
Inter. J. PharmaO2  

ISSN: 2582-4708 

Vol.6/Issue 1/2024; Sontakke S., et al., 1-5 

Available online: 10/05/2024                                                                                                                                                       1 

 

Introduction:  

The HeLa cell line stands as a monumental pillar in the 

landscape of biomedical research, particularly in the 

realm of cancer investigation. Its roots can be found in 

the cervical cancer cells of African American woman 

Henrietta Lacks were unwittingly harvested in 1951 at 

Johns Hopkins Hospital without her consent. These 

cells, deemed HeLa cells afterward the first two letters 

of Henrietta's initial and latter names, demonstrated an 

extraordinary ability to proliferate indefinitely in 

laboratory conditions, becoming the first immortal 

human cell line ever established.[ V. Chaudhary, et al 

2019]   

Since their discovery, HeLa cells have become 

invaluable tools in numerous areas of biomedical 

research, especially in oncology. Their rapid growth rate, 

uniformity, and genetic stability have made them 

indispensable for studying fundamental cellular 

processes, elucidating the mechanisms underlying cancer 

development and progression, and screening potential 

therapeutic agents. HeLa cells have contributed to 

ground breaking discoveries in cancer biology, including 

insights into cell cycle regulation, programmed cell 

death (apoptosis), and the molecular pathways driving 

metastasis .[ S. Nussbaumer, 2011]  
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 The HeLa cell line, originating from Henrietta Lacks in 1951, boasts unique growth 

characteristics, chromosomal anomalies, and genetic mutations, setting it apart from 

other cell cultures. This review aims to highlight its historical significance, features, 

and current role in cancer research. HeLa cells have been pivotal in unraveling cancer 

biology, providing insights into cell cycle regulation, apoptosis, and metastasis, while 

serving as reliable tools for drug screening and development. However, the application 

of CRISPR technology has stirred ethical debates and reproducibility challenges. 

Advances in genetic and molecular characterization have enabled access to the HeLa 

cell genomic map, revealing crucial cancer-related genes and epigenetic modifications. 

Both in vitro and in vivo approaches utilizing HeLa cells offer intricate insights into 

cancer nature, despite their respective limitations. Emerging technologies like 

CRISPR/Cas9-mediated genome editing, single-cell sequencing, and organoid models 

derived from HeLa cells have revolutionized cancer research. HeLa cells play a pivotal 

role in personalized medicine and regenerative therapies, shaping the landscape of 

cancer research and clinical practice. In conclusion, HeLa cells are indispensable to 

cancer research, facilitating significant progress in understanding the disease. While 

acknowledging their enduring impact, this review underscores the challenges and 

promising research avenues that warrant further exploration. By offering a 

comprehensive account of HeLa cell lineage, characteristics, controversies, and future 

prospects, this article aims to deepen readers' understanding of their enduring 

contribution to cancer research.  
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Despite their immense contributions to science, the use 

of HeLa cells has not been without controversy. Ethical 

concerns surrounding consent, privacy, and the 

commercialization of human biological materials have 

sparked debates and raised important questions about 

research ethics and patient rights. Additionally, issues 

such as cell line contamination and misidentification 

have posed challenges to reproducibility and data 

reliability in scientific studies utilizing HeLa cells.[ D. 

A. Kniss and T. L. Summerfield,2014] 

Nevertheless, advancements in genome sequencing and 

molecular characterization have further enhanced the 

utility of HeLa cells as models for cancer research. 

Technologies like CRISPR/Cas9 gene editing have 

enabled researchers to manipulate the genetic makeup of 

HeLa cells, facilitating targeted investigations into 

cancer-associated genes and pathway. Moreover, the 

development of advanced model systems such as 

organoids and xenografts derived from HeLa cells has 

opened new avenues for studying tumor biology and 

evaluating potential therapeutics in preclinical settings.  

