Journal of Oral and Maxillofacial Pathology

Vol. 18 Issue 1 Jan - Apr 2014 52

REVIEW ARTICLE

Myofibroblasts in oral lesions: A review

Soujanya Pinisetti, Ravikanth Manyam', Babburi Suresh, V Aparna
Department of Oral and Maxillofacial Pathology, Drs Sudha and Nageswara Rao Siddhartha Institute of Dental Sciences, Gannavaram,
Krishna District, 'Vishnu Dental College, Bhimavaram, West Godavari, Andhra Pradesh, India

Address for correspondence:

Dr. Soujanya Pinisetti,

Department of Oral and Maxillofacial Pathology,
Drs Sudha and Nageswara Rao Siddartha Institute
of Dental Sciences Chinoutpally, Gannavaram,
Krishna District - 521 286, Andhra Pradesh, India.
E-mail: soujanyadentist@gmail.com

ABSTRACT

Myofibroblasts (MFs) are modified fibroblasts that express features of smooth
muscle differentiation and were first observed in granulation tissue during wound
healing. These cells play a key role in physiologic and pathologic processes
like wound healing and tumorigenesis. The presence of MFs has been reported
in normal oral tissues and pathologic conditions like reactive lesions, benign

tumors, locally aggressive tumors and malignancies affecting the oral cavity.
This article briefly reviews the important hallmarks related to the discovery,
characterization and tissue distribution of MFs in oral health and disease.
Key words: Myofibroblast, oral health and disease, oral lesions,
tumorigenesis, wound healing

INTRODUCTION

Myofibroblasts (MFs) are specialized fibroblasts with
smooth muscle-like features characterized by the presence of
contractile apparatus.'t! These are extremely heterogeneous and
multifunctional cell population exhibiting a different phenotype
and first discovered by electron microscopy in experimental
granulation tissue by Gabbiani e al.”! MFs play a key role
in extracellular matrix (ECM) synthesis, re-organization and
tissue contraction during both physiologic and pathologic
processes like wound healing and tumorigenesis."®! Cytokines
like transforming growth factor-beta 1 (TGF-f1) play an
important role in transdifferentiation of fibroblasts into MF
and the platelet-derived growth factor (PDGF) is mainly
responsible for their maturation.* Their presence has been
reported in normal oral tissues and pathologic conditions like
reactive lesions, benign tumors, locally aggressive tumors and
malignancies affecting the oral cavity. This review mainly
focuses on the important hallmarks related to the discovery,
characterization and tissue distribution of MFs in oral health
and disease.

Discovery

For years it was believed that collagen is the main
element responsible for wound contraction. This concept
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changed in 1950 and it was found that fibroblasts, under
certain conditions, were capable of contraction in vitro
suggesting that cells were central to wound contraction.
Electron microscopic observation of granulation tissue
fibroblasts revealed numerous bundles and aggregates of
microfilaments similar to smooth muscle cells and the term
MF was proposed.”’

Structural characterization and immunophenotype

MFs disclose several typical histologic traits characterized
by large, spindle-shaped stellate cells with long cytoplasmic
extensions, amphophilic cytoplasm and indented nucleus with
conspicuous nucleoli. But transmission electron microscopy
remains the method of choice for identification of MFs.*!
Ultrastructurally, these cells have irregular, stellate cellular
outlines with numerous long cytoplasmic connections
connected by intermediate or adherens junctions and are
connected to the ECM by cell-to-stroma attachment sites
through fibronexus.[®’ They contain bundles of cytoplasmic
filaments arranged parallel to the long axis of the cell, a well-
developed rough endoplasmic reticulum, Golgi and indented
nucleus with prominent nucleoli.””

