of Life: Euthanasia/Assisted Suicide
* What makes life worth living? What is a good death?
* April 3: The Beginning of Life: Abortion and Reproductive Technologies
* When does life begin? Who controls reproduction—and for what purpose?
* April 10: Improving Life: Genetic Frontiers: Preimplantation Genetic
Selection, CRISPR and gene editing, eugenics
* Should we improve mother nature?

***Spring Break™**

* April 24: Social Issues: justice, distributions, etc.
* Whose Life Matters? Who benefits? Who is harmed?
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Ethical Theories

* Libertarian

* Isit freely consented to without harming

others?
e Natural Law

* Does it fulfill natural purposes or functions?

e Utilitarian

* Does it maximize the greatest happiness for

the greatest number?

* Kantian Deontology

* Can we universalize it? Does it respect
persons?

Basic Values

* Nonmaleficence

* Beneficence
* Utility
 Distributive Justice

* Autonomy

* Precautionary Principle

FRESNGSTATE

Ethics Center

Ethical Issues in improving life

* Further issues regarding creating life

* Eugenics
* Negative
* Positive
* Personal

* Procreative Benevolence and
Autonomy

* Promethean Agency

* Child’s right to an open future

* Savior Siblings

* CRISPR and genetic manipulation

* Cloning

* Stem Cells and Regenerative Medicine

Ethical Questions

Who benefits?

Who is harmed?

Is autonomy respected?
Are there natural purposes
or functions involved?

Are the vulnerable
protected?
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"Brave New Families?”

* 50% of all American children will live with a single mother
before they are eighteen

* 8% of households with children are headed by a single father

* 50% of births to American women under 30 occur outside of

marriage

* 25% of same-sex couples in the US are raising children,
according to 2010 census.
* (Munson and Lague 350-51)

How many “parents” can (should) a child have?

* Sperm donor
* Egg donor
* Gestational surrogate

* “Adopted”
father/mother

* “Adopted”
mother/father

California SB 274: “Third Parent Law”

Most children have two parents, but in rare cases, children
have more than two people who are that child’s parent in
every way. Separating a child from a parent has a
devastating psychological and emotional impact on the
child, and courts must have the power to protect children
from this harm.

Where more than two people have claims to parentage, the
court may, if it would otherwise be detrimental to the child,
recognize that the child has more than two parents.
https://leginfo.legislature.ca.gov/faces/billINavClient.xhtml|?
bill id=201320140SB274



https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201320140SB274
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Three-parent child

Harvard.edu, August 2018
http://sitn.hms.harvard.edu/flash/20
18/mitochondrial-transfer-making-
three-parent-babies/

* Replace damaged
mitochondria in mother’s
egg with healthy
mitochondria from another
woman’s donor egg

* Nuclear DNA from the
mother and father, as well
as mitochondrial DNA from
the donor egg

Mother

The Cell

,"/‘ A \.“".
u"/ '@
11‘ V

\\\.. ' // 2

Empty egg

MHealthy mitochondria

Nuclear DNA

- 20,000 - 40.000 genes

- 99% of total DNA

- Inherited from both mother and father

Mitochondrial DNA

- 37genes

- 1%oftotal DNA

- Inherited from mother only
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Same-sex couple carries same 'miracle' baby in what may be
fertility world first (Reciprocal In Vitro Fertilization)

USA Today, Oct. 29, 2018

https://www.usatoday.com/story/news/nation-now/2018/10/29/same-sex-couple-carries-same-baby-ivf-fertility-treatment-first/1804554002/

* "She got to carry him for five days and was a big part of the fertilization,

and then | carried him for nine months...”



http://sitn.hms.harvard.edu/flash/2018/mitochondrial-transfer-making-three-parent-babies/
https://www.usatoday.com/story/news/nation-now/2018/10/29/same-sex-couple-carries-same-baby-ivf-fertility-treatment-first/1804554002/
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Discussion

* What is your opinion about
artificial reproductive
technologies?

