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Atherosclerosis is a Disease of Cumulative Exposure

The Old Model: The Clinical Snapshot The Genetic Reality: Lifelong Exposure
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Relying on single midlife clinical snapshots The Data: A 1 mmol/L lower LDL-C sustained from birth reduces
to assess risk and begin treatment. coronary heart disease risk by ~54%—far greater than achieving

the exact same reduction therapeutically later in life.




Nature's Lifelong Clinical Trials

The Variants: Rare,
naturally occurring
mutations that partially
or completely reduce a
specific protein's
activity from birth.
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Perfect Randomization: Fixed
at conception and unaffected
by environmental noise, these
variants are immune to reverse
causality and confounding.

Cardiovascular

= The Payoff: De-risking drug
T development. If lifelong genetic

inhibition prevents disease
without toxicity, that protein is
an ideal therapeutic target.




The Four Biological Pillars of Inherited Protection

Node 1: ApoB Reduction

Lowering the primary atherogenic particle burden.
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Node 3: Lp(a) Reduction

Attenuating combined atherothrombotic burden.
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| Node 2: TRL Clearance W

Hydrolyzing triglyceride-rich remnants.

Node 4: Inflammation Attenuation

Calming the localized immune response.
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[ Core Insight: Rcbust genetic protection against atherosclerotic cardiovascular disease clusters exclusively within these interdependent domains. ]




Architectural Blueprint of Lifelong Protection

Pillar 1: Reversing ApoB Burden via Receptor Density

1. The Normal State

PCSKS destroys LDL
receptors (LDLR), keeping
circulating LDL high.

2. The Genetic Win

Nonsense variants (e.g.,
Y142X) disable PCSK9. LDLR
density increases dramatically.

3. The Outcome

Carriers exhibit a ~28% lifelong
reduction in LDL-C and an
astonishing 88% lower risk of
coronary heart disease.
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Translational Success

This exact pathway is now
targeted by monoclonal
antibodies (evolocumab) and
silencing RNA (inclisiran).

Note: NPC1L1 operates a
parallel ApoB

pathway validated by
genetics, dropping risk by
53%, and is targeted by
Ezetimibe.



Pillar 2: Disinhibiting the Triglyceride Clearance Engine

The Architectural Blueprint of Lifelong Protection

The Threat: Triglyceride-rich
lipoproteins (TRLs) and their
cholesterol-rich remnants.

TRLs
(Triglyceride-rich
lipoproteins)

Remnants

The Brakes (APOC3 & ANGPTL3):
Proteins that naturally delay particle
clearance. Genetic mutations here
remove the brakes. Result: ~34-40%
lower cardiovascular risk.

The Engine (LPL): The primary
enzyme that burns through
triglycerides. Enhancing lipolytic
efficiency is highly cardioprotective.

LPL
(Lipoprotein Lipase)

Translational Success:
Evinacumab successfully mimics this
protection by inhibiting ANGPTL3.




Pillar 3: Neutralizing the Prothrombotic Lp(a) Particle

A Unique Genetic Destiny The Triple Threat

Unlike standard cholesterol, Lp(a) levels Lp(a) actively drives cholesterol into the

are predominantly fixed at birth by inherited artery, provokes a severe inflammatory

structural variation at the LPA locus. response, and promotes thrombosis (blood
clotting).

The Frontier

Naturally occurring lower Lp(a) provides
profound, muiti-pathway protection,
sparking massive current investments in
Lp(a)-lowering therapies.



Pillar 4: Calming the Arterial Wall's Immune Response

Beyond Lipids
Atherosclerosis is a chronic
inflammatory disease. The immune

system's reaction dictates plaque
growth and sudden rupture.

The IL6R Variant

The Asp358Ala genetic variant
increases receptor shedding,
effectively blunting the body's classic
IL-6 inflammatory signal from birth.

The Result

Carriers exhibit lower C-reactive
protein (CRP) and lower coronary
heart disease risk, totally independent
of their cholesterol levels.




Aligning Genotype, Mechanism, and Clinical Outcomes

Target Gene

Mechanism

Biomarker Effect

Hard Outcome Evidence

Therapeutic Translation

Tier 1 (High Confidence)

PCSK9
NPC1L1
APOC3
ANGPTL3
LPL

LPA

ILER

Tier 2 (Biologically Comp

elling)

ANGPTL4
ASGR1
CETP
SORT1
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The highest-confidence targets are those where genetic association, coding perturbation,
biologic mechanism, biomarker shift, and outcome reduction perfectly align.
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Piercing the Non-Coding Veil with SORT1
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The Challenge: Genome-wide
association studies (GWAS) often point
to non-coding regions where the
biology is completely opaque.

The Signal: Initial GWAS linked the
mysterious 1p13 locus directly to
myocardial infarction.

The Breakthrough: Functional studies
proved this variant actively alters

SORT1 expression in the liver, modulating
lipoprotein secretion and resolving the
mechanism.




The Continuum of Inherited Susceptibility

Aggregate Polygenic Risk

Monogenic (The Tails) Polygenic (The Curve)
Rare, high-impact variants (like PCSK9 loss-of-function) sit at the The aggregate effect of thousands of common, small-impact variants
extreme ends of the spectrum, cleanly revealing therapeutic targets. determines the baseline susceptibility for the general population.

The Synthesis: Polygenic scores capture an individual's background burden of risk, while rare variants provide the specific blueprints to intervene. J




Writing the Blueprint for Lifelong Precision Prevention

The Ultimate Lesson:

Inherited variation reveals the exact
tempo of arterial injury decades before
clinical disease is visible.

The Future of Cardiology:

Shift the paradigm entirely. Move
away from reacting to late-stage,
established disease.

The Goal:

Identify nature's most protective
genetic perturbations, and precisely
mimic them earlier in life to ensure a

lifetime of vascular protection.




