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Current commercial heart valve prostheses are non-living structures, either derived from artificial materials (mechanical valves) or foreign biological materials (xeno- or homo-graft). Since the use of viable tissue with native-like properties is essential for a heart valve with self-regulation properties, autologous collagen-based tissue can be considered a promising alternative material. While the extracellular matrix of pericardial tissue offers a solid foundation, it is the interstitial cells that play a crucial role in ensuring long-term durability. This review explores the mechanotransduction capabilities of autologous tissue as a replacement material for living heart valves with regenerative potential.
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INTRODUCTION
Heart valves constructed from autologous native pericardial tissue (NPT) represent a promising alternative to commercial heart valves, whether mechanical or biological (homografts or xenografts). The Ozaki procedure has already demonstrated favorable long-term outcomes, with follow-up data extending up to 15 years (Fujikawa et al., 2025; Lansakara et al., 2023). Another prosthesis made from autologous NPT is the minimally invasive implantable GrOwnValve, which has also shown potential for promising long-term outcomes (Ayyash et al., 2025).
These heart valve prostheses may either remain viable (Gardin et al., 2021) due to intraoperative manufacturing or become recellularized, as the collagen-based tissue offers a highly cell-adhesive surface (Schornik et al., 2012). Consequently, autologous pericardial heart valves could retain or regain their self-regulatory properties (Zhai et al., 2006), allowing them to remodel into a native-like valve structure. This process, in which tissue adapts to its surrounding environment in response to mechanical forces, is known as mechanotransduction (Tietze et al., 2020).
Comparison of clinical application scenarios
The heart valve replacement store offers a wide variety of biological prostheses of xenogenic origin (Yepez and Ríos, 2021), whose durability and functionality have evolved significantly over the past 15 years, resulting in a substantial increase in their application compared to mechanical prostheses (Rodriguez-Gabella et al., 2017). However, this trend comes at the cost of potential structural valve degeneration (SVD) (Bezuidenhout et al., 2009), which was described as the main failure reason of transcatheter heart valves elsewhere (Trimaille et al., 2025). Since bioprosthetic valves are non-viable substitutes (Sodian, 2004), incapable of regeneration or remodeling (Rodriguez-Gabella et al., 2017), their degeneration is inevitable, typically beginning 7–8 years after implantation (Kostyunin et al., 2020). It was reported that the absence of remodeling already becomes apparent as early as 6 months post-implantation, marked by irreversible damage to collagen molecules (Kostyunin et al., 2020). In pediatric patients, in which bioprosthetic valves are also the preferred choice (Ayyash et al., 2025), they face the additional limitation of being unable to adapt to the children’s somatic growth (Rodriguez-Gabella et al., 2017), leading to re-operations due to failure and outgrowth of the prostheses (Fioretta et al., 2021). These limitations could be overcome by utilizing autologous tissue, which has the capacity to be constructed into a regenerative prosthesis as described elsewhere (Straka et al., 2017).
The data available on the durability of transcatheter heart valves is very limited. However, transcatheter aortic valve functionality was reported to be promising, showing that 91% of patients remained free of SVD after ≥5 years post-implantation (Arsalan and Walther, 2016). Currently, only the “NOTION” trial has reached a follow-up time of 10 years after transcatheter aortic valve implantation (CoreValve, Medtronic). However, the study reveals several limitations, making it difficult to draw definitive conclusions as reported before (Ternacle et al., 2024). After 10 years, the trial showed a mortality and re-operation rate of 65.5% and 4.3%, respectively. SVD occurred in 15.4% of patients, of whom 12.3% had a mean gradient ≥20 mmHg accompanied by an increase of their initial gradient by ≥10 mmHg (Thyregod et al., 2024). The surgical comparison group (bioprostheses) showed similar results. The relatively high mortality was attributed to the advanced age of the patients. In lower-risk patients, comparable studies have shown mortality rates of 10.0% (PARTNER 3) and 9.0% (Evolut Low Risk) after 5 and 4 years, respectively (Thyregod et al., 2024).
On the other hand, 10 years post aortic valve replacement utilizing the Ozaki procedure, the mortality and re-operation (due to SVD or endocarditis) rate was 24.8% and 8.8%, respectively. The mean gradient was 8.2 mmHg (Oz et al., 2023). A similar outcome was described in a systematic review analysing several studies assessing the Ozaki procedure (Badalyan et al., 2023).
Compared to prostheses from xenogenic material, the Ozaki procedure has shown favorable results regarding survival and hemodynamics, but has shown a higher reoperation rate. Although the data is not yet sufficient to make a statement about a potential improvement in durability, it is assumed that autologous NPT might exceed the lifespan of xenogenic prostheses (Prêtre and Sologashvili, 2018). Furthermore, the use of autologous NPT was described to be less infectious with excellent biocompatibility, and therefore a good choice for patients with endocarditis (Yepez and Ríos, 2021).
