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Emerging Biotechnologies: The Promise...

NIH Director's Blog

Gene Editing in Dogs Boosts Hope for Kids with
Muscular Dystrophy

Science

f Heatth

NIH gr eatl}r expands investment in BRAIN Initiative

NIH announces new round of awards for cutting- brain research.

CRISPR treatment for rare genetic eye disorder gains
FDA study approva

Damian Garde | STAT | December 10, 2018
A human has been injected with gene-editing tools to
cure his disabling disease. Here's what you need to
know

By Jocelyn Kaiser | Nov. 15,2017 , 6:00 PM
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Topics at the Intersection of
Neuroscience, Ethics, and Society

U.S. FOOD & DRUG

ADMINISTRATION

FDA approval brings first gene therapy to the
United States
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Emerging Biotechnologies: The Peril...

Ehe New York Eimes

As D.1.Y. Gene Editing Gains Popularity, . . . .
‘Someone Is Going to Get Hurt’ Chinese Scientist Claims to Use Crispr

By Emily Bau

oo ebe eeteqrapy to Make First Genetically Edited Babies

GM mosquitoes: playing with The researcher, He Jiankui, offered no evidence or data to back up
The i God or the only way to wipe N\ his assertions. If true, some fear the feat could open the door to
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Ehe New Hork Times
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Guardian -
Scientigts 'may have c1"ossed ethical line'
Houw to Stop Rogue . in growing human brains
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Ehe New YJork Eimes

Debate needed over research with ‘potential for something to
suffer’, neuroscientists say

HUMAN MINI-BRAINS CREATED IN LAB MAY
BECOME SENTIENT AND ABLE TO FEEL PAIN,
SCIENTISTS WARN

BY ROSIE MCCALL ON 10/21/19 AT 10:10 AM EDT




But what about the ethical issues?
Is biotechnology “playing God”’?
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Overarching Considerations

= How to anticipate emerging biotechnologies that ish
will create policy/safety/ethical/security
challenges?

= How to develop a flexible/dynamic oversight
framework that evolves with the biotechnology?

= When has an emerging biotechnology emerged? pezd® /=

= How do you keep the focus on the applications
of the biotechnology, vs. biotechnology itself?

= And... how do you do this in the real world?




What’s Past is Prologue:

Lessons from Past Approaches to
Emerging Biotechnologies, Through Today



Lessons From The Past...
Recombinant DNA and Asilomar




Human Gene Therapy

#Z Therapy =
<
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1989: First gene transfer protocol reviewed by the RAC
and approved by NIH Director

1997: NIH Director no longer approves protocols to
eliminate duplication with FDA regulatory authority;
RAC role continues for in-depth review and public
discussion

2002: NIH harmonizes serious adverse event
requirements with FDA regulations

2016: NIH implements IOM recommendations to limit
RAC review to novel and exceptional individual
protocols

2019: Streamlining of oversight framework



We’ve Come a Long Waly ...
Current State of Human Gene Therapy (HGT) Oversight

Rewriting Life

FDA Approves
Groundbreaking Gene
Therapy for Cancer

The treatment will be sold by Novartis for $475,000.
by Emily Mullin ~ August 30, 2017

revoluti 'y cancer tt py that uses tically i ed
immune cells has been approved by the U.S. Food and Drug

Administration, ushering in a new era of cancer treatment.

Revised Common Rule

The U.S. Department of Health and Human Services and fiteen other Federal Departments and
Agencies have issued final revisions to the Federal Policy for the Protection of Human Subjects (the
Common Rule). A final rule was published in the Federal Register (FR) on January 19, 2017, and was
amended to delay the effective and compliance dates on January 22, 2018 and June 19, 2015.

The revised Common Rule is effective July 19, 2018; note that from July 19, 2018 through January 20,
2019 institutions are not permitted to implement the entirety of the revised Common Rule. This is

explained in the transition provision (45 CFR 46.101(1), as amended June 19, 2018).

In order to understand the regulatory text of the revised Common Rule, OHRP recommends reviewing
the preamble and regulatory text from:

« The final rule to revise the Common Rule - PDF {published January 19, 2017)

m U.S. National Library of Medicine
Find Studies « About Studies = Submit Studies = Resources «

ClinicalTrials.gov

Home > Search Results

Modify Search Start Over

4151 Studies found for: gene therapy

Also searched for Treatment, Therapeutic, Gene transfer and more. See Search Details

Search Details

Showing: 1-10 of 4,161 studies |10 + studies per page

Status Study Title Conditions Interventions

Recruiting HSV-tk + Valacyclovir + SBRT + Chemotherapy for Recurrent GBM Glioblastoma
Multiforme

Drug: ADV/HSV-tk (gene therapy)

Astrocytoma, Grade
m

Not yet TAC Chemotherapy and Pembrolizumab Plus Interleukin-12 Gene Triple Negative Breast Drug: Docetaxel
recruiting  Therapy and L-NMMA in Triple Negative Breast Cancer Cancer

Drug: Doxorubicin
Drug: Cyclophosphamide
(and 3 more...)

