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How can Biolech...change my DNA?

Gene Therapy

transfer of additional DNA or RNA into a target
tissue to correct/restore the function of a protein

Gene Editing
correcting the existing DNA mutation using a

combination of molecular scissors and a repair
template

Heow can Biotech...change my DNA?

Gene Therapy

transfer of additional DNA or RNA into a target
tissue to correct/restore the function of a protein

e the right piece of genetic information

® inthe right cells

e that follows typical activation/silencing signals
® maintains activity over time

e without disrupting other genes

e without overwhelming the immune system




Gene Therapy - 2 categories
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Gene Therapy Challenges

Gene delivery & activation
¢ getting the gene to the right cells
® activating the gene correctly
Avoiding immune response

e viral vectors trigger an immune R
reaction

Long term integration/activity

® maintaining gene activity over time

® integrating into the genome without
disrupting other genes

Economics and Access

Gene Therapy Successes

inherited neurological disorders

inherited retinal diseases

blood disorders
(thalassemia, sickle cell,
hemophilia)

immune disorders

skin and connective tissue diseases

cancer immunotherapy




Gene Therapy Successes

Gene Therapy Creates Replacement Skin
to Save a Dying Boy

Eye Health A-Z Symptoms Glasses & Contacts Tips & Prevention
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"Mind-blowing results" from gene
therapy trial point to a cure for
haemophilia
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¥ Therapy May
Be a Game-
Changer for
N People With
Inherited
Retinal =

By Dol Grody o8, 2017 o] Disease
Doctors in Barope used geoe thel R S R A P T e
savod the ife of a boy with a gend ' . . Laar on Espanicl. La Tormpia Gandtica Puede Camdiar of Pan|
g Gene therapy’s new hope: A neuron-targeting | eodoce ues enemacac Hersstara s s Resna
- . irus i ving i i
This f«mnrx the first use of the (| VIrus Is sa ng nfant I ves Wiritten By: Kierstan Boyd
techaigue developed Lo grow skis By Jocelyn Kalsar | fov. 1, 2 20 PM Reviewsd By: Abdhish R Bhavsar MD
the most body surface ever cove| Dec. 18,2017

Pecple with a blinding form of reting] disease may rega
new traatmant arives In the form of gene therapy.

CENTREVILLE, VIRGINIA-Nothing unusual jumps out upon meeting Evelyn, a
bubbly almost-3-year-old with red curls~except that she should not be here,

tic disease that gradually paralyzes ba She died at 15 months, Evelyn . ” 2
genetic dise hat gradually paralyzes bal e died at 15 mon n The results from the first human trials for a gene therapy to treat patients
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How can Biotech...change my DNA?

Gene Therapy

transfer of additional DNA or RNA into a target
tissue to correct/restore the function of a protein

Gene Editing
correcting the existing DNA mutation using a
combination of molecular scissors and a repair
template




Gene Editing - various molecular scissors
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Gene Editing - CRISPR-Cas9

e casier/cheaper to
develop than other
molecular scissors

e successful across a
number of species

e Applications:

* identify function of genes

* animal models of human
disease

* agriculturally important
modifications

* disease therapy

ThermoFisher




CRISPR-Cas origins in bacterial immunity
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Gene Editing - CRISPR-Cas9
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Doench, Nature Genetics (2018)

CRISPR - Therapeutic potential

repairing genetic defects treating cancer
work in animal models & human first U.S. human CRISPR clinical
cells has corrected genetic trials (starting this year) will treat pts.
mutations associated with: with myeloma, sarcoma & melanoma
e cataracts who are unresponsive to existing
* hearing loss therapies

» duchenne muscular dystrophy ) ) . .
« beta-thalassemia treating viral infections

« hemophilia * mimic naturally occurring

e fanconi anemia mutations that confer resistance to
HIV-1

e target viral DNA for destruction -
eradicates latent infection for
HIV-1 and HBV

* sickle cell anemia
* cystic fibrosis




CRISPR
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A CRISPR trick in blind mice points the way
to possible treatments for inherited diseases

By SHARON BEGLEY Subegie
FEBRUARY 2, 2018
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DNA Methylation Editing
Rescues Neurons in Fragile X
Syndrome

Feb 15, 2018

NEW YORK (GenomeWeb) - Methylation editing targeting the
fragile X syndrome gene can rescue neurons affected by the
condition, according to a new paper.