The application of the Ozaki procedure in pediatric patients is still relatively new. Therefore, follow-up periods are limited. However, a review of the existing studies shows very promising short-term results, primarily due to their excellent hemodynamic properties and early to mid-term durability, as well as the retention of annular growth potential (Wang et al., 2025).
The GrOwnValve procedure showed good valve functionality in a sheep model (Kiekenap et al., 2024) and is currently assessed in a First-in-Human trial in adult patients (Charité Universitätsmedizin Berlin, 2025). Although the GrOwnValve prosthesis may offer superior regeneration and somatic growth potential, due to its 3D-shaping and novel tissue treatment, definitive conclusions cannot yet be drawn. Initial clinical data are expected within the next year, and a study in pediatric patients is still pending.
However, the use of autologous pericardial tissue with regenerative potential could offer a significant improvement in heart valve treatment for adult but especially pediatric patients.
Comparison of heart valve and pericardial tissue
To evaluate the adaptability of NPT for use as heart valve material, it is crucial to develop a deeper understanding of the native heart valve (NHV) structure.
NHV consist of membranous leaflets, which are the most mobile parts of the valve (Heim et al., 2013). They possess a trilaminar architecture: lamina fibrosa, lamina spongiosa, and lamina ventricularis (Lamina atrialis for atrioventricular valves). The layers are reinforced by connective tissue and covered by endocardium (Misfeld and Sievers, 2007). All three layers are covered with resident valve interstitial cells (VICs) and the structural proteins collagen and elastin, which are intimately associated with the surrounding proteoglycans and glycosaminoglycans. These components form the extracellular matrix (ECM). However, the layers differ in their matrix composition: The lamina fibrosa (facing the outflow tract) is richer in collagen fibers, the lamina spongiosa (intermediate layer) is richer in proteoglycans, and the lamina ventricularis (facing the ventricle) in elastin (as shown in Figure 1A). However, all structural components are present in every layer (Rutkovskiy et al., 2017). Collagen fibers are primarily oriented in a circumferential direction, whereas elastin fibers exhibit a strong affinity for an alignment in a radial direction (Tesfamariam et al., 2019). Their varied distribution and alignment result in different mechanical properties across the layers (anisotropy), which is essential for a NHV to facilitate unidirectional blood flow (Kostyunin et al., 2020). This distinctive architecture enables nonlinear stress behavior, load damping, and high elasticity, allowing the valve to endure millions of cycles (Kostyunin et al., 2020; Zeeman, 1998).
[image: Diagram showing the structure of heart valve or pericardial tissue. Image A represents NHV with layers including Lamina Fibrosa, Lamina Spongiosa, and Lamina Ventricularis. Image B shows NPT with layers labeled as Fibrosa and Serosa. Key components include collagen, elastin, glycosaminoglycans, VICs (NHV), PICs (NPT), endothelium, and mesothelium.]FIGURE 1 | Simplified schematic representations of (A): HVT (adapted from Rutkovskiy et al. (2017)) (Rutkovskiy et al., 2017), and (B): NPT (based on the description of Rodriguez and Tan (2017)) (Rodriguez and Tan, 2017). Both tissues exhibit a similar composition of cellular and extracellular components. However, unlike NHV, NPT lacks the trilaminar architecture that confers anisotropic properties. In addition, NPT is covered by mesothelial cells, whereas NHV is covered by endothelial cells. Under mechanical stimuli in the new environment, the interstitial cells of NPT are expected to mimic the architecture of NHV over time. The figure does not account for fiber orientation. NHV, Native Heart Valve; NPT, Native Pericardial Tissue; VICs, Valve Interstitial Cells; PICs, Pericardial Interstitial Cells.Collagen, which is the most abundant protein in mammals, makes up the major component of the valve matrix. The term collagen encompasses a wide range of protein molecules that consist of three individual α-chains that are biosynthetically cross-linked and fold into a triple helix (Korossis, 2018). Depending on the tissue’s source, the composition of these collagen chains varies (Yepez and Ríos, 2021). Collagen accounts for 50% of the ECM of NHV, of which 74% is collagen I and 24% is collagen III(29). As the main load-carrying tissue element (Yepez and Ríos, 2021), it consists of strong, dense fibers that provide the NHV with the necessary tensile strength and resistance to extensibility (Brelje and Sorenson, 2009).
Elastin, on the other hand, is the main component of elastic fibers (Yepez and Ríos, 2021) and provides elasticity to the valve, which accounts for 14% of the ECM(29). It permits tissues to deform under load and recoil after their release (elastic recovery), which is crucial for NHV since they require undergoing repetitive stretch/relaxation cycles (Schornik et al., 2012; Yepez and Ríos, 2021).