* What should a family look
like?

Genetic Controls/Intervention

* Patents and ownership of genes and * Eugenics: Negative and Positive

genetic tests * Dignity and Personhood (vs. genetic
* Precision medicine (and genetic determinism)

information and privacy and * Procreative Beneficence and

insurance concerns) obligations to future generations

* Regenerative medicine (and stem Disability Rights vs. “Ableism”

cells)
. . * Embryonic stem cells vs. reverted
* Genetic Screening (and IVF and cells—and human personhood
abortion)

* Gene Editing (and CRISPR)

* Issues in Screening and Counseling
(non-directive counseling)

* Genetic Discrimination and Privacy
Concerns
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Genetic
Controls/Interventions

* Diagnosis

* Knowledge and Preparation
* Screening

* Pre-implantation (IVF)

* Abortion

* Engineering (editing)

* EUGENICS?

* “improving” the genetic components of a species...

Positive Eugenics: breeding better specimens
Negative Eugenics: preventing bad genes from being reproduced

Who gets to decide which genes are better/worse?

Sex Selection at the Fertility Clinic

https://www.sdfertility.com/fertility-treatments/genetic-testing/gender-selection#

* Gender Selection at San Diego Fertility Center

* A number of prospective parents inckuire about the ﬁpssibility of choosing the%ender of their baby. Advances in reproductive technology
have allowed San Diego Fertility Center to provide this exciting option to individuals and couples undergoing fertility treatment. We
practice two methods to help prospective parents select the sex of their new baby — whether they choose to do so in order to help avoid
gender-specific disorders or to better balance out their family.

¢ What is gender selection?

* Gender selection (also called sex selectionf)jis a medical technique used by prospective _lparents who wish to choose the sex of their
pﬁsFrmg. Gender selection is performed through sperm separation or genetic testing. The embryos with the desired sex are then
implanted into the woman’s uterus.

* How does gender selection work?
. Preimglantation Genetic Screeninﬁ sPGSE genetically tests the embryo for the presence of two X chromosomes (female) or one X and one
. 3 bryos are analyzed with almost 100% accuracy.

Fertility Center Call Todayt +1 858 794 6363 | TR

Why SOC Trestmere feanceg rternatics Resources Coract

We're creating miracles every day.



https://www.sdfertility.com/fertility-treatments/genetic-testing/gender-selection
https://www.sdfertility.com/fertility-treatments/genetic-testing/pgs
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Sex Selection at the Fertility Clinic

https://www.sdfertility.com/fertility-treatments/genetic-testing/gender-selection#

e Why use gender selection?

* Sometimes couples use gender selection to help prevent serious genetic diseases and chromosomal disorders that are gender-
specific. For example, sex-linked diseases like muscular dystrophy and hemophilia that are inherited via the mother will'only
affect male offspring. In addition, conditions like Fragile X or autism often present more severely in one gender than in the other.

* Other times, prospective parents turn to sex selection when they have a strong desire to complete or “balance” their family
according to their own personal %Ians. There are also cases where a couple feels a |};)sycholo ical need to have a child of a certain
gender, either because they feel better equipped to raise a child of that gender or because they lost a child previously.

e What is the cost of gender selection?

* SDFC has a standard flat-fee for testing a total of 8 embryos in a period of 9 months. The fee for this PGS or Gender Selection is
$4250. A total of 8 embryos will be tested whether orglot they come from the same IVF cycle as long as they are tested ina 9

month window. Additional embryos can be tested for $250 each.
Fertilit y Center Call Todayt +1 858 794 6363 | RN
- P— sanding eerradons [ conc

We're creating miracles every day.

v

Dor Yeshorim
http://doryesho Is this an acceptable form of eugenics?

rim.org/

Since 1983 Screening: YIiSH )I{IM ABOUT GETTING TESTED v FAQ NEWS & EVENTS RESOURCES v