MFs present in various tissues like granulation tissue and
pathologic tissue disclosed five cytoskeletal phenotypes:
phenotype V, represented by cells expressing only vimentin;
phenotype VA represented by cells expressing vimentin
and alpha smooth muscle actin (0t-SMA); phenotype VAD
represented by cells expressing vimentin, o-SMA and
desmin; phenotype VD represented by cells expressing
vimentin and desmin; phenotype VAM represented by cells
expressing vimentin, o.-SMA and myosin. Most of the MF
express 0-SMA, an actin isoform found in vascular smooth
muscle cells and regulated by TGF-$ and is considered as
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the main immunohistochemical marker of myofibroblastic
differentiation [Figure 1].¥

Origin and development

The occurrence of MFs in various lesions and conditions, their
heterogeneous cytoskeletal composition and various functions,
it makes it difficult to assume a common origin for these cells.
Over the years it has become evident that MFs arise from
variety of sources, according to the involved organ and the
physiological or pathologic situation.”) The various sources
include leukocytes,!'” fibroblasts,'"! vascular smooth muscle
cells, pericytes,!'” smooth muscle cells by their way along lines
of dedifferentiation,!¥! fibrocytes,!'* peri-sinusoidal stellate
cells!™ and renal tubular epithelial cells.'® However, the major
source of MFs in whatever lesion they appear, is the fibroblast.

The feedback between intracellular and extracellular tension
is required for the development of MFs.["'7 The first step in
the development of MF is the formation of the stress fibers
and cell matrix adhesions, which is due to mechanical tension
and initially these stress fibers are mainly composed of
cytoplasmic actins. The term protomyofibroblast was proposed
for those fibroblasts with stress fibers that do not express
o-SMA. For the transformation of protomyofibroblasts into
MFs, mechanical stress along with cytokines like TGF-3
is necessary. TGF-f} is the major growth factor inducing
myofibroblastic differentiation.

MFs in normal tissues and in wound healing

On the basis of ultrastructural and immunohistochemical
evidence MFs were discovered in normal human and
animal tissues like lymph nodes, blood vessels, uterine
submucosa, testicular stroma, intestinal villous core and
lung septa.! In the oral cavity, these MFs were reported in
the human palatal mucosa'® and granulation tissue during
wound healing.!

MFs appear to be key cells in the process of wound healing.
These cells are more numerous in the exudate layer of

Figure 1: Immunohistochemical staining showing alpha smooth
muscle actin (a-SMA) positive myofibroblast (IHC stain, x400)

granulation tissue. Prostaglandins derived from MF are key
factors in promoting healing by restoration of the epithelium.
Another important event in wound healing, contraction of the
wound is due to the MFs because of the presence of a-SMA
filaments in the cytoplasm of these cells.

The ECM is a mixture of collagens, glycoproteins and
proteoglycans that form a scaffold for tissue formation.
Type I, III, IV and VIII collagens, fibronectin and
tenascin are secreted by the MFs and enzymes like matrix
metalloproteinases (MMPs) which mediate tissue remodelling
following injury are also secreted by these cells.” So these
cells play an important role in tissue remodelling following

injury.
MFs in pathologic tissues

There are many pathologic conditions in which MFs have
been described. These include MFs in response to injury and
repair phenomenon, proliferative conditions and in stromal
response to neoplasia. The various pathological states include.

MFs in inflammatory and reactive lesions of the oral
cavity

MFs play an important role in inflammatory response.
These cells produce chemokines, inflammatory cytokines
and prostaglandins. These cells also secrete adhesion
molecules like intercellular cell adhesion molecule (ICAM)
and vascular cell adhesion molecule (VCAM) which helps
lymphocytes, mast cells and neutrophils to associate
with MF and promote immunologic and inflammatory
reactions.

Ultrastructural study of various reactive lesions of the oral
cavity like giant cell granuloma,’?*?!l giant cell fibromal??
and phenytoin-induced gingival hyperplasia® disclosed
fibroblasts that contained intracytoplasmic myofilaments with
electron dense bodies similar to smooth muscle cells and these
cells were referred to as MFs.

