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No discernible effect of genetic variation on mortality from a given cause (224,000 
deaths in US due to unintentional injuries in 2021).
Three types of connections:
1. Specific variants in a given gene causes a specific disease (HBB E6V -> sickle cell 

disease) with very high (sometimes certain) likelihood.
2. Specific variants in a given gene strongly predispose to a given disease (BRCA1 -> 

breast cancer – ca 60-80% lifetime risk; ApoE4->AD 14x risk). 
3. Cumulative effect of variants at many positions in the genome increase the risk 

of disease (~250 variants drive about 25% of IBD risk; ~100 variants drive about 
40% of CAD risk) – “polygenic risk scores” 

What can genome editing do for human health?
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All effect types are subject to modulation by environment/lifestyle + by other genes.

Data on all these effects informs development of molecular therapeutics.

Diseases and human genetic variation



Ca 6,000 Mendelian conditions affecting 350,000,000 people
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https://www.vanityfair.com/hollywood/2022/11/chris-hemsworth-exclusive-interview-alzheimers-limitless



Chris Hemsworth is homozygous for the E4 allele of ApoE
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A Genome-Wide Association Study, often abbreviated as GWAS, is a method used in biomedical research to 
find connections between specific genetic variations and particular diseases or traits.

Here's a simple way to understand it:

1. Genetic Variations: Everyone's DNA contains small differences, which can influence how we look, how our 
bodies work, and our health. These variations are like tiny changes in a vast instruction manual.

2. Comparing Groups: In a GWAS, scientists compare the DNA of two groups of people: those with a certain 
trait or disease (like blue eyes or diabetes) and those without it.

3. Looking for Patterns: They scan the entire genome (all the genetic material) of each person, looking for 
specific genetic differences that are more common in the group with the trait or disease.

4. Finding Links: If a certain genetic variation is found more often in people with the condition, it suggests that 
this part of the genome might be related to developing that trait or disease.

5. Understanding Risks: This helps scientists understand which genes might contribute to diseases, how these 
genes work, and potentially how to predict, prevent, or treat these conditions.

Finding genetic signatures of complex disease
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Nice job, ChatGPT-4



$9.7 billion in 2022



1. Specific variants in a given gene causes a specific disease (HBB E6V -> sickle cell 
disease) with very high (sometimes certain) likelihood.

Major progress for SCD, thalassemia, degenerative disease

2. Specific variants in a given gene strongly predispose to a given disease (BRCA1 -> 
breast cancer – ca 60-80% lifetime risk; ApoE4->AD 14x risk). 

Neurodegenerative disease trials – 3-5 years away

3. Cumulative effect of variants at many positions in the genome increase the risk 
of disease (~250 variants drive about 25% of IBD risk; ~100 variants drive about 
40% of CAD risk) – “polygenic risk scores” 

First 10 subjects dosed for CAD 

Diseases and genome editing for them





Basic science discovery: 2012 -> CRISPR gene editing

2020 Nobel Prize: Jennifer Doudna, IGI, UC Berkeley

Prize shared with Dr Emmanuelle Charpentier



0.3% of human genome   B-form DNA – 12 bp

6.6e9 bp diploid   in contrast to bacteria and yeast, HIGHLY resistant to targeted change



DSB – acutely genotoxic
Dividing human cells experience up to 50 DSBs per cell cycle
Multiple pathways of DSB-R highly conserved across evolution

B-form DNA – 12 bp    DNA repair



Double Strand Break (DSB) Repair: Two Major Pathways 
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Schematic provided by Dr Lorraine Symington, Columbia University



DSB-driven editing

https://innovativegenomics.org/crisprpedia/



2012: Jennifer Doudna + Emmanuelle Charpentier
RNA-guided genome editing





Jinek et al Science (2012) 337: 816-821 | Pacesa et al Cell (2022) 185: 4067-4081.



