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Abstract:
Induced pluripotent stem cells (iPSCs) were first generated by Yamanaka in 2006, revolutionizing
research by overcoming limitations imposed by the use of embryonic stem cells. In terms
of the conservation of endangered species, iPSC technology presents itself as a viable alternative
for the manipulation of target genetics without compromising specimens. Although iPSCs have
been successfully generated for various species, their application in nonmammalian species, particularly avian species, requires further in-depth investigation to cover the diversity of wild species at risk and their different protocol requirements. This study aims to provide an overview of the workflow for iPSC induction, comparing well-established protocols in humans and mice with the limited information available for avian species. In addition to the review, the use of lipid nanoparticles LNP4 for inducing pluripotent stem cells in avian and human cells will be discussed. 
Gene delivery via LNP4 is non-integrative, providing greater biosafety and better performance compared to methods using cationic lipids. It promotes increased delivery of DNA into the cell nucleus, higher cell viability, and exhibits lower immunogenicity compared to other cell transfection methods. Here, we discuss the somatic cell sources to be reprogrammed, genetic factors, delivery methods, enhancers, a brief history of achievements in avian iPSC derivation, the main approaches for iPSC characterization, laboratory results regarding transfection using LNP4 in nonmammalian origin cells (Feather follicle Cells – FFCs – derived from Gallus gallus and Anodorhynchus hyacinthinus) and human origin cells (spontaneously immortalized keratinocytes - HaCaT) and the future perspectives and challenges for the field. By examining the current protocols and state-of-the-art techniques employed in iPSC generation, we seek to contribute to the development of efficient and species-specific iPSC methodologies for at-risk avian species. The advancement of iPSC technology holds great promise for achieving in vitro germline competency and, consequently, addressing reproductive challenges in endangered species, providing valuable tools for basic research, bird genetic preservation and rescue, and the establishment of cryobanks for future conservation efforts. 
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About Research Topic

The process of iPSC induction entails reprogramming adult cells, such as skin or blood cells, through the introduction of specific genes. This allows these cells to regain pluripotency, meaning they can differentiate into any cell type in the body. In veterinary medicine, iPSCs have been derived from a range of domestic and companion animals, including cattle, goats, chickens, cats, dogs, and horses, unlocking new avenues for research into developmental processes, disease modeling, and cell therapies. However, the application of iPSCs in veterinary medicine comes with its own set of challenges. Optimization of the generation process is crucial and influenced by factors such as the type of adult cells used, gene introduction methods, and culture conditions. Despite these challenges, ongoing research endeavors hold promise for addressing these issues and expanding the utility of iPSCs in veterinary and human medicine. For instance, iPSCs have been instrumental in generating functional organs in vivo, offering profound implications for both basic research and translational medicine. Furthermore, the potential use of iPSCs for producing exotic animal products could mitigate issues such as animal poaching and contribute to the conservation of endangered species, such as Anodorhynchus hyacinthinus. To enhance the efficiency and specificity of iPSC methodologies for avian species, it is imperative to examine current protocols, state-of-the-art techniques employed in iPSC generation and compare with methods that are used in human cells, for example, in HaCaT cells, that are delivered from human skin. One such technique involves the use of lipid nanoparticles (LNPs) for gene delivery, which offers non-integrative mechanisms, greater biosafety, and improved performance compared to traditional methods using cationic lipids. LNPs have shown promise in facilitating gene delivery into the cell nucleus, enhancing cell viability, and exhibiting lower immunogenicity.
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