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Figure 1 Preparation process of mammary gland bioreactors
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Figure 2 Research achievements in animal bioreactor technology by the College of Biological Sciences, China Agricultural University
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Figure 3 Quality control of recombinant proteins. AAALAC: Association for Assessment and Accreditation of Laboratory Animal Care; GAP: good
agriculture practices; GCP: good clinical practices; GLP: good laboratory practices; GMP: good manufacturing practices
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Animal bioreactors have emerged as a transformative platform in biopharmaceutical manufacturing, providing a cost-
effective and scalable approach for producing functional proteins through transgenic expression in specific animal tissues
or organs. Over the past four decades, advancements in transgenic animal technologies and precision gene-editing tools—
particularly CRISPR-Cas9—have significantly accelerated progress in this field. Among various bioreactor systems, the
mammary gland remains predominant due to its high biosynthetic capacity and broad applicability, achieving gram-per-
liter yields of complex biologics, including recombinant human lactoferrin, monoclonal antibodies, and therapeutic
enzymes. The College of Biological Sciences at China Agricultural University has made pioneering contributions, such as
generating transgenic cattle with unprecedented levels of human lactoferrin expression and developing optimized
expression systems for human lysozyme and anti-CD20 monoclonal antibodies in murine and caprine models.

Egg-based bioreactors have also gained attention due to rapid production cycles and minimal physiological impacts on
hosts. Transgenic hens expressing recombinant human lysozyme and neutrophil defensin 4 in egg whites demonstrate
substantial industrial potential. Commercial milestones, such as ATryn from goat milk and Kanuma from transgenic hens,
along with over 30 therapeutic proteins currently in clinical trials, underscore the translational success of animal bioreactor
technologies.

Precision genome-editing technologies have become pivotal catalysts for innovation in this domain. Platforms such as
CRISPR-Cas9 have substantially improved the specificity and efficiency of targeted gene insertion. By facilitating the site-
specific integration of transgenes under the control of mammary gland-specific regulatory elements (e.g., milk protein
promoters), these technologies mitigate the risks of ectopic expression and transgene silencing commonly associated with
random integration events.

Despite these advances, several challenges persist. Species-specific glycosylation patterns can affect the immunogenicity
and efficacy of recombinant proteins, and high-level expression of exogenous proteins imposes metabolic burdens that may
compromise animal health and welfare. Public perception remains a significant barrier, particularly in China, where only
34.7% of respondents accept transgenic biopharmaceuticals, highlighting the need for improved science communication
and stakeholder engagement. Regulatory landscapes are gradually evolving; China’s 14th Five-Year Plan for the
Bioeconomy has expedited approval processes for innovative biologics, exemplified by the 2023 clinical trial authorization
of a domestically developed C1 esterase inhibitor.

Future advancements will require further refinement of gene-editing technologies and, integration of synthetic biology.
Emerging applications include rare disease therapeutics, sustainable agriculture via hypoallergenic dairy products, and
insect bioreactors producing plant-derived compounds. Market forecasts predict the animal bioreactor sector will surpass
$1.1 billion by 2030, driven by rising demand and strategic investments in CRISPR-based platforms. Aligning
technological innovation with societal acceptance positions animal bioreactors to revolutionize biopharmaceutical
production, offering scalable and ethically viable solutions to global health challenges.

animal bioreactors, transgenic animals, mammary gland bioreactors, gene editing technology
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