Proliferative myofibroblastic lesions

This group includes proliferations that share predominant
myofibroblastic component with variable proliferative
potential. These include reactive fasciitis like lesions, benign
myofibroblastomas and locally aggressive fibromatosis which
may be superficial or deep and sarcomas with myofibroblastic
differentiation like inflammatory myofibroblastic tumor and
low grade myofibroblastic sarcoma.?¥

Nodular fasciitis is a reactive lesion that has been reported
in different parts of the body including the oral cavity; it
is characterized by rapid growth with duration of less than
1 month. Histopathologically, this lesion is well-demarcated,
nonencapsulated with uniform spindle-shaped -cells.
Myofibroblastoma is a benign stromal neoplasm with
myofibroblastic differentiation. Histologically, this tumor
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is composed of interlacing bundles of spindle shaped cells
with hyalinizing stroma. It is a distinct entity and should be
included under the differential diagnosis of oral soft tissue
tumors.*! Inflammatory myofibroblastic lesions encompass
a group of myofibroblastic proliferations along with varying
amount of inflammatory infiltrate.*® It rarely occurs in
the head and neck region. The concept that inflammatory
myofibroblastic tumor is a benign reactive lesion is being
questioned because of high recurrences, presence of regional
metastasis and cytogenetic abnormalities.?”] These lesions
should be differentiated from low-grade sarcomas and
require aggressive surgical procedure.

MFs in odontogenic lesions

The presence of MFs have been reported in the stroma of
many odontogenic lesions, including both odontogenic cysts
and tumors. Only few studies have been done in this regard.
Initial studies using electron microscopy demonstrated that
the stromal component of ameloblastoma is composed of
MFs associated with collagen and basal lamina like material
and proposed that the presence of these cells could contribute
to aggressive behavior.?®?! Later studies conducted
using immunohistochemistry to demonstrate o-SMA in
odontogenic cysts reported that a variable proportion of
the cyst wall fibroblasts were positive for a-SMA and the

distribution of these cells was in two positive zones: an inner
subepithelial layer and an outer region adjacent to the bone
facing surface.’” The results of this study demonstrated
that MFs contribute to cyst wall elasticity constraining cyst
expansion.

Studies conducted both on odontogenic cysts and
tumors revealed that the cells were particularly more
in lesions with locally aggressive behavior like
odontogenic keratocyst (OKC) [Figure 2a and b] and solid
ameloblastomas [Figure 2¢ and d]. The mean number of MF
were higher in parakeratinized variant of OKC and solid
ameloblastoma which were comparable to cases of squamous
cell carcinoma and considered that this higher frequency of
stromal MFs could contribute to aggressive biologic behavior
of these lesions.3!!

MFs in lesions like ameloblastomas [Figure 2e and f] were
thought to secrete MMP-2 and urokinase plasminogen
activator (uPA) and were associated with rupture of osseous
cortical.®2l Immunohistochemical and ultrastructural
studies showed that the stroma of odontogenic myxoma
harbored numerous MFs, which may induce modification
in ECM and could contribute to tumor invasion.!

: ‘a
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Figure 2: (a) Odontogenic keratocyst (OKC) showing cystic lining epithelium and connective tissue capsule (H&E stain, x400). (b) Photomicrograph

showing a-SMA positive myofibroblasts in the cyst wall of OKC (IHC stain, x400). (c) Follicular ameloblastoma showing odontogenic epithelial
islands in connective tissue stroma (H&E stain, x400). (d) Photomicrograph showing a-SMA positive myofibroblasts around odontogenic epithelial
islands in follicular ameloblastoma (IHC stain, x400). (e) Luminal variant of unicystic ameloblastoma (H&E stain, x200). (f) Photomicrograph
showing a-SMA positive myofibroblasts in unicystic ameloblastoma (IHC stain, x400). (g) Malignant epithelial islands in well-differentiated oral
squamous cell carcinoma (H&E stain, x400). (h) Photomicrograph showing a-SMA positive myofibroblasts around tumor islands in oral squamous
cell carcinoma (IHC stain, x400)
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MEFs in oral precancer and cancer

Oral submucous fibrosis (OSMF) is a potentially malignant
disorder characterized by inflammation and progressive
submucous fibrosis. The key cellular mediator in various
fibrotic disorders was thought to be MFs. Studies done
regarding the presence of MFs in OSMF revealed a significant
increase in the mean number of MF between early and
advanced stages and suggested they can be used as markers
for evaluating the severity of OSMF. They also suggested that
MFs associated with a fibrotic stroma are thought to promote
tumorigenesis compared to fibroblasts derived from normal
tissues, thus targeting of these MFs may be beneficial in
OSME.B4

