The Dynamic Artery

Primate Models of Atherosclerosis
Progression and Regression (1950-1995)

Based on the historical critical review by Peter Megdal, PhD
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The Mic -Century Dogma

Atherosclerosis was viewed as an inevitable,
unidirectional consequence of aging. A mechanical
failure of the human machine.

The n Truth '

Atherosclerosis is a Ein amic, lip id—dﬁnflam_ nator
disease. Under specific conditions, severe hypercho
ssterolemia can be reversed, inducing substantial

stabilization and structural regression.
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The Evolution of Primate
Atherosclerosis Research

1950s: The New
World Induction

First induction of
hypercholesterolemia in
New World monkeys; early
vascular lipid staining.

1960s: Coronary
Pathology

Focus shifts to the
riet pathology

Focus shifts to the natural
history of coronary arteries;

documentation of fatal diet-

induced myocardial
infarction.

1970s: Definitive
Morphometry

The first morphometric
mapping of plaque

The first morphometric proof

of advanct regression;
mapping of plaque lipid
phases.

p

1980s: Kinetic
Tracking

Physical-chemical lipid
transitions

Multi-year studies defining
physical-chemical lipid
transitions and strict
cholesterol ceilings.

1990s: Functional
Remodeling

Integration of quantitative
angiography, outward
compensatory remodeling,
and vasomotor restoration.



The Biological Imperative for Primate Models

Lipoprotein Distribution: Arterial Architecture: Inflammatory Cascades:
Rodents transport cholesterol primarily Nonhuman primates possess a thick, Primates share highly conserved

via HDL and lack CETP activity. Primates multi-layered coronary intima mimicking inflammatory adhesion molecules (VCAM-
possess CETP and develop a human vascular structure, unlike 1, ICAM-1) allowing accurate modeling of

human-like ApoB-dominant profile. thin-walled lower mammals. plaque rupture.



The Primary Cast: Species-Specific Pathobiology
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Coronary Coronary
Complexity Complexity
Human _ Time to Human Time to Human Time to Human Time to Human Time to
Translation Lesion | Translation Lesion | Translation Lesion Translation Lesion  Translation Lesion
Stress Reactivily Stress Reactivity Stress Reactivity Stress Reactivity Stress Reactivity
Rhesus Macaques Cynomolgus Macaques | African Green Monkeys Baboons Squirrel Monkeys
The historical gold standard. Highly sensitive to dietary Lipoprotein metabolism Excellent for early-stage fatty Compact New World model.
Reliably develop cholesterol. Prone to severe highly sensitive to specific streaks and population Highly responsive to short-

concentric/eccentric plaques
with necrotic cores, mimicking
advanced clinical human
disease.

calcification. Unigue

neurcendocrine interaction
where psychosocial stress
accelerates atherogenesis.

fatty acid compositions.
Balanced cellular ratios

perfectly match human

plagues.

genetics, but highly resistant
to severe occlusive coronary
stenosis.

terrn lipid manipulation,
providing rapid clearance of
intracellular foam cells.



Case File 01: The lowa Program (1970) @ & ® . & e

The Outcome: Anatomical Shrinkage
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The Experiment & Findings The Anatomical Result
Compared a low-fat diet against a high-polyunsaturated corn-oil The average cross-sectional lumen area was over 80% greater in
diet. Both diets reduced plasma total cholesterol to ~140 mg/dl regression animals compared to the baseline disease cohort.
and completely reversed beta-lipoproteinemia. Absolute lipid clearance, not total fat percentage, dictated the

outcome.



Case File 02: The LSU Long-Term Program (1994) (& s © i % o

Rhesus Macaques 5.4 Years 1.9t0 3.7 Years
The Outcome: The Chronicity of Plaque

Induction Start 5.4 Years Regression Start 1.9 Years Regression 3.7 Years Regression
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The Experiment The Findings The Anatomical Result

Created the closest replication of mature, At 1.9 years of regression, no statistically Significant regression of advanced lesions only
decades-old human plaque architecture by demonstrable decrease in intimal became demonstrable after 3.7 years of sustained
sustaining severe hypercholesterolemia thickness occurred.

lipid lowering. Mature plaques require vastly more

for over 5 years. time to remodel than early lipid-rich lesions.



