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Introduction
The aortic valve, a critical component of the heart, undergoes complex 

embryological development. The heart develops from the primary heart field, 
which gives rise to the linear heart tube. The second heart field contributes 
to the elongation and looping of the heart tube, and the Outflow Tract (OFT) 
forms the precursor of the aortic valve. During early development, endothelial 
cells within the OFT form endocardial cushions. These cushions undergo 
remodelling, resulting in the formation of semilunar leaflets, including those 
of the aortic valve. Distinctive molecular signaling pathways, such as Notch, 
Wnt, and TGF-β, play pivotal roles in the differentiation and patterning of the 
valve leaflets. Genetic mutations or perturbations in these pathways can lead 
to congenital valve malformations. Mechanobiology refers to the interplay 
between mechanical forces and biological responses in living organisms. In 
the context of the aortic valve, mechanobiology is crucial for maintaining tissue 
homeostasis and responding to hemodynamic forces. The valve experiences 
various mechanical stresses, including tensile, compressive, and shear forces, 
which influence its cellular and Extracellular Matrix (ECM) properties [1].

Description 
Valve Interstitial Cells (VICs) are the predominant cell type in the aortic 

valve, responsible for maintaining ECM integrity and responding to mechanical 
cues. VICs exhibit phenotypic plasticity, transitioning between quiescent 
fibroblast-like states and activated myofibroblast-like states in response to 
mechanical and biochemical stimuli. Dysregulation of mechanotransduction 
pathways, such as focal adhesion kinase and Rho GTPases, can contribute to 
valve pathologies, including calcific aortic valve disease [2].

Second messenger pathways are signaling cascades that transmit 
extracellular signals to intracellular effectors, regulating various cellular 
processes. In the aortic valve, second messenger pathways mediate responses 
to mechanical forces, growth factors, and inflammatory cytokines, modulating 
valve homeostasis and pathology. One key second messenger pathway in 
the aortic valve is the cyclic adenosine monophosphate pathway. CAMP is 
generated by adenylyl cyclases in response to signaling through G protein-
coupled receptors. In VICs, cAMP signaling regulates ECM synthesis, cell 
proliferation, and contractility through downstream effectors such as protein 
kinase A and exchange protein directly activated by cAMP [3].

Another important second messenger pathway is the Phosphoinositide 
3-Kinase (PI3K)/Akt pathway. Activation of PI3K by growth factors 
or mechanical forces leads to the generation of Phosphatidylinositol 
(3,4,5)-trisphosphate (PIP3), which recruits Akt to the plasma membrane. 

Akt phosphorylates various targets involved in cell survival, proliferation, and 
metabolism. In the aortic valve, PI3K/Akt signaling regulates VIC phenotype 
and ECM remodelling in response to mechanical stretch and growth factors. 
Furthermore, calcium signaling plays a critical role in aortic valve physiology 
and pathology. Intracellular calcium levels are tightly regulated by calcium 
channels, pumps, and exchangers. Calcium signaling modulates VIC 
contractility, ECM synthesis, and valve calcification. Dysregulation of calcium 
handling can promote valve stiffening and calcification, contributing to aortic 
stenosis [4,5].

Conclusion
The embryology, mechanobiology, and second messenger pathways 

of the aortic valve are intricately interconnected, governing its development, 
homeostasis, and response to pathological stimuli. Understanding these 
fundamental aspects is crucial for elucidating the etiology of valve diseases 
and developing targeted therapeutic interventions to alleviate valve pathologies 
and improve patient outcomes. Further research into these areas promises to 
uncover novel insights into aortic valve biology and pathology, with potential 
implications for clinical practice.

Acknowledgement
None.

Conflict of Interest
None.

References
1.	 Sanford, Matthew F., Priscilla J. Slanetz, Alana A. Lewin and Arnold M. Baskies, et 

al. "ACR Appropriateness Criteria® evaluation of nipple discharge: 2022 Update." J 
Am Coll Radiol 19 (2022): S304-S318.

2.	 Onstad, Michaela and Ashley Stuckey. "Benign breast disorders." Obstet Gynecol 
Clin 40 (2013): 459-473.

3.	 Vavolizza, Rick D. and Lynn T. Dengel. "Management of nipple discharge." Surg 
Clin 102 (2022): 1077-1087.

4.	 Bahl, Manisha, Jay A. Baker, Rachel A. Greenup and Sujata V. Ghate. "Diagnostic 
value of ultrasound in female patients with nipple discharge." Am J Roentgenol 205 
(2015): 203-208.

5.	 Filipe, Mando D., Susanna IS Patuleia, Valentijn MT de Jong and Menno R. Vriens, 
et al. "Network meta-analysis for the diagnostic approach to pathologic nipple 
discharge." Clin Breast Cancer 20 (2020): e723-e748.

How to cite this article: Teresa, Gloria. “Embryology of the Aortic Valve and 
Second Messenger Pathways.” J Surg Path Diag 6 (2024): 185.

mailto:tloriaeresag@gmail.com
https://www.sciencedirect.com/science/article/pii/S1546144022006548
https://www.obgyn.theclinics.com/article/S0889-8545(13)00050-8/abstract
https://www.surgical.theclinics.com/article/S0039-6109(22)00067-6/abstract
https://ajronline.org/doi/full/10.2214/AJR.14.13354
https://ajronline.org/doi/full/10.2214/AJR.14.13354
https://www.sciencedirect.com/science/article/pii/S1526820920301439
https://www.sciencedirect.com/science/article/pii/S1526820920301439