A continuous molecular cross talk between epithelial and
mesenchymal cells is required during embryonic development
and probably plays an important role in pathologic process like
wound healing and tumor progression.?! The development of
carcinomas is due to the genetic changes within the target
epithelium.B3 As there is conversion of normal epithelium
to precancerous and to squamous cell carcinoma, the stroma
also changes from normal to primed to activated or tumor
associated called as the stromal reaction.F®

Many of the epithelial tumors are characterized by the
changes in the connective tissue cells and various extracellular
components called as the stromal reaction. One of the stromal
reactions is the appearance of specialized fibroblasts called
MFs. Transdifferentiation of fibroblasts to MFs is a crucial
event in tumorigenesis, which is mediated by the growth
factors and cytokines secreted by the tumor cells. These MFs
in turn secrete numerous growth factors and inflammatory
cytokines that stimulate epithelial cell proliferation. These
cells were also thought to act together with host immune
cells to support blood vessel formation, basement membrane
disruption, invasion and metastasis. Therefore, these cellular
events play an important role in neoplastic growth and
development.™

Studies done regarding the presence of MFs in oral epithelial
dysplasia and squamous cell carcinoma revealed a higher number
of MFs in oral squamous cell carcinoma [Figure 2g and h]
compared to normal and dysplastic epithelium, which were
devoid of MFs.*3! These findings suggest that invasion of
epithelium beyond the basement membrane is required for
myofibroblastic differentiation. Similar findings have been
reported in animal studies on oral carcinogenesis.*”! The
increased number of MFs in oral squamous cell carcinoma is due
to the inductive effect of malignant epithelial cells which secrete
numerous growth factors and help in transdifferentiation of MFs.
These MFs were in turn thought to produce chemokines, growth
factors and matrix degrading enzymes. They were thought to
act along with the host immune cells to aid in angiogenesis,
basement membrane breakdown and metastasis. %

Studies conducted by Kellerman ef a/.,*') and Moghadam
et al.P® revealed no statistically significant difference
in the mean number of myofibroblasts between well,
moderate and poorly differentiated OSCC and suggested
that transdifferentiation of MFs occurs during the invasive
stage of carcinomatous epithelium and further loss of tumoral
differentiation does not affect the number of cells.B*

MFs in the stroma of oral squamous cell carcinoma
exhibited two morphologic patterns: Spindle and network.
In network pattern, the MFs are abundant and occupy
entire tissue stroma; whereas in spindle pattern, the cells
are spindle-shaped and located at the periphery in one to
three concentric layers.*>*! Morphologic characters of the
invasive front may better reflect the tumor prognosis than
other parts of the tumor.*Y Few studies done in this regard,
reported high levels of collagen fibers and stromal MFs at the
invasive front and their number increased with the increasing
tumor invasiveness.*”

The presence of MFs was also thought to be associated with
tumor prognosis. Studies done in this regard showed that
increased MFs was associated with poor prognosis.l* MFs in
tongue cancer were associated with risk score and prognosis.
Patients whose specimens were weakly positive for o-SMA
had 5 year mean survival rate of 82%; whereas, patients with
samples that were strongly positive with i-SMA had a mean
survival rate of 38% indicating that the presence of more number
of MFs in the stroma is associated with poor prognosis.*> Thus,
the presence of increased stromal MFs is an effective predictor
of oral squamous cell carcinoma patient mortality.[*!

CONCLUSION

MFs are ubiquitous cells and are present in various lesions
like reactive, benign and malignant lesions. These cells are
particularly important in tumorigenesis and tumor progression.
So, it is necessary to clarify by sophisticated techniques how
these cells exert their effects on stromal and epithelial tissue
compartments, mainly because they can provide new insights
into mechanisms associated with tumor growth, invasion and
metastasis. Therapeutic targeting of MFs using anti-MF drugs
which prevent their transdifferentiation from fibroblasts may
be beneficial in oral squamous cell carcinoma patients.
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