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Abstract

Myofibroblasts are specialized cells that play a crucial role in maintaining the structural integrity and
function of oral tissues. These cells exhibit a unique phenotype marked by the expression of alpha-smooth
muscle actin (a-SMA), and possess the ability to contract and produce extracellular matrix components. In
healthy oral tissues, myofibroblasts contribute to tissue homeostasis by mediating wound healing, tissue
remodeling, and matrix turnover. However, the dysregulation of myofibroblast function can lead to
pathological conditions such as fibrosis, scarring, and oral cancer. This review aims to explore the dynamic
role of myofibroblasts in oral tissue homeostasis and disease. It begins by examining the origin of
myofibroblasts in the oral cavity, their phenotypic characteristics, and their interactions with other cell
types, including epithelial cells, immune cells, and endothelial cells. The review further highlights the role
of myofibroblasts in various oral diseases, such as oral submucous fibrosis, periodontal disease, and oral
cancer, and discusses potential therapeutic strategies targeting myofibroblast function. Understanding the
dynamic role of myofibroblasts in oral tissue homeostasis and disease is essential for developing
innovative therapeutic approaches to modulate myofibroblast function and improve the management of
oral diseases.
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INTRODUCTION

Myofibroblasts, characterized by alpha-smooth muscle actin (a-SMA) expression, are crucial in oral tissue
homeostasis and various oral diseases. They contribute to wound healing, tissue remodeling, and fibrosis®.
These cells are pivotal in tissue repair by producing and organizing extracellular matrix (ECM) into scar
tissue, aiding in restoring tissue integrity?. In oral squamous cell carcinoma (OSCC), myofibroblasts play a
role in the invasive process, with higher expression observed in OSCC cases compared to controls.
Additionally, myofibroblasts’ involvement in chronic wound healing is highlighted, showing that
mesenchymal stem cells can activate myofibroblasts, enhancing the healing efficiency of chronic purulent-
necrotic wounds®.

Myofibroblasts play a crucial role in the pathogenesis of various oral diseases, including oral submucous
fibrosis, periodontal disease, and oral cancer, by interacting with different cell types in the oral
microenvironment®. These cells secrete cytokines, growth factors, and extracellular matrix components
that influence the behavior of epithelial cells, immune cells, and endothelial cells. In oral submucous
fibrosis, increased stiffness of the fibrotic matrix leads to enhanced proliferation and epithelial-
mesenchymal transformation of mucosal epithelial cells, mediated by Piezol-YAP signaling®.
Furthermore, myofibroblasts have been found to be significantly expressed in oral squamous cell
carcinoma, suggesting their potential as stromal markers for tracking disease severity and progression.
This intricate interplay underscores the multifaceted role of myofibroblasts in oral health and disease.

Given the critical role of myofibroblasts in oral tissue homeostasis and disease, understanding the
mechanisms underlying their function is essential for developing targeted therapeutic strategies. This
review aims to provide an overview of the dynamic role of myofibroblasts in oral tissue homeostasis and
disease, with a focus on their origin, phenotype, interactions with other cell types, and involvement in oral
diseases.

STRUCTURE:

Myofibroblasts are specialized cells with a unique structure that allows them to perform their functions in
tissue repair, remodeling, and fibrosis®. The structure of myofibroblasts is characterized by several key
features:

a) Cytoskeleton: Myofibroblasts are characterized by the presence of a contractile cytoskeleton,
which is primarily composed of bundles of actin filaments containing alpha-smooth muscle actin
(a-SMA). These actin filaments are organized into stress fibers, which are responsible for the
contractile properties of myofibroblasts.

b) Cell Shape: Myofibroblasts typically exhibit a spindle-shaped morphology, with elongated
cytoplasmic extensions that allow them to interact with neighboring cells and the extracellular
matrix.

c) Cellular Organelles: Like other cells, myofibroblasts contain typical organelles such as the
nucleus, mitochondria, endoplasmic reticulum, and Golgi apparatus. These organelles play
essential roles in cellular functions such as protein synthesis, energy production, and intracellular
signaling.

d) Cell-Cell Junctions: Myofibroblasts can form specialized junctions with other cells, such as
adherens junctions and gap junctions, which allow for communication and coordination of
activities between neighboring cells.
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e) Extracellular Matrix (ECM) Interactions: Myofibroblasts interact closely with the ECM,
producing and remodeling ECM components such as collagen, fibronectin, and proteoglycans.
These interactions are essential for maintaining tissue structure and function.

f) Markers: Myofibroblasts are characterized by the expression of specific markers, including a-
SMA, vimentin, and fibroblast-specific protein 1 (FSP-1). These markers help identify and
distinguish myofibroblasts from other cell types in tissues’.

ORIGIN OF MYOFIBROBLAST:

Myofibroblasts can arise from various precursor cells, and their origin can vary depending on the tissue
and context®. The three main sources of myofibroblasts are:

a) Fibroblasts: In many tissues, including the oral cavity, myofibroblasts are thought to originate
from resident fibroblasts. Upon stimulation by factors such as transforming growth factor-beta
(TGF-B) released during tissue injury or inflammation, fibroblasts can differentiate into
myofibroblasts.

b) Pericytes: Pericytes are perivascular cells that surround the endothelial cells of capillaries and
venules. Under certain conditions, pericytes can differentiate into myofibroblasts and contribute to
tissue repair and fibrosis, particularly in the context of vascular remodeling.

c) Epithelial and endothelial cells: In some situations, epithelial cells or endothelial cells can
undergo a process called epithelial-to-mesenchymal transition (EMT) or endothelial-to-
mesenchymal transition (EndMT), respectively. During these transitions, these cells acquire a
mesenchymal phenotype and can differentiate into myofibroblasts (Figure 1).

