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Modern Lipidology & //‘
The Atherosclerosis | /4
Blueprlnt by Peter Megdal, PhD

Redefining the lifecycle of
lipoproteins and the pathogenesis
of cardiovascular disease.

Sources: American College of Cardiology, National Institutes of Health



Without Base Cholesterol (Flatbed) | With Cholesterol (Balloon)
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» Functionally like a -« Cholesterol acts as a
“flatbed truck” or flat ~ structural component,
discoidal particle. | “blowing up a balloon™.
» Flattened shape with * Forces the lipoprotein
virtually no physical capacity into a large, spherical
to carry large loads. | shape.
* Unable to pack in massive p¥ - '?"93"195 MEESITE
triglyceride loads. - internal volume for
tens of thousands of
triglyceride molecules.

Cholesterol’s Structural Role: The Balloon Analogy

Key Insight: Cholesterol is essentially keeping the lipoprotein “"balloon” inflated, providing the

physical room to gather and transport its massive triglyceride load for energy supply.

by Peter Megdal, PhD




The Structural Wrapper:
Apolipoprotein

(Provides structural integrity
and receptor binding)

The Surface:
Amphipathic phospholipid
bilayer with free cholesterol

Core Insight: Lipids are hydrophobic and cannot exist freely in blood plasma. Lipoproteins
are the protein-wrapped fleets designed to transport energy (triglycerides) and structural
materials (phospholipids and cholesterol) through an aqueous environment. Every
atherogenic particle contains exactly ONE ApoB protein. J
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THE LIPOPROTEIN FEET
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The Fundamental Difference: Every atherngemc particle
contains exactly ONE ApoB protein. Measuring ApoB
provides an exact partlcle count.
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THE ENERGY DELIVERY PHASE

Chylomicron

LPL

VLDL and Chylomicrons primarily deliver triglycerides
to muscle (for ATP) and adipocytes (for storage). They
do NOT drop off cholesterol at these tissues.




The VLDL Cascade: Variable & Non-Linear

Clearance

by liver Rapid clearance by liver

(via ApoE receptors)

~ Hydrolysis & Hydrolysis by Long-term circulation
Shrinkage into IDL DL hepatic lipase LDL (2-5 days) before eventual
_ into LDL liver clearance via
VLDL (Interrediate) (Small, dense,
LDL receptors.
(Large, buoyant) ApoE-depleted)

The Non-Linear Cascade: The liver continuously attempts to clear particles at
every stage. LDL is simply the persistent survivor of this cascade, lingering
in the plasma because it lacks the preferred ApokE clearance ligand.
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Shrinking ApoB particles
, must shed surface area.

/ Shed phospholipids are the
essential building blocks

o for HDL maturation.

Baby ApoA1

Mature HDL
Large shrinkage
( g( ApoB) 9 | ( Phospholipids also maintain cell membrane fluidity

1 and build specific lipid rafts required for cellular
@ signaling. Lipoproteins are deeply interconnected.
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The CETP Exchange Mechanism

HDL CETP LDL
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'l Indirect Reverse Cholesterol Transport: HDL extracts unneeded cholesterol from peripheral cells.
But rather than traveling to the liver, it frequently trades this cholesterol to LDL via CETP.
The LDL then returns it to the liver via LDL receptors.

[ Conclusion: HDL's protective role is highly context-dependent, and raising HDL-C artificially does not guarantee increased cholesterol clearance. ]




The Rogue Actor: Lipoprotein(a)

Base structure: Standard LDL
particle with ApoB-100.
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||| Clinical Thresholds:

Pathological risk begins at
>50 mg/dL (mass) or >125
nmol/L (particle count).

Lp(a) is an inherited,
highly atherogenic variant
present in ~20% of the
population.

It acts as a 'double-decker
decker bus' that is

, Levels are genetically fixed
remarkably resistant to by age 5 and unaffected by
normal liver clearance standard diet or exercise.
mechanisms. |
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The Rogue Element:

Apolipoprotein(a) covalently
bound to the ApoB.




The Tri-Fold Danger of Lp(a)

Highly Atherogenic Pro-Thrombotic Osteogenic (Calcification)

)

The sticky Apo(a) tail causes the Apo(a) structurally mimics Traffics oxidized phospholipids into
particle to aggressively bind to the plasminogen, interfering with the the artery wall, acting as a powerful
arterial wall, trapping it much faster body's natural anti-fibrinolytic ability osteogenic trigger that drives rapid

than normal LDL. to dissolve blood clots. aortic valve calcification and stenosis.