[ F. Yamamoto, 2022] 

Looking ahead, the legacy of the HeLa cell line 

continues to evolve, offering promise for future 

breakthroughs in cancer research and clinical 

applications. As scientists explore emerging 

technologies and delve deeper into the complexities of 

cancer biology, HeLa cells remain a cornerstone in the 

quest to understand, prevent, and treat this devastating 

disease. [ G. C. Hendges 2023] 

 

 

 

 

 

 
 

Fig.1 Hela Cell Line . 

 

Origin and Characteristics of HeLa Cells  
An immortalized cell line created from cervical cancer cells is 

called the HeLa cell line of Henrietta Lacks, taken without her 

knowledge in 1951. These cells are the oldest and one of the 

most commonly used human cell lines in scientific research. 

They are durable, prolific, and have the ability to grow and 

divide endlessly in a laboratory, making them an essential tool 

for biomedical research [R. Rahbari, 2009]. The HeLa cell line 

has contributed to significant advances in various fields, 

including cancer biology, infectious disease, and fundamental 

microbiology. The cells are known for their stability and have 

been used in numerous studies, despite concerns about cross-

contamination and misidentification of cell lines. HeLa cells 

are characterized by their fast growth, immortality, and unique 

genetic characteristics, including aneuploidy and 

contamination potential. The unique properties of HeLa cells 

have made them both valuable and challenging for scientific 

research.[ P. Mirabelli et al 2019] 

The HeLa cell line's characteristics include 

1.Immortality HeLa cells can grow and divide endlessly in 

a laboratory, making them a valuable tool for long-term 

research studies. 

2. Fast growth These cells grow unusually fast, even 

considering their cancerous nature, which has made them a 

popular choice for various research applications. 

3. Aneuploidy HeLa cells have an abnormal number of 

chromosomes, with 76 to 80 total chromosomes, some of 

which are profoundly mutated, due to the Human 

Papillomavirus (HPV) infection .[ J. J. M. Landry et al. 2013] 

4. Contamination potential HeLa cells are known to 

contaminate other cell lines easily, leading to concerns about 

the purity of cell cultures in research laboratories. 

The HeLa cell line has been widely used in biomedical 

research and has played a significant role in numerous 

scientific advancements. However, the unique characteristics 

of HeLa cells have also presented challenges, such as 

contamination of other cell lines and concerns about 

misidentification. Despite these challenges, HeLa cells remain 

an important resource for scientific research [ E. N. 

Kontomanolis et al 2020] 

 

1 Contribution to cancer research  

1.1Early Breakthroughs Facilitated by HeLa Cells 

HeLa cells provided researchers with the first immortalized 

human cell line, allowing for continuous and large scale 

cultivation in laboratory settings. 

Their robust growth characteristics enabled the mass 

production of cells for experimentation, overcoming the 

limitations posed by primary cell cultures, which typically 

have a finite lifespan.[ G. C. Hendges, 2023] 

HeLa cells played a pivotal role in early studies investigating 

viral infections, including the discovery of the poliovirus 

receptor and the development of the polio vaccine by Jonas 

Salk and Albert Sabin .HeLa cells were instrumental in 

elucidating the mechanisms of viral replication and host-

pathogen interactions, laying the foundation for virology 

research.[ M. Hongbao,2017] 

 

1.2 Impact on Understanding Cancer Biology Cell Cycle, 

Apoptosis, and Metastasis 

HeLa cells revolutionized our understanding of fundamental 

cellular processes, such as the cell cycle and its regulation 

.Studies using HeLa cells revealed key checkpoints and 

regulatory proteins complex in cell cycle development, with 

cyclins and cyclin-dependent kinases (CDKs), which are 

frequently dysregulated in cancer. HeLa cells also contributed 

to the elucidation of apoptosis , a process vital for sustaining 

tissue homeostasis and preventing cancer development. 