Figure 1 depicting the possible origin of Myofibroblasts & role of EMT during the formation
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DIFFERENTIATION OF MYOFIBROBLAST:

The differentiation of myofibroblasts is a complex process that involves changes in gene expression,
cell morphology, and function. The differentiation of myofibroblasts can be triggered by various
stimuli, including growth factors, cytokines, mechanical stress, and interactions with the extracellular
matrix. The differentiation process typically involves several key steps: Stimulation, Activation of
signalling pathways, Expression of Smooth Muscle Actin (a-SMA), Maintenance of differentiation.
The differentiation of myofibroblasts is often initiated by the release of pro-fibrotic factors, such as
transforming growth factor-beta (TGF-p), platelet-derived growth factor (PDGF), and connective tissue
growth factor (CTGF), in response to tissue injury or inflammation®. These pro-fibrotic factors activate
signaling pathways within fibroblasts and other precursor cells, leading to changes in gene expression.
The canonical TGF-p signaling pathway, for example, involves the activation of Smad proteins, which
regulate the expression of genes involved in myofibroblast differentiation. One of the hallmarks of
myofibroblast differentiation is the expression of alpha-smooth muscle actin (a-SMA). a-SMA is a
cytoskeletal protein that is essential for the contractile function of myofibroblasts and is regulated by
TGF-p and other signaling pathways. Once differentiated, myofibroblasts can maintain their phenotype
through autocrine and paracrine signaling loops involving factors such as TGF-B and PDGF*°. These
signaling pathways help sustain the activation of myofibroblasts and promote their continued function
in tissue repair and remodeling.

ROLE OF MYOFIBROBLAST IN WOUND HEALING:

Myofibroblasts play a crucial role in wound healing, particularly in the later stages of the process
known as the remodeling phase. Their functions are essential for wound closure, tissue repair, and
restoration of tissue function. The key roles of myofibroblasts in wound healing include contraction of
the wound, which helps to reduce the size of the wound and bring the edges closer together, facilitating
closure. Myofibroblasts also synthesize and deposit extracellular matrix (ECM) components such as
collagen, fibronectin, and proteoglycans, providing structural support to the newly formed tissue. They
remodel the ECM by secreting enzymes such as matrix metalloproteinases (MMPSs) that degrade the
old ECM and facilitate the deposition of new ECM, leading to tissue restructuring. Additionally,
myofibroblasts promote angiogenesis by secreting angiogenic factors like vascular endothelial growth
factor (VEGF), which is essential for supplying oxygen and nutrients to the healing tissue!!. They also
modulate inflammation by secreting cytokines and chemokines that regulate the activity of immune
cells, helping to resolve inflammation and promote the transition to the later stages of wound healing.
However, excessive or prolonged activation of myofibroblasts can lead to the formation of excessive
scar tissue (fibrosis), impairing tissue function and leading to cosmetic disfigurement2. Understanding
the role of myofibroblasts in wound healing is crucial for developing therapies to promote healing and
prevent excessive scarring.

ROLE OF MYOFIBROBLAST IN FIBROSIS:

Myofibroblasts play a central role in the pathogenesis of fibrosis, a condition characterized by
excessive deposition of extracellular matrix (ECM) components, leading to tissue scarring and
dysfunction. In fibrosis, myofibroblasts are persistently activated and contribute to the excessive
production and remodeling of ECM, disrupting the normal tissue architecture. Several key mechanisms
underlie the role of myofibroblasts in fibrosis, including their production of ECM components such as
collagen and fibronectin, their contractility leading to tissue stiffness, their ability to migrate to sites of
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injury in response to chemotactic signals, their dysregulated transforming growth factor-beta (TGF-p)
signaling, their interactions with other cell types in the fibrotic microenvironment, and their
contribution to chronic inflammation!®. Targeting the activation, recruitment, and function of
myofibroblasts may offer new strategies for the treatment of fibrosis and the prevention of tissue
scarring and dysfunction.

ROLE OF MYOFIBROBLAST IN ORAL CANCER:

Myofibroblasts play a crucial role in oral squamous cell carcinoma (OSCC) by contributing to its
invasive process and pathogenesis. Studies have shown that myofibroblasts are significantly expressed
in OSCC tissues compared to normal controls, indicating their involvement in creating a permissive
environment for cancer invasion'*. Additionally, the presence of myofibroblasts has been linked to the
progression and metastasis of OSCC, making them a potential marker for monitoring the disease's
severity and development®. These activated myofibroblasts within the tumor microenvironment
promote growth, invasion, and resistance to various therapies, ultimately impacting the prognosis of
OSCC patients!®. Therefore, targeting myofibroblasts therapeutically could be a promising approach in
managing OSCC and improving treatment outcomes.

CONCLUSION

In conclusion, myofibroblasts play critical and multifaceted roles in both physiological and
pathological processes, including wound healing and fibrosis. In wound healing, myofibroblasts
contribute to tissue repair by facilitating wound contraction, ECM production, and tissue remodeling.
However, in fibrosis, dysregulated myofibroblast activation leads to excessive ECM deposition, tissue
scarring, and organ dysfunction. Understanding the complex mechanisms underlying myofibroblast
function in these processes is essential for developing targeted therapies to promote wound healing and
prevent or treat fibrotic diseases. Future research should focus on elucidating the signaling pathways
and interactions that regulate myofibroblast behavior, with the ultimate goal of improving clinical
outcomes for patients with wound healing disorders and fibrotic conditions.
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