Cell Fusion : ""Uniting Cells for a World of Possibilities™
(Dr. Monika Dhagat)

Cell fusion is a captivating biological process that involves the merging of two or more cells to
form a single hybrid cell. This phenomenon occurs naturally in various organisms, including
plants, animals, and even humans. Cell fusion plays a crucial role in development, tissue repair,
and reproduction. This fusion can occur between cells of the same type (homotypic fusion) or
between cells of different types (heterotypic fusion).
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Concept of cell fusion:

Occurs naturally: Cell fusion is a basic and natural phenomenon in biology. It can be
observed in a variety of contexts, especially during the development of multicellular
organisms, tissue repair, immune responses, and even in some unicellular organisms such
as yeast.

Multinucleate: One of the main results of cell fusion is the formation of multinucleated
cells, also known as syncytia. These cells contain multiple nuclei within a single
cytoplasmic membrane.

Developmental Processes: In multicellular organisms, cell fusion is involved in various
developmental processes. For example, during muscle development, myoblasts (muscle
precursor cells) fuse to form multinucleated muscle fibers, which are essential for muscle
function.

a. Natural Occurrence: Cell fusion is a fundamental and naturally occurring
phenomenon in biology. It can be observed in various contexts, including during
the development of multicellular organisms, tissue repair, immune response, and
even in certain unicellular organisms like yeast.

b. Multinucleation: One of the key outcomes of cell fusion is the formation of
multinucleated cells, also known as syncytia. These cells contain multiple nuclei
within a single cytoplasmic membrane.

C. Developmental Processes: In multicellular organisms, cell fusion is involved in
various developmental processes. For example, during muscle development,
myoblasts (muscle precursor cells) fuse to form multinucleated muscle fibers,
which are essential for muscle function.

d. Immune Response: In the immune system, certain immune cells, such as
macrophages and osteoclasts, can fuse together to form multinucleated cells. This
fusion enhances their ability to engulf and digest pathogens or cellular debris.

e. Fertilization: In sexual reproduction, the fusion of a sperm cell with an egg cell is
a critical step in fertilization. This process combines the genetic material from two
parents to form a new individual organism.

f. Pathological Implications: Aberrant cell fusion can also have pathological
implications. For instance, in cancer, tumor cells may fuse with other cells,
including immune cells, which can contribute to the aggressiveness and
heterogeneity of the tumor.
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g. Regeneration and Repair: In tissue repair and regeneration, cell fusion can occur
to replace damaged or dead cells. This is seen in the liver, where hepatocytes can
fuse to regenerate liver tissue after injury.

h. Biotechnological Applications: Cell fusion has been used in biotechnology and
cell biology research to create hybrid cells or to merge cells with specific properties
for various purposes, including the production of monoclonal antibodies.

I. Experimental Techniques: Researchers use experimental techniques such as
electrical stimulation, viral vectors, or chemical agents to induce cell fusion in the
laboratory, allowing them to study the process and its effects on cells and
organisms.

Immune response: In the immune system, certain immune cells, such as macrophages and

osteoclasts, can fuse to form multinucleated cells. This fusion improves the ability to engulf

and digest pathogens or cellular debris.

Fertilization: In sexual reproduction, the union of sperm with egg is an important step in

the fertilization process. This process combines genetic material from the two parents to

form a new individual.

Pathological meaning: Abnormal cell fusion may also have pathological significance. For

example, in cancer, tumor cells may fuse with other cells, including immune cells, which

may contribute to tumor invasion and heterogeneity.

Rebuild and repair: During tissue repair and regeneration, cell fusion can occur to replace

damaged or dead cells. This is seen in the liver, where hepatocytes can fuse to regenerate

liver tissue after injury.

Application of biotechnology: Cell fusion has been used in biotechnology and cell biology

research to create hybrid cells or combinations of cells with specific properties for a variety

of purposes, including the production of monoclonal antibodies.

Experimental technigues: Researchers use experimental techniques such as electrical

stimulation, viral vectors or chemical agents to induce cell fusion in the laboratory,

allowing them to study the process and its effects on cells and organisms.

Type of cell fusion : There are two different types of cell fusion.

Homotypic cell fusion occurs between cells of the same type. For example osteoclasts or
myofibers being fusing together with their respective type of cells. Whenever the two
nuclei merge a synkaryon is formed. Cell fusion normally occurs with nuclear fusion, but
in the absence of nuclear fusion, the cell would be called as a binucleated heterokaryon. A
heterokaryon is the melding of two or more cells into one and it may reproduce itself for
several generations (Ogle, Brenda M.; Platt, Jeffrey L. (2004)). If two of the same type of
cells fuse, but their nuclei do not fuse, then the resulting cell is called a syncytium (Ogle,
B. M.; Cascalho, M.; Platt, J. L. (2005)).

