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Atherosclerotic cardiovascular disease (ASCVD): 
#1 cause of death worldwide despite available treatments
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100s of millions 
of patients worldwide

One person 
dies every 34 seconds 

from cardiovascular disease
in the U.S.1 

~800K heart attacks 
per year in the U.S.2

1. Centers for Disease Control and Prevention, National Center for Health Statistics. About Multiple Cause of Death, 1999-2020. CDC WONDER Online Database website. Atlanta, GA: , Accessed February 21, 2022. 
2. Tsao CW et al. Circulation. 2022;145(8):e153–e639.
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What causes ASCVD?

High cumulative life-long 
exposure to blood cholesterol 

clogs heart arteries

Cholesterol carried in 3 lipoproteins:

Cholesterol        Triglycerides
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Familial hypercholesterolemia (FH):  a genetic subtype of ASCVD, 
sky-high LDL cholesterol from birth leading to ASCVD at young ages

Adapted from Family Heart Foundation; https://familyheart.org/familial-hypercholesterolemia/homozygous-familial-hypercholesterolemia

Heterozygous FH 
(HeFH) LDLR mutation in 

single copy >190 mg/dl 30-60 years
>95% patients 

worldwide not at 
LDL-C goal

~3M patients in 
US/Europe

Homozygous FH 
(HoFH)

LDLR mutation in 
both gene copies >400 mg/dl Childhood

Despite 4 or 5 
meds, almost all 
not at LDL-C goal

~3,000 patients 
in US/Europe
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What’s a solution to ASCVD?

Solution: keep blood cholesterol 
as low as possible 

for as long as possible

High cumulative life-long 
exposure to blood cholesterol 

clogs heart arteries

Cholesterol carried in 3 lipoproteins:

Cholesterol        Triglycerides



Individuals who naturally lack ANGPTL3 gene:  
lifelong low blood LDL-C & TG, healthy, and resistant to ASCVD

66

Human knockout:
Extremely low LDL-C & TG 

37 mg/dL / 19 mg/dL 

Heterozygous deficiency:
Low lipids

Resistant to ASCVD

Musunuru*, Pirruccello*, Do* et al., N Engl J Med 2010
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There are people walking around who are naturally resistant 
to ASCVD, have PCSK9 gene switched off

~50 mg/dl lower 
LDL cholesterol in blood

~50% lower risk 
for ASCVD

Healthy 



For every 
1 mg/dl lower 

LDL cholesterol 
over a lifetime, 

1% reduction 
in risk for ASCVD
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~50 mg/dl lower 
LDL cholesterol in blood

~50% lower risk 
for heart disease

Healthy 

What if we developed a medicine that mimicked resistance mutations?
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We have 3 pills & 3 injections available now to lower cholesterol
What’s the unmet need?

Only 27% ASCVD patients 
in U.S. at LDL-C goal2

27%

Only 50% ASCVD patients 
in U.S. on statin1

50%

ASCVD

In a global registry of HeFH patients, 
3% attain

LDL-C < 70 in current chronic care model

3%
AT GOAL

AT GOAL

FH
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Chronic care model to treat chronic disease is broken

Daily pills/intermittent injections, 
administered often over decades, 
places a heavy treatment burden 

on patients, providers, and healthcare system



Can we transform care 
of ASCVD from daily 
pills/intermittent injections to 
a “One Time Procedure”?
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Advancing a pipeline of single-course in vivo gene editing programs

TARGET INDICATION TECHNOLOGY
DEVELOPMENT STATUS

RIGHTS
Research IND-enabling Clinical

PCSK9
(VERVE-101)

Heterozygous familial 
hypercholesterolemia

Base Editor

ASCVD

ANGPTL3
(VERVE-201)