L e oo Philosophy

* Gaucher’s disease

Dor Yeshorim was built on the premise
that fatal and debilitating recessive ’
£ genetic disorders, prevalent in Jewish ‘
YESH {()RlM circles, have absolutely no reason to be

e\
perpetuated. 4 . },v)

Q In fact, as evidenced

to eradicate fatal

tion of Tay Sachs,

by the elimin



https://www.sdfertility.com/fertility-treatments/genetic-testing/gender-selection
http://doryeshorim.org/
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Diagnosing, Screening,
Se|ecting Blood screen

Three simple screens

* Diagnosis: in a concrete individual 123
who has symptoms

* Screening: widespread tests across a
population who show no symptoms

* Selecting: choosing embryos or

Help entify inherited
endocrine and metabolic

fetuses
* IVF with

* Pre-implantation genetic screening— PGS
(choosing viable embryos)
* Pre-implantation genetic diagnosis—PGD
(choosing non-diseased embryo)
* Selective/therapeutic abortion

TRANSFER
1O UTERUS

Julian Savulescu, “Procreative Beneficence: Why
we should Select the Best Children” (2001)

* You should select for intelligence and other non-
disease traits that promote well-being

* “we have a moral obligation to test for genetic
contribution to non-disease states such as intelligence
and to use this information in reproductive decision-
making” (315)

* “couples should select the child, of the possible
children they could have, who is expected to have the
best life, or at least as good a life as the others, based

on the relevant, available information” (316) Julian Savulescu
b. 1963
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Julian Savulescu, “Procreative Beneficence: Why
we should Select the Best Children” (2001)

* Not coercive eugenics
* Based upon “procreative autonomy”

¢ Parents should be free to choose the best for their
children

* Focus on IVF with PGD
* Not gene editing

* Social impacts (equality) are irrelevant

Julian Savulescu
b. 1963

Savulescu, “Procreative Beneficence”
The Social Inequality Problem

* You should chose the best offspring even if there
are resulting social inequalities

* You are not responsible for the resulting
inequalities

* You owe it to your offspring to choose the best
for them

* The way to fix social inequalities is different
from the issue of selecting your child
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Michael Sandel, “The Case Against
Perfection” (2004-article; book 2009)

* Autonomy and choice
* V/s. accepting the given-ness of nature and procreation

* Promethean agency (hyperagency)
* We want to control everything
* Vs. Humility

* Cosmetic surgery

* Gene therapy

* Genetic screening (IVF with PGD)
* Gene editing

i

Perfection
e -
. -

Michael Sandel
b. 1953

)

Michael Sandel, “Against Perfection’
The “Giftedness of Life”

* “To acknowledge the giftedness of life is to
recognize that our talents and powers are not
wholly our own doing, despite the effort we
expend to develop and exercise them. It is also
to recognize that not everything in the world is
open to whatever use we may desire or devise.
Appreciating the gifted qualities of life constrains
the Promethean project and conduces to a
certain humility” (322)

10
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Michael Sandel, “Against Perfection”
“We do not choose our children”

* “To appreciate children as gifts is to accept
them as they come, not as objects of our
design or products of our will or instruments
of our ambition... We do not choose our
children. Their qualities are unpredictable...
That is why parenthood, more than other
human relations, teaches what the theologian
William May calls an openness to the
unbidden” (322)

)

Michael Sandel, “Against Perfection’
Example: Education

 Send your kids to best schools
* Pay for tutors and prep courses
* “Hyperparenting”

* How about cheating?
* "ADHD diagnoses for kids that don’t need it?
* Using Ritalin/Adderall in off-labor usage as cognitive enhancement?
* Engineering your kid for superior talent—intellectual or athletic??

* Ex. the “Varsity Blues” Cheating scandal

11
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Discusssion

* Is there anything wrong with “positive
eugenics” via screening and selection?
* For diseases?
* For sex/gender?
* For other genetic tendencies?

