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[ABSTRACT] Animal experiments are widely used in biomedical research for safety assessment,
toxicological analysis, efficacy evaluation, and mechanism exploration. In recent years, the ethical review
system has become more stringent, and awareness of animal welfare has continuously increased. To
promote more efficient and cost-effective drug research and development, the United States passed the
Food and Drug Administration (FDA) Modernization Act 2.0 in September 2022, which removed the federal
mandate requiring animal testing in preclinical drug research. In April 2025, the FDA further proposed to
adopt a series of "new alternative methods" in the research and development of drugs such as monoclonal
antibodies, which included artificial intelligence computing models, organoid toxicity tests, and 3D micro-
physiological systems, thereby gradually phasing out traditional animal experiment models. Among these
cutting-edge technologies, 3D bioprinting models are a significant alternative and complement to animal
models, owing to their high biomimetic properties, reproducibility, and scalability. This review provides a
comprehensive overview of advancements and applications of 3D bioprinting technology in the fields of
biomedical and pharmaceutical research. It starts by detailing the essential elements of 3D bioprinting,
including the selection and functional design of biomaterials, along with an explanation of the principles
and characteristics of various printing strategies, highlighting the advantages in constructing complex
multicellular spatial structures, regulating microenvironments, and guiding cell fate. It then discusses the
typical applications of 3D bioprinting in drug research and development, including high-throughput
screening of drug efficacy by constructing disease models such as tumors, infectious diseases, and rare
diseases, as well as conducting drug toxicology research by building organ-specific models such as those
of liver and heart. Additionally, the review examines the role of 3D bioprinting in tissue engineering,
discussing its contributions to the construction of functional tissues such as bone, cartilage, skin, and
blood vessels, as well as the latest progress in regeneration and replacement. Furthermore, this review
analyzes the complementary advantages of 3D bioprinting models and animal models in the research of
disease progression, drug mechanisms, precision medicine, drug development, and tissue regeneration,
and discusses the potential and challenges of their integration in improving model accuracy and
physiological relevance. In conclusion, as a cutting-edge in vitro modeling and manufacturing technology,
3D bioprinting is gradually establishing a comprehensive application system covering disease modeling,
drug screening, toxicity prediction, and tissue regeneration.
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Note: A, Inkjet-based 3D bioprinting, in which localized heating of the bioink inflates an air bubble to push droplets out from the nozzle ;

B, Extrusion-based 3D bioprinting, which prints continuous filaments of bioink layer by layer; C, Light-based 3D bioprinting, which utilizes

a digital micro-mirror device (DMD) chip to project patterned UV light or other light sources onto the bioink.
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Figure 1 Schematic diagram of the working principles of three types of 3D bioprinting processes
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Table 1 Comparison of common models in precision medicine
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