Homozygous familial 
hypercholesterolemia

Base Editor
Refractory 

Hypercholesterolemia

LPA
ASCVD patients with 

high blood Lp(a)
Novel Editor

Undisclosed Undisclosed ASCVD Base Editor

Undisclosed
Undisclosed
liver disease

Novel Editor



VERVE-101 targeting PCSK9: 
Testing in a Phase 1b clinical trial 
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VERVE-101Lipid nanoparticle for 
delivery to liver cell 

includes 4 components

RNA components encode 
base editor and a guide 
targeting PCSK9 gene

DRUG SUBSTANCES DELIVERY VEHICLE

+ =

gRNA localizes editor 
to PCSK9 gene

mRNA for adenine 
base editor

PEG

Ionizable amino lipid

DSPC

Cholesterol

VERVE-101 medicine candidate: adenine base editor mRNA + 
gRNA packaged in an LNP; edit designed to turn off PCSK9
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VERVE-101: base editing medicine designed to 
inactivate hepatic PCSK9 and lower LDL-C
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VERVE-101: base editing medicine designed to 
inactivate hepatic PCSK9 and lower LDL-C
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VERVE-101: base editing medicine designed to 
inactivate hepatic PCSK9 and lower LDL-C
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Base editing of PCSK9 on-target site disrupts canonical splice site;
allowing for a precise base pair change, without bystander edits

A

C

G

T

C C C G C A C C T T G G C G C A G C G G T G G

98.7

< 0.1% alternate allele read count by hybrid capture 

exon 1

ABE

unchanged allele 

Splice 
donorintron 1

5’ 3’

transcription



mRNA: ABE 
Guide RNA: PCSK9
Lipid nanoparticle

Intravenous 
infusion

DPBS Control

Non-human primate (NHP) study design for PCSK9 program
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Primary endpoints
1. Whole liver DNA editing

2. Blood PCSK9 levels
3. Blood LDL-C levels

T = 0 T = 2 weeks

liver biopsy at 
2 weeks

GROUP 1

GROUP 2

T = 600 days
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NHP proof of concept: observed 67% PCSK9 editing in liver

67%

Liver PCSK9 editing

Editing data are from analyses of liver biopsy specimens at 2 weeks
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NHP proof of concept: observed 67% PCSK9 editing, 
89% blood PCSK9 reduction & 59% blood LDL-C reduction at 2 weeks 

67% ⎼89% ⎼59%

Liver PCSK9 editing Blood PCSK9 protein Blood LDL-C



↓ 88% from baseline
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Durability of PCSK9 and LDL-C reductions out to 20 months in NHPs

VERVE-101 Precursor
3.0 mg/kg
N = 4
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Team then optimized three components of drug to yield VERVE-101 

Adenine base editor (ABE)

• Single base pair change without double 
stranded breaks

• Delivered as an mRNA

Non-viral lipid nanoparticle (LNP) delivery

• Delivery predominantly to liver
• Transient exposure < 7 days

Unique PCSK9 guide RNA (gRNA)

• No 0, 1, or 2 mismatch sites in genome
• Conserved site across human population



VERVE-101
0.75 mg/kg
(N=4)

Intravenous 
infusion

Vehicle control 
(N=10)

VERVE-101 has been potent, durable, and well tolerated in NHPs
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Primary endpoints
1. Whole liver DNA editing

2. Blood PCSK9 levels
3. Blood LDL-C levels

T = 0 T = 2 weeks

liver biopsy

GROUP 1

GROUP 3

T = 16 weeks

VERVE-101
1.5 mg/kg
(N=22)

GROUP 2

T = 3+ years

Safety endpoints
1. Liver function testing
2. Glucose homeostasis



27

VERVE-101 testing in NHPs: 89% reduction blood PCSK9 observed at 
one year after one-time intravenous infusion

Vehicle control (N = 10)
VERVE-101 .75 mg/kg (N = 4)
VERVE-101 1.5 mg/kg (N = 22)

↓ 69%
↓ 89%

↓ 8%
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Blood LDL-C level: 68% reduction observed at one year after one-time 
intravenous infusion of VERVE-101 in NHPs 

↓ 50%
↓ 68%

Vehicle control (N = 10)
VERVE-101 .75 mg/kg (N = 4)
VERVE-101 1.5 mg/kg (N = 22)
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Multiple orthogonal techniques have been used to nominate 
~3000 candidate off-target sites 

entire human genome identification techniques panel of candidates

3166 sites 

across the human 
genome with the 

greatest experimental 
or bioinformatic 
similarity to the 

on-target site
Bioinformatics: 
sites of greatest sequence homology

Experimental: ONE-Seq 
library of ~30,000 barcoded sites with 
greatest sequence similarity to on-target 
site treated with ABE in vitro 

Experimental: ABE-digenome-seq
Unbiased whole genome sequencing of liver 
genomic DNA treated with ABE in vitro