Case F"e 03: Bowman Gray Series V (1984) .- Subject: Rhesus Macaques | Induction: 38 Months | Regression: 24 to 48 Months
The Outcome: Target Calibration
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300 mg/dl

. 200 mg/dl

"

ha -
( The Experiment The Findings The Anatomical Result
« Titrated individual diets to maintain specific plasma + High individual genetic variability (hyper-responders « Reversing advanced coronary plagues required
total-cholesterol ceilings (300 mg/dl vs 200 mg/dl). vs. hypo-responders) confounded findings in the maintaining a strict plasma total cholesterol ceiling
300 mg/dl cohort, where disease progression often near 200 mg/dl for several years, resulting in

continued. near-complete resolution of necrotic zones.



Case File 04: Bowman Gray Female Regression (1995)

The Outcome: Functional Outward Remodeling o s Mocaouss | 258 raortio Mo

The Experiment The Findings The Anatomical Result
Treated advanced, calcified epicardial coronary plaques Cross-sectional plague size did not shrink significantly. Lipid lowering approximately doubled the coronary lumen
with severe baseline luminal narrowing. Advanced calcification remained largely unchanged. area via outward remodeling and restored

endothelium-dependent vasomotor dilation. Clinical
benefit occurred without physical plaque shrinkage.
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Case Flle 05 BOSton Llpld phase Program (1984) Suh]ect C},mc:nmﬂlgus Macaques | Induction: Up to 30 Months @ Regression: 12 Months
The Outcome: Transient Crystallization
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The Experiment

Characterized the exact physical chemistry of lipids Reversal induced a rapid mobilization of lipids. By 12

inside the plaque during the regression phase. months, cell debris and necrotic core size were
significantly reduced, and stabilizing collagen

increased.

The Findings { The Anatomical Result

During early regression, cholesteryl-ester hydrolysis
temporarily exceeded the artery’s cholesterol efflux capacity,
creating a transient spike in free cholesterol monohydrate
crystals. Healing involves complex chemical phase transitions.



Case File 06: Wake Forest Fatty Acid Program (1995)

The Qutcome: The Macronutrient Paradox

.

Saturated (Palm Oil) \
-
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The Experiment

Compared equivalent cholesterol diets formulated
with Saturated fat (palm oil), Monounsaturated fat

(oleic-enriched safflower), or Polyunsaturated fat
(standard safflower).

' Monounsaturated

Large, cholesteryl-oleate-enriched.

The Findings

The monounsaturated group achieved the lowest
LDL/HDL ratio, yet still developed prominent
intimal plaque area.

Subject: African Green Monkeys | Induction: 5 Years Continuous
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Polyunsaturated \“‘%
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The Anatomical Result

Polyunsaturated fat minimized cholesteryl oleate
accumulation and protected against coronary
plague far better than monounsaturated fat under
these specific experimental conditions.




Case File 07: Synergqistic Interventions

-

Chicago Reversal Program (1976)

»
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« Proved that combining a low-fat, cholesterol-free diet with
a pharmacologic lipid-lowering agent (W-1372) accelerated
foam cell clearance, reduced necrotic debris, and promoted
rapid endothelial repair in rhesus macaques.

-

Oregon Alfalfa Saponin Program (1978)

.

« Demonstrated that adding alfalfa meal (saponins) to an
atherogenic diet caused significant plaque shrinkage in
cynomolgus monkeys without requiring a complete shift to
a low-fat diet. The plant extracts interfered with intestinal
cholesterol absorption.




The Mechanics of Progression

r r r i
1. Retention 2. Activation 3. Foam Cells 4. Necrotic Core
ApoB-containing lipoproteins Retained particles oxidize, Monocytes differentiate into Foam cells undergo apoptosis.
cross the endothelium and bind triggering endothelial adhesion macrophages, devouring modified Defective efferocytosis leads to a
to negatively charged molecules to recruit blood-derived lipids until they become highly unstable core of necrotic
glycosaminoglycans. monocytes. engorged foam cells, creating debris, free cholesterol, and
early fatty streaks. microscopic calcium granules
) J J beneath a fibrous cap. )




Regression Dynamics: Shrinkage vs. Stabilization

e

Shrinkage & Stabilization

What Clears (Rapid Phase) What Remains (Slow Phase) The Result

» Marked lipid lowering reduces monocyte « Extracellular matrix elements remodel slowly. An unstable atheroma transforms into a flatter,
recruitment. Existing foam cells are depleted, - Smooth muscle cells synthesize new collagen highly stable, fibrotic lesion with a healed,
and soft intracellular and extracellular cholesteryl that cross-links and condenses. tightly joined endothelial lining.

ester FJUD|5_ are progressively hydrolyzed and - Microscopic calcium coalesces into large,
removed via reverse cholesterol transport. persistent mineral plates. \



The Remodeling Paradox: A Synthesis of Primate Outcomes

The historical data reveals that clinical success is rarely simple volumetric erasure.
It is a multi-dimensional structural transformation.