Research with HeLa cells identified apoptotic pathways and 

their dysregulation in cancer cells, leading to insights into 

potential targets for therapeutic intervention [H. S. Tuli et al 

2023] Additionally, HeLa cells have been instrumental in 

studying cancer cells ability to travel from their original 

tumour to other parts of the body is known as metastasis. By 

investigating the molecular mechanisms underlying cell 

migration, invasion, and colonization, HeLa cell-based studies 

have provided valuable insights into the metastatic cascade 

and identified therapeutic strategies to inhibit metastatic 

progression [ J. R. Devi and E. B. Thangam 2012] . 
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1.3 Drug Screening and Development using HeLa Cells 

HeLa cells have been extensively utilized in drug screening 

assays to evaluate the efficacy and toxicity of potential 

anticancer agents .Their high proliferation rate and uniform 

response to drug treatments make HeLa cells an ideal model 

system for large-scale screening studies[ L. Fass 2008][ B. 

Hong,et al 2016]. HeLa cell-based assays have facilitated the 

identification of novel compounds with anticancer properties, 

leading to the development of targeted therapies and 

chemotherapeutic agents. Moreover, HeLa cells have been 

employed in preclinical drug testing to assess the effectiveness 

of candidate drugs in inhibiting tumor growth and metastasis 

in vivo. Through drug screening using HeLa cells, researchers 

have discovered new therapeutic targets and repurposed 

existing drugs for cancer treatment, ultimately improving 

patient outcomes and advancing personalized medicine 

approaches[S. Bajkacz 2021][Y. Jin,2014]. 

 

2 Challenges and Controversies  
2.1 Ethical Use of HeLa Cells 

Informed Consent One of the most important ethical issues 

with HeLa cells is the lack of informed consent. The cells 

were extracted by Henrietta Lacks without her knowledge or 

consent, and she never consented to her cells being used for 

research. This raises questions about the rights of individuals 

to their biological samples and the need for informed consent 

in medical research [ L. C. Dieterich,2012]. 

Commercialization and Profits Additional controversy is the 

commercialization of HeLa cells. While Henrietta Lacks and 

her family did not profit from the widespread use of her cells, 

biotech companies and research institutions have made 

significant profits from the sale of HeLa cells and related 

products. This raises concerns about equity, justice, and the 

exploitation of marginalized communities in biomedical 

research 

 

Cultural Sensitivity The use of HeLa cells also raises cultural 

sensitivity issues, particularly concerning African American 

communities. Henrietta Lacks was an African American 

woman, and the history of exploitation and mistreatment of 

African Americans in medical research adds another layer of 

complexity to the ethical debate surrounding HeLa cells.[ J. 

Smolik,2011] 

 

2.2 Contamination and Misidentification Concerns 

Cross-contamination: HeLa cells are notoriously fast-growing 

and robust, making them prone to cross-contaminating other 

cell lines. This has led to instances where researchers 

unknowingly used contaminated cell lines, resulting in 

erroneous or misleading findings. The widespread distribution 

of HeLa cells exacerbates this problem, as it increases the 

likelihood of cross-contamination in laboratories around the 

world. 

Misidentification: Additionally, misidentification of HeLa 

cells has occurred due to their similarity to other cell lines. 

This can lead to scientific inaccuracies and undermine the 

reliability of research findings. Efforts to address this issue 

include the use of authentication techniques such as DNA 

profiling, but challenges remain in ensuring the integrity of 

cell line repositories and research materials[ P. Mirabelli et al 

2019] 

 

2.3 Reproducibility Challenges in Research 

Genetic Instability: HeLa cells have undergone significant 

genetic changes over time, leading to variability in their 

behavior and characteristics. This genetic instability can make 

it difficult to replicate experimental results and undermines the 

reproducibility of research findings using HeLa cells. 

Standardization Issues: Lack of standardized protocols and 

experimental conditions further compounds reproducibility 

challenges in research using HeLa cells. Variations in cell 

culture techniques, media composition, and experimental 

procedures can contribute to inconsistencies between studies 

and hinder the validation of scientific findings.[ P. Mirabelli et 

al 2019] 

Publication Bias: There may also be publication bias towards 

positive results obtained using HeLa cells, leading to an 

overrepresentation of findings that may not be reproducible. 

This can create a skewed perception of the reliability and 

applicability of research conducted with HeLa cells. 