* Do parents have the right to exercise
procreative autonomy-

* Is there an obligation toiproduce the best
child (“procreative beneficence”)?

* Are we misguidedly pursuing perfection
and denying the “giftedness of life”?

Right to an open future and “natura

|II

“normal” procreation?

* Does a child have a right to be conceived naturally?
* Is this related to the right to an open future?

* Does engineering a child violate its rights?

* What about so-called “savior siblings”?

12
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Savior Sibling: the Ayala family

* Anissa Ayala (1988)
* 15 years old
* chronic myelogenous leukemia
* Needs bone marrow transplant

* Her Parents decide to have another child

* Father, Andy Ayala was 45 and sterilized by vasectomy
* Vasectomy was reversed
* Mother, Mary Ayala was 42

* Marissa Eve born in 1990
* Age 14 months: bone marrow was extracted
* Anissa’s illness was successful treated

* Follow up Video:

https://www.msnbc.com/today/watch/sisters-recall-
controversial-medical-transplant-44545603913

Discusssion

* What do you think about savior
siblings?

* |s there such a thing as the “right to an
open future”?

13
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CRISPR Gene editing

Clustered Regularly Interspaced Short Palindromic Repeats
Ex. Cas9: “CRISPR Associated protein 9”

works

* To remove diseases
* Ex. Huntington’s disease

* China 2018:

* First example of gene editing in
human beings to improve resistance
to HIV

£=. How CRISPR
¥

* Could it be used to create “designer

babies”? mm:::’m‘"é R

Precautionary Principle and CRISPR

* Engineering HIV-resistant babies may have

accidentally changed their brains

* Popular Science, Feb. 22, 2019

* https://www.popsci.com/china-gene-edited-twins-more-changes

* Alcino J. Silva, a neurobiologist at UCLA who has been

conducting research on the cognitive effects of CCR5 [the
gene that was edited in China] that, “the simplest
interpretation is that those mutations will probably have an
impact on cognitive function in the twins,” though it’s
impossible to predict in what ways and to what extent...

14
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Precautionary Principle and CRISPR

* Engineering HIV-resistant babies may have accidentally changed their brains
* Popular Science, Feb. 22, 2019

* https://www.popsci.com/china-gene-edited-twins-more-changes

* Since November, many researchers around the world have called the
work done by the Chinese team irresponsible. That’s mainly because,
from a research ethics perspective, scientists still don’t know enough
about the CRISPR technology to apply it to humans just yet. There are still
unresolved issues like off-target eﬁ‘ects, in which the CRISPR technology
edits genes that look like the ones they are meant to cut, but aren’t, and
mosaicism, in which only part of the entire genome gets edited. Both of
these deficiencies, when they accumulate, will have effects that are
unpredictable to scientists. The stakes are elevated even higher when you
edit germ-line cells, as the Chinese researchers did. These genetic tweaks
remain for every generation that follows; so those twin babies, if they
had children, would pass on the genetic alteration for CCR5.

MIT Technology Review, April 10, 2019

https://www.technologyreview.com/s/613277/chinese-scientists-have-put-human-brain-
genes-in-monkeysand-yes-they-may-be-smarter/

Chinese scientists have put human brain genes in monkeys—and yes,
they may be smarter

15
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Somatic Cell Nuclear Transfer (SCNT—therapeutic cloning)
Nuclear Reprograming (iPS—adult stem cell reversion)

Therapeutic cloning Nuclear reprogramming .
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The overwheiming consensus of the workd's Scentific and medical Communibes is that human reproductive Coning
should be banned

Pet cloning is bringing human cloning a little bit closer

People are copying pets to preserve a physical, and spiritual, connection to dead children.

Technology Review April 13, 2018
https://www.technologyreview.com/s/610681/human-cloning-just-got-a-little-bit-closer-heres-why/

* Barbra Streisand revealed to Variety magazine that she’d had her
dog cloned for $50,000, many people learned for the first time that copying
pets and other animals is a real business.

