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Amyloidosis is a large group of diseases that are caused by the deposition of insoluble amyloid fibrils formed by misfolded soluble proteins in organs or tissues. The most common types of systemic amyloidosis are amyloid light-chain (AL) amyloidosis, amyloid A (AA) amyloidosis, and transthyretin (TTR) amyloidosis, which are caused by the deposition of amyloid fibrils constituted from immunoglobulin free light chains (FLCs), serum amyloid A protein, and TTR, respectively. Although our understanding of amyloidosis pathobiology and therapy has increased substantially in recent years, molecular mechanisms, molecular therapeutic targets, and molecular imaging have not been fully elucidated.



This Special Issue of the International Journal of Molecular Sciences, entitled “Molecular Research on Amyloidosis”, contains a total of seven submissions. Three original papers and four review articles provide new information on the mechanisms, diagnosis, and treatment of amyloidosis.



Saito et al. [1] reviewed recent advances in the mechanisms and treatment of cardiac amyloidosis. Cardiac involvement is a major prognostic factor in patients with systemic amyloidosis. For ATTR and AL amyloidosis, which exhibit cardiac involvement, therapies that inhibit the production of the causative protein have been developed and have improved the prognosis. With regard to the treatment of ATTR, studies have been conducted on the disruption of TTR aggregation, the stabilization of TTR tetramers, the inhibition of TTR synthesis, the removal of TTR aggregates, and post-liver transplant anti-seeding therapy, in addition to some clinical applications that have been carried out. Tafamidis [2], which stabilizes TTR tetramers, and patisiran [3], which inhibits TTR synthesis, have been reported to be effective in patients with ATTR cardiac amyloidosis. However, a method for removing deposited amyloid has not been established. As for the treatment of AL, the elimination of light-chain sources, the disruption of light-chain aggregation, the removal of amyloid deposits, and the stabilization of amyloidogenic light chains have been studied, and some have been applied clinically. Daratumumab is a monoclonal antibody that binds to CD38, an antigen highly expressed on the surface of AL amyloidosis plasma cell clones. Daratumumab-based treatment has been reported to be effective in patients with AL cardiac amyloidosis [4].



Ikura et al. [5] reviewed recent topics on the molecular mechanisms of pathogenesis and therapeutic strategies for AL amyloidosis. To elucidate the pathogenesis of AL, many basic studies using human specimens have been performed, and genetic mutations associated with AL [6], the characteristics of amyloidogenic light chains (LCs) [7], and the structural specificity of amyloid fibrils [8,9] have been clarified. Furthermore, the mechanisms of cell and tissue damage, such as the mass effect of amyloid deposition and the toxicity of prefibril LCs, are being elucidated [10]. To date, many clinical studies have focused on therapeutic agents for the disease, especially chemotherapy. Since the rapid reduction of FLCs, the protein responsible for amyloid, is necessary to achieve hematologic effects, various anticancer agents targeting neoplastic plasma cells have been used in the treatment of this disease [4].



Identification of the type of amyloid is clinically essential, as prognosis and treatment strategies vary with specific amyloid diseases. Immunohistochemical staining of tissue biopsies is commonly used for amyloid typing, but newer technologies, such as immunoelectron microscopy and laser dissection mass spectrometry, appear superior to immunohistochemistry in identifying amyloid protein type [11]. Goldis et al. also reviewed the utility of the Western blotting analysis of proteins extracted from tissue biopsies [12]. In addition to immunohistochemical staining, noninvasive methods such as serological testing and imaging are used for diagnosis. Bone scintigraphy enables the diagnosis of cardiac ATTR amyloidosis in patients who do not have a monoclonal gammopathy [13]. Recent studies found that by using this method, the prevalence of cardiac ATTR amyloidosis in patients with heart failure with a preserved ejection fraction is 13–18% [14,15,16].



The mechanisms of bone tracer uptake into the heart are not yet fully understood. Mori et al. reported that calcified microparticles were found in endomyocardial biopsy samples from ATTR-CA patients, but no elevated expression of bone metabolism-related genes was observed, suggesting that active calcification-promoting mechanisms were not involved [17]. The mechanisms explaining the accumulation of bone tracers in the hearts of ATTR-CA patients require further investigation.



