Intercellular signaling in cardiovascular development, homeostasis and disease
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Research topics:

-Cardiac Development ‘ Cardiac valves, Chambers & Coronaries

<

-Cardiac Disease (CHD): Valve Disease & Cardiomyopathy

Signals interplay

-Tissue homeostasis/regeneration: Zebrafish Heart regeneration

GOAL: Identification of novel developmental/pathological mechanisms, disease markers and/or therapeutical

targets for CVD




The NOTCH signaling pathway
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I. Valve development & disease. Previous work: Notch is required for cardiac valve primordium formation

LOF: Notch is required for endocardial EMT [Timmerman et al. G&D (2004)]
GOF: Notch and Bmp2 co-regulate endocardial EMT [Luna-Zurita et al. JCI (2010)]

AVC endocardium

Recent work: DI114-Notchl drives EMT

Notch =) Snail1,2 = VE-C NOTCHI mutations

cause BAV.
Garg et al. Nature (2005)

+— Cardiac jelly

Control

DIi4"*;Tie2-Cre

Calcified BAV

Cushion

AVC Cardiac jelly
My .

* Recent work: Myocardial Bmp2 patterns the valve-forming region upstream of Notch

New transgenic line
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* Recent work: Jagl-Notch signaling regulates mesenchyme proliferation during cardiac valve morphogenesis
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* Ongoing and Future work: Notch in cardiac valve morphogenesis, BAV and valve calcification
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RELEVANCE AND TRANSLATIONAL IMPACT:

* Understanding the mechanism underlying BAV formation .

Identification of novel valve disease markers




I1. Ventricular chamber development & cardiomyopathy. Previous work: Mutations in MIB1I cause LVNC
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Autosomal dominant inheritance




Recent work. Ventricular chamber development: Trabeculation & Compaction
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Ongoing: Functional analysis of MibI alleles found in LVNC families

Generation of MIB1%30X and MIB1V94F alleles in mice using Crispr-Cas9 gene edition

Mib lViox/+ - cTnT-Cre/+ Mib

[R330X/flox - e TnT-Cre/+

/’/_. P
1. Mibl inactivation in the myocardium (Mib 17>39X/10x . TnT-Cre) leads to LVNC. Similar to Mib 1'*/x:cTnT-Cre.
Mib[?%39%+: No LVNC. BAV and VSD when combined with Notchl LOF.

2. Mib1"#F: No LVNC phenotype in heterozygous or homozygous conditions. BAV and VSD when combined with Notchl LOF.

- Modifiers? Oligogenic inheritance? Exome




Exome sequencing: 84 individuals (24 families, including healthy controls and at least two LVNC samples)

Different possibilities:

1. Mutations affecting the NOTCH
pathway

2. Mutations in mediators of

endocardium-myocardium

communication

3. Mutations in structural/sarcomeric/

ion channels/metabolic genes

» All these possibilities could be intervening alone or in combination to cause LVNC



Arg530X (H862) family

Protein_position Amino_acids Existing_variation

CHROM SYMBOL Comment

O

417189

416782/ 417020
11606152

‘ 417021

gfo] T Tul s

161908/ 11612046 11612707 417490 417427 iPSc-WT iPSc-MUT 417520

417492 417491

161906/
12214810 11616568

417521

18 APCDD1 Whnit inhibitor, expressed during heart development 150 VI rs3748415
18 MIB1 530 R™ rs201850378&CM130893
18 ASXL3 Homeotic genes, polycomb TF. Expressed in heart. Bainbridge-Ropers 1415 MV rs181303838

SYMBOL 416675 S11606152 S11616568 S12214809 S417190 S417401 S417021 S417490 S11612048 S12214810 S417020 S417189 S417492 S417520 S417521

APCDD1 011 on on 01 on on on on 090 00 00 00 00 00 00
MIB1 o [ %] a1 o1 [ %] (4] [ %] o a0 av o a0 (] av ao
ASXL3 0N on o on on o o o 00 () 00 00 00 00 ()
Proband | 8 affected | 7 healthy I
Conserved
APCDD1 Conserved in mammals 0.1156 0.1289  0.555 12.86
IB1 0.00003657 0.00006273  0.882
ASXL3 Poorly conserved in mammals 0.0001097 0.00008956  0.222 0.00

*  LVNC due to the presence of R530X APCDDI ASXL3 heterozygous mutations?