* That’s right: you can pay to clone a dog, a horse, or a top beef bull and get
a living copy back in a matter of months.

* The story that sent shivers up my spine, though, came out a few days later.
It was about Monni Must, a Michigan portrait photographer who paid to
clone Billy Bean, a Labrador retriever that had belonged to her oldest
daughter, Miya.

* Miya had committed suicide 10 years earlier. To Must, cloning the elderly
dog was a way to keep her daughter’s memory alive and, she says, to
“protect” her grief.

4/10/19
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Pet cloning is bringing human cloning a little bit closer

Technology Review April 13, 2018
https://www.technologyreview.com/s/610681/human-cloning-just-got-a-little-bit-closer-heres-why/

* Alarm bells went off in my head. Must
wasn’t just cloning a pet. She was trying to
preserve a lost child. It seemed awfully
close to a real human cloning scenario, one
in which a heartbroken parent tries to
replace a son or daughter who dies early.

* | shot a question to Jose Cibelli, an animal
cloning scientist at Michigan State
University: Is it time to worry about human
Cloning again? Labrador retriever Billy Bean

* Cibelli quickly e-mailed back: “Yes.” and her clone, Gunni.

Cloning monkeys @
. . N’moml
https://academic.oup.com/nsr/issue/6/1 N S R Science  gme

Review

Ethical Issues:
https://www.news.com.au/technology/sci
ence/animals/chinas-geneedited-monkey-
clones-raise-ethical-concerns/news-
story/f333597bf24df0ba4f170680d07baf
2d

17
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Ethical Issues for Cloning Monkeys

https://www.news.com.au/technology/science/animals/chinas-geneedited-monkey-
clones-raise-ethical-concerns/news-story/f333597bf24df0ba4f170680d07baf2d

China’s latest monkey cloning experiment has sparked outrage and
been labelled “monstrous” by animals welfare advocates.
Researchers at the Chinese Academy of Sciences Institute of
Neuroscience have cloned five monkey babies from a single donor
with genes edited to cause diseases.

The Chinese scientists tinkered with a specific gene in the original
donor monkey to produce the unhealthy animals which they say
will help medical research.

The gene is BMAL1, which helps regulate the circadian rhythm but
scientists made it inoperative using a gene-editing tool, known

as CRISPR. With the gene turned off, the animals are at greater risk
of developing sleeping problems, hormonal disorders and a host of
diseases.

Ethical Issues for Cloning Monkeys

https://www.news.com.au/technology/science/animals/chinas-geneedited-monkey-
clones-raise-ethical-concerns/news-story/f333597bf24df0ba4f170680d07baf2d

Researchers used a cloning technique known as somatic cell
nuclear transfer to produce the five macaques, the same method
they used to generate the first two cloned monkeys this time last
year.

It is also the same general method used to clone Dolly the sheep
more than two decades ago.

The experiment to clone the two healthy monkeys, reported in the
journal Cell in January last year, also caused some apprehension
among the broader scientific community.

“The genie’s out of the bottle now,” said Jose Cibelli at the time, a
cloning expert at Michigan State University in the US.

18
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Ethical Issues for Cloning Monkeys

https://www.news.com.au/technology/science/animals/chinas-geneedited-monkey-
clones-raise-ethical-concerns/news-story/f333597bf24dfOba4f170680d07/baf2d

Animals rights advocated have slammed the latest experiment. Dr Julia Baines, Science Policy Adviser at
PETA UK, said: “Genetically manipulating and then cloning animals is a monstrous practice that causes
animals to suffer.”

But speaking to news.com.au in June, Director of the Chinese Academy of Sciences Institute of
Neuroscience and co-author of the latest papers, Dr Mu-ming Poo, defended the practice of using cloned
animals for medical research.

“More cloned monkeys will soon be produced,” he said at the time. “Some of them will carry gene
mutations known to cause human brain disorders, in order to generate useful monkey models for drug
development and treatment.”