[ 1. Anatomical Depletion (lowa)

2. Structural Chronicity (LSU)

The extraction of the active biclogical
threat—the liquid lipid and necrotic
inflammatory core.

The reality that mature, cross-linked
extracellular matrices and calcium
require years, not months, to remodel.

: T
—[3. Functional Expansion (Bowman Gray)

The paradoxical healing where the vessel dilates outward,
doubling luminal capacity and restoring vasomotor tone,
actively healing around the stabilized scar.




The Cumulative ApoB Exposure Model

Atherosclerosis is driven by the total cumulative arterial exposure to circulating ApoB-containing particles over time.

ApoB Concentration
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The Implication

Time (Years) I
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The Physical Cost

« It is the number of retained particles—not just
cholesterol mass—that drives injury.

» Longer, higher exposure produces physically older, more
— fibrotic, calcified, and metabolically resistant lesions.

« Early lipid-rich lesions possess high metabolic plasticity;
mature lesions become entrenched.




Scientific Limits: What These Studies Do Not Prove

Universal Dietary Reversal

They do not prove diet alone
reverses advanced disease in all

humans. The extreme diets

diets used (e.g., shifting to 0%
cholesterol) are highly controlled
laboratory conditions, difficult for
clinical patients to sustain.

The Erasure of Calcium

They do not prove coronary
calcium disappears.

While lipid pools clear, large calcific
deposits undergo almost no
anatomical regression over years.
An increasing calcium density signal
often accompanies the healing and
stabilization of soft plaque.

Human Kinetic Timelines

They do not prove human plaques
regress at monkey speeds.

A 3-year monkey trial represents a
massive fraction of its lifespan.
Human plaques develop over
decades and are hardened by
multiple, concurrent risk factors.




The Ethical Evolution

The 1985 Improved Standards for Laboratory Animals Act radically altered the design of primate research.

Mandated Oversight

« Introduction of Institutional Animal Care & Use
Committees (IACUCs) to strictly evaluate and
minimize pain and distress.

e N ﬁ Environmental Enrichment
WO S » New requirements for psychological well-being
and compatible social housing.

LS

The Shift in Methodology

« These regulations, combined with conservation

efforts and rising costs, sharply curtailed invasive,
J long-term induction studies. The paradigm
shifted definitively toward ethical, non-invasive
modern imaging and refined protocols.




The Modern Translation

The stabilization phenomena first documented in mid-century macaques perfectly predict
the outcomes of modern human clinical trials (such as REVERSAL and ASTEROID).
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Macaque Plaque:
Stabilized
(Mid-Century)
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Fibrous Cap Thickening, Lipid Clearance
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IVUS & OCT Validation

- Modern intravascular imaging confirms that aggressive
lipid lowering in living humans results in the exact same
cellular clearance of lipid pools, necrotic debris reduction,
and fibrous-cap thickening seen in the primate models.
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" |dentical Stabilization
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IVUS: Human Stabilized Plague

& __I{T‘-.I'ERSAL Trial) (ASTEROID Trial)

The Mechanism Validated

- Aggressive, sustained reduction of atherogenic
ApoB-containing lipoproteins—by whatever means—
arrests progression and induces stabilization under

both experimental and clinical conditions.

OCT: Human Fibrous Cap




Unanswered Questions & The Future

The frontier of primate atherosclerosis research now relies on advanced, non-invasive molecular technologies.

N { Pedigreed, Aged Colonies

Using naturally occurring hyperlipidemic or aged cohorts
to study gene-diet interactions without unphysiological
lipid-loading regimens.

( Non-Invasive High-Resolution Imaging

Utilizing PET/CT and CCTA to track real-time progression
and regression within the same living animal over time.

( Single-Cell Transcriptomics

Sequencing peripheral blood mononuclear cells to map the
precise systemic immune and metabolic pathways that J

drive vascular healing and reverse cholesterol transport.