Apolipoprotein A-I (ApoA-I) amyloidosis is a rare protein misfolding disease in which fibrils of the N-terminal domain of the protein accumulate in several organs and cause damage. Giudice et al. reported that ApoA-I variants exert cytotoxicity in a time-specific and cell-type-specific manner, possibly due to protein accumulation in lysosomes [18], and that the autophagic process is inhibited in the presence of the L75P-ApoA-I amyloidogenic variant in stably transfected human hepatocyte carcinoma cells [19].



None of the papers in this Special Issue proposed new translational works or clinical randomized trials. It is hoped that academic research and industry will work together in the future to promote further translational works and clinical trials.
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Abbreviations




	AA
	amyloid A



	AL
	amyloid light chain



	ApoA-I
	Apolipoprotein A-I



	ATTR
	transthyretin amyloidosis



	ATTR-CA
	transthyretin cardiac amyloidosis



	FLCs
	free light chains



	LCs
	light chains



	TTR
	transthyretin







References


	



Saito, Y.; Nakamura, K.; Ito, H. Molecular Mechanisms of Cardiac Amyloidosis. Int. J. Mol. Sci. 2021, 23, 25. [Google Scholar] [CrossRef] [PubMed]

	



Maurer, M.S.; Schwartz, J.H.; Gundapaneni, B.; Elliott, P.M.; Merlini, G.; Waddington-Cruz, M.; Kristen, A.V.; Grogan, M.; Witteles, R.; Damy, T.; et al. Tafamidis Treatment for Patients with Transthyretin Amyloid Cardiomyopathy. N. Engl. J. Med. 2018, 379, 1007–1016. [Google Scholar] [CrossRef] [PubMed]

	



Solomon, S.D.; Adams, D.; Kristen, A.; Grogan, M.; Gonzalez-Duarte, A.; Maurer, M.S.; Merlini, G.; Damy, T.; Slama, M.S.; Brannagan, T.H., III; et al. Effects of Patisiran, an RNA Interference Therapeutic, on Cardiac Parameters in Patients With Hereditary Transthyretin-Mediated Amyloidosis. Circulation 2019, 139, 431–443. [Google Scholar] [CrossRef] [PubMed]

	



Kastritis, E.; Palladini, G.; Minnema, M.C.; Wechalekar, A.D.; Jaccard, A.; Lee, H.C.; Sanchorawala, V.; Gibbs, S.; Mollee, P.; Venner, C.P.; et al. Daratumumab-Based Treatment for Immunoglobulin Light-Chain Amyloidosis. N. Engl. J. Med. 2021, 385, 46–58. [Google Scholar] [CrossRef] [PubMed]

	



Ikura, H.; Endo, J.; Kitakata, H.; Moriyama, H.; Sano, M.; Fukuda, K. Molecular Mechanism of Pathogenesis and Treatment Strategies for AL Amyloidosis. Int. J. Mol. Sci. 2022, 23, 6336. [Google Scholar] [CrossRef] [PubMed]

	



Blancas-Mejia, L.M.; Tischer, A.; Thompson, J.R.; Tai, J.; Wang, L.; Auton, M.; Ramirez-Alvarado, M. Kinetic control in protein folding for light chain amyloidosis and the differential effects of somatic mutations. J. Mol. Biol. 2014, 426, 347–361. [Google Scholar] [CrossRef] [PubMed]

	



Bellotti, V.; Mangione, P.; Merlini, G. Review: Immunoglobulin light chain amyloidosis--the archetype of structural and pathogenic variability. J. Struct. Biol. 2000, 130, 280–289. [Google Scholar] [CrossRef] [PubMed]

	



Swuec, P.; Lavatelli, F.; Tasaki, M.; Paissoni, C.; Rognoni, P.; Maritan, M.; Brambilla, F.; Milani, P.; Mauri, P.; Camilloni, C.; et al. Cryo-EM structure of cardiac amyloid fibrils from an immunoglobulin light chain AL amyloidosis patient. Nat. Commun. 2019, 10, 1269. [Google Scholar] [CrossRef] [PubMed]

	



Radamaker, L.; Lin, Y.H.; Annamalai, K.; Huhn, S.; Hegenbart, U.; Schonland, S.O.; Fritz, G.; Schmidt, M.; Fandrich, M. Cryo-EM structure of a light chain-derived amyloid fibril from a patient with systemic AL amyloidosis. Nat. Commun. 2019, 10, 1103. [Google Scholar] [CrossRef] [PubMed]

	



