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Abstract 
Cell culture technologies have become integral to animal biotechnology, enabling the in vitro study of 
cellular behaviors, disease mechanisms, and the development of therapeutic solutions. These 
technologies are foundational for advancements in drug discovery, gene therapy, regenerative 
medicine, and vaccine production. Over recent decades, innovations in culture media, bioreactor 
systems, and three-dimensional (3D) cell culture models have significantly enhanced the efficiency and 
reproducibility of cell-based research. Serum-free and chemically defined media have reduced 
variability and improved scalability, particularly in biomanufacturing. Bioreactor advancements, 
including single-use systems and real-time monitoring technologies, have optimized large-scale cell 
culture for therapeutic protein production. Furthermore, 3D cultures systems have offered more 
physiologically accurate models for drug testing, disease modeling, and cancer research, providing a 
closer representation of in vivo conditions than traditional 2D cultures. The use of CRISPR/Cas9 and 
other gene-editing technologies has significantly accelerated progress, allowing for precise genetic 
alterations in animal cells for both research and therapeutic purposes. These innovations have led to 
significant strides in producing biologics, cell-based therapies, and vaccines, and have opened new 
avenues in personalized medicine. Nevertheless, challenges persist, including the scalability of intricate 
3D models and ethical issues surrounding genetic manipulation. Despite these hurdles, the continuous 
evolution of cell culture technologies promises to play a pivotal role in advancing biotechnology and 
improving healthcare, with potential for transformative impacts in the pharmaceutical, regenerative 
medicine, and biotechnology industries. This review explores the latest developments in cell culture 
systems and their applications, highlighting both current successes and emerging trends. 
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INTRODUCTION  

Cell culture technologies are foundational to animal biotechnology, providing a controlled 
environment to study the biological processes of animal cells. These technologies allow for the 
replication, maintenance, and manipulation of cells outside their natural organism, thus offering 
invaluable insights into cellular behaviors, disease mechanisms, and therapeutic interventions. The 
versatility and adaptability of cell culture systems have made them indispensable tools in research and 

industrial applications, from vaccine production to 
cell-based therapeutics [1]. 

 

Animal cell cultures can be classified as primary 
cultures, established cell lines, and engineered cells. 
Primary cultures consist of cells obtained directly 
from tissues, whereas established cell lines are 
immortalized cells that can be continuously 
subculture over a long period. Recent innovations in 
cell culture technologies have expanded the scope 
of research and clinical applications, particularly in 
drug discovery, regenerative medicine, and genetic 
engineering [2]. 
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This review highlights the recent advancements in cell culture technologies within animal 

biotechnology and examines their applications across several areas, such as therapeutic protein 

production, gene therapy, regenerative medicine, and disease modeling. It also addresses the challenges 

and outlook of this rapidly advancing field. 

 

INNOVATIONS IN CELL CULTURE TECHNOLOGIES 

Advancements in Culture Media 

The development of specialized culture media has played a significant role in enhancing the growth 

and viability of animal cells in culture. Early cell culture systems used simple basal media with a limited 

supply of nutrients, but modern media formulations are more complex, designed to support specific cell 

types. The advent of serum-free media and chemically defined media has significantly improved 

reproducibility and consistency in cell culture systems [3–5]. 

 

Serum-free media are formulated to promote cell growth without relying on animal-derived serum, 

minimizing the risks of contamination and variability. Chemically defined media, which contain precise 

combinations of nutrients and growth factors, have been developed to mimic the natural cellular 

environment, improving cell yield, function, and longevity. These innovations have led to more robust 

and consistent cell culture models, which are especially crucial for the large-scale production of 

biopharmaceuticals. 

 

Bioreactor Technologies 

Bioreactors play a crucial role in scaling up cell culture systems for industrial applications, including 
the production of biopharmaceuticals, vaccines, and cell-based therapies. Traditional flask-based 

cultures are limited in terms of scalability, and bioreactor systems provide a controlled environment to 
grow cells at larger volumes while maintaining optimal growth conditions. 

 
Recent progress in bioreactor technologies involves the creation of single-use bioreactors, which 

remove the necessity for costly cleaning and sterilization procedures. These systems are commonly 
employed in the production of monoclonal antibodies, recombinant proteins, and viral vectors. 

Additionally, the integration of real-time monitoring and control systems, such as sensors for pH, 
oxygen levels, and temperature, has enhanced the efficiency and productivity of cell cultures. These 

innovations in bioreactor systems have been instrumental in accelerating the production of therapeutic 

proteins and vaccines [6–9]. 
 

3D Cell Culture Models 

Traditional 2D cell culture systems, while useful, do not fully replicate the complexity of in vivo 

environments. Cells grown on flat surfaces often exhibit altered morphology and behavior compared to 
their natural state. In contrast, 3D cell culture models better mimic the tissue architecture and 

microenvironment, offering a more accurate representation of cellular interactions and responses to 
stimuli. 

 
3D culture systems use scaffolds, hydrogels, or spheroids to facilitate the growth of cells in three-

dimensional environments. These models have proven especially valuable in cancer research, drug 
development, and tissue engineering. For instance, in cancer research, 3D cultures models enable the 

study of tumor microenvironments, allowing for more effective drug testing. Similarly, 3D models of 
organs, such as the liver, heart, and brain are being developed to study disease mechanisms and facilitate 

drug screening [11–13]. 
 