How to program the CRISPR-Cas9 system
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How to program Cas9



AATAACTATTGACCTAGGGACATGTGGGCGCTTTGCCCCCCTTTCAGGTAAACG
||||||||||||||||||||||||||||||||||||||||||||||||||||||
TTATTGATAACTGGATCCCTGTACACCCGCGAAACGGGGGGAAAGTCCATTTGC

SpyCas9 PAM: 5’ NGG 3’ 

AUCCCUGUACACCCGCGAAA

TAGGGACATGTGGGCGCTTT

ATCCCTGTACACCCGCGAAA

sgRNA

constant
sequence

programmable

How to program Cas9



AATAACTATTGACCTAGGGACATGTGGGCGC
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TTATTGATAACTGGATCCCTGTACACCCGCG

AUCCCUGUACACCCGCGAAA

TTTGCCCCCCTTTCAGGTAAACG
||||||||||||||||||||

AAACGGGGGGAAAGTCCATTTGC
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How to program Cas9



”Considerable potential” in clinical data: a timecourse
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“Considerable potential” made clinically real

Sickle Cell / Beta Thalassemia
CRISPRTX/Vertex Therapeutics
Cause: Point mutation in HBB / var.
Delivery: Ex-vivo, electroporation RNP
Phase 1/2

Transthyretin Amyloidosis (ATTR)
Intellia Therapeutics
Cause: Point mutation in TTR gene
Delivery: Lipid nanoparticle
Phase 1/2

Congenital Eye Disease (LCA10)
Editas Medicine
Cause: Point mutation in CEP290
Delivery: Direct injection, viral (AAV)
Phase 1/2

Approval in 2023! Phase 3 trial! Pediatric subject dosed!



“Considerable potential” – a portrait gallery



INNOVATIVEGENOMICS.ORG

Editing in the clinic: 
ex vivo

Drugging the formerly undruggable



NIH:

“Sickle cell anemia is the 
most common inherited 
blood disorder in the United 
States, affecting about 
100,000 Americans or 1 in 
500 African Americans. SCA 
is characterized by episodes 
of pain, chronic hemolytic 
anemia and severe 
infections, usually beginning 
in early childhood.”

Sickle cell disease



Sickle cell disease – an unmet medical need of enormous urgency



Our genome encodes multiple beta-like globins 
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Clinical genome editing for SCD involves reactivating HbF
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Victoria Gray has been cured of SCD by CRISPR – 2020 



2023: transplantation of edited HSPCs resolves major symptoms 
SCD in 32 subjects





RNA-guided targeted engineering without a DSB

Doudna Nature 2019 [32051598]

2013 2016 2019



Qasim NEJM 2023

Base-edited CAR-T for pediatric leukemia
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In this episode of “Intention to
Treat,” host Rachel Gotbaum
explores the story of a teenager
who’s now in remission from
previously relapsed lymphoblastic
leukemia and talks with the
investigator who developed the “o!-
the-shelf ” CAR T cells that made her treatment possible.

Rachel Gotbaum: Welcome to “Intention to Treat” from the New England Journal of Medicine. I’m
Rachel Gotbaum.

Today, an experiment using new CRISPR gene-editing techniques that could save the lives
of patients with diseases that are di"cult to treat.

Waseem Qasim: We’ve been able to bring a new treatment into play for a group of patients
that would otherwise not have an option. In fact, almost every condition that a#ects the
development of the blood, bone marrow, immune systems, there’s dozens of genes that
could be amenable to correction using some of these techniques.

Alyssa Tapley: I did think of dying a little bit. It just all seemed a bit hopeless. And obviously,
I was still determined to keep going, and I wanted to be cured, but we’d just been put down
so many times. And if I do pass away from having this trial or I pass away a$er and it didn’t
work for me, at least me doing the trial will be helping other the people.

Rachel Gotbaum: This is “Intention to Treat” from the New England Journal of Medicine. In 2021,
right before Easter, Kiona Tapley saw a change in her daughter Alyssa.

Kiona Tapley: We noticed Alyssa seemed really tired a lot of the time. She wasn’t eating very
much, things she used to enjoy doing she didn’t enjoy doing as much. She’d just turned 12,
so we were like, oh, maybe it’s the age. It’s like she’s becoming a teenager, when they’re
supposed to get a little bit grumpy, a little bit more stubborn, all that kind of thing. So we
began to put it down to that to begin with. And then a$er Easter, she went back to school.
And then she started to get, it seemed to be one cold a$er another. She was very tired. She
didn’t want to go to school, and we couldn’t put our !ngers on anything that it was.

Rachel Gotbaum: Alyssa ended up in the emergency room near her home in England.