Fraglle X syndrome, which is caused by the mutations within
the FMR1 gene on the X chromosome that lead it to be
silenced, is the most common genetic form of intellectual
disability among boys, affecting 1 in 3,600

In a stud 1 . researchers described their
useofa CR!QPR/C“Q r)awd DNA methylation editing tool to
switch FMR1 back on. Within neuronal and mouse models, they
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Fixing the tomato: CRISPR edits correct plant-breeding snafu
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improve on 10,000 years of tomato domestication.
Heidi Ledford

18 May 2017
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CRISPR - Limitations

¢ identifying optimal target sequences
e Off target effects - DNA is cut at sequences that are nearly
identical to the guide RNA sequence
+ reduce concentration of guide RNA:Cas9 complex
+ modify the Cas9 enzyme
activate/silence rather than cut
on/off switch
+ identify new classes of Cas enzymes
+ alter the structure of the guide RNA sequence
¢ challenge of delivering to the right cell type

CRISPR - regulations

US National Academies of Science,
Engineering and Medicine

e [eb 2017 Report - reoommepds permitting Human e
human germline genome editing under strict Gen ”-,v-‘ AN
regulations/oversight to eliminate severe = i
genetic diseases that have no other — Ed!tl D
treatment options '
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e human enhancements not permitted

; 'ETHICS
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germline editing studies - but there are no gzl GOVERNANCE
outright genome editing bans i ;
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Designer Babies in the popular press
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When Baby Genes Are for Sale, the Rich Will Pay
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Ehe New YJork Times

SCIENCE  NEWS ANALYSIS

Gene Editing for
‘Designer Babies’?
Highly Unlikely,
Scientists Say

Leer en espaiol

By PAM BELLUCK  AUG 4. 707

0000 |

Now that science is a big step closer to being able to fiddle with the genes of

a human embryo, is it time to panic? Could embryo editing spiral out of

MotherJones ¢ -
We Are This Close to “Designer Babies”

One CRISPR skeptic sheds light on what human gene editing could
mean for the future.
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The Designer Baby EraIs
Not Upon Us

Amencan scentsts have now used CRISPR 1o edit human ambryos,
vt thet doesn't meen wa're entedng a Gattaca-style dystopia.

I LU sounor |

The voserver

Designer babies: an ethical horror waiting to
happen?

Nearly 40 years since the first ‘test-tube baby', how close are
we to editing out all of our genetic imperfections - and




How the “"designer” scenario plays out

gene editing of egg
& sperm or early
embryos for
desired traits

The Reality:

e gene editing is not
ready for embryo use
(and in many places,
not allowed)

* knowledge of the
genetic factors
associated with these
complex traits is not
well understood and for
many, won't be feasible
for selection

In vitro fertilization is
performed and the resulting
embryos are incubated.

EMBRYO BIOPSY
An embryologist carefully
removes a small cell sample
from each embryo.

EMBRYO TRANSFER
A chromosomally healthy
embryo is selected for transfer PGS /
Remaining embryos can be Samples are sent to the ¥
frozen for future use. PGS laboratory, testing is
performed, and results are
- released to the IVF center.

~~ testing for multiple traits
) (disease risk, physical
features, athletic, musical,
intellectual abilities)

fertileweb.com

“Easy Preimplantation Genetic Diagnosis”

increase
production
of embryos

l

Need more eggs

® ovary biopsy

e grow eggs from stem
cells

e convert body cells
into eggs

In vitro fertilization is
performed and the resulting
embryos are incubated.

as explained by Henry Greeley

EMBRYO BIOPSY
An embryologist carefully
removes a small cell sample
from each embryo.

EMBRYO TRANSFER
A chromosomally healthy
embryo is selected for transfer PGS /
Remaining embryos can be Samples are sent to the ¥
frozen for future use. PGS laboratory, testing is

fast, cheap performed, and results are

™\ sequencing released to the IVF center.
L '\ .. for testing
/'/ :\./ R—— = —_————
S \
by, . . .
( ~~ testing for multiple traits
) (disease risk, physical

\ /

— features, athletic, musical,

intellectual abilities) fertiloweb.com




making discretionary changes in DNA

Where will the line for approval get drawn?

Genetic Enhancement

Deaf parents may prefer their offspring to be deaf too

pushy parents might want to boost their children’s intelligence at all costs,
even if doing so affects their personalities in other ways.

And if it becomes possible to tweak genes to make children smarter,

should that option really be limited to the rich? , N ,
The Economist - “Editing Humanity” 8/22/2015
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