Recruiting HSV-tk and XRT and Chemotherapy for Newly Diagnosed GBM Glioblastoma Drug: ADV/HSV-tk (gene therapy)

Anaplastic
Astrocytoma
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Gene Editing Technologies

Technologies
e ZFNs ® Meganucleases ® TALENSs e
e CRISPR-Cas9 ¢ Prime Editing e

Gene Editing # CRISPR # Heritable Gene Editing

Applications

® Research Tool ®¢ Somatic Gene Therapy ¢ Heritable Gene Editinge
Organism Creation/Modification (plants, insects, animal models of disease)
e Antimicrobials ® Gene Drives e

Different applications present different risks...




Human Gene Editing

Somatic cell gene editing

= Raises similar safety and ethical issues as earlier HGT approaches
= Well-established oversight framework

= NIH supports research and many initiatives

4 us. Department of Health & Human Services

m) National Institutes of Health
Turning Discovery Into Health

NEWS RELEASES

NIH launches new collaboration to develop gene-based
cures for sickle cell disease and HIV on global scale

Initial investment aims to advance a ible and scalable candidate interventions into clinical
trials within 10 years.
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Human Gene Editing COMMENT

Heritable gene editing

NIH does not fund any use of gene T e T - oW
o . Adoptamoratorlum on
editing technology in human embryos i

Safety — risk of unintended mutations

Medical — are there needs that only

heritable gene editing could meet? SIENC
HICS,

Societal, ethical, moral issues: consent, Aun N
. t / . t hl h | th | - | i GOVERNANGE
JUS ICE eqUI y’ p I OSOp ICa ) eo OQICa ‘ NIH supports international

moratorium on clinical application of
germ]me edltmg

Global challenge for governance
and oversight

THE

NATIONAL ACADEMY OF MEDICINE ano ROYAL
NATIONAL ACADEMY OF SCIENCES SOCIETY

May 22, 2019

New International Commission Launched on Clinical Use of Heritable Human
Genome Editing




Neurotechnologies

“Although brain research entails ethical issues that
are common to other areas of biomedical science, it
entails special ethical considerations as well.
Because the brain gives rise to consciousness, our
Innermost thoughts and our most basic human
needs, mechanistic studies of the brain have
already resulted in new social and ethical

guestions.”
— Authors of BRAIN 2025

-




NIH and the U.S. BRAIN Initiative 2.& .-

= 2014: BRAIN 2025
= 2019 mid-course review

= BRAIN Initiative 2.0: From Cells to Circuits, Toward Cures

= BRAIN Initiative and Neuroethics: Enabling and
BRAIN 2025 Enhancing Neuroscience Advances for Society

A SCIENTIFIC VISION
PTPRTI .
D) The BRAIN initiative . Q#Search
iy
¥ 1 b
Brain Research through Advancing Innovative y h )
Neurotechnologies (BRAIN) Working Group Funding » Resources » BRAIN Programs > Strategic Planning > News & Events > About »

Report to the Advisory Committee to the

. ome > Strategic Planni ACD Working Groups
Director, NIH Home trategic Planning -~ ACD Working Groups

| strategic Planning ACD Working and Sub-Groups

ACD Working Groups

June 5, 2014 National Institutes of Health
Trring Dleoorery ivo Nesith

BRAIN Initiative ACD WG Goals of ACD BRAIN Initiative Working Group 2.0 and

20 .
Neuroethics Subgroup
BRAIN Initiative

Neuroethics Subgroup The BRAIN Initiative, announced in April 2013, called for a bold and ambitious ten-year effort to accelerate the dg
and use of tools fo improve our fundamental understanding of how the human brain and nervous system function|




m) The BRAIN Initiative ® .. Human neuroscience in BRAIN

v

BRAIN investigators are conducting in vivo neuroscience research with patients
undergoing neurosurgery for clinical indications. This research offers no benefit to the
patients but can provide extraordinary insight into how the human brain works.

Speech synthesis from neural decoding of
spoken sentences

Gopala K. Anumanchipalli, Josh Chartier & Edward F. Chang

Nature 568, 493-498(2019) ‘ Cite this article







BRAIN-Neuroethics

NIH BRAIN Initiative’s Neuroethics Working Group (NEWG)

= |dentify & navigate neuroethical challenges
= |dentify neuroethics research questions for further research inquiry

Workshops:
= Research with Human Neural Tissue (March 2018)
= Research with Invasive & Non-Invasive Neural Devices in Humans (October 2017)

AC D N e u roeth ics S u bg ro u p : NEURON: SPECIAL ISSUE ON NEURQETHICS
= 2019 Neuroethics Roadmap |

Additional neuroethics efforts coordinated with
neuroscience initiatives across the globe!

GLOBAL NEUROETHICS
SUMMIT




RAC == NEXTRAC

How does this committee fit In?



Evolution of the RAC

= For over 40 years, the RAC has evolved to
address issues associated with scientific

advances
— Recombinant DNA in 1970s

— HGT in 1990s

= 2019 Evolution

— Return to focus on the research involving the
emerging biotechnologies (of today)




Introducing the NEXTRAC: Novel and Exceptional
Technology and Research Advisory Committee

’) s . = Focus on scientific, safety, and ethical issues
/‘\'/ \.// )/) \ . . . . -
—) 7 W4 associated with emerging biotechnologies
4 T N
— E.g., gene editing, gene drives, synthetic biology,
neurotechnology
— Cutting edge clinical applications?

= Continue roles as
— Public forum for transparent discourse on challenging issues

— Source of advice to NIH Director
— Resource for scientific community and public



We must'never al,!g_w our technology
to eclipse our humanity.
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