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studies. They are also used in immunology, hematology, cancer biology, and toxicology research.
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| 1. Introduction

In 1965, Leonard Hayflick introduced the idea that cells possess a mechanism for keeping track of the number of times
they divide, a concept later termed the Hayflick limit, which aligns with the number of replication cycles . The molecular
basis of this phenomenon is based on the gradual shortening of telomeric DNA (Figure 1). The shortening of telomeres
occurs with each cell division, ultimately causing cells to reach their Hayflick limit, whereby growth stops after
approximately 60 times population doubling BRI4IE! When telomeres become too short and cannot function naturally,
cellular senescence in the M1 phase (a cellular growth arrest, also called the M1 stage) occurs B8, Thys, very short
telomeres are identified by cells as double-stranded breaks and create DNA damage responses that include cellular
apoptosis and replicative senescence mechanisms 4.
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Figure 1. The Hayflick limit. Naturally, with each cell division, the telomeres at the ends of chromosomes become shorter,
a phenomenon known as the Hayflick limit. The final stage is also known as cellular aging.

Therefore, due to the short lifespan of cells in laboratory conditions, a continuous supply of these cells from their
specialized sources seems necessary for scientific research. However, the repeated procurement of cells requires much
skill and experience if the donor is available, as mature cells from their origin tissues (such as vascular tissue) are difficult
to obtain (&,

Furthermore, the preparation of primary human and animal tissues for the extraction and isolation of various cell types is
fraught with significant challenges, including the potentially invasive nature of the process, an increased risk of infection,
pain, ethical issues, and the difficulty of the process itself. In some cases, some patients may not consent to the use of
excess samples separated from their organs, which can delay access to cellular resources in research. In addition to all
these problems, obtaining cells from various sources and their availability for conducting a study can lead to errors and
changes in the interpretation and results of research. For example, as human umbilical vein endothelial cells (HUVECS)
are obtained from the umbilical cord, they are not only influenced by maternal hormones but also affected by embryonic
gonads. In other words, even the fetal sex from which HUVEC cells are isolated can play a significant role in the
reproducibility of the results. In fact, various studies have shown sexual differences in the umbilical cord between men and
women in terms of gene expression, protein expression, cell survival, tubule formation capacity, autophagy, cellular ATP
and metabolite levels, oxidative stress, and angiogenesis QIALLI2 This challenge can also apply to other cells.



Therefore, researchers need immortalized cells that do not enter the senescence phase after several cell divisions,
considering the limitations of obtaining more adaptable cells over time.

Immortalized cell lines are modified cells that can be grown indefinitely (231, |deally, immortalized cells are genetically and
phenotypically similar or identical to their source tissue and can reproduce and be cultured in the long term. Immortalized
cell lines can be used in most research instead of primary cells because they offer several advantages, including cost-
effectiveness, ease of use, unlimited availability of materials, and the bypassing of ethical concerns associated with
animal and human tissue use [L4I1516]

In the late 1950s, George Otto Gey, head of tissue culture research at Johns Hopkins, initiated the process of
immortalization and established a non-aging cell line called HelLa, derived from a rare adenocarcinoma found in the cervix
of a young woman named Henrietta Lacks. This marked the first instance of such a phenomenon B8], prior to this, cells
derived from other human cells could only survive for a few days in culture, but the behavior of Lacks’s tumor cells was
different. This was the first successful attempt to immortalize and maintain human cells in vitro because the ability of Hela
cells made them useful in various biological studies 12[20121][22][23]

In fact, HeLa cells have an active version of telomerase during cell division 24, which copies telomeres repeatedly. This
prevents the gradual shortening of telomeres, which plays a role in cell aging and, ultimately, cell death. Thus, cells evade
the Hayflick limit, resulting in unlimited cell division and immortality. Major discoveries have been made using this cell line,
including the development of the polio vaccine in 1953 [23], the link between human papillomavirus (HPV) and cervical
cancer, and the role of telomerase in chromosome maintenance 28],

