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THE NUMBER 1 KILLER

17.9M
deaths per year

1 in 10
Aged 30-70 

die from CVD

31%
of all deaths are 

from CVD

Cardiovascular disease (CVD) 
is the world’s biggest killer. 

At least 80% of premature 
deaths from cardiovascular 
disease could be avoided.



CVDs include

• Hypertension

• Atherosclerosis

• Myocardial 
ischemia

• Cerebrovascular 
ischemia

• Renal ischemia

• GI ischemia

• Peripheral 
vascular disease

• Heart failure



Cardiovascular diseases (CVD)

• There have been significant advances in the  
understanding of the pathogenesis of CVD

• This has led to a significant decrease in mortality 
from CVD over the last 50 years

• Still, CVDs remain the primary cause of morbidity 
and death



Genomics (Study of Genes and Their Functions)

• Disease Risk Prediction: Genome-wide 
association studies (GWAS) have identified 
genetic variants linked to cardiovascular 
diseases (CVDs), such as coronary artery 
disease (CAD).

• Monogenic Disorders: Identification of 
mutations in genes like MYH7 (hypertrophic 
cardiomyopathy), LMNA (DCM), 
and KCNQ1 (Long QT syndrome).

• Pharmacogenomics: Tailoring antiplatelet 
(e.g., CYP2C19 testing for clopidogrel 
response) and anticoagulant therapies (e.g., 
warfarin dosing based 
on *VKORC1/CYP2C9* variants).



Causes of sudden cardiac death
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Discrepanies in variant interpretation

Variant interpretation is not black and white
Equally trained professionals can interpret
the same variant differently

Why?
• Lack of data available
• Use of different interpretation software
• Different interpretation of ACMG codes
• Biology…..



The “First Rule” in Variant Interpretation?





Reassessment of FBN1 variants of uncertain significance using 
updated ClinGen guidance for PP1/BS4 and PP4 criteria

• FBN1 VUSs according to the 
new PP1/PP4 criteria, the 
rate of reclassification from 
VUS to PV/ LPV significantly 
increased from 40.3% to 
62.5%.

European Journal of Human Genetics (2025) 33:666–674; https://doi.org/10.1038/s41431-025-01826-9



Genotype-Phenotype correlation can be 

complex … even in monogenic disorders

- Penetrance

- Expressivity

- Pleiotropy

Even in a single gene disorder, 

genotype does not equal a specific 

phenotype.
Kathiresan S et al. Cell 2012

MODIFIER GENES ENVIRONMENT



Also in the other families the subsequent family 
segregation study revealed several clinically affected, 

apparently asymptomatic relatives.

Di Lorenzo et al., 2023 Desmoplakin-related Cardiomyopathy 



The family segregation test showed that the variant was inherited from the mother, 
who was apparently unaffected and subjected to instrumental tests.

The ECG-Holter revealed:
6727 isolated polymorphic BEVs, 624 
mono and polymorphic pairs, sometimes 
in phases of ventricular bi and trigeminy, 
41 interpolated BEVs, 71 NSVTs 
(polymorphic triplets, two runs of 4 
polymorphic beats at a heart rate of 150 
bpm).

Cardiac MRI found: Left ventricle with end-diastolic 
and end-systolic volume indexed to the upper limits 
(FEVG 54%), right ventricle with end-diastolic and 
end-systolic volume indexed to the limits (FEVD 52%)
Subepicardial LGE areas, also with mesocardial 
distribution, corresponding to the anterior, lateral and 
lower wall in the mid-basal segments, findings 
compatible with arrhythmogenic dysplasia with 
prevalent involvement of the Left ventricle

FAMIGLIA 3

Di Lorenzo et al., 2023 Desmoplakin-related Cardiomyopathy 





OBJECTIVES: analyze the electrocardiogram 

(ECG) characteristics of ALVC, to correlate ECG 

with cardiac magnetic resonance and genetic 

data, and to evaluate its prognostic value

➢Patients with ALVC have a very high risk of 

ventricular arrhythmias and sudden death. 

➢ECG analysis remains a key element in the 

evaluation of patients with ALVC.

➢Recognition of some new ECG signs, on top of 

classical signs such as T-wave inversion and 

low QRS voltage in limb leads, can help in 

early diagnosis and risk stratification in these 

patients. 