Kiona Tapley: A$er seeing the assessment nurse, we went into a small room, and they
started to discuss with us what had been going on, how Alyssa had been feeling. And then
a second doctor came in, and then he runs out of the room and he says, “Can I have some
help please?” And then before you know it, a team of doctors and nurses have come in, and
they’ve rushed her into a larger room. At this point, they’ve put her on oxygen. And it’s just
all actions go. It’s kind of the sort of the thing that you see in a !lm. And then they said,
“We’d like you to speak to our hematology consultant.” And he said, “We think, we are
99% sure, that Alyssa has leukemia.” It was acute lymphoblastic leukemia. But rather than
being the B-cell, which is the more common type, it was actually T-cell.

Rachel Gotbaum: T-cell leukemia was more challenging to treat but still had a high success
rate. And while Alyssa was sedated, she received two rounds of chemotherapy to start her
treatment. Once she woke up, her mother gave her the news.

Alyssa Tapley: I was really, really upset, obviously. At !rst, it was hard because I had a
feeding tube. I didn’t like anything that I used to eat before. I felt sick all the time. I was in
pain all the time. I missed all my friends. And it was just very, very isolating for the !rst
part of my treatment.

Rachel Gotbaum: The doctors said that Alyssa’s treatment was standard and fairly
straightforward.

Kiona Tapley: It’s 4 weeks of intensive chemo, and they explained the !rst 4 weeks is the
hardest, and then you’ll have 6 months of potentially some other chemotherapy, but
hopefully you won’t be as poorly. And then, by the time you’re on your maintenance, you’ll
be back at school. So we were thinking Alyssa will be back in school in 6 months, and in 2
years’ time, it’ll be a distant memory.

Rachel Gotbaum: But that’s not what happened. It turned out Alyssa’s leukemia was resistant
to chemotherapy.

Alyssa Tapley: I was very afraid. And just the point where you thought the hardest bit was
over, it was more like the hardest bit is to come. There’s that part of me that just didn’t
want to do it anymore. I wanted to give up. But then there was another part of me who was
like but there’s all my family at home waiting for me to come.

Rachel Gotbaum: Alyssa prepared for more treatment.

Alyssa Tapley: I knew I was going to lose my hair, so I shaved it all o#. It was still furry at the
top. And then, when I eventually got home, I shaved it o# more so it was more prickly. And
I donated my hair to the Little Princess Trust, which is a wig charity in England.

Rachel Gotbaum: Alyssa went through another round of treatment, this time with a more
intensive chemotherapy.

Kiona Tapley: She’d be having a drug called Nelarabine, which is quite a harsh chemotherapy
that they tried not to give to children unless they thought it was necessary. She had another
bone marrow aspirate, and it hadn’t worked at all. So even though they said we’ve pretty
much thrown all the chemo we can at it, it’s quite chemo resistant. And if anything, the
leukemia was going higher. So I was actually in the room with Alyssa when the doctor came
in and said, “Mrs. Tapley, can I have a word with you?” And he basically told us that Alyssa
needs a bone marrow transplant that actually only a few children with leukemia actually
had to have. So now it’s not just about the leukemia potentially killing her, it’s the actual
process of the bone marrow transplant could kill her. We’ve always been very honest with
Alyssa about what’s been going on because from the very start, that’s what she said she
wanted. So from the very beginning, she said, “Don’t hide things from me. Don’t lie to me.
I want to know.”

Rachel Gotbaum: Kiona Tapley went into Alyssa’s hospital room to tell her daughter that the
chemotherapy didn’t work and that she would need a bone marrow transplant.

Alyssa Tapley: I wasn’t really thinking about what would happen with the bone marrow
transplant. I was focusing on the now. I was trying to think of things that were more
positive than negative, and I was obviously scared. I was upset that I would miss my brother
and all my family and everything.

Kiona Tapley: I mean, Alyssa’s always said to me, “I’m not going to die.” It’s been her that’s
always been reassuring to me. I’ve tried to hide my tears from Alyssa having a mini almost
breakdown, feeling the worst. And it’ll be Alyssa that will come up to me, and she goes,
“Mom, I’m not going anywhere. I’m not going to leave you.” And it’s always been — my
strength has actually come from her. She’s always been very determined that she’s going to
beat this. She got over the bone marrow transplant really well. She came home a week
earlier than we thought she would. So everything was looking amazing. We couldn’t be
happier. And this was over Christmas. And then we found out a day before New Year’s Eve
that actually when they did her bone marrow aspirate, her leukemia level was the same as
prior to the bone marrow transplant.