Gene Editing and CRISPR Technologies 

The integration of gene editing technologies, particularly CRISPR/Cas9, into cell culture systems has 
opened new possibilities for genetic manipulation. This technology allows for precise modifications of 

the genome, facilitating the creation of genetically modified cell lines for various purposes, including 
functional genomics, gene therapy, and the production of transgenic animals. 
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In animal biotechnology, CRISPR/Cas9 has been used to generate disease models, study gene 

functions, and produce genetic engineered animals with desired traits. Furthermore, CRISPR is being 

utilized to enhance the production of biopharmaceuticals by enabling the engineering of cell lines with 

higher productivity or improved protein expression. The ability to edit genes in animal cells in vitro 

also holds promise for personalized medicine, where patient-specific cell models can be created for 

drug testing and treatment optimization [14]. 

 

APPLICATIONS FOR CELL CULTURE TECHNOLOGIES IN ANIMAL BIOTECHNOLOGY 

Drug Discovery and Development 

Cell culture systems play a critical role in drug discovery by providing platforms for high-throughput 

screening of potential therapeutic compounds. These models allow researchers to study the effects of 

drugs on specific cell types or disease models, facilitating the identification of lead candidates for 

further development. 

 

Progress in 3D cell culture and organ-on-a-chip technologies has significantly improved drug 

discovery by offering models that better mimic physiological conditions. For example, liver-on-a-chip 

models have been developed to study drug metabolism and toxicity, while blood-brain barrier models 

help in the evaluation of CNS-targeted therapies. Additionally, cell culture models are used in the 

development of antiviral and anticancer drugs, where the effects of potential treatments can be tested in 

a controlled, reproducible environment [15]. 

 

Vaccine Development 

Cell culture systems are essential to produce vaccines, particularly viral vaccines. Historically, 

animal-based methods were used for vaccine production, but cell culture-based systems have become 

the gold standard due to their ability to produce vaccines more efficiently and with fewer ethical 

concerns. In particular, the development of continuous cell lines, such as Vero and MDCK cells, has 

facilitated the production of vaccines for a variety of diseases, including influenza, polio, and hepatitis. 

 

Recently, advancements in cell culture technologies have enabled the development of cell-based 

vaccines for emerging diseases. For example, the production of COVID-19 vaccines using mammalian 

cell cultures has demonstrated the power of cell culture systems in rapidly responding to global health 

crises. Furthermore, cell culture models are used for viral vector-based vaccines, such as those 

developed for gene therapy, where cells are engineered to produce viral vectors carrying therapeutic 

genes [16–18]. 

 

Regenerative Medicine and Cell-Based Therapies 

Cell culture technologies are at the forefront of regenerative medicine, where they are used to 

generate and expand stem cells for therapeutic purposes. Stem cells, particularly pluripotent stem cells 

(iPSCs) and mesenchymal stem cells (MSCs), are cultured and differentiated into various cell types to 

treat a range of diseases, including neurological disorders, heart disease, and spinal cord injuries. The 

creation of effective culture systems for stem cell expansion and differentiation is essential for the 

success of regenerative therapies. Advances in 3D culture, bioreactor systems, and genetic engineering 

are improving the quality and yield of stem cell products, enabling their use in clinical applications. 

Additionally, cell-based therapies, such as CAR-T cell therapies for cancer, rely on robust cell culture 

technologies for the ex vivo expansion and modification of patient-derived cells [19]. 

 

Gene Therapy and Genetic Engineering 

Gene therapy holds promise for the treatment of genetic disorders by correcting defective genes or 

introducing new therapeutic genes into patient cells. Cell culture systems are used to propagate and 

manipulate the cells that will eventually be used in gene therapy applications. For example, autologous 

T cells are engineered ex vivo to express therapeutic genes and then infused back into the patient for 

the treatment of diseases like cancer. CRISPR/Cas9 technology has further advanced gene therapy by 
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enabling precise edits in patient cells, which can then be used for therapeutic purposes. Cell culture 

systems are essential for the efficient delivery and expression of CRISPR components, as well as for 

the expansion of modified cells for clinical use [20]. 

 

Challenges in Cell Culture Technologies 

Although cell culture technologies have made considerable progress, many challenges persist.  

 

A key challenge is the complexity and expense involved in developing and sustaining efficient culture 

systems. For instance, scaling up 3D cultures or bioreactor systems for industrial production can be 

challenging due to the increased complexity in nutrient delivery, waste removal, and oxygen exchange. 

 

Another challenge involves the ethical and regulatory issues associated with using animal cells in 

culture. Although animal cell cultures reduce the need for animal testing, issues, such as the use of fetal 

bovine serum (FBS) and the generation of genetically modified organisms (GMOs) still raise concerns. 

Efforts are underway to develop more ethical and sustainable alternatives, such as plant-based culture 

media and ethical sourcing of cells [21]. 

 

CONCLUSIONS 

Cell culture technologies have transformed animal biotechnology by providing essential tools for 

drug discovery, vaccine production, gene therapy, and regenerative medicine. Recent innovations in 

culture media, bioreactor systems, 3D culture models, and gene editing technologies have expanded the 

potential applications of cell cultures in both research and clinical settings. Despite the challenges, such 

as scalability, cost, and ethical considerations, the continued development of cell culture systems holds 

great promise for advancing biotechnology and improving human health. As the field progresses, future 

innovations will likely focus on enhancing the physiological relevance of culture models, improving 

efficiency in production systems, and ensuring the ethical use of animal cells. 
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