It’s important to note that because primates share approximately 95 per cent of human genes and a
number of physiological and anatomical similarities, biomedical research currently uses a large number of
monkeys, sometimes up to 100,000 annually around the globe.

“This number will be greatly reduced by the use of monkeys with uniform genetic background that
reduces the noise in experimental studies,” Dr Poo said, pointing to the example of testing drug efficacy
before clinical trials.

“This will greatly help the ethical use of non-human primates for biomedical purposes.”

Leon Kass, “Wisdom of Repugnance” (1997)

The Repugnance Argument = intuitionism/emotivism

Three Problems with Cloning

1. Clones Persons individuality and identithy
2. Viewing begetting as manufacturing
3. Treating children as property

* Slippery Slope Problem Leon Kass

b. 1939

* Therefore: Ban on Clonin
& Cf. Chap 3, “Implications of Prenatal

Diagnosis for the Human Right to Life”
(1973/1985)
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Leon Kass, “Wisdom of Repugnance” (1997)

* Cloning is emblematic of the age: narcissistic, arrogant, rootless, divorced from
sexual ethics and traditional morality

* Clone is a manufactured person based upon want and self-interest

* Compare with “unwanted children” who are aborted out of our self-interest (including
interest in sex without reproduction)

* Cloning is repugnant and therefore wrong

* Itis “Frankensteinian hubris” and “man playing God
* Repugnance is a sign of something wrong

* Burden of proof is on the one who claims that our repugnance is based on
ignorance or silly superstition

Leon Kass, “Wisdom of Repugnance” (1997)

* Cloning violates human nature
* Which is sexual and in which individuals have two genetic parents)

* Cloning perverts and pollutes “begetting and belonging” )= it corrupts sex and family
relationships
* Sexuality is a sign of our finitude or mortality
* We need others to complete ourselves (cannot reproduce without a partner)
* And the child we produce is not entirely our own
* Sexual reproduction is the hope of immortality (i.e., of transcending our own lives)
* But the child is beyond our control (because even its genes are not entirely our own)

* “the severing of procreation from sex, love, and intimacy is inherently
dehumanizing”

20
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Leon Kass, “Wisdom of Repugnance” (1997)

Cloning is Wrong

* Undermines natural family ties
* Similar to incest: the clone is the twin brother of his own father, etc.
. Lei';ldds to the commaodification life (turns life into a commodity to be bought and
>0 ) * Perversity of the whole idea of producing optimum babies = “man becomes man-made”
* Cloning as despotism
* Perverse attempt to control the future by controlling the genes of your offspring

» Symptom of our desire for total control
* BUT sexuality and death remind us of our limits: loning attempts to go beyond human limits

* Unjust to the clone
* Clone will lack unique being with a singular identity

Discussion NSRi: .®

* |s there anything wrong with
CRISPR?

* Are you worried about germ-
line interventions?

* |s there anything wrong with
cloning animals? Or cloning 5% SPR)
humans? '

* Is there “wisdom in
repugnance”? Or is this simply
prejudice?

21
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Stem Cells and Regenerative Medicine

* From “totipotent” to “pluripotent”

Pluripotent Stem Cells

* Embryonic stem cells

* V. Adult (reverted or “induced”) stem

cells

* Treatments for:
* Parkinson’s disease
* Diabetes
* Damaged Spinal nerves
* Cystic fibrosis
* Muscular dystrophy
* Organ transplantation
* Munson and Lague, p. 274

Invwo
fertilized €99

(Totpotent

8 cell
embryo

Cultured
undifferentiated
stem cells |

Blastocyst

Blood cells

Cardiac muscle

How iPS cells changed the world
Induced pluripotent stem cells (iPS) were
supposed to herald a medical revolution.
But ten years after their discovery, they
are transforming biological research
instead.