Heterotypic cell fusion occurs between cells of different types, which is the exact opposite
of homotypic cell fusion. The result of this fusion is also a synkaryon which is produced
by the merging of the nuclei, and a binucleated heterokaryon in the absence of nuclear
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fusion. An example of this would be Bone Marrow Derived Cells (BMDCs) being fused
with parenchymatous organs (Singec, llyas; Snyder, Evan Y. (2008))
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Methods of cell fusion: Cell fusion can be induced in various ways in the laboratory for

research purposes or biotechnological applications. some common methods of inducing cell fusion

are:
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Chemical induction:

Polyethylene Glycol (PEG): PEG is a chemical agent commonly used to induce cell fusion.
It works by promoting the fusion of cell membranes. Cells are typically incubated with a
PEG solution and fusion occurs when the cells are brought into close contact with each
other (Pedrazzoli, Filippo, et.al 2011).

Electrolysis:

Electrochemical: High-voltage electrical pulses are applied to two or more cells, causing
transient holes to form in their membranes. When these cells are aggregated together, the
electric field can facilitate the fusion of their membranes.

Virus synthesis protein:

Virus-mediated envelope fusion: Some enveloped viruses, such as Sendai virus or herpes
simplex virus, have fusion proteins that can be modified to promote cell fusion. By
expressing these viral fusion proteins in target cells, fusion can be induced when the cells
come into contact. (Wainberg, M. A.; Howe, C. (1973).

Microinjection:

Cell-to-cell microinjection: Microinjectors are used to physically inject the contents of one
cell into another. This method is often used to clone or transfer specific cellular
components.

Lipid vesicles:

Liposome combination: Liposomes, which are artificial lipid vesicles, can be loaded with
specific cellular components and then fuse with target cells. This technique is useful in
delivering drugs or genetic material into cells.
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3.6  Chemical synthesis reaction stimulants:

Polymer inducers: Certain chemicals, such as inactivated Sendai virus, can be used to
promote cell fusion. These agents disrupt cell membranes and stimulate fusion.

3.7 Microfluidic device:
Microfluidic platform: Microfluidic devices can be designed to expose cells under
controlled conditions, thereby facilitating fusion. These devices can precisely control
factors such as cell concentration and fusion promoters.

3.8 Optical tweezers:
Laser induced fusion: Optical tweezers use a focused laser beam to manipulate and bring
cells together, thereby promoting cell fusion.

3.9  Bio-synthesized proteins:
SNARE Proteins: In some cases, the natural cell fusion machinery, such as the SNARE
proteins involved in synaptic vesicle fusion, can be exploited to induce cell fusion when
expressed in target cells.

3.10  Nucleic acid-mediated fusion:
Formation of hybrid cells: In hybridoma technology for monoclonal antibody production,
B cells and myeloma cells are fused using polyethylene glycol or electrical stimulation.
This leads to the formation of hybrid cells that produce antibodies.

The choice of method depends on the specific research or biotechnological application, the cell
types involved, and the desired outcome. It is based on factors such as efficiency, cell viability,
and the need for precision and control over the fusion process

4.0  Fusogens

Fusogens are substances or molecules that facilitate the fusion of cell membranes, leading to the
merging of two or more cells or cellular compartments. Cell-cell fusogens are proteins which
promote plasma membrane fusion among different cells. These fusogens mediate cell-cell fusion
and can perform neuron repairs, auto-fusion, and sealing of the phagosomes. These proteins
promote similar functions among cells, but they have individual mechanisms. These are called
unilateral (one fusing membrane needed to be present) and bilateral (same or different fusogens
present at both membranes) mechanisms. Most fusogen mechanisms begin with hemi fusion, but
the mechanism for cell-cell fusogens consists of four separate steps (Brukman NG, Uygur B,
Podbilewicz B, Chernomordik LV (May 2019).

Step
e Cells must be near each other.
e Hemi fusion occurs.
e Fusion pore in hemi fusion structure opens, thus allowing for cell contents to merge.
e Cells completely join from pore expansion.

5.0  Types of fusogen: There are various types of fusogens,
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Viral Fusogens:

o Enveloped viruses often use viral fusogens to enter host cells (Harrison S.C., 2015)
and (Sapir A., Avinoam 0., Podbilewicz B., Chernomordik L.V., 2008).. Examples include:

= Hemagglutinin (HA) in influenza viruses.
= Glycoprotein 120 (gp120) and Glycoprotein 41 (gp41) in HIV.
= Spike protein in coronaviruses like SARS-CoV-2.
= F protein in paramyxoviruses like measles virus.
Cellular Fusogens:

o These are naturally occurring proteins in cells that mediate membrane fusion during
various physiological processes.