Low Risk ) N
| The Particle Number Rule P
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Atherosclerosis is driven by
_the absolute concentration of
. ApoB-containing particles.

" When the liver cannot clear
them fast enough, the excess
particles inevitably collide
with, and breach, the arterial
endothelium.

High Risk



Pathogenesis Step 1: Active Transcytosis

LDL does not simply leak through
“cracks” in damaged pipes.
. Research reveals that endothelial
e === cells actively transport LDL across
i s=—==s=—_ the barrier via the SR-B1 receptor,
a process driven by the DOCK4
process driven by the DOCK4
protein. This transcytosis occurs

even in perfectly healthy,

Receptor‘ (X intact endothelium.
% DOCK4 7¥
Adaptor 2
T — &
%



Pathogenesis Step 2: Subendothelial Retention
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Once inside the intima, ApoB particles have a high affinity for

connective tissue. They become stuck like flies on flypaper.
Without retention, there is no disease.
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Pathogenesis Step 3: Aggregation & Modification
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Retained particles are modified by local enzymes. This alters their surface
phospholipids, causing them to aggregate into massive clumps. It is these
aggregated clumps—not single particles—that trigger the immune system.




Pathogenesis Step 4: Oxidation & The Foam Cell

The aggregated particles undergo severe oxidation, becoming highly toxic. Monocytes enter the
intima, transform into scavenging macrophages, and ingest the toxic aggregates. Engorged with
cholesterol, they become ‘Foam Cells'—the primary physical building block of atherosclerotic plaque.




Pathogene5|s Step 5 The Inflammatory Feedback Loop

Dying Foam Cells release intense mflammatory signals. This actwates Rho GEF/ROCK
pathways in the endothelium, causing severe endothelial dysfunction, widening junctions, and
inviting even more ApoB partlcles and immune cells into the intima. The cycle is self- perpetuatmg




Decades in the Making: The Clinical Progression

Atherosclerosis Progression

Intermediate Fibrous Com p[icted

Initial lesion Fatty streak lesion Atheroma plaque ciengeic €sion ;
rupture

infarction

Initial lesion Fatty streak Intermediate Atheroma Fibrous plagque Complicated
lesion lesion

Atherosclerosis requires decades to develop. If the plague ruptures, it
Interacts with clotting factors to instantly occlude the artery, resulting
iIn myocardial infarction (heart attack) or stroke.




The Timeline of Intervention

Primordial / Primary Secondary Tertiary
Prevention Prevention - Prevention

High ApoB in blood. Plaque present, no clinical events yet. Post-rupture, stent/bypass.

Intervention: Lifestyle and early Intervention: Aggressive ApoB Intervention: Salvage and
pharmacotherapy to clear ApoB lowering, plaque stabilization, preventing secondary events.
before retention begins. reducing inflammation.

The Paradigm Shift: Modern lipidology advocates shifting focus entirely to the
left—Primordial Prevention. If ApoB remains at physiological levels from youth,
atherosclerotic plaque cannot physically form.




Pharmacological & Lifestyle Mitigation

Intervention

Physiological Mechanism

Clinical Effect

Sauttine Upregulate hepatic LDL Massive clearance of circulating
receptors ApoB particles
Reduces intestinal absorption
Ezetimibe Blocks e transporter of cholesterol (vital for genetic

in the gut

hyper-absorbers)

PCSK9 Inhibitors

Prevents degradation of
LDL receptors

Extreme ApoB clearance;
unique ability to lower Lp(a) by
~20-30%

Emerging Tech
(Olpasiran)

RNA interference

Silences the gene producing
the toxic Apo(a) tail, lowering
Lp(a) by 80-90%.
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VLDL shedding HDL
creates HDL

HDL trades
with LDL 4
via CETP o+
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The Systems Biology Blueprint:

The lipid system is not a set of isolated variables; it is a highly
integrated, dynamic network of lipid exchange. Cardiovascular disease is
a specific system failure: the mechanical overwhelm of hepatic clearance

mechanisms, leading to the active retention, modification, and immune \
engulfment of ApoB particles in the subendothelial space. \
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ApoB is Destiny. 9
But Destiny Can Be Rewritten.

Atherosclerosis is an absolute prerequisite of ApoB retention. It is not an inevitable
consequence of aging. By abandoning legacy myths and utilizing precise biological markers
early in life, the world’s most lethal disease is almost entirely preventable.
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