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Bioethics

Future--

Pressing
Moral ® ° Arethere limits to

Questions scientific “advances”?

e Are there lines that
the scientist-creator
should not cross?




A Few Pressing

Moral_ “enhancements” —
Questions cognitive and

Raised by otherwise

Genome Creation of human-
Manipulation nonhuman species

Re-defining what
“should be
“normal” in
preventing genetic
disorders

e Ethics of human



A Few Pressing
Moral
Questions
Raised by
Genome
Manipulation

e What does it mean to be
human?

e Existence of
human-non-
human hybrid
species

* Moral and ethical
acceptability of
concept of
“transhumanism”

e Artificial
Intelligence and
bio-cyber
interfaces

e Questions of justice

* Promotion of the
common good

e Equitable
access—current
and future



A computerized rendering shows the Cas9 gene-editing enzyme (in
light blue) interacting with an RNA guide (red) and its target DNA
(yellow).

From, BANG WONG, BROAD INSTITUTE OF HARVARD AND MIT
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Applications of CRISPR
Pros and Cons




Gene Editing & Human Flourishing

A summer bioethics workshop for secondary school teachers




CRISPR’s unprecedented ability to edit
genetic code will make possible a new
generation of medical treatments.

Correction of a pathogenic gene
mutation in human embryos

Hong Ma'*, Nuria Marti-Gutierrez'*, Sang-Wook Park®, Jun Wu**, Yeonmi Lee!, Keiichiro Suzuki®, Amy Koski', Dongmei Ji,
Tomonari Hayama', Riffat Ahmed", Hayley Darby?, Crystal Van Dyken', Ying Li', Eunju Kang', A.-Reum Park?, Daesik Kim¢,
Sang-Tae Kim?, Jianhui Gong®®"%, Ying Gu®7, Xun Xu®®”7, David Battaglia"®, Sacha A. Krieg®, David M. Lee®, Diana H. Wu®,
Don P. Wolf", Stephen B. Heitner'’, Juan Carlos Izpisua Belmonte®s, Paula Amato*§, Jin-Soo Kim®4§, Sanjiv Kaul'%§ &
Shoukhrat Mitalipov"1%§

Genome editing has potential for the targeted correction of germline mutations. Here we describe the correction of
the heterozygous MYBPC3 mutation in human preimplantation embryos with precise CRISPR-Cas9-based targeting
accuracy and high homology-directed repair efficiency by activating an endogenous, germline-specific DNA repair
response. Induced double-strand breaks (DSBs) at the mutant paternal allele were predominantly repaired using the
homologous wild-type maternal gene instead of a synthetic DNA template. By modulating the cell cycle stage at which
the DSB was induced, we were able to avoid mosaicism in cleaving embryos and achieve a high yield of homozygous
embryos carrying the wild-type MYBPC3 gene without evidence of off-target mutations. The efficiency, accuracy and
safety of the approach presented suggest that it has potential to be used for the correction of heritable mutations in human
embryos by complementing preimplantation genetic diagnosis. However, much remains to be considered before clinical
applications, including the reproducibility of the technique with other heterozygous mutations.




@ Che New YJork Times

Rhino Embryos Made in Lab to Save Nearly Extinct
Subspecies

The development is an early step toward the much morg
distant goal of resurrecting the northern white
rhinoceros, whose last male died this year.

Scientists See Promise in Resurrecting These
Rhinos That Are Nearly Extinct

Even if the technology can bring back the
northern white rhinoceros, should we do it?




CRISPR's ability to edit DNA has helped scientists create a menagerie of genetically new
organisms.

John Travis Science 2015;350:1456-1457

Al AAAS

Published by AAAS



Synthetic Human
Embryo-Like Entities

Need New Ethical
Guidance




Playing

God-
when IS
“the line”

crossed?



Humans as Creators-
Are there moral limits?

The oniginal 1818 text edited by James Rieger

Creator “Man”
Crosses a Line...

Disaster occurs
I w8 s the Creator (Is
‘-f_fnﬂNéfém oW destroyed and

| most of those
around him or her)
by his creation...