Alyssa Tapley: My !rst thought was, please don’t give up on me. I don’t want to die. I was
just a bit like — not that I couldn’t believe it, but more like this isn’t happening to me.

Kiona Tapley: They said, “All conventional treatments, we’ve gone down. At the moment, we
are not looking at curing her leukemia. We’re looking at keeping her alive for as long as
possible.” How do you tell your 13-year-old daughter that they’re going to die at 13? I asked
the question of how long. And they said with Alyssa that we are probably talking more
weeks, just because of how aggressive her leukemia is. We are talking weeks rather than
months, and de!nitely not years. And we did say we’d never lie to her. So we didn’t lie to
her. We just didn’t tell her, if that makes sense. We just said, “At the moment, there is
nothing to cure your leukemia, so we are going to give you some medicine to keep it under
control for as long as we can.” And what she said was, “Are they giving up on me?” Because
that’s almost how it feels, because all of a sudden you’ve gone from people saying, oh yes,
we can do this, we can do that. To all of a sudden saying there’s nothing we can do. And we
were like, “We’ll never give up on you, ever. We’ll !ght until the very last moment.”

We spoke to the doctor, and she said, “I’ve been looking out for things. One of my
colleagues at Great Ormond Street has mentioned they’re going to be potentially starting a
trial in the next few months.” So we were like, “Oh my gosh, yes. Find out the information
for us. Find out the details. We are interested.” So we’ve gone from having absolutely zero
hope whatsoever to, OK, we’ve got a tiny glimmer. It’s not much, it’s not a promise, but is
there something there?

Alyssa Tapley: I was over the moon. I was just really, really happy that there was something
else out there. And I also thought, at least I’ve tried. And if I do pass away from having this
trial or I pass away a$er and it didn’t work for me, at least me doing the trial will be helping
other people.

Kiona Tapley: So we went to Great Ormond Street to meet the team and I think very much
this was an interview for both of us. We were interviewing them to see, are these the
people that we give our baby to — you know, what could potentially be the last couple of
months of her life? If we do the trial, she could go into hospital and die. Do we have her in
hospital the last few weeks of her life or do we keep her at home happy? Do we let her have
the most amazing few weeks that she’s got le$, with us as a family making beautiful
memories or do we potentially put her on this trial that will make her really sick, really
weak, she won’t be able to see any family and friends, and then she dies at the end of it
without ever coming home? And as harsh as that sounds, that was the decision that we had
to make. And Alyssa made that decision for us.

Alyssa Tapley: I thought, if I die now, what have I done? I’ve not done anything with my life.
So I was also thinking, if I do this, then my life will actually mean something to a lot of
people. And I felt like, for me, that was one of the really important things why I took the
trial.

Kiona Tapley: So when they gave us the CAR T, they explained that what these new T cells
would go round and do was destroy the leukemia. And to do that, we might see things like
a temperature, low blood pressure, neutrophils dropping. So we kind of knew what to look
for for the indications that it was working, but obviously, we wouldn’t know for de!nite.
We thought, at this point we’d met with the hospital’s palliative team, and we had in place a
procedure of what would happen if the leukemia hadn’t gone, how she’d come home and
go into hospice. So that had all been set up, ready. So at this point we had two options.
One, we would stay in hospital and have the bone marrow transplant, or two, it wouldn’t
have been successful and we’d go home to hospice and she would stay in there until she
passed away.

Rachel Gotbaum: Alyssa went through with the trial and got her infusion of CAR T cells, and 5
weeks later, doctors tested her bone marrow. She was with her mother at a park across the
street from the hospital when the doctor called.

Alyssa Tapley: And he said, “Can you please come back to the hospital?” So we all thought
something was wrong. And so we got up there, preparing ourselves for the worst. And then
he came in, and he said, “We can’t !nd any leukemia.” I couldn’t believe it. I was so happy.
I think it was the happiest day of my life.

Kiona Tapley: Alyssa has been in remission for 1 year, and she is, at this moment, completely
leukemia-free. They can’t !nd any leukemia whatsoever. To think that you’re going to lose
the most precious thing in your world, to then have them sitting here and knowing that,
you know what? Hopefully, touch wood, she’s going to live a long and happy life, which is
all you wish for your children, isn’t it? We’d almost prepared ourselves for being a three-
person family, and that was the realism of it. Whereas now, all our plans are, we’re a four-
person family, and that’s, going forward, is how we’re able to plan now.