No observed off-target editing at ~3000 candidate sites in primary 
human liver cells treated with VERVE-101
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Ø Manhattan style plot of 
~3000 candidate sites 

Ø No candidate sites show 
statistically significant net 
editing

Ø Y axis indicates net editing (alternate allele 
frequency in treated primary human 
hepatocytes  - matched untreated controls)

Ø Logistic regression statistical test is 
performed at each candidate site comparing 
alternate read counts in treated cells versus 
untreated cells

Ø Sites of somatic variation seen in the 
untreated primary cells have been removed 
from the plot for clarity



Initial safety and efficacy data from single ascending dose 
portion of Phase 1b heart-1 study expected in 2H23

3-6 participants per group with staggering and sentinel dosing

SINGLE ASCENDING DOSE

• Regulatory clearances in 
New Zealand and the U.K.

Working to resolve Investigational 
New Drug (IND) application hold and 

start trial in the U.S.

GLOBAL REGULATORY STRATEGY

• Recruitment ongoing in 
New Zealand and the U.K.

Enrolling high risk HeFH patients 
with established ASCVD and 

LDL not at goal

STUDY ENROLLMENT

• Data from dose escalation 
portion of the study

Safety parameters, 
blood PCSK9, and blood LDL-C 

INITIAL DATA IN 2H23

Starting dose Low dose Intermediate dose High dose
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Stepwise clinical development strategy for VERVE-101 starting with HeFH
and potential to expand to broader populations with ASCVD

HeFH
subset

All HeFH
~3M in U.S.1/EU

ASCVD
~54M in U.S./EU2

High lifetime 
risk of ASCVD

20% of population

• Pivotal Phase 3 in ASCVD (LDL-C endpoint)
• Cardiovascular outcome study in ASCVD

• Phase 2 in all HeFH
• Pivotal Phase 3 in all HeFH (LDL-C endpoint)

• Phase 1b proof-of-concept in high-risk HeFH

Clinical development strategy subject to alignment with regulators

1. Tsao CW et al., Heart Disease and Stroke Statistics – 2022 Update:  A Report from the American Heart Association. Circulation. 2022;145(8):e153–e639. 
2. Gu J et al., Am J Prev Cardiol. 2022;10:100336. 



VERVE-201 targeting ANGPTL3: 
First patient dosing 
anticipated in 2024
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Homozygous FH (HoFH): severe, morbid disease

Philadelphia Inquirer, June 10, 2019 



Delivery challenge: HoFH patients lack LDL receptor; 
in this setting, delivery with standard LNP does not work
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Homozygous FH (HoFH)Normal liver Heterozygous FH (HeFH)



Novel liver delivery platform:
GalNAc-LNP
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Proprietary GalNAc-LNP technology: potential best-in-class for 
delivery of genetic medicines to liver

gRNAmRNAAsialoglycoprotein
receptor (ASGPR)

GalNAcANGPTL3

mRNA

GalNAc

gRNA
Lipid nanoparticles (LNP)
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VERVE-201 medicine candidate: adenine base editor mRNA + 
gRNA packaged in a GalNAc-LNP; edit designed to turn off ANGPTL3

RNA components encode 
base editor and a guide 
targeting ANGPTL3 gene

DRUG SUBSTANCES

+ =

gRNA localizes editor 
to ANGPTL3 gene

mRNA for adenine 
base editor
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VERVE-201 medicine candidate: adenine base editor mRNA + 
gRNA packaged in a GalNAc-LNP; edit designed to turn off ANGPTL3

Lipid nanoparticle for 
delivery to liver cell 

includes 5 components

RNA components encode 
base editor and a guide 
targeting ANGPTL3 gene

DRUG SUBSTANCES DELIVERY VEHICLE

+ =

PEG

Ionizable amino lipid

DSPC

Cholesterol

GalNAc
gRNA localizes editor 
to ANGPTL3 gene

mRNA for adenine 
base editor
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VERVE-201 medicine candidate: adenine base editor mRNA + 
gRNA packaged in a GalNAc-LNP; edit designed to turn off ANGPTL3