Another structural component is glycosaminoglycans, which are composed of repeating disaccharides, including mainly hyaluronic acid, heparin/heparan sulfate, chondroitin sulfate/dermatan sulfate, and keratan sulfate (Casale and Crane, 2025). They are mostly linked to polypeptide chains forming proteoglycans (Yepez and Ríos, 2021). Glycosaminoglycans are important for energy absorption during the compression in the cardiac cycle (Straka et al., 2018). In addition, they contribute to cell hydration and structural scaffolding and reduce shear forces within the NHV by providing a lubricating property for the tissue due to its gel-forming character (Zeeman, 1998; Yepez and Ríos, 2021). They also play a key role in cell signaling, including the regulation of cell growth and proliferation, the promotion of cell adhesion, anticoagulation, adhesion, and wound healing (Zeeman, 1998).
There are two types of cells found in the NHV tissue: the endothelial cells, which cover the surface of the leaflets, and the interstitial cells, which form a network by communicating with each other and the ECM (Chester et al., 2014). During embryogenesis, a portion of the endothelial cells migrates into the leaflet matrix and undergoes endothelial to mesenchymal proliferation to become interstitial cells. Therefore, VICs have an endothelial origin (Rutkovskiy et al., 2017). This dynamic population exists in various phenotypes, including fibroblasts and alpha-smooth muscle actin (SMA) positive cells. The alpha-SMA cells encompass smooth muscle cells and an “activated” subset of fibroblasts, known as myofibroblasts, which replenish and remodel the valvular ECM and express contractile proteins (Schornik et al., 2012; Chester et al., 2014; Taylor et al., 2000). Therefore, the biological function of these cells is essential for maintaining the integrity of the leaflets and the overall function of a NHV, enabling lifelong maintenance and integrity. VICs are found in all cardiac valve layers but are most abundant in the lamina fibrosa (Chester et al., 2014). In the lamina fibrosa, where collagen I and III are denser, the cells are spindle-shaped and aligned along and connected to the fibers. In the lamina spongiosa and the lamina ventricularis, the VICs occur in a spread polygonal morphology (Straka et al., 2018). The varying cell phenotypes across the different layers can be attributed to the anisotropic forces within the tissue, which drive cell proliferation (Rutkovskiy et al., 2017). Depending on the flow and pressure patterns, the cells acquire specific properties and functions (Tesfamariam et al., 2019). It was observed that the phenotype of VICs is dependent on their mechanical stimulation, showing a higher stiffness in NHV from the left side (mitral and aortic valve) than from the right side (tricuspid and pulmonary valve) (Rutkovskiy et al., 2017), indicating the capability to adapt to the surrounding mechanical forces. VICs respond adaptively to their microenvironment, as dictated by the ECM or mechanical force applied to them, by releasing matrix components such as collagen, elastin, proteoglycans, and glycoproteins. Furthermore, they synthesize growth factors and biological mediators that trigger signaling cascades, which pathways can mediate both physiological and pathophysiological mechanisms. The synthesized matrix remodeling enzymes (metalloproteinases) can also regulate the phenotype of the cells, which in turn remodel the ECM (Chester et al., 2014).
The dynamic and complex cyclic mechanical stresses include (i) shear forces due to blood flow when the valve is open, (ii) bending stresses due to the cyclic opening and closing of the valve, and (iii) tensile stresses when the valve is closed (Alavi et al., 2013).
If there is a lack of living resident cells that can maintain valve homeostasis by repairing damaged structures, deterioration of a NHV over time is inevitable (Kostyunin et al., 2020). In conclusion, a NHV must be capable of adapting to repetitive changes in shape and dimension throughout the cardiac cycle and over a lifetime, which requires functional cellular and extracellular components (Yepez and Ríos, 2021).
NPT exhibits a cellular and ECM structure similar to that of NHV. Both pericardial and valvular tissues demonstrate comparable levels of hydroxyproline reflecting total collagen and elastin content, as well as similar mechanical properties (Filova et al., 2013), and overall tissue architecture (Tesfamariam et al., 2019). However, in contrast to the three-layer structure of the NHV, NPT shows a two-layered organization covered with mesothelial cells. These two layers, namely, the fibrosa and the serosa, resemble the lamina fibrosa and the lamina ventricularis of NHV, respectively. Collagen with interspersed elastic fibers is found in each layer, whereas the fibrosa consists of denser collagen bundles (Rodriguez and Tan, 2017). In the transition zone of the NPT, the collagen bundles are significantly less tightly packed, resembling the structure of the lamina spongiosa of heart valves. Glycosaminoglycans are distributed throughout the entire tissue (Straka et al., 2018) (as shown in Figure 1B). In the NPT, the collagen fibers are arranged in planes parallel to the membrane surface. The degree of preferential fiber orientation is variable. Elastin fibers run parallel to collagen fibers. The orientation is straight with extensive branching (Maurer et al., 2018).
Similar to VICs, the NPT contains pericardial interstitial cells (PICs), which encompass fibroblast and myofibroblast phenotypes and are capable of synthesizing ECM components. They exhibit a spread morphology in the serosal layer and a spindle-shaped morphology in the fibrosa, likely due to the higher collagen density in this layer. In both tissues, but less in the NPT, the interstitial cells mainly show a quiescent phenotype. In general NPT lacks a distinct organization, and the preferential fiber orientation is more variable compared to heart valve tissue. Furthermore, pericardial tissue shows higher collagen I, lower collagen III and elastin, and a similar glycosaminoglycan content compared to heart valve tissue (Straka et al., 2018).