➢Among the ECG parameters, LPFB emerges 

as noteworthy predictor of ventricular 

arrhythmias or sudden death also in a primary 

prevention scenario, increasing the risk 4-fold



L’identificazione delle varianti strutturali. Tecniche; vantaggi e limiti

Cariotipo FISH CMA OGM

• Intero genoma

• Non necessita di un’indicazione a 
priori

• Necessita di materiale vitale o 
tessuti replicanti in vitro

• Fenomeni di selezione o artefatti 
in vitro

• Risoluzione (5-10 Mb)

• Nuclei in interfase o preparati 
bioptici in paraffina

• Indagine locus-specifica

• Necessita di un’indicazione a priori

• Risoluzione (40-200 kb) • Risoluzione (10-20 kb)

• Mosaicismi

• Genotipizzazione del campione

• Contenuto genico

• Non necessita di materiale vitale o 
tessuti replicanti in vitro

• Contenuto genico

• Risoluzione (>500 bp)

• Riarrangiamenti bilanciati

• Intero genoma

• Non necessita di un’indicazione a 
priori

• Mosaicismi

• Intero genoma

• Necessita di un’indicazione a priori

• Riarrangiamenti bilanciati

• Contenuto genico • Contenuto genico

• Limiti di natura interpretativa



t(2;15)(5'-FBN1_bis+;3'-FBN1+)
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Polygenic Score

Dallapiccola – Novelli, Falco Ed. 2022



Polygenic Risk Score

• Some gene variants confer very high risk of getting a 
particular disease

• Some gene variants confer very small risk of getting a 
particular disease

• Some gene variants confer no risk of getting a 
particular disease

• Some gene variants protects from the risk of getting a 
particular disease

Polygenic Risk Score can help personalize preventive 
measures, treatment decisions and wellbeing. 









“We envision polygenic risk scores as a 
way to identify people at high or low 
risk for a disease, perhaps as early as 
birth, and then use that information to 
target interventions — either lifestyle 
modifications or treatments — to 
prevent disease. For heart attack, I 
foresee that each patient will have the 
opportunity to know his or her 
polygenic risk number in the near 
future, similar to way they can know 
their cholesterol number right now.”

https://thumbor.forbes.com/thumbor/960x0/https%3A%2F%2Fblogs-images.forbes.com%2Fmatthewherper%2Ffiles%2F2018%2F08%2Fsekar_kathiresan-desk.jpg

Sekar Kathiresan

https://blogs-images.forbes.com/matthewherper/files/2018/08/sekar_kathiresan-desk.jpg






The dark side of the human genome

1 – 2 % 

PROTEIN 

CODING GENES

… 3 billion of base pairs …

98% NON CODING GENOME

70% REPETITIVE ELEMENTS

46% TRANSPOSABLE ELEMENTS

18% LINE1

By Beatrice Bodega, HUMAN GENOME MEETING ･ Rome ･ April 8-10th 2024





Transcriptomics (Study of RNA Expression Patterns)

Biomarker Discovery: RNA sequencing (RNA-seq) reveals 
dysregulated genes in heart failure (e.g., BNP, ANP) and 
atherosclerosis.

Non-Coding RNAs: MicroRNAs (miR-208a in myocardial 
infarction) and long non-coding RNAs (e.g., MALAT1 in 
vascular remodeling) serve as diagnostic markers.

Single-Cell RNA-seq: Identifies cell-specific pathways in 
cardiac fibrosis and endothelial dysfunction.



• ~25,000 -
95,243 lncRNA 
genes
• 323,950 
transcripts



• ~2,000 mature 
miRNAs (recorded in the latest 
version of miRBase, the 
primary miRNA database, v22.1 
as of 2023).

• These are derived 
from ~1,900 miRNA 
genes (since some miRNAs 
arise from the same primary 
transcript).



Su et al. BMC Cardiovascular Disorders (2019) 19:5

https://doi.org/10.1186/s12872-018-0987-x



Role in 
Cardiovascular 

Diseases

• Arrhythmias & Cardiac Conduction
• Targets: GJA1 (Connexin 43, gap junction protein), KCNJ2 (Kir2.1, 

inward rectifier K⁺ channel).

• Effect:
• Overexpression → Slowed conduction, prolonged QT interval, 

arrhythmias.

• B. Cardiac Hypertrophy & Heart Failure
• Targets: Represses growth-related genes (*IGF-1, calmodulin, 

HDAC4*).

