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Atherosclerosis is Driven by Systemic Pressure and Governed by Vascular Gates by Peter Megdal PhD

Atherosclerosis requires two simultaneous conditions:

= Systemic Pressure: A high concentration of circulating = The Vascular Gate: The arterial wall actively responds, utilizing Rho
ApoB-containing lipoproteins creates a continuous driving force Guanine Nucleotide Exchange Factors (Rho GEFs) to 'open the
against the arterial wall. gate'—actively pulling lipids inward and orchestrating inflammation.



ApoB Lipoproteins Provide the Relentless Systemic Driving Force
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One Particle, One Protein Prolonged Residency The Exposure Equation
Every atherogenic particle (VLDL, IDL, Unlike chylomicrons that vanish in Higher ApoB levels exponentially
LDL) carries a single ApoB structural hours, LDL particles have a systemic increase the likelihood of endothelial
protein. ApoB concentration is the circulation time of 2 to 5 days, transport and retention over the

~ absolute measure of particle burden. maximizing collision with the arterial wall. course of decades.



Rho GEFs Serve as the Master Switches of the Vascular Response
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Rho GEFs are active molecular swit-

tches. They control the downstream
Rho GTPases that dictate endothelial
permeabitillity, immune infiltration,

and smooth muscle migration—the |
exact triad required to build a plaque. |
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Endothelial Entry is an Active Transport Process, Not Passive Leakage

Outdated Model: Passive Leakage Modern Model: Active Transcytosis

Outdated Model: Passive Leakage Modern Model: Active Trncytosis

LDL does not simply slip through cracks. It is actively escorted across the endothelium via the
SR-B1/DOCK4/RAC1 transcytosis pathway. Crucially, DOCK4 expression upregulates in
plaque-prone regions before visible lesions form, acting as an active biological gatekeeper.
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Once lipids are retained in the subendothelial space, the vascular wall
signals for immune intervention. The Rho GEF SGEF (Arhgef26)
promotes the formation of robust ICAM-1 docking structures. These
biological anchors catch and retain circulating leukocytes against
intense physical shear stress, facilitating their entry into the vessel wall.




Arhgef1 Amplifies Leukocyte Activation and Inflammation
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Arhgef1 Ignition Switch

While endothelial cells
prepare docking sites,
circulating leukocytes
are simultaneously
primed for infiltration.

Activated by signals
such as Angiotensin II,
Arhgef1 enhances
leukocyte activation,
dramatically
amplifying the local
inflammatory cascade.

SGEF and Arhgefi work
in tandem to create a
coordinated system of
vascular inflammation.




' — Vav family
(Uay1f2f3)

The Lysosomal Synapse: Macrophages Devour Modified Lipids

Atherogenesis accelerates when macrophages attempt to clear retained lipids, ultimately choking and transforming into
dead “foam cells”. This ingestion is entirely dependent on the Vav family of Rho GEFs. They regulate the massive
cytoskeletal reorganization required to form a lysosomal synapse and engulf large clusters of modified, aggregated LDL.



Biochemical Modification and the Swarm Response
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Aggregation The Swarm

Native LDL rarely causes immediate immune panic. It becomes highly atherogenic only after biochemical modification
within the arterial wall. Once modified and aggregated, the immune response is overwhelming. P-Rex1 drives macrophage
chemotaxis to the site, while CDGI mediates the formation of destructive platelet-leukocyte aggregates.



Smooth Muscle Dynamics: The Balance
Between Stability and Vulnerability

Vascular smooth muscle cells (VSMCs) act as

the final arbiter of plaque fate. Kalirin and Vav3
drive VSMCs to switch to a migratory, proliferative
phenotype that grows the fibrous cap but
drives plague instability.
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' Conversely, Arhgef7 acts as a
| Arhgef7/ protective force, maintaining structural
(beta Pix) Seribbl barrier function. This delicate b_alance
| cripble between chaos and structure dictates
; | clinical outcomes.

Protection & Barrier

Progression & Danger




The Rho GEF Orchestration Matrix
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' 55 Rho GEF Target Cell GTPase Biological Action ; Pathological Consequence |
‘“i | DOCK4 Endothélial. Raci SR-B1 Transcytosis LDL Entry
SGEF Endothelial RhoG ICAM-1 Docking Leukocyte Retention
Arhgef1 Leukocytes RhoA Angll Activation Inflammatory Amplification
Vav1/2/3 Macrophage Rac1/RhoA | | CD36 Ingestion Foam Cell Formation
i-: Kalirin VSMC Rac1/RhoA Migration Neointimal Hyperplasial _
iﬂ ' Arhgef7 Endothelial Barrier Integrity

Rac1/Cdc42

 Plaque Stability (Protective) &%

A consolidated view of the molecular switchboard. Each Rho GEF uniquely directs a specific stage of the
atherosclerotic progression, highlighting the profound complexity of the active vascular response.



Atherosclerosis is not an accident of plumbing.
It is a highly regulated, dynamic, and intercon-
nected biological ecosystem. Every phase—
from lipid entry to plaque rupture—is precisely
orchestrated by the vascular wall.




Systemic Amplifiers and Current Interventions

RhoGTPases
RhoGEFs

Insulin
Hypertension Resistance
(Increases RhoA/ROCK (Enhances
signaling & permeability) inflammatory/uptake
pathways)

Activated
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Systemic diseases act as
pressure multipliers.
Hypertension directly
exacerbates endothelial
permeability via
RhoA/ROCK signaling,
while insulin resistance
supercharges the
inflammatory response.

Current foundational
therapies, such as statins,
indirectly blunt these
pathways by inhibiting
Rho protein activation,
while PCSKO9 inhibitors
drastically reduce the
circulating ApoB burden.




The Future of Precision Cardiovascular Therapeutics
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Emerging strategies aim to directly target the vascular gate. Inhibiting key regulators like DOCK4 or SGEF could shut
down active lipid transcytosis and immune tethering directly at the vessel wall. This represents a paradigm shift
toward precision medicine: preventing the local mechanisms that convert systemic lipid exposure into lethal disease.




Redefining the Atherosclerotic Paradigm

Entry is Active, Not
Passive: LDL does not
leak; it is actively
transported into the

subendothelial space via
DOCK4-mediated

Orchestrated Progression:
Rho GEFs act as the
master molecular
switches, meticulously
directing lipid transport,
inflammation, foam cell

transcytosis. formation, and smooth
muscle migration.

The Dual Force The Precision Horizon:

Requirement: ApoB Future therapeutics will

particle burden focus not only on

determines the level of lowering systemic lipid

exposure (“The Pressure’),
but the active signaling of
the vascular wall
determines the disease
outcome (“The Gate’).

pressure but on directly
locking the molecular
gates of the arterial
arterial wall.