Remodeling potential due to mechanotransduction
The similarities of the tissues suggest that NPT provides a suitable tissue to replicate the capabilities of an NHV(5). However, for NPT to further adapt to NHV over time, to facilitate optimal blood flow, mechanosensitive PICs play a central role. This adaptation involves a transition from the initially less differentiated, two-layered structure of NPT (as shown in Figure 1B) to the differentiated, three-layered architecture of NHV (as shown in Figure 1A). In addition to mimicking NHV architecture, the adaptive remodeling potential of NPT is essential for maintaining prosthesis functionality, as factors such as improper fiber alignment can lead to various failure modes—including mechanical rupture and cyclic degradation—which in turn compromise durability (Alavi et al., 2013; Sellaro et al., 2007; Schoen and Levy, 2005). Furthermore, the stress-driven deterioration leads to damage of fibers, promoting the deposition of calcium (Kostyunin et al., 2020; Schoen and Levy, 2005). Consequently, rapid turnover of structural proteins is essential to withstand the repetitive deformation experienced during normal valve function (Korossis, 2018). Interstitial cells, therefore, actively respond to their local cellular and extracellular matrix environments, as well as their hemodynamic environment, via mechanotransduction. This adaptability can even occur independently in isolated parts of the NHV, a process referred to as dynamism (Chester et al., 2014).
Mechanotransduction can be classified into two types: centralized and decentralized. Centralized mechanotransduction involves the direct interaction of mechanical forces with a surface receptor and its transmission to downstream signaling cascades. In this process, mechanical forces are transmitted from the ECM via the mechanosensitive transmembrane proteins, which serve as heterodimeric adhesion receptors, into the cell.
One example is the ECM–integrin–cytoskeleton–nucleus pathway: In response to mechanical stimuli from the environment, integrin-based focal protein complexes assemble at the cell membrane and bind to ECM complexes like collagen or fibronectin. These complexes transmit the mechanical signals to the cytoskeleton. The proteins (especially actin) within the cytoskeleton, in turn, activate mechanosensitive transport proteins (e.g., paxillin, zyxin, yes-associated protein), which translocate the signals via “linker of nucleoskeleton and cytoskeleton” proteins into the nucleus. Depending on the external mechanical stimuli, they bind to transcription factors triggering a signaling cascade, resulting in the up- or down-regulation of various transcripts and gene expressions, and subsequently to the proliferation or differentiation of the cell or remodeling of the ECM(7,16). Therefore, quiescent interstitial cells could proliferate into an activated type capable of producing, remodeling, and cross-linking ECM through the production of several enzymes (Straka et al., 2018) (as shown in Figure 2).
[image: Diagram illustrating the transformation of pericardial tissue into a native-like heart valve. The left section shows a pericardial heart valve. The middle displays molecular processes including cell proliferation and ECM formation with specific proteins and enzymes. The right section depicts the transformed, native-like tissue. Annotations include components like collagen, elastin, and PICs, with a legend describing their roles.]FIGURE 2 | Simplified schematic representations of the ECM–integrin–cytoskeleton–nucleus pathway as an example of mechanotransduction (adapted from Tietze et al. (2020)) (Tietze et al., 2020). The illustration depicts a pericardial heart valve adapting toward a native-like heart valve structure in response to mechanical forces, which drive the differentiation of quiescent interstitial cells into an activated phenotype capable of ECM production, remodeling, and cross-linking through enzyme secretion. ECM, Extra Cellular Matrix; NPT, Native Pericardial Tissue; VICs, Valve Interstitial Cells; PICs, Pericardial Interstitial Cells.In contrast, decentralized mechanotransduction is not characterized by a central signaling pathway, but rather by a localized deformation of the cytoplasm by mechanical stimuli. Intracellular components are in equilibrium between tension and contraction. The heterogeneous distribution of components generates local maxima and minima of mechanical stresses, which cause signal transduction to the nucleus and thus also a proliferation or differentiation of the cell or remodeling of the ECM, respectively (Taylor et al., 2000).
Straka et al. (2017) cultured a three-leaflet heart valve construct of living human NPT in dynamic conditions up to 4 weeks. They observed a threefold increase in PICs and a similar histological structure compared to NHV, indicating that PICs proliferate into an activated VIC-like phenotype under dynamic mechanical conditions. The conditioned NPT showed a comparable secant elastic modulus to NHV tissue. Furthermore, they showed that pericardial heart valve constructs possess optimal hemodynamic properties, similar to NHV. Later, the research group confirmed their results, showing that the human NPT consists of PICs with similar properties to those of human VICs, being capable of responding to mechanical stresses and synthesizing new ECM, including collagen I, elastin, and glycosaminoglycans (Straka et al., 2017). VICs (and PICs) are capable of reacting with a compensatory adaptive response to the body’s changing hydrodynamic and biochemical parameters (Kostyunin et al., 2020).