Nature.com, 15 June 2016
https://www.nature.com/news/how-ips-
cells-changed-the-world-1.20079

Shiya Yamanaka won & Nobel (rize for b work 0n repeogramening S04 cotle 1o 8n embeyorc-the
sate

INDUCING A

REVOLUTION

Shinya Yamanaka's discovery
spurred thousands of publications
on the identity, characteristics and
many uses of iPS cells in research.

ZODBG)— Yamanaka, of Kyoto University in Japan,

reveals that just four genes can
reprogram adult mouse cells into

2007 (- Yamanaka and James Thomson at the

report creation of human iPS cells.

2008 C

Skin cells from people

with Parkinson's disease _
are transformed into

2009

dopamine-producing
neurons in a bid to model
the disease in a dish.

Several teams start to demonstrate
that iPS cells can be created without
inserting genes into the genome.

2010?

embryonic-like, ‘pluripotent’ iPS cells.

University of Wisconsin-Madison both

2013C

2014 - Researchers in Japan begin the first,
and so far only, test of iPS-derived
cells in people, attempting to treat
a degenerative eye condition.

2015 ()-The Japanese trial is halted.
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Magill and Neaves, “Ontological and Ethical Implications
of Direct Nuclear Reprogramming” (2009)

* Does every cell in the human body
with potential to be reprogrammed —a
also have the potential to become an ‘zz >0
embryo—and person? g ot bt o

cells

-2 gl

Isolate O Activation
somatic by shock 4

The two kinds of human cloning

Reproductive

H nuclel N v
* “Each somatic cell does, after all, o pemsnonc \  Thoapeute
contain the complete human genome, @ -> o
including the genes required for G wdeed G omw S

making the trophoblast, which
becomes the placenta...” (342)

Regenerative Medicine
Recent headlines from Nature.com

* NEWS 22 FEBRUARY 2019
* ‘Reprogrammed’ stem cells to treat spinal-cord injuries for the first time

* Approval from Japanese regulators means that trials of induced pluripotent
stem cells can begin later this year.

* NEWS 15 MARCH 2019

* Japan poised to allow ‘reprogrammed’ stem-cell therapy for damaged corneas
* If approved, the treatment could restore vision.
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Regenerative Medicine

* Bodies wear out. Tissue thins and
tears. Organs stop functioning. Cells
lose their biological way. Trauma
breaks things. And as a result, we
become ill or disabled. This has always
been our fate.

* Regenerative medicine is the bold ® oo O < ot
collection of techniques and
technologies that aim to restore our
physiology to something that
resembles its original condition.

https://www.nature.com/articles/540S49a

Experimental stem cell
therapy helps paralyzed
man regain use of arms
and hands

The 21-year-old who
suffered a cervical spine
injury in March gains
significant improvement in
his motor function at Keck
Hospital of USC

(Sept, 2016)

https://news.usc.edu/107047/experi
mental-stem-cell-therapy-helps-
paralyzed-man-regains-use-of-arms-
and_handsf Kristopher Boesen, who broke his neck in a car accident, regained the ability to move his arms an:
hands after his spinal cord was injected with stem cells. Image: Greg Iger/Keck Medicine of USC
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Ullah and Sun, “Stem cells and anti-aging genes”

* With current knowledge of stem cells, it is feasible to design and test
interventions that delay aging and improve both health and lifespan. Stem cells,
together with anti—agin% genes such as Klotho, play a crucial role in delaying the
aging process. Stem cells In combination with anti-aging §enes make a complex
and protective shield, which stand against the eroding effects of aging. Increased
wear and tear of the stem cells, as well as Klotho deficiency, is expected to
heavily increase cellular damage and accelerate the process of aging. Stem cells in
conjugation with anti-aging genes probably receive and neutralize most of the
devastating signaling effects which are known to cause premature agin% The
shield of stem cells combined with anti—aging genes is a primary target for
absorbing the shock of aging. If this shield neutralizes the shocks, it could lead to
a youthful state, but if not it will accelerate the aging journey. In this review, we
concisely discuss the neutralizing ability, operated and regulated by stem cells
and other life-extension factors. We suggest that stem cell interventions that
increase rejuvenation and keep in balance the expression of anti-aging genes
could delay the aging phenotypes and result in prolonged lifespan.

