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Vascular Smooth Muscle Cells Originate from Multiple
Embryonic Lineages
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1. Development informs disease

2. Practical examples of using stem cells to
model human development and disease



Site-Specific Manifestation of Atherosclerosis
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Site-specific manifestation of vascular diseases

Atherosclerosis
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Early Athero: Diverse Regional Responses to Risk factors

Pathobiological Determinants of Atherosclerosis in Youth (PDAY)
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Vascular SMC Pathologies:
Aortic Aneurysm & Dissection
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Site-specific manifestation of vascular diseases

Aortic Aneurysms & Dissections

Percentage 60% 10-15% 25-30%
Type DeBakey | DeBakey |l DeBakey ll
Stanford A Stanford B
Proximal Distal

Classification of aortic dissection



Vascular Smooth Muscle Cells Originate from Multiple
Embryonic Lineages
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“It is not birth, marriage, or death, but gastrulation which is
truly the most important time in your life.” - Lewis Wolpert (1986)
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Development of Embryonic Lineage-Specific Vascular
Smooth Muscle Cells from Human Pluripotent Stem Cells
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Generation of SMCs from Embryonic Lineages

(PDGF-BB + TGF-B1)
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Lineage-Specific Developmental and Functional
Differences Between VSMC

DEVELOPMENTAL BIOLOGY 178, 430-445 (1996)
ARTICLE NO. 0229
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SMC subtypes predict origin-dependent
MMP9 and TIMP1 activation
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SMC subtypes exhibit differential proteolytic ability
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Origin-specific SMCs may contribute to
the preferential sites of aortic dissection
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‘Regionality’ and development of
VSMC: insights into atheroscerosis?



Embryonic origin-dependent differences in
Homeobox gene expression
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Reciprocal negative regulation between
NF-kB and HoxA9

Luciferase activity
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Marfan Syndrome - Clinical Features
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Increased TGF- and ERK1/2 Activity in Pathogenesis of Aortic
Disease in Fibrillin-1 ¢¥s>Glv/+ Mutant Mouse
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Atenolol versus Losartan in Children and Young Adults
with Marfan’s Syndrome
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Clinical Challenges in Marfan Syndrome

* Medical management limited. Beta blockade +/- surgery

slow progression (30-70% aneurysm recurrence)
e Pathology from mouse models
o Fibrillin-1 mutation -> TGF-B1 signalling??

* Location of disease?



Marfan Syndrome: Disease Modelling

Shinya Yamanaka

Disease mechanisms
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Abnormal Fibrillin-1 Deposition & Distribution
in Marfan iPSC-SMC
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Abnormal Fibrillin-1 Deposition & Distribution
in Marfan iPSC-SMC
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Granata et al Nature Genetics 2017



™ TGF-B1 & MMP Levels & Activity in MFS iPSC-SMCs
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CRISPR/Cas9 Marfan hiPSC correction
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Partial Rescue of Phenotype with Losartan
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Dissecting Specific TGF-[3 Pathways in Marfans:
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Validation of p38 Activation in vivo
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p38: a Novel Therapeutic Target in Marfans

Abnormal Fibrillin-1 deposition
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SMC Origin and Disease: Summary
1. Developmental origin may influence \)UV'
SMC behaviour & disease development

2. Developmental origin — specific SMC
can be modelled in vitro using
hESC/hiPSC

3. Embryonic origin affects HoxA9/NFkB:
predisposes to atherosclerosis
susceptibility

4. Disease in a dish: the power of in
vitro modelling & importance of the
right kind of SMC

5. SMC lineage matters!
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SMC Origin and Disease: Summary

1. Developmental origin may influence \} %/,
SMC behaviour & disease development

2. Developmental origin — specific SMC
can be modelled in vitro using
hESC/hiPSC

3. Embryonic origin affects HoxA9/NFkB:
predisposes to atherosclerosis
susceptibility

4. Disease in a dish - the importance of
the right kind of SMC & many other
aortic diseases

5. SMC lineage matters!