Alyssa Tapley: I’m so happy that I did do that trial and how much of an impact that it has
made and is going to make in the future. And I think about the children who have just been
diagnosed or maybe been just told that they need to go for a bone marrow transplant. And
I remember that time, and I wish the best for them as well.

Rachel Gotbaum: This is “Intention to Treat” from the New England Journal of Medicine. I’m
Rachel Gotbaum. I’m joined now by Dr. Waseem Qasim. He’s a professor of cell and gene
therapy at University College London and a pediatric immunologist at Great Ormond Street
Hospital for Children. Dr. Waseem is author of a study being published in the New England
Journal of Medicine that Alyssa Tapley took part in.

Dr. Waseem, please tell us more about this study and the science that made it possible.

Waseem Qasim: Our objective is to try and bring new treatments to children in particular
where there aren’t any existing options for them. And in this particular case, this young
lady had a type of leukemia that had arisen in her T lymphocytes. And unfortunately, she’d
been through all the standard treatments and a bone marrow transplant, and the disease
had come back. In parallel, we’re running a whole range of trials to try and treat other
types of leukemia, including B-cell leukemias using CAR therapies.

CAR Ts are T cells that have been engineered to be able to detect and kill certain types of
leukemia in particular. And most CAR T-cell therapy, the successful ones, really, have
focused on B-cell malignancies. And those treatments over the last 10 years or so have been
shown to be highly e#ective in patients where other treatment options have not worked
out. But there’s very few options for patients with T-cell leukemia.

And to be able to make a treatment in this situation, there’s a number of hurdles. Some of
the hurdles relate to being able to collect cells from a patient who’s had a lot of
chemotherapy already and whether they’ll work as a CAR therapy. And then secondly,
there’s the whole issue of training T cells to !ght other T cells without !ghting each other.

The CAR T-cell treatments that have reached the market are mostly taking a patient’s own
cells, engineering them, giving them back. We’ve had an ambition: Can we take cells from
a healthy donor and make a bank of cells that can be then given to multiple recipients?
Imagine what that does to the ability to be able to give this to larger numbers of patients.
So that’s one development, being able to take the cells from another person, putting the
engineering steps, the gene-editing steps, base editing, to allow us to stop them being
rejected by the host.

And at the same time, we’re now tackling a di#erent type of leukemia, T-cell leukemia. So
in combination, three editing steps to remove molecules on the surface of T cells to allow
them to be used o# the shelf and to be able to have those cells ready, premanufactured and
frozen, and to be able to give them in a timed way to patients who otherwise would not
have treatment options.

Rachel Gotbaum: So basically, you had these obstacles. The patient couldn’t use their own
cells, the T cells would kill each other, and gra$ versus host, and you used a special kind of
gene editing to do something di#erent that hasn’t ever been done before.

Waseem Qasim: We’ve had an interest in gene editing for some time now. And now, most
recently, we’ve managed to adopt base editing. And the platform had a major advantage in
the way it works to knock out genes without causing double-strand DNA breaks. So if we’re
undertaking three separate edits, this is multiplexed editing, that introduces the risk of
translocations between the sites of editing. But as soon as we switch to base editing, we’re
making changes to single letters of the DNA code to stop genes being expressed, but we’re
not causing a cut. So this is much gentler on the cells, is very targeted, and we were able to
quickly move to a phase 1 study.

Rachel Gotbaum: What you mean is that the base editing, it doesn’t cut the DNA in a way that
may damage it in the previous ways that we have done this CRISPR technology.

Waseem Qasim: We made products for CAR-19, and at the end of production, we could see
that a small percentage of cells, perhaps up to 5% of cells in the batch, carried changes in
their chromosomes that had arisen because of the cutting of DNA and the movement of
chromosomes at the sites of cuts. So these are translocations. Occasionally, we’d see a
missing chromosome or missing part of a chromosome. And the same has been described
for other types of editing tools that cut DNA. And so that’s probably not that critical if
you’re just making one change, but if you’re making two, three, four changes at the same
time, you’re quite likely to cause a high frequency of translocations, and then you don’t
really know what those may do in terms of adverse e#ects or side e#ects over a period of
time.