VERVE-201Lipid nanoparticle for 
delivery to liver cell 

includes 5 components

RNA components encode 
base editor and a guide 
targeting ANGPTL3 gene

DRUG SUBSTANCES DELIVERY VEHICLE

+ =

PEG

Ionizable amino lipid

DSPC

Cholesterol

GalNAc

gRNA localizes editor 
to ANGPTL3 gene

mRNA for adenine 
base editor
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VERVE-201: base editing medicine designed to inactivate hepatic
ANGPTL3 and lower LDL-C and TG
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VERVE-201: base editing medicine designed to inactivate hepatic
ANGPTL3 and lower LDL-C and TG
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VERVE-201: base editing medicine designed to inactivate hepatic
ANGPTL3 and lower LDL-C and TG



Pharmacology study of 
VERVE-201cyn in wildtype
non-human primates
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In non-human primates, VERVE-201cyn achieved
mean liver ANGPTL3 editing of 63% at higher dose

3.0 mg/kg
(N = 16)

Intravenous 
infusion of 
single dose

Vehicle control
(N = 12)

GROUP 1

GROUP 3

1.5 mg/kg
(N = 6)

GROUP 2

Study of 34 Non-human Primates Liver ANGPTL3 editing
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In non-human primates, VERVE-201cyn achieved
mean 96% reduction* in blood ANGPTL3 protein at higher dose

↓ 13%

↓ 89%
↓ 96%

* Measured as time-weighted average % change from baseline from days 28 to 182 following dosing.
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In non-human primates, VERVE-201cyn was
well-tolerated with only transient impact on ALT

Liver safety monitoring
• Maximal ALT and AST 

concentrations noted 24 
hours after dosing, 
normalized by day 14

• Normal total bilirubin 
observed with no change 
from baseline
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In non-human primates dosed with VERVE-201cyn,
on-target ANGPTL3 editing occurred mostly in the liver*

* ANGPTL3 editing assessed using targeted amplicon sequencing in tissues isolated at scheduled necropsy 6 months after dosing



Non-human primate model
of homozygous FH physiology
Study of VERVE-201cyn



To model homozygous FH physiology,
Verve developed LDLR-deficient non-human primates

50

• NHP model of LDLR-deficiency not readily 
available

• Treated 4 NHPs with CRISPR-Cas9 to 
inactivate LDLR in the liver.1

Step #1: Develop LDLR-deficient NHPs
C
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1. Method previously described in Kasiewicz et al. biorXiv, 2021



LDL-C goes up > 8-fold in the LDLR-deficient NHPs
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• NHP model of LDLR-deficiency not readily 
available

• Treated 4 NHPs with CRISPR-Cas9 to 
inactivate LDLR in the liver:1

• 64% mean LDLR editing
• >80% lower hepatic LDLR protein 

versus control NHPs
• Mean LDL-C increased from baseline 

of 55 to 458 mg/dL

Step #1: Develop LDLR-deficient NHPs
C

R
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g 
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1. Method previously described in Kasiewicz et al. biorXiv, 2021



Treat with VERVE-201cyn – 84% reduction in blood ANGPTL3
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• Treated 4 NHPs with VERVE-201cyn at a 
dose of 3.0 mg/kg.

• At time of necropsy 5 weeks following 
dosing:
• 60% mean ANGPTL3 liver editing
• 84% mean reduction from baseline in 

blood ANGPTL3 

Step #2: Treat with VERVE-201cyn
C
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• Mean LDL-C decreased from
458 to 247 mg/dL

• VERVE-201cyn in NHPs:
• 46% decrease in LDL-C
• 54% decrease in TG 
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In LDLR-deficient NHPs treated with VERVE-201cyn,
46% mean decrease in LDL-C observed (458 to 247 mg/dL)

44% 60%

↓46%

VE
R
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Step #2: Treat with VERVE-201cyn



Focused on our mission: transform the treatment of cardiovascular disease 
from chronic management to once-and-done gene editing medicines
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Verve founded
Proof-of-concept for 

in vivo liver base 
editing in NHPs

Treated first patient 
with VERVE-101 

Initial data from 
VERVE-101
heart-1 trial 

2018 2020 2022 2023
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Current care model for chronic disease: poor control of LDL-C

Illustrative graphic depicts the journey of a hypothetical patient with familial hypercholesterolemia who began standard-of-care treatment after suffering a heart attack at age 44



56

Can we fundamentally change the way chronic disease is treated?
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Ultimately, may be useful to prevent heart attack in first place
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Our team
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