= SNARE proteins are involved in synaptic vesicle fusion in neurons.
= Syncytins are involved in the fusion of placental cells during pregnancy.
Lipid Fusogens:
o Certain lipids can act as fusogens, altering membrane properties to facilitate fusion.

= Phospholipids, such as phosphatidic acid, can promote fusion by changing
membrane curvature and fluidity.

Artificial Fusogens:

o Scientists have created synthetic fusogens for various purposes, including gene
delivery and cell-cell fusion.

= Liposomes can be engineered to carry fusogenic agents, making them
useful in drug delivery.

= Peptide-based fusogens can be designed to induce membrane fusion for
research or therapeutic applications.

Protein Fusogens:

o Some proteins have been engineered or discovered for their ability to induce cell
membrane fusion.

= Fusogenic peptides derived from viral or synthetic sources can be used to
promote membrane fusion.

= Fusogenic proteins like the ones found in certain bacteria can facilitate
fusion.

Inorganic Fusogens:
o Insome cases, inorganic materials can be used to induce membrane fusion.

= Electrofusion involves using electric fields to induce fusion of cell
membranes.
= Chemical fusogens, such as polyethylene glycol (PEG), can be used to
promote cell fusion in the laboratory.
Key aspects of plasma membrane fusion
Membrane Lipids: The plasma membrane is primarily composed of lipids, including
phospholipids and cholesterol. These lipids play a critical role in membrane fusion by
providing the structural basis for the formation of lipid bilayers and facilitating membrane
curvature during fusion.
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Membrane Proteins: Membrane fusion is mediated by specialized proteins that are
responsible for bringing the lipid bilayers together and facilitating their fusion. These
proteins can be classified as:

o SNARE Proteins: Soluble N-ethylmaleimide-sensitive factor attachment protein
receptors (SNARES) are a family of membrane proteins that play a central role in
membrane fusion. They are classified into vesicle (v-SNARE) and target membrane
(t-SNARE) SNAREs. The interaction between v-SNAREs and t-SNARES is a key
step in membrane fusion.

o SNARE-Associated Proteins: Several proteins, such as Munc18, complexin, and
synaptotagmin, interact with SNARE proteins and regulate their function during
membrane fusion. For example, synaptotagmin acts as a calcium sensor and triggers
fusion in response to calcium influx.

o Fusion Pores and Fusion Machinery: Other proteins, such as NSF (N-
ethylmaleimide-sensitive factor) and SNAPs (soluble NSF attachment proteins),
are involved in disassembling SNARE complexes and recycling them for future
fusion events.

Regulation by Calcium: Calcium ions (Ca2+) are essential regulators of many membrane
fusion events. Increased intracellular calcium levels can trigger the fusion of vesicles with
the plasma membrane. Synaptotagmin, is one example of a calcium-sensing protein
involved in fusion regulation.

Lipid Rafts and Microdomains: Membrane fusion can be influenced by lipid rafts, which
are cholesterol-rich microdomains within the plasma membrane. These microdomains can
concentrate fusion machinery and facilitate fusion events.

Vesicle Docking and Priming: Before fusion occurs, vesicles must dock at the target
membrane and undergo priming, a process that readies the vesicle for fusion. These steps
involve various protein-protein interactions and conformational changes.

Force Generation: Membrane fusion often requires the generation of mechanical forces
to overcome the repulsive forces between the lipid bilayers. These forces can be generated
by the SNARE complex and other proteins involved in the fusion process.

Endocytosis and Exocytosis: Membrane fusion is a fundamental process in endocytosis
(internalization of materials into the cell) and exocytosis (release of materials from the
cell). These processes are involved in nutrient uptake, cell signaling, neurotransmitter
release, and other cellular functions.

The cell biology of plasma membrane fusion is highly specific to different cell types and processes.
For example, synaptic vesicle fusion in neurons involves a distinct set of proteins and mechanisms
compared to the fusion of endocytic vesicles with the plasma membrane in non-neuronal cells.