Generally, various cell lines have revolutionized scientific investigations and have found applications in vaccine
development, drug testing for metabolism and toxicity, generating antibodies, exploring gene functions, creating artificial
tissues like synthetic skin, and producing biologic substances such as therapeutic proteins [LEI[L9126]

| 2. The Application of Inmortalized Cell Lines

Immortalized cell lines are a powerful tool for biological, biochemical, and biological growth, differentiation, and aging
studies. They are also used in immunology, hematology, cancer biology, and toxicology research. Additionally, for
therapeutic purposes, studying immortalized cells will be useful in achieving better results for regenerative medicine 4.
Cell line immortalization can also help cell biologists achieve their goals of treating diseases and improving health factors.
For example, they have used immortalized cell lines as model systems for studying neuronal development and
performance recovery in neurological disease models, such as Huntington’s disease 281291,

In general, the use of these cell lines can be useful for clinical development related to the treatment of Huntington’s
disease patients 29, Another example is human vocal fold epithelial cells, which are a valuable tool for studying epithelial—
fibroblast cell interactions that dictate the disease and health of this specialized tissue B9, The RPE-1 human retinal
pigment epithelial cell line has also been widely used to study physiological events in human cellular culture systems B4,
Pig endothelial cells can be also used as a laboratory model to study the properties of the blood—brain barrier and some
hemorrhagic diseases 2. Encapsulated cell technology is also a useful approach for the continuous and local delivery of
genetically modified therapeutic proteins. However, the clinical development of encapsulated cell technology to deliver
therapeutic proteins from macro-capsules is still limited due to the lack of a compatible allogeneic cell line for therapeutic
purposes in humans B3],

In this regard, it is possible to create appropriate immortal cell lines, such as the human myoblast cell line created in the
study by Lathuiliere A. and colleagues. Valuable results have also been achieved using enclosed cell technology. As an
example, non-immortalized human lung epithelial cells created by hTERT overexpression without the use of viral
oncogenes have been used to investigate various aspects of lung cancer, such as epithelial-to-mesenchymal transition
and the cancer stem cell theory. The use of non-immortalized lung epithelial cells has improved researchers’
understanding of lung cancer pathogenesis, and these models can be valuable research tools 24!, Additionally, creating

cell lines that preserve genetic information and drug responses can enable more drug screening and mechanistic studies
[35]

The immortalized NTera2 (NT2) cell line has undergone a thorough examination for its potential in brain grafting. Notably,
these cells have been safely employed in clinical trials focused on treating brain injuries B8B7 | ately, a method involving
the lentiviral gene transfection of c-MYC has been employed to create immortalized megakaryocyte cell lines, regulated
by the TET-on system, using blood cell precursor cells derived from iPSCs (induced pluripotent stem cells). These cells
have the capability to produce platelets for use in clinical trials B8l Cell lines that are not immortalized can serve as



valuable tools for investigating the effectiveness and potential harm of drugs. For instance, human cell lines have been
extensively employed in pharmacogenomic research concerning cancer, aiding in the forecast of clinical responses,
contributing to the development of pharmacogenomic theories for subsequent experiments, and uncovering fresh insights
into the various factors influencing drug responses. Within the category of model system cell lines, immortalized types like
EBV-transformed lymphoblastoid cell lines (LCLs) are frequently utilized to assess how genetic diversity impacts the
effectiveness and safety of drugs .

Additionally, if aim to apply this technique in a different research area, it would pertain to the creation of immortalized cell
lines for food production, a significant hurdle in the field of cell agriculture. This field is dedicated to generating meat and
other animal-derived products via tissue engineering and synthetic biology. Specifically, these cultured meat cell lines
must meet criteria for food safety, be capable of large-scale propagation and differentiation in an efficient manner, and
exhibit taste, texture, and nutritional qualities that appeal to consumers 49,

In this context, utilizing primary cells for cultured meat production necessitates the maintenance of donor animal herds for
sample preparation, with regular and approved sample collection for food production. In contrast to primary cell cultures,
immortalized cell lines do not undergo senescence and can undergo limitless divisions. As a result, they are more
straightforward to investigate and enable the production of cultured meats that are both safer and more consistently
achieved (Figure 2), eliminating the requirement for animal biopsies £2,
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Figure 2. A look at some of the applications of immortalized cells in different types of research.
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