DISCUSSION
A living tissue that preserves its biological sensing mechanisms and can adapt its structureand function to the surrounding environment is essential for effective heart valve therapy. Mechanosensitive cells are key to enabling the tissue to remodel into a native-like structure, allowing it to withstand hemodynamic forces over extended periods (Taylor et al., 2000). NPT presents a promising option in this context, as it shares structural similarities with NHV and possesses all the necessary prerequisites for environmental adaptation.
The main technical challenge in developing a heart valve from autologous NPT with remodeling potential is to protect it from enzymatic degradation while simultaneously preserving tissue viability. A common strategy to counteract degradation is chemical cross-linking of the tissue’s structural proteins (Zeeman, 1998), (Balguid et al., 2007). Already in 1969, it was shown that insufficiently cross-linked autologous tissue is highly susceptible to enzymatic breakdown (Carpentier et al., 1969). Today, the most widely used cross-linking agent is glutaraldehyde (Sheehy et al., 2018). However, while glutaraldehyde effectively stabilizes the ECM, its cytotoxicity results in the implantation of non-viable tissue ((Bezuidenhout et al., 2009), (Prêtre and Sologashvili, 2018)). This creates an inherent trade-off: cross-linking prevents enzymatic degradation but eliminates cell viability, whereas omitting treatment preserves cell viability but leaves the tissue vulnerable to denaturation. Furthermore, it was reported that the durability of a heart valve prosthesis without living cells depends on the stability of the cross-links within the ECM(13). Given that enzymatic degradation poses the more immediate risk, current clinical practice still relies on glutaraldehyde treatment as the standard approach. To solve this problem, various post-glutaraldehyde-detoxification methods, like amino acids, glycine, heparin, hyaluronic acid (Remi et al., 2011), or coating methods, like methacrylated chondroitin sulfate hydrogel (Lopez-Moya et al., 2018), have been investigated. The major heart valve prosthesis manufacturers Edwards and Medtronic also use detoxification methods after glutaraldehyde treatment, namely, RESILIA tissue technology (Edwards, 2024) and AOA anti-calcification treatment (Medtronic, 2025), respectively. Furthermore, besides chemical cross-linking agents, biological and physical ones have been investigated (Delgado et al., 2015). One physically cross-linked and commercially available product is the PhotoFix bovine patch from Artivion (2025).
Conditioning the tissue before implantation may offer an alternative to using cross-linking agents, allowing the formation of natural, non-cytotoxic cross-links (Straka et al., 2017). Therefore, the collagen’s lysine residues are partly hydroxylated to hydroxylysine and subsequently oxidized by lysyl oxidase to allysine. The aldehyde groups of allysine then form natural cross-links with the amino groups of neighboring lysine or hydroxylysine residues (Zeeman, 1998). Maintaining cell-cell and cell-matrix adhesion receptors is particularly crucial in this regard (Straka et al., 2018). However, this approach involves a high level of regulatory effort and does not offer guaranteed protection against enzymatic degradation after re-implantation.
To date, only chemically cross-linked tissues have been considered suitable for clinical use in heart valve therapy. This suggests that the most promising strategy lies in optimizing tissue treatment protocols (Trimaille et al., 2025), rather than abandoning it. For instance, the Ozaki method demonstrates that a significantly shortened glutaraldehyde treatment (10 min instead of 24 h) allows a fraction of cells to survive the process (Gardin et al., 2021). Gentle stabilization of the ECM can preserve PIC viability, enabling them to respond to mechanical stresses through adaptive remodeling and therefore to mimic the native fiber structure of NHV (Straka et al., 2017).
However, long-term clinical data are crucial to assess the remodeling potential of pericardial prostheses and their ability to transform into native-like heart valves.
AUTHOR CONTRIBUTIONS
MS: Writing – original draft, Writing – review and editing. MK: Writing – review and editing. AB-A: Writing – review and editing. BW: Supervision, Writing – review and editing. FE: Supervision, Writing – review and editing. FB: Supervision, Writing – review and editing. BS: Supervision, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This research was funded by the Federal Ministry of Education and Research (13GW0498).
CONFLICT OF INTEREST
Author BW was employed by Warnack MedConsult.
The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.
ABBREVIATIONS
ECM, Extracellular Matrix; PICs, Pericardial Interstitial Cells; NHV, Native Heart Valve; NPT, Native Pericardial Tissue; SMA, Smooth Muscle Actin; SVD, Structural Valve Degeneration; VICs, Valve Interstitial Cells.
REFERENCES
	Alavi, S. H., Ruiz, V., Krasieva, T., Botvinick, E. L., and Kheradvar, A. (2013). Characterizing the collagen fiber orientation in pericardial leaflets under mechanical loading conditions. Ann. Biomed. Eng. 41 (3), 547–561. doi:10.1007/s10439-012-0696-z