• Effect:
• Upregulated miR-1 → Attenuates pathological hypertrophy.
• Downregulated miR-1 (in human heart failure) → Loss of anti-

hypertrophic control.

• C. Myocardial Ischemia & Infarction
• Targets: HSP60, HSP70 (heat shock proteins), *Bcl-2* (anti-apoptotic).

• Effect:
• Ischemia-induced miR-1↑ → Promotes apoptosis of 

cardiomyocytes.
• miR-1 inhibition → Reduces infarct size in animal models.

• D. Atherosclerosis & Vascular Remodeling
• Targets: PIM1 (anti-apoptotic kinase), *ET-1* (endothelin-1, vasoconstrictor).

• Effect:
• Endothelial miR-1↓ → Contributes to inflammation and plaque 

instability.
• Smooth muscle miR-1↑ → Inhibits proliferation (protective against 

stenosis).



Cardiovascular Diseases

•      Endothelial Dysfunction & 
Atherosclerosis:

• artery disease (CAD) patients.

•     Myocardial Fibrosis & Hypertrophy:

• Regulates TGF-
β/Smad3 signaling (key in 
fibrosis).

• Overexpression reduces cardiac 
fibroblast activation.

•     Anti-fibrotic Effects:

• Inhibits collagen 
synthesis (targets COL1A1, COL3
A1).

• Blocks TGF-β-driven fibroblast 
activation.

TGF-β overdrive → Fibroblast-to-
myofibroblast transition → Fibrosis, 
aortic aneurysm, valve dysfunction.



Proteomics (Study of Protein Expression and Modifications)

Diagnostic Biomarkers: Troponins (myocardial 
injury), natriuretic peptides (heart failure), and 
novel markers like GDF-15.

Post-Translational Modifications (PTMs): 
Phosphorylation, acetylation, and glycosylation 
changes in heart disease.

Personalized Medicine: Mass spectrometry-based 
proteomics helps stratify patients for targeted 
therapies.







unpublished



Metabolomics (Study of Metabolic Pathways)

• Metabolic Signatures: Elevated TMAO (trimethylamine N-oxide) predicts 
atherosclerosis; altered fatty acid oxidation in heart failure.

• Energy Metabolism: Shifts from glucose to ketone utilization in failing 
hearts.

• Therapeutic Targets: Modulating metabolites like succinate (ischemia-
reperfusion injury)



Present Day Healthcare is Broken
We need to be keeping people healthy instead of waiting until they are ill

Travel to a physician for 
a health check

The office looks the way it did 
40 years ago

A large aliquot of blood is 
drawn which hurts!

Very few measurements are 
made, many questionable

Treat you based on 
population averages



42

Menta
l 

Health

Environmental
Exposures



Air pollution exposure 
and cardiometabolic risk

www.thelancet.com/diabetes-endocrinology Vol 12 March 2024



44

Longitudinal Personal Omics Profiling

44

Genome 

Transcriptome

Proteome

Metabolome
Lipidomics

Autoantibody-ome

Cytokines

Epigenome

Microbiome (Gut, Urine, 
Nasal, Tongue, Skin)

Omics
Measurements

44

Year 2 …Year 1 Viral infection

Biosensors

Clinical Tests
Questionaires

Stress Echos
Glucose Control

109 Individuals >11 yrs!

Zhou, … Snyder Nature 2019

Billions of 
Measurements



Remote Monitoring 
Using Microsampling

Overnight Delivery

Mitra 
Microsampling 

Collection

Lab Processing

Lab Analysis

Measure >2200 
analytes



Genomic and Exposomic Analyses to Elucidate Environmental and Molecular 

Drivers of Chest Pain and Cardiovascular Disease Risk

Tor Vergata, Yale, Abano Terme hospital, in progress 



Clinical Applications & Future Directions

Precision Medicine: Integrating multi-OMICS data 
for tailored therapies.

Early Disease Detection: Liquid biopsies for 
circulating biomarkers.

Drug Development: Targeting OMICS-identified 
pathways (e.g., PCSK9 inhibitors from genomics).



“La biologia moderna 
è diventata così
genocentrica che
abbiamo dimenticato
che le vere unità di 
funzione e struttura in 
un organismo sono le 
cellule e non i geni”.

Sydney Brenner (2002)

Nobel Prize in Physiology or Medicine 2002

https://www.nobelprize.org/prizes/medicine/2002/summary/
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