Rachel Gotbaum: So basically, when you take these cells that you have edited, what did you
see happen that enabled these patients, or at least two of them, to go through therapy and
have success?

Waseem Qasim: We can con!rm the presence of the infused cells. We could show their
numbers increase over a period of days into weeks, and at the same time the leukemia
becomes undetectable. We also see evidence of the biological activity of those cells,
meaning they’re very active, they’re releasing cytokines. This is causing fever, cytokine
release syndrome, which we’ve had to manage in all the patients, but it’s a good sign that
the cells are active and they’re doing a job. Now, the other thing we should say is that our
second patient unfortunately developed severe complications related to a fungal infection
in the chest. And this we could not overcome. And unfortunately, it’s very sad, that patient
didn’t make it. And we have to acknowledge and pay tribute to his courage in going
through the treatment and that of his family in understanding the risks that were involved
and the complications that developed.

Rachel Gotbaum: In the patients that it worked, where are they today?

Waseem Qasim: The !rst patient is almost 12 months from treatment and essentially has
recovered immunity to more or less normal levels. And we think she should be able to deal
with infections in the normal way. The last patient, the follow-up is shorter, but he’s been
through his treatment, he went into remission, but will require careful monitoring now for
the coming 6 to 12 months.

Rachel Gotbaum: Are these, at least two, teenagers considered cured from this procedure, or
where are we with this?

Waseem Qasim: I think we are very careful about using the word “cure.” Cure is something
that usually we talk about in the rearview mirror a$er a period of time. These are patients
under active follow-up and monitoring. Having said that, the longer we are from the time
of the procedure and the longer the patient remains in remission, the more con!dent we
can be about saying there’s going to be a long-term success.

Rachel Gotbaum: So let’s talk about what’s been achieved here and what is the potential here.
There’s two important movements in the science and in possible clinical care.

Waseem Qasim: From the human level and the patient level, we’ve been able to bring a new
treatment into play for a group of patients that would otherwise not have an option. And
then, at the technology level, this is a !rst application of base editing in a human therapy.
And from that point of view, hopefully it’ll be a marker for others that will come for a wider
number of conditions down the line. And what we’d like to do is recruit the rest of the
patients for the phase 1 study, which is normally around 10 patients, to demonstrate the
reproducibility of this. And we’ve got a related version that’s just about to open for patients
with a di#erent type of leukemia called AML. And there’s already a study running to try and
treat one of the cholesterol pathways to try and lower cholesterol levels in patients that
have otherwise got very high levels.

And so you can see the applications being not just in rare diseases, but one will have
promise for a larger number of patients. In fact, almost every condition that a#ects the
development of the blood, bone marrow, immune systems — there’s dozens of genes that
could be amenable to correction using some of these techniques. CRISPR was only
discovered in 2012, and base editing was only reported in 2016, and we’re already treating
patients successfully in some of these situations with these platforms.

Rachel Gotbaum: Thank you so very much for speaking to us.

Waseem Qasim: Thank you. No problem at all. It was a pleasure.

Rachel Gotbaum: That’s Dr. Waseem Qasim. He’s a pediatric immunologist at Great Ormond
Street Hospital for Children in London.

This is “Intention to Treat” from the New England Journal of Medicine. Next time, the state of
primary care. Why have these doctors reached a breaking point, and what can be done
about it?

Speaker 5: It’s turned us into a widget factory of just throughput, getting people in, getting
people transferred on to money-making specialties, without really addressing their health
care needs. And it’s demoralizing, and it’s not good care.

Rachel Gotbaum: That’s next time on “Intention to Treat” from the New England Journal of
Medicine. I’m Rachel Gotbaum.
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Intellia Therapeutics – CRISPR KO for amyloidosis:
In Vivo LNP-mRNA delivery 



2022: Intellia Therapeutics
CRISPR-Cas9 can be programmed to cut a specific sequence of DNA 
in a patient by simply changing the guide RNA

Gene: ATTR on chr 20a

93% target gene knockout in patient liver 92% target gene knockdown in patient liver

Gene: KLKB1 on chr 4

Disease 1: TTR Amyloidosis Disease 2: Hereditary Angioedema



Human genetics identify target for CRISPR intervention 
in prevalent disease

88% reduction in disease risk



In vivo genome editing for CAD using LNP-Cas9 mRNA delivery
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