	Arsalan, M., and Walther, T. (2016). Durability of prostheses for transcatheter aortic valve implantation. Nat. Rev. Cardiol. 13 (6), 360–367. doi:10.1038/nrcardio.2016.43

	Artivion (2025). PhotoFix®Decellularized Bovine Pericardium. Available online at: https://artivion.com/product/photofix-decellularized-bovine-pericardium/.

	Ayyash, B. M., Chen, Y. C., Sallehuddin, A., and Hijazi, Z. M. (2025). Advances in pediatric heart valve replacement: a state-of-the-art review. Congenit. Heart Dis. 20 (2), 143–179. doi:10.32604/chd.2025.064599

	Badalyan, S. S., Markosyan, S. V., Ismailbaev, A. M., Asghar, A., and Ur Rehman, A. (2023). Outcomes of Ozaki procedure/aortic valve neocuspidization for aortic valve diseases: a systematic review. Anatol. J. Cardiol. 27, 619–627. doi:10.14744/anatoljcardiol.2023.3477

	Balguid, A., Rubbens, M. P., Mol, A., Bank, R. A., Bogers, AJJC, Van Kats, J. P., et al. (2007). The role of collagen cross-links in biomechanical behavior of human aortic heart valve leaflets - relevance for tissue engineering. Tissue Eng. 13 (7), 1501–1511. doi:10.1089/ten.2006.0279

	Bezuidenhout, D., Oosthuysen, A., Human, P., Weissenstein, C., and Zilla, P. (2009). The effects of cross-link density and chemistry on the calcification potential of diamine-extended glutaraldehyde-fixed bioprosthetic heart-valve materials. Biotechnol. Appl. Biochem. 54 (3), 133–140. doi:10.1042/ba20090101

	Brelje, T. C., and Sorenson, R. L. (2009). Connective tissue histology guide. Available online at: http://www.histologyguide.com/slidebox/03-connective-tissue.html.

	Carpentier, A., Lemaigre, G., Robert, L., Carpentier, S., Dubost, C., and Gerbode, F. (1969). Biological factors affecting long-term results of valvular heterografts. J. Thorac. Cardiovasc Surg. 58 (4), 467–483. doi:10.1016/s0022-5223(19)42561-0

	Casale, J., and Crane, J. S. (2025). Biochemistry, glycosaminoglycans. North Carolina, USA: StatPearls. Available online at: https://www.ncbi.nlm.nih.gov/books/NBK544295/.

	Charité Universitätsmedizin Berlin (2025). Feasibility study to evaluate the safety of the autologous GrOwnValve transcatheter pulmonary heart valve (GECT). Available online at: https://clinicaltrials.gov/study/NCT05809856.

	Chester, A. H., El-Hamamsy, I., Butcher, J. T., Latif, N., Bertazzo, S., and Yacoub, M. H. (2014). The living aortic valve: from molecules to function. Glob. Cardiol. Sci. Pract. 2014 (1), 11. doi:10.5339/gcsp.2014.11

	Delgado, L. M., Bayon, Y., Pandit, A., and Zeugolis, D. I. (2015). To cross-link or not to cross-link? Cross-linking associated foreign body response of collagen-based devices. Tissue Eng. - Part B Rev. 21 (3), 298–313. doi:10.1089/ten.teb.2014.0290

	Edwards (2024). Edwards launches the SAPIEN 3 ultra RESILIA valve in europe with technology to enhance durability. Available online at: https://www.edwards.com/de/newsroom/news/2024-05-08-edwards-launches-the-sapien-3-ultra-resilia-valve-.

	Filova, E., Burdikova, Z., Stankova, L., Hadraba, D., Svindrych, Z., Schornik, D., et al. (2013). “Collagen structures in pericardium and aortic heart valves and their significance for tissue engineering,” in 2013 E-Health Bioeng Conf EHB,  (Iasi, Romania, 21-23 November 2013) ( IEEE).

	Fioretta, E. S., Motta, S. E., Lintas, V., Loerakker, S., Parker, K. K., Baaijens, F. P. T., et al. (2021). Next-generation tissue-engineered heart valves with repair, remodelling and regeneration capacity. Nat. Rev. Cardiol. 18 (2), 92–116. doi:10.1038/s41569-020-0422-8

	Fujikawa, T., Ozaki, S., Kiyohara, N., Goda, M., Takatoo, M., and Shimura, S. (2025). New Ozaki procedure overview. Oper. Tech. Thorac. Cardiovasc Surg. doi:10.1053/j.optechstcvs.2025.03.003

	Gardin, C., Morciano, G., Ferroni, L., Mikus, E., Tripodi, A., Pin, M., et al. (2021). Biological characterization of human autologous pericardium treated with the Ozaki procedure for aortic valve reconstruction. J. Clin. Med. 10 (17), 3954. doi:10.3390/jcm10173954

	Heim, F., Durand, B., and Chakfe, N. (2013). Biotextiles as percutaneous heart valves. Biotextiles Med. Implants , 485–525. doi:10.1533/9780857095602.2.485

	Kiekenap, J., Sun, X., Hao, Y., Steitz, M., Breitenstein-Attach, A., Emeis, J., et al. (2024). Long-term function of a novel autologous transcatheter pulmonary heart valve implant in an adult animal model. Catheter Cardiovasc Interv. 1. März 103 (4), 597–606. doi:10.1002/ccd.30992

	Korossis, S. (2018). “Structure-function relationship of heart valves in health and disease,” in Structural insufficiency anomalies in cardiac valves ( Hannover, Germany: InTech).