 

3 Use of HeLa Cells in Studying Specific Cancer 

Types 
 HeLa cells have been extensively working in studying a 

extensive range of cancer types, including cervical cancer, 

breast cancer, lung cancer, and beyond. Their origin from 

cervical cancer cells makes them particularly relevant for 

investigating cervical cancer biology and testing potential 

therapeutic interventions specific to this malignancy. 

Additionally, HeLa cells serve as versatile models for 

exploring molecular mechanisms underlying other cancers, 

offering insights into common pathways and targets across 

different tumor types [ J. J. M. Landry et al 2013] 

 

3.1 In Vitro and In Vivo Models Employing HeLa Cells  

In vitro studies utilizing HeLa cells involve culturing them in 

laboratory conditions to investigate various parts of cancer 

biology, such as cell creation, migration, spread, and response 

to therapeutic agents. These experiments provide valued 

perceptions hooked on the molecular mechanisms pouring 

tumorigenesis besides metastasis, facilitating the development 

of novel treatment strategies. Moreover, HeLa cells are 

employed in the development of 3D cell culture models, such 

as spheroids and organoids, which better recapitulate the 

tumor microenvironment and allow for more physiologically 

relevant experiments [in Vitro & in Vivo Model for Microbial 

Biofilm 2015] 

In vivo models incorporating HeLa cells typically involve 

xenograft or tumor implantation studies in 

immunocompromised mice. HeLa cells are injected into mice 

either subcutaneously or orthotopically to establish tumor 

xenografts, enabling researchers to evaluate tumor growth, 

metastasis, and response to therapies in a preclinical setting. 

These models provide valuable insights into the efficacy and 

safety of potential cancer treatments, guiding subsequent 

clinical trials and translational research efforts[K. Varalakshmi 

and S. Nair 2011] 

 

3.2 Advantages and Limitations of Using HeLa Cells as 

Cancer Models  
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HeLa cells offer several advantages as cancer models, 

including their immortal nature, high proliferation rate, and 

uniform response to experimental manipulations. These 

characteristics make HeLa cells valuable tools for high-

throughput screening studies and investigations into cancer 

biology. Additionally, their well-characterized genome and 

extensive use in research facilitate data comparison and 

reproducibility across studies.[ A. Cacciamali et al 2022] 

However, HeLa cells also have limitations that must be 

considered when interpreting research findings. One major 

concern is their origin from a cervical cancer patient, which 

may limit their representativeness of other cancer types. 

Additionally, HeLa cells have been cultured for decades in 

laboratory conditions, leading to genetic drift and alterations 

that may affect their behavior and response to experimental 

treatments. Furthermore, their inability to fully recapitulate the 

complexity of the tumor microenvironment in vivo 

necessitates cautious interpretation of in vitro findings and 

validation in more physiologically relevant models  

 
4 Emerging Technologies and Applications  
4.1 CRISPR/Cas9-Mediated Genome Editing in HeLa 

Cells CRISPR/Cas9 technology permits accurate editing of the 

genome by aiming precise DNA sequences, contribution 

unprecedented control over gene expression and function. In 

HeLa cells, CRISPR/Cas9-mediated genome editing enables 

researchers to introduce targeted mutations, deletions, or 

insertions in genes of interest. This approach facilitates the 

study of gene function and its role in cancer development and 

progression. Moreover, CRISPR/Cas9 technology can be cast-

off to generate isogenic cell lines through defined genetic 

alterations, providing valuable tools for investigating the 

molecular mechanisms causal cancer and recognizing 

potential therapeutic goals. [P. Janki Bhulabhai, et al 2016] 

 

4.2 Single-Cell Sequencing Approaches to Dissect Tumor 

Heterogeneity  
Tumor heterogeneity, the presence of diverse cell populations 

within a tumor, poses a significant challenge for cancer 

treatment and personalized medicine. Single-cell sequencing 

technologies allow researchers to analyze the genetic, 

epigenetic, and transcriptomic profiles of individual cells, 

providing insights into tumor heterogeneity and clonal 

evolution. In HeLa cells, single-cell sequencing approaches 

can elucidate intratumoral diversity and identify 

subpopulations with distinct phenotypic and functional 

characteristics. This information is crucial for understanding 

tumor dynamics, predicting treatment responses, and 

developing targeted therapies tailored to individual patients.    