7.0

Genetics of cell fusion : Cell fusion, also known as cellular fusion, is a process by which

two or more cells combine to form a single cell with multiple nuclei. This can occur in various
biological contexts, and the genetics of cell fusion can vary depending on the cell types involved
and the purpose of the fusion. Here are some key aspects of the genetics of cell fusion:
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Fusion Proteins: In some cases, cell fusion may be mediated by specific fusion proteins
or receptors on the cell surface. These proteins play a role in recognizing and binding to
other cells, initiating fusion. For example, in muscle cell development, fusion between
myoblasts is mediated by proteins like myoblast fusion 1 (MyoF) and myomaker.
Membrane Fusion Proteins: The process of membrane fusion itself relies on specialized
proteins that facilitate the merger of lipid bilayers from different cells. These proteins, such
as syncytins in placental development, are often encoded by specific genes and play a
crucial role in the fusion process.

Regulation by Signaling Pathways: Various signaling pathways can regulate cell fusion
events. For example, in myoblast fusion, the Notch and Wnt signaling pathways are
involved in regulating the fusion process.

Genetics of Syncytial Tissues: Some tissues in the body are syncytial, meaning they are
formed by the fusion of multiple cells to create a multinucleated structure. Examples
include skeletal muscle and placental syncytiotrophoblasts. In these tissues, the genetics of
cell fusion are essential for proper development and function. Mutations in genes involved
in cell fusion can lead to developmental disorders or diseases.

Viral-Induced Cell Fusion: Viruses can induce cell fusion as part of their life cycle. Viral
fusogenic proteins, such as those found in enveloped viruses like HIV, play a role in
merging the viral envelope with the host cell membrane, allowing the virus to enter the
host cell. These fusion processes are governed by the genetics of the virus and the host cell.
Cancer and Cell Fusion: In cancer, cell fusion can contribute to tumor heterogeneity and
the development of aggressive phenotypes. Fusion between cancer cells and normal cells
can lead to hybrid cells with altered genetics, potentially influencing tumor progression
and treatment response.

Stem Cell Therapy: Cell fusion can be used intentionally in stem cell therapy to introduce
specific genetic material into target cells. This is done by fusing stem cells with target cells,
allowing the transfer of genetic material.

Gene Editing: Cell fusion can also be used in gene editing techniques. For instance, hybrid
cells can be created by fusing cells with genetically modified properties, allowing
researchers to study gene function or create therapeutic cell lines.

The genetics of cell fusion can be complex and context-dependent. It involves the interplay of
genes and proteins that regulate cell recognition, adhesion, membrane fusion, and the subsequent
genetic and functional consequences of cell fusion events. Understanding the genetics of cell
fusion is important in various fields of biology and has implications for development, disease, and
therapeutic applications

8.0

Regulation of cell fusion : The regulation of cell fusion is a compactly controlled process

in various biological contexts, and it involves a combination of molecular, cellular, and
environmental factors. The mechanisms governing cell fusion can vary depending on the specific
cell types and processes involved. Some key regulatory aspects of cell fusion are:

8.1

Cell-Cell Recognition and Adhesion: Cell fusion typically begins with the recognition
and adhesion of two or more cells. Cell surface proteins, receptors, and adhesion molecules
play a crucial role in this initial step. These molecules mediate interactions between cells
and promote their close apposition.
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Fusion Proteins and Membrane Fusion: Membrane fusion itself is governed by
specialized fusion proteins. These proteins facilitate the merger of lipid bilayers from
different cells. For example, in muscle cell fusion, proteins like myomaker and myomixer
are involved in this process. The formation of fusion pores is a critical step in allowing the
exchange of cytoplasmic contents between cells.

Signaling Pathways: Several signaling pathways can regulate cell fusion events. These
pathways often involve the activation of specific genes and proteins in response to
environmental cues or developmental signals. Examples of signaling pathways involved in
cell fusion include the Notch pathway and the Wnt pathway.

Calcium and lonic Regulation: Calcium ions (Ca2+) can play a role in cell fusion
regulation. An increase in intracellular calcium levels can trigger fusion events in some
cell types. For example, in the fusion of muscle cells (myoblasts) to form multinucleated
myotubes, calcium signaling is essential.

Cell Cycle and Differentiation: The regulation of cell fusion can also be tied to the cell
cycle and differentiation state. In some cases, cell fusion may only occur when cells are in
a specific phase of the cell cycle or when they have reached a particular level of
differentiation.

Hormones and Growth Factors: Hormones and growth factors can influence cell fusion
events. For instance, in placental development, hormones like human chorionic
gonadotropin (hCG) and growth factors like insulin-like growth factor (IGF) can regulate
syncytial formation in trophoblast cells.

Cell-Environment Interactions: The extracellular environment can impact cell fusion.
Factors such as pH, temperature, and mechanical forces can influence the likelihood and
efficiency of fusion. For example, in the fusion of sperm and egg cells during fertilization,
changes in pH and the presence of specific molecules are essential for successful fusion.
Cell Fusion in Disease: Aberrant regulation of cell fusion can be associated with various
diseases. For instance, in cancer, cell fusion can lead to the formation of hybrid cells with
altered genetic characteristics, potentially contributing to tumor heterogeneity and
aggressiveness.