Mouse models by Crispr-Cas9 gene edition

V943F (H243) family
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416800 402124
4175% 417594 112733/ 161913/ 417440
416967 417242
D Healthy male ‘ LVNC
O Heakthy female + Positive for the mutation - Negative for the mutation

CHROMSYMBOL Comentarios

5141331552

18 MiB1 V843F Variant 943 VIF rs200035428
12 BCL7A _ Intronic variants affecting expression. Burkitt. Exp. in developing heart Intronic rsB84785&rs884786
18 TMX3 Found in haplotypes. Expressed in heart, 2 isoforms. Protein stabilization _ Intronic (191?) FIX rs143627864

Tmx3. Disulfide isomerase (PDI) family of endoplasmic reticulum (ER)
proteins that catalyze protein folding and thiol-disulfide interchange reactions.

SYMBOL S416967 S253356 S416798 S417237 S417238 S417240 S417241 S417440 S253357 S253358 S417594 8417596 SWTm6 S417595

CEP192 on [ [ ol 0/ 0/ 0/0 0/0 0/0 01 0/0 0/0 0/0 0/0
miIB1 _on 01 o1 o1 oM o 0/0 0/0 0/0 0/1 0/0 0/0 00 0/0
BCL7A on 0 on on o/ 0/ 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1n
TMX3 on o1 on on o1 o/ 0/0 0/0 0/0 0/0 0/0 0/0 0/0 00
t | 6 affected | 7 healthy | 1 HCM |
Proband
SYMBOL Conservation gnomAD_AF LoFtool CADD_PHRED
CEP192 Not conserved 0.00002439  0.85 18.4
[MiB1__ Highly conserved 0.0001625  0.882 19.75|
gLM Conserved in 0.379 1.525)
L7A __ Conserved in most 0.379 6.117|
|TMX3  Conserved in 0.09514  0.726 1.023|

. LVNC due to the presence of V943F CEP192 TMX3,; BCL74 heterozygous mutations? Mouse models




Future work:

1. Valves

-Mechanisms regulating valve mesenchyme proliferation downstream of NOTCH: Hbegf GOF', Cxcll2 LOF. Impact in BAV?
-Mib1-Gata6 and BAV
-Mib1; TercKO and CAVD

-Gene profiling of human valve development and CAVD disease: Early disease marker identification & validation

2. Ventricles/cardiomyopathies

-Role of Gpri26, Nrgl/ErbB2 & EphrinB2 (Notch targets) in ventricular wall development: Live imaging and functional studies
-scRNA-seq: Genetic transitions in compaction

-NOTCH-dependent transcriptional regulatory landscape during ventricular wall development (ATAC-seq)

-CM differentiation of MIB 173X and MIB1V*#F hiPSC

-Oligogenic inheritance of LVNC: MIB1-TMX3-CEP192 and MIB1-APCDDI-ASXL3 mouse models

-Sarcomeric genes (MYBPC3), HCM and LVNC: MYBPC3R8874/5*160 AfYBP(C3¢26-24>G and MYBP(C3P1084 /%9

RELEVANCE AND TRANSLATIONAL IMPACT:

* Understand the mechanisms controlling valve mesenchyme proliferation

* Understand the mechanisms underlying BAV (affects 1-2% of the population: Lewin and Otto, Circulation 2005)

* Identification of early valve disease markers

* Understand the molecular and celular bases of ventricular chamber development

* Contribute to understand the genetics of LVNC (prevalence 0.05-0.3%, Towbin et al., Lancet 2015) and its relation with HCM
* Identify the developmental and/or structural bases of LVNC