	Kostyunin, A. E., Yuzhalin, A. E., Rezvova, M. A., Ovcharenko, E. A., Glushkova, T. V., and Kutikhin, A. G. (2020). Degeneration of bioprosthetic heart valves: update 2020. J. Am. Heart Assoc. 9 (19), e018506. doi:10.1161/JAHA.120.018506

	Lansakara, M., Unai, S., and Ozaki, S. (2023). Ozaki procedure—re-construction of aortic valve leaflets using autologous pericardial tissue: a review. Indian J. Thorac. Cardiovasc Surg 39 (S2), 260–269. doi:10.1007/s12055-023-01635-z

	Lopez-Moya, M., Melgar-Lesmes, P., Kolandaivelu, K., De La Torre Hernández, J. M., Edelman, E. R., and Balcells, M. (2018). Optimizing glutaraldehyde-fixed tissue heart valves with chondroitin sulfate hydrogel for endothelialization and shielding against deterioration. Biomacromolecules 19 (4), 1234–1244. doi:10.1021/acs.biomac.8b00077

	Maurer, T., Stoffel, M. H., Belyaev, Y., Stiefel, N. G., Vidondo, B., Küker, S., et al. (2018). Structural characterization of four different naturally occurring porcine collagen membranes suitable for medical applications. PLOS ONE. 13 (10), e0205027. doi:10.1371/journal.pone.0205027

	Medtronic (2025). Valve replacement with tissue valves: stented and stentless. Verfügbar unter . Available online at: https://europe.medtronic.com/xd-en/healthcare-professionals/therapies-procedures/cardiovascular/heart-valve-replacement.html.

	Misfeld, M., and Sievers, H. H. (2007). Heart valve macro- and microstructure. Philos. Trans. R. Soc. B Biol. Sci. 362 (1484), 1421–1436. doi:10.1098/rstb.2007.2125

	Ozaki, S., Hoshino, Y., Unai, S., Harb, S. C., Frankel, W. C., Hayama, H., et al. (2023). Fifteen-year outcomes of 1,196 Ozaki procedures. Cardiovasc. Med. doi:10.1101/2023.05.08.23289697

	Prêtre, R., and Sologashvili, T. (2018). The place of the Ozaki procedure in the treatment of aortic valve disease. Swiss Med. Wkly. 148 (1718), w14612. doi:10.4414/smw.2018.14612

	Remi, E., Khelil, N., Di, I., Roques, C., Ba, M., and Medjahed-Hamidi, F. (2011). Pericardial processing: challenges, outcomes and future prospects. Biomaterials Sci. Eng. Available online at: www.intechopen.com.

	Rodriguez, E. R., and Tan, C. D. (2017). Structure and anatomy of the human pericardium. Prog. Cardiovasc Dis. 59 (4), 327–340. doi:10.1016/j.pcad.2016.12.010

	Rodriguez-Gabella, T., Voisine, P., Puri, R., Pibarot, P., and Rodés-Cabau, J. (2017). Aortic bioprosthetic valve durability. J. Am. Coll. Cardiol. 70 (8), 1013–1028. doi:10.1016/j.jacc.2017.07.715

	Rutkovskiy, A., Malashicheva, A., Sullivan, G., Bogdanova, M., Kostareva, A., Stensløkken, K. O., et al. (2017). Valve interstitial cells: the key to understanding the pathophysiology of heart valve calcification. J. Am. Heart Assoc. 6 (9), e006339. doi:10.1161/JAHA.117.006339

	Schoen, F. J., and Levy, R. J. (2005). Calcification of tissue heart valve substitutes: progress toward understanding and prevention. Ann. Thorac. Surg. 79 (3), 1072–1080. doi:10.1016/j.athoracsur.2004.06.033

	Schornik, D., Straka, F., Masin, J. M. J., Filova, E. F., Burdikova, Z., and Mirejovsky, T. (2012). The cellular and extracellular matrix structure of human pericardium for heart valve tissue engineering. 1. Mai 2012 (4), 38. doi:10.5339/qproc.2012.heartvalve.4.38

	Sellaro, T. L., Hildebrand, D., Lu, Q., Vyavahare, N., Scott, M., and Sacks, M. S. (2007). Effects of collagen fiber orientation on the response of biologically derived soft tissue biomaterials to cyclic loading. J. Biomed. Mater Res. A. 80A (1), 194–205. doi:10.1002/jbm.a.30871

	Sheehy, E. J., Cunniffe, G. M., and O’Brien, F. J. (2018). Collagen-based biomaterials for tissue regeneration and repair. Pept. Proteins Biomater. Tissue Regen. Repair. , 127–150. doi:10.1016/b978-0-08-100803-4.00005-x

	Sodian, R. (2004). Tissue Engineering von kardiovaskulären Geweben. Klinik für Herz-, Thorax-und Gefäßchirurgie Deutsches Herzzentrum Berlin.