Therapeutic Applications: Cell fusion is also being explored in therapeutic contexts, such
as stem cell therapy and gene editing. Researchers are studying ways to regulate and control
cell fusion to introduce specific genetic material or create desired cell types for therapeutic
purposes.

Overall, the regulation of cell fusion is a complex and highly orchestrated process that involves
multiple factors and pathways. Understanding the precise mechanisms and regulatory cues
governing cell fusion is crucial for various biological processes and has implications for both basic
biology and clinical applications.

Cell fusion is a biological process where two or more cells merge into a single cell with a shared
cytoplasm. This phenomenon occurs naturally in various physiological processes, such as
fertilization and muscle development, and can also be induced artificially for research and
therapeutic purposes. While cell fusion holds great potential in various fields, it also presents
several challenges and future perspectives.

9.0

Challenges of Cell Fusion:
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Efficiency and Specificity: Achieving efficient and specific cell fusion can be challenging.
In many cases, only a fraction of the cells merge successfully, and ensuring that the fusion
occurs between the desired cell types can be difficult.

Cell Viability: The process of cell fusion can be stressful for cells, potentially leading to
reduced viability and function of the fused cells. Maintaining cell viability post-fusion is
crucial, especially in therapeutic applications.

Contamination: Contamination with other cell types or impurities can occur during cell
fusion procedures. This can lead to unintended outcomes and complicate research or
therapeutic applications.

Ethical and Safety Concerns: In therapeutic contexts, such as stem cell-based therapies,
ethical and safety concerns arise. Ensuring that cell fusion procedures are safe and ethically
sound is essential.

Regulation: Regulatory agencies need to establish guidelines and standards for cell fusion-
based therapies to ensure safety, efficacy, and quality control.

Future Perspectives of Cell Fusion:

Stem Cell Therapies: Cell fusion holds potential in regenerative medicine. Researchers
are exploring the fusion of stem cells with differentiated cells to create hybrid cells with
regenerative properties. These hybrid cells could be used to repair damaged tissues or
organs.

Cancer Therapy: Inducing fusion between cancer cells and immune cells can enhance the
immune system's ability to recognize and attack cancer cells. This approach, known as cell-
based immunotherapy, is a promising avenue for cancer treatment.

Tissue Engineering: Cell fusion can be used to create artificial tissues and organs for
transplantation. By fusing cells from different tissue types, researchers can develop
functional tissues in the lab.

Biotechnology and Research Tools: Cell fusion techniques are valuable tools in cell
biology research. They allow scientists to study cell interactions, gene expression, and
protein trafficking, among other processes.

Genetic Manipulation: Fusion between cells can also facilitate the introduction of genetic
material, such as genes or CRISPR/Cas9 components, into target cells. This can be used
for gene therapy and genome editing applications.

Disease Modeling: Researchers can use cell fusion to create disease models. By fusing
healthy and diseased cells, they can better understand disease mechanisms and screen
potential drug candidates.

Infectious Disease Research: Cell fusion can be used to study viral entry mechanisms,
particularly in the case of enveloped viruses, which rely on membrane fusion for cell entry.

Significance of Cell Fusion

. Cell fusion can cause a change in the phenotype and/or the function of cells. Cell
fusion could, therefore, explain the transdifferentiation of committed somatic cells.

. Cell fusion can reverse or repair the injury to tissues. In this context, cell fusion
facilitates the regeneration of tissues.



. Cell fusion can promote the transmission of viruses. Fusion of cells of individuals of

disparate species might explain the transmission of viruses between species and the
genesis of new pathogens.

. Cell fusion and nuclear fusion that occur in the formation of synkaryons can allow
the re-sorting and recombination of chromosomal DNA. Fusion of nuclei of an
immature cell, such as a stem cell, and a mature cell might generate proliferation and
malignancy. https://www.nature.com/articles/nrm1678

In summary, cell fusion is a fundamental biological process with diverse roles in development,
immunity, regeneration, and disease. Understanding the mechanisms and consequences of cell
fusion is crucial for both basic biology research and potential applications in medicine and
biotechnology. Cell fusion presents both challenges and promising future perspectives.
Overcoming technical hurdles and addressing ethical and safety concerns will be crucial for
realizing the full potential of cell fusion in areas such as regenerative medicine, cancer therapy,
tissue engineering, and basic research. Unlocking Boundless Possibilities in the Life Sciences
through Advancing Cell Fusion Techniques.
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