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Applications in biomedical research

Perspective

ABOUT THE STUDY

Immortalized hepatocytes represent a transformative tool in
biomedical research, offering a perpetual and stable cell model for
studying liver function, drug metabolism, disease mechanisms, and
therapeutic development. This commentary explores the unique
attributes of immortalized hepatocytes, their applications across
various disciplines, and their pivotal role in advancing scientific

understanding and clinical innovations.

Hepatocytes, the principal cells of the liver, play critical roles in
metabolism, detoxification, and synthesis of essential proteins.
Studying these functions in vitro traditionally relied on primary
hepatocytes, which have limited proliferation capacity and quickly
lose their phenotype in culture. Immortalized hepatocytes, however,
circumvent these limitations by maintaining stable growth and
functionality over prolonged periods, offering a renewable and

consistent cell source for experimental investigations.
Attributes and advantages

Immortalized hepatocytes are derived from primary hepatocytes or
liver cell lines and engineered to overcome senescence barriers
through the introduction of genetic modifications or viral oncogenes.
These modifications enable continuous cell division while preserving
key hepatocellular functions, such as drug metabolism, bile acid

synthesis, and lipid metabolism.

The versatility of immortalized hepatocytes extends across diverse fields of biomedical research. In pharmacology,

they serve as essential models for evaluating drug metabolism, toxicity, and pharmacokinetics. Their ability to
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express drug-metabolizing enzymes, transporters, and receptors facilitates predictive in vitro assessments of drug-
induced liver injury and drug-drug interactions, thereby informing clinical trial design and regulatory decisions.

In liver disease research, immortalized hepatocytes provide insights into disease mechanisms, biomarker
discovery, and therapeutic interventions. They enable investigations into hepatitis viruses, liver fibrosis, Non-
Alcoholic Fatty Liver Disease (NAFLD), and Hepatocellular Carcinoma (HCC), offering platforms to study disease

progression, screen potential therapies, and elucidate molecular pathways underlying liver pathologies.
Impact on drug discovery and development

Immortalized hepatocytes play an essential role in accelerating drug discovery and development pipelines. By
recapitulating key aspects of liver physiology and function, these cell models streamline the identification of lead
compounds, prioritize candidate drugs with favorable pharmacokinetic profiles, and assess potential hepatotoxicity
early in the development process. This proactive approach minimizes costly failures in later stages of drug

development and enhances the safety and efficacy of new therapeutic agents.
Technological advances and challenges

Recent technological advancements, such as three-dimensional (3D) cell culture systems and organ-on-a-chip
technologies, enhance the physiological relevance of immortalized hepatocyte models. These platforms replicate
the complex microenvironment of the liver, including cell-cell interactions, matrix architecture, and fluid flow
dynamics, thereby improving the predictive accuracy of in vitro studies and advancing personalized medicine
approaches. Despite their advantages, challenges persist in optimizing immortalized hepatocyte models for
robustness, reproducibility, and fidelity to primary hepatocyte functions. Variability in cell line characteristics,
genetic stability, and differentiation status necessitates rigorous validation and standardization protocols to ensure

reliability and consistency across research studies and applications.
Future directions and innovations

Looking ahead, ongoing research aims to refine immortalized hepatocyte models through enhanced genetic
engineering techniques, biomimetic culture systems, and integration of multi-omics technologies. These
advancements will further elucidate liver biology, uncover novel therapeutic targets, and facilitate the development

of patient-specific treatments for liver diseases and metabolic disorders.

Moreover, the integration of immortalized hepatocytes with advanced computational modeling, artificial
intelligence, and high-throughput screening platforms promises to accelerate drug repurposing efforts, personalized
medicine initiatives, and the discovery of precision therapies tailored to individual patient profiles. Immortalized
hepatocytes represent indispensable tools in modern biomedical research, offering durable and reliable cell models
for studying liver biology, disease mechanisms, and drug responses. Their applications span from basic science
discoveries to translational medicine advancements, driving innovation in drug discovery, personalized therapy

development, and liver disease management.
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