	Straka, F., Schornik, D., Masin, J., Filova, E., Mirejovsky, T., Burdikova, Z., et al. (2017). A new approach to heart valve tissue engineering based on modifying autologous human pericardium by 3D cellular mechanotransduction. J. Biomater. Tissue Eng. 7 (7), 527–543. doi:10.1166/jbt.2017.1598

	Straka, F., Schornik, D., Masin, J., Filova, E., Mirejovsky, T., Burdikova, Z., et al. (2018). A human pericardium biopolymeric scaffold for autologous heart valve tissue engineering: cellular and extracellular matrix structure and biomechanical properties in comparison with a normal aortic heart valve. J. Biomater. Sci. Polym. Ed. 29 (6), 599–634. doi:10.1080/09205063.2018.1429732

	Taylor, P. M., Allen, S. P., and Yacoub, M. H. (2000). Phenotypic and functional characterization of interstitial cells from human heart valves, pericardium and skin. J. Heart Valve Dis. 9 (1), 150–158.

	Ternacle, J., Hecht, S., Eltchaninoff, H., Salaun, E., Clavel, M. A., Côté, N., et al. (2024). Durability of transcatheter aortic valve implantation. EuroIntervention. 20 (14), e845–e864. doi:10.4244/eij-d-23-01050

	Tesfamariam, M. D., Mirza, A. M., Chaparro, D., Ali, A. Z., Montalvan, R., Saytashev, I., et al. (2019). Elastin-dependent aortic heart valve leaflet curvature changes during cyclic flexure. Bioeng 6 (2), 39. doi:10.3390/bioengineering6020039

	Thyregod, H. G. H., Jørgensen, T. H., Ihlemann, N., Steinbrüchel, D. A., Nissen, H., Kjeldsen, B. J., et al. (2024). Transcatheter or surgical aortic valve implantation: 10-year outcomes of the NOTION trial. Eur. Heart J. 45 (13), 1116–1124. doi:10.1093/eurheartj/ehae043

	Tietze, S., Hofmann, A., Wolk, S., and Reeps, C. (2020). Principles of cellular mechanotransduction. Gefasschirurgie. 1. Juli 25 (4), 244–248. doi:10.1007/s00772-020-00648-x

	Trimaille, A., Carmona, A., Hmadeh, S., Truong, D. P., Marchandot, B., Kikuchi, S., et al. (2025). Transcatheter aortic valve durability: focus on structural valve deterioration. J. Am. Heart Assoc. Juli 14 (13), e041505. doi:10.1161/jaha.125.041505

	Wang, Z., Fu, H., and Li, S. (2025). Application of Ozaki technique in the treatment of aortic valve disease in children: a 15-year retrospective review. Cardiol. Young 18, 1540–1548. doi:10.1017/s1047951125101534

	Yepez, C., and Ríos, J. (2021). Pulmonary valve reconstruction using Ozaki’s technique for infective endocarditis. Eur. J. Cardiothorac. Surg. 59 (4), 917–919. doi:10.1093/ejcts/ezaa345

	Zeeman, R. (1998). Cross-linking of collagen-based materials.

	Zhai, W., Chang, J., Lin, K., Wang, J., Zhao, Q., and Sun, X. (2006). Crosslinking of decellularized porcine heart valve matrix by procyanidins. Biomater 27 (19), 3684–3690. doi:10.1016/j.biomaterials.2006.02.008


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
Copyright © 2025 Steitz, Khan, Breitenstein-Attach, Warnack, Edelmann, Berger and Schmitt. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Mechanotransduction of autotransplants: remodeling potential of heart valves from autologous pericardial tissue		INTRODUCTION		Comparison of clinical application scenarios

		Comparison of heart valve and pericardial tissue

		Remodeling potential due to mechanotransduction





		DISCUSSION

		AUTHOR CONTRIBUTIONS

		FUNDING

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		ABBREVIATIONS

		REFERENCES









OPS/images/cover.jpg
’ frontiers | Frontiersin Bioengineering and Biotechnology

Mechanotransduction of
autotransplants: remodeling
potential of heart valves from
autologous pericardial tissue





OPS/images/fbioe-13-1680107-g001.jpg
Lamina Fibrosa

Lamina Spongiosa

Lamina Ventricularis

Fibrosa

Serosa

= Collagen W/Glycosaminoglycans ~  Endothelium
- Elastin @VICS(NHV)/PICS(NPT) @ Mesothelium






OPS/images/fbioe-13-1680107-g002.jpg
Cell Proliferation/
Lysyl Oxidase,
Lysyl Hydroxylase,
Matrix Metalloproteinases
ECM

Pericardial Heart Valve

EEEEED collagen %’ Glycosaminoglycans ~ " Endothelium m Cell Membrane
= Elastin PICs (NPT) @ Mesothelium ‘ Nucleus

@ Activated PICs (NPT) ﬁ Integrin Complex .’ Proteins










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers i

Bioengineering and Biotechnology