Diomede, L.; Romeo, M.; Rognoni, P.; Beeg, M.; Foray, C.; Ghibaudi, E.; Palladini, G.; Cherny, R.A.; Verga, L.; Capello, G.L.; et al. Cardiac Light Chain Amyloidosis: The Role of Metal Ions in Oxidative Stress and Mitochondrial Damage. Antioxid Redox. Signal. 2017, 27, 567–582. [Google Scholar] [CrossRef] [PubMed]

	



Seferovic, P.M.; Tsutsui, H.; McNamara, D.M.; Ristic, A.D.; Basso, C.; Bozkurt, B.; Cooper, L.T., Jr.; Filippatos, G.; Ide, T.; Inomata, T.; et al. Heart Failure Association of the ESC, Heart Failure Society of America and Japanese Heart Failure Society Position statement on endomyocardial biopsy. Eur. J. Heart Fail. 2021, 23, 854–871. [Google Scholar] [CrossRef] [PubMed]

	



Goldis, R.; Kaplan, B.; Kukuy, O.L.; Arad, M.; Magen, H.; Shavit-Stein, E.; Dori, A.; Livneh, A. Diagnostic Challenges and Solutions in Systemic Amyloidosis. Int. J. Mol. Sci. 2023, 24, 4655. [Google Scholar] [CrossRef] [PubMed]

	



Gillmore, J.D.; Maurer, M.S.; Falk, R.H.; Merlini, G.; Damy, T.; Dispenzieri, A.; Wechalekar, A.D.; Berk, J.L.; Quarta, C.C.; Grogan, M.; et al. Nonbiopsy Diagnosis of Cardiac Transthyretin Amyloidosis. Circulation 2016, 133, 2404–2412. [Google Scholar] [CrossRef] [PubMed]

	



Gonzalez-Lopez, E.; Gallego-Delgado, M.; Guzzo-Merello, G.; de Haro-Del Moral, F.J.; Cobo-Marcos, M.; Robles, C.; Bornstein, B.; Salas, C.; Lara-Pezzi, E.; Alonso-Pulpon, L.; et al. Wild-type transthyretin amyloidosis as a cause of heart failure with preserved ejection fraction. Eur. Heart J. 2015, 36, 2585–2594. [Google Scholar] [CrossRef] [PubMed]

	



Bennani Smires, Y.; Victor, G.; Ribes, D.; Berry, M.; Cognet, T.; Mejean, S.; Huart, A.; Roussel, M.; Petermann, A.; Roncalli, J.; et al. Pilot study for left ventricular imaging phenotype of patients over 65 years old with heart failure and preserved ejection fraction: The high prevalence of amyloid cardiomyopathy. Int. J. Cardiovasc. Imaging 2016, 32, 1403–1413. [Google Scholar] [CrossRef] [PubMed]

	



Naito, T.; Nakamura, K.; Abe, Y.; Watanabe, H.; Sakuragi, S.; Katayama, Y.; Kihara, H.; Okizaki, A.; Kawai, Y.; Yoshikawa, M.; et al. Prevalence of Transthyretin Amyloidosis among Heart Failure Patients with Preserved Ejection Fraction in Japan. ESC Heart Fail. 2023. early view. [Google Scholar] [CrossRef]

	



Mori, A.; Saito, Y.; Nakamura, K.; Iida, T.; Akagi, S.; Yoshida, M.; Taniyama, M.; Miyoshi, T.; Ito, H. Microcalcification and 99mTc-Pyrophosphate Uptake without Increased Bone Metabolism in Cardiac Tissue from Patients with Transthyretin Cardiac Amyloidosis. Int. J. Mol. Sci. 2023, 24, 1921. [Google Scholar] [CrossRef] [PubMed]

	



Del Giudice, R.; Lindvall, M.; Nilsson, O.; Monti, D.M.; Lagerstedt, J.O. The Apparent Organ-Specificity of Amyloidogenic ApoA-I Variants Is Linked to Tissue-Specific Extracellular Matrix Components. Int. J. Mol. Sci. 2022, 24, 318. [Google Scholar] [CrossRef] [PubMed]

	



Del Giudice, R.; Imbimbo, P.; Pietrocola, F.; Martins, I.; De Palma, F.D.E.; Bravo-San Pedro, J.M.; Kroemer, G.; Maiuri, M.C.; Monti, D.M. Autophagy Alteration in ApoA-I Related Systemic Amyloidosis. Int. J. Mol. Sci. 2022, 23, 3498. [Google Scholar] [CrossRef] [PubMed]












	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijms-24-06980


  
    		
      ijms-24-06980
    


  




  





media/file0.png