[A. Cacciamali et al 2022]. 

 

4.3 Organoid and Xenograft Models Derived from HeLa 

Cells  

Organoids are three-dimensional cell culture models that 

recapitulate the architecture and functionality of human 

tissues, offering a physiologically relevant platform for 

learning cancer biology and drug responses. HeLa cell-derived 

organoids can mimic aspects of cervical cancer tissue, 

allowing researchers to investigate tumor growth, invasion, 

and response to therapy in a more clinically relevant context. 

Similarly, xenograft models, where HeLa cells are rooted into 

immunocompromised mice, enable the training of tumor 

progress and metastasis in vivo. These models provide 

valuable preclinical platforms for testing novel therapeutics 

and evaluating treatment efficacy in a more complex and 

dynamic environment [S. Kamalipooya et al 2017] 

 

5 Future Directions and Innovations  
Advancements in HeLa cell culture techniques have 

contributed to the spread and improvement of in vitro methods 

worldwide. HeLa cells are immortalized and homogeneous, 

which guarantees standardized and reproducible results. Still, 

The demanding with using immortalized cell lines is that 

although they produce proteins that are broadly similar to 

those found in humans, they cannot fully replicate the 

conditions of native cell biology. Researchers are using new 

cell culture techniques that allow them to better utilize human 

donor cells. For sample, scientists have found new ways to 

stimulate certain white blood cell populations in blood 

samples from patients used to study autoimmune diseases, 

increasing their numbers 100-fold. Turning the clock back, 

scientists now have the ability to take skin cells from patients 

and genetically reprogram them into pluripotent stem cells that 

can be transformed into specialized cells needed for 

experiments, such as neurons or heart muscle cells. Integrating 

multi-omics data to understand cancer at a systems level is 

another future direction. This entrance engage integrating data 

from multiple omics platforms (e.g., genomics, 

transcriptomics, proteomics, and metabolomics) to provide a 

more comprehensive understanding of cancer biology. The 

potential use of HeLa cells in regenerative medicine and tissue 

engineering is also being investigated. HeLa cells have been 

used to develop 3D cell cultures that more closely mimic 

conditions in vivo, allowing cells to grow in all directions and 

experience more realistic life condition. 

 

8 Conclusion 

In conclusion, the HeLa cell line stands as an indispensable 

cornerstone of cancer research, catalysing significant 

advancements in our understanding of the disease. Originating 

from Henrietta Lacks in 1951, HeLa cells exhibit unique 

growth characteristics and genetic mutations that have 

propelled their utility across diverse research frontiers. 

Through answering fundamental questions about cancer 

biology, including insights into cell cycle regulation, 

apoptosis, and metastasis, HeLa cells have become reliable 

tools in drug screening and development. 

Despite their invaluable contributions, the application of HeLa 

cells has not been without controversy, with ethical concerns 

surrounding their origin and challenges related to 

contamination and reproducibility. However, advances in 

genetic and molecular characterization have provided access 

to the HeLa cell genomic map, shedding light on crucial 

cancer-related genes and epigenetic modifications. 

Furthermore, emerging technologies such as CRISPR/Cas9-

mediated genome editing, single-cell sequencing, and 

organoid models derived from HeLa cells have revolutionized 

cancer research, offering new avenues for understanding 

tumour heterogeneity and developing personalized therapeutic 

approaches. 

Looking ahead, HeLa cells continue to play a pivotal role in 

personalized medicine and regenerative therapies, driving 
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progress in cancer research and clinical practice. Despite the 

challenges, their enduring impact underscores the need for 

continued exploration and innovation in leveraging their 

potential for unravelling the complexities of cancer biology. 

In essence, this review underscores the irreplaceable nature of 

HeLa cells in shaping the landscape of cancer research and 

highlights the enduring legacy of their contribution to 

scientific knowledge and medical progress. 
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