* Ullah M, Sun Z. Stem cells and anti-agin §enes: double-ed%ed sword-do the same job of life
Sxtension. Stem Cell Res Ther. 2018; (1% . Published 2018 Jan 10. doi:10.1186/s13287-017-0746-

The Transhumanist Declaration
https://humanityplus.org/philosophy/transhumanist-declaration/

We advocate the well-being of all sentience, including
humans, non-human animals, and any future artificial
intellects, modified life forms, or other intelligences to
which technological and scientific advance may give rise.

We favor allowing individuals wide personal choice over
how they enable their lives. This includes use of
techniques that may be developed to assist memory,
concentration, and mental energy; life extension
therapies; reproductive choice technologies; cryonics
procedures; and many other possible human modification
and enhancement technologies.
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Michael Zey, Ageless
Nation: the Quest
for Superlongevity

and Physical
Perfection
(Routledge,
2007/2014)

“Ageless Evolution illustration by Aaron Farash

Chart 1—Superlongevity Revolution

/A \ N~ = STAGE | NAME TIME IMPACT ON | KEY DRIVERS
Ageless PERIOD | LIFE SPAN
: ‘e 1 LIFE 1900-2000 | Rapid « Antibiotics
N atl O n EXTENSION extension « Improvements in
A of life span public health
The Quest for from forties | « Enhanced nutrition
Supertongevity and to eighties. « Heart by-pass
Physical Perfection Primarily surgery
- adding years
to life.
1l LIFE 2000-2100 | Pushing Eliminating causes
EXPANSION past one of most fatal diseases
hundred to through:
125. People « Genetic Engineering
ateveryage [« Therapeutic Cloning
are healthier, | « Stem Cell Technology
more Enhancement of
vibrant and human outer shell via
physically technologies such as
“younger” tissue regeneration.
than those
in previous
eras.
1 INFINITY 2100 and | Near- Elimination of cell
beyond immortality, |aging, production
capability of | of fresh body parts.
living 300- Mastery of basic laws
400 years. and behavior of cells
and atoms through
developments in:
« Nanotechnology
« “Immortality cell”

Lifespan and
Super-longevity

https://ourworldin
data.org/life-
expectancy#rising-

life-expectancy-
around-the-world

General lifespan
increase factoring
in child mortality

Life Expectancy by Age in England and Wales, 1700-2013

Shown is the total life expectancy given that a person reached a certain age.
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Life expectancy at beth
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Lifespan and
Super-longevity P —

https://ourworldin

data.org/life-
expectancy#rising-

life-expectancy-
around-the-world

Born in1851: fewer than 50%
lived to 50

Born in 1971: 50% lived to 90
Born in 2031: 50% will live
almost 100

Share of persons surviving to successive ages for persons born 1851 to 2031, England and Wales 0‘:‘5”':"“
in Datz

3

Discussion

* What are the ethical challenges of
regenerative medicine?

* How long should we live?

* If induced stem cells turn somatic cells
back into pluripotent cells—and possibly
totipotent cells—and thus embryos, what
does this tell us about the idea that life
begins at conception and the value of a
fertilized egg?

“Ageless Evolution’, illustration by Aaron Farash

Pluripotent Stem Cells
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Ethical Issues in improving life

* Further issues regarding creating life
* Eugenics

* Negative

* Positive

* Personal

* Procreative Benevolence and
Autonomy

* Promethean Agency

* Child’s right to an open future

* Savior Siblings

* CRISPR and genetic manipulation

* Cloning

* Stem Cells and Regenerative Medicine

Ethical Questions

* Who benefits?

* Who is harmed?

* |s autonomy respected?

* Are there natural purposes
or functions involved?

* Are the vulnerable
protected?
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