MARY WOILSTONECRAFT SHellEY



Modern Telling of
Prometheus/Frankenstein Narratives

atron of Mankind

PROMETHEUS

a space odyssey. _

- g -
- Prometheus watches Athena £ \"ﬁ_ﬂ{
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What Does
It Mean to

Be
Human?

Moral Machines

Teaching Robots Right from Wrong

>




Jesse Gelsinger
June 18, 1981 - September 17, 1999

He suffered from a rare
metabodic disorder, BUT he was
Real-World not sick = his condition was
Premature Use under control.
ol

He sigmed up for a gene therapy

Biotechnology? trial at University of

Pennsylvania to helg test the

safety of a treatment for babies,

A few days after recefving the
Injection, lesse experienced
organ failure and passed away at
18 years ofd.




Playing

God-
when IS
“the line”

crossed?



How much
“abnormality” will be
deem acceptable?
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Building Organoids-
The Concept of “Brain Surrogates”




Ethical issued raised:

¥ . 0N * Morality of “organoids”
. e | have capabilities akin to
human sentience

 ability to perceive
pleasure, pain, distress

 ability to store and
retrieve memories

LN

. .y

The ethics of experimenting ¢ ability to have some
with human brain tissue perception of agency
Oor awareness

Experimentation on Brain
“Surrogates”




Democratic Societies
should embrace
science, technology and
“transhumanism”

WHY DEMOCRATIC SOCIETIES
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When is @ moral line crossed?

<0 |1 .

Jurassic Park scientist:
“We simply deny...”
= “| could not imagine...”

Does the lack of

epistemic humility
“cross the line”?




HUMILITY ¢

=P
: ' Humility

"BE LIKE THE BAMBOO £/

THE HIGHER YOU GROW

THE DEEPER YOU BOW" ;M
CHINESE PROVERE™




Humanityv's End

Major point of book:
The outcomes of
radical enhancement
could be darker than
the rosy futures
described




CENTRE FOR THE STUDY
OF BEAISTENTIAL RISK

LMIVEESITY OF CAMBREIDGE

Existential Risk
&
Science/Technological
Advancement




JACQUELINE PEEI

and the
onary Principle
in International Courts

THE PRECAUTIONARY and Tribunals

PRINCIPLE IN

PRACTICE
IS THE PRECAUTIONARY

PRINCIPLE GOOD OR
BAD?

THE FEDERATION PRESS CCAMIRITNGE

The Precautionary Principle




Precaution and

governance
of emerging
technologies

Precaution can
be consistent
with support of
science

Kaebneck et al. SCIENCE 11 NOVEMBER 2016 ¢ VOL
354 ISSUE 6313 711 sciencemag.org



Overarching Principles for
Research on and Clinical
Applications of Human
Gene

1. Promoting well-being
2. Transparency

3. Due care

4. Responsible science
5. Respect for persons
6. Fairness

7. Transnational cooperation ~ GOVERNANCE

A =
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Ethics Oversight of Gene Editing

COMMITTEE ON SCIENCE, TECHNOLOGY, AND LAW

PORLICY AMD GLOBAL AFFAIRS

MEETING IN BRIEF

December 1.3, 2015

International Summit on Human Gene Editing
A Global Discussion
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INTERNATIONAL SUMMIT ON
HUMAN GENE EDITING

A GLOBAL DISCUSSION

December 1-3, 2M5  Washington, DuC.




Ethics Oversight
of Gene Editing

- GOVERNANCE
il “Germline genome-editing
research trials might be
permitted, but only following
much more research aimed at
meeting existing risk/benefit
standards for authorizing
clinical trials and even then,
only for compelling reasons
and under strict oversight.”

'NATIONAL ACADEMY OF SCIENCES
ONAL ACADEMY OF MEDICINE




Playing God as
“God plays God”

Theological Perspectives

e Humans created in the
“image of God” are
meant to understand
the natural world and
provide stewardship

 Intention to promote
human flourishing

* No malevolent intent

e Equality in access to all
benefits



Governance of
Emerging
Technologies:
Aligning Policy
Analysis with
the Public’s
Values

GOVERNANCE OF
EMERGING TECHNOLOGIES

Aligning Policy Analysis with the Publics Values

Edited by Gregory E. Kaebnick and Michael K. Gusmano

1 The Hastings Center
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