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Evaluation of Myofibroblasts by Expression 
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ABSTRACT
Objective: Evaluation of Myofibroblasts by studying expression 
of Alpha smooth muscle actin: A marker  of Fibrosis, Dysplasia 
and Carcinoma.

Background: Myofibroblasts are cells that have contractile 
properties and are involved in inflammation, wound healing, 
fibrosis and oncogenesis in most of the organs and tissues. They 
are involved in healing and granulation tissue formation which 
occur after tissue injuries,  also produce inflammatory mediators, 
growth factors and help in extracellular matrix reorganization 
by secretion of proteins like collagen, fibronectin, etc. Because 
of their component, Alpha smooth muscle actin ([alpha]-SMA), 
they are involved in the contraction of extracellular matrix 
and aid in tissue contraction. The myofibroblasts disappear 
by apoptosis after completion of repair, but their persistence 
causes a dysfunction in the repair mechanism, leading to 
excessive contraction and extracellular matrix (ECM) secretion 
and thus, fibrosis. The purpose of this study was to evaluate 
the presence of myofibroblasts in cases of Oral Submucous 
fibrosis (OSMF), which consisted of very early, early and 

moderately advanced OSMF,  OSMF with dysplasia and oral 
squamous cell  carcinoma (OSCC), by detecting (alpha)-SMA, 
which is a specific marker for myofibroblasts.

Materials and Methods: The study sample consisted of three 
groups which comprised of 41 cases of OSMF, 10 cases of 
OSMF with dysplasia and 11 cases of OSCC. All the cases 
were subjected to immunohistochemistry by using (alpha)-
SMA antibody for detection of myofibroblasts.

Results: The presence of myofibroblasts was significantly 
higher in oral squamous cell carcinomas as compared to that 
in OSMF with dysplasia and OSMF. A statistical significance 
was also noted between the staining index and age of the 
individuals and the staining index and duration of the habit.

Conclusion: Myofibroblasts play a role in fibrosis, as was 
seen in OSMF. Activated myofibroblasts secrete proteolytic 
enzymes and cause matrix degradation, which is instrumental 
in cancer cell invasion and metastasis. Further studies in 
which the myofibroblasts are targetted, may help in providing  
therapeutic regimens in fibrosis, dysplasia and cancer.
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InTROduCTIOn
Myofibroblasts are contractile cells. They are involved in 
morphogenesis, inflammation, wound healing, fibrosis and 
oncogenesis in many tissues and organs. These cells are found in 
normal tissues and they increase in number during the process of 
wound healing. They also play a role in creating granulation tissue. 
Myofibroblasts help in ECM reorganization by the production of  
numerous inflammatory mediators,  growth factors and  proteins of 
the extracellular matrix, like collagen, fibronectin, etc. The  mediators 
which are produced by the mast cells play a role in the regulation 
of myofibroblast differentiation and function. The myofibroblasts 
cause contraction of ECM due to their component of (alpha)-SMA 
and aid in tissue contraction.They disappear by apoptosis after 
completion of the repair process, but their sustained presence 
stimulates dysfunctional repair mechanisms, causing excess 
contraction, extracellular matrix secretion, and thus, fibrosis. This 
has been implicated in scleroderma, hypertrophic scars, heart, lung 
and liver fibrosis and Dupytren’s disease [1]. TGF-β, which is  a 
potent  proinflammatory and pro-fibrotic cytokine, is the main trigger 
for increased collagen production and decreased degradation 
pathways, as is seen in OSMF [2]. Increased expression of 
αvβ6 integrin in OSMF promotes myofibroblast differentiation by 
activation of  TGF-β1 [3]. TGF-β is thus intimately involved in the 
differentiation of fibroblasts to myofibroblasts, which is characterized 
by the presence of (alpha)-SMA containing stress fibres. Cell culture 
experiments show a direct cell-cell contact between fibroblasts and 
keratinocytes, which is important for TGF-β activation and initiation 
[4]. Increased expression of myofibroblasts in OSMF may suggest 
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that myofibroblast production and persistence could be one of the 
mechanisms by which TGF-β  induces  a fibrotic response in OSMF 
[5]. Cytoskeleton proteins, ECM molecules, Cytokines and Nucleus 
proteins which are elements of Epithelial Mesenchymal Transition 
(EMT), which are commonly associated with OSMF, lead to the 
possibility of EMT  being a part of fibrosis of oral mucous, which 
is  triggered by betel quid chewing habit in OSMF [6]. Extensive 
myofibroblast differentiation requires close contact between 
keratinocytes and fibroblasts, which suggests their role in cellular 
signaling in dermal wounds [7]. 

Studies have shown that the stroma of neoplastic tissues plays an 
important role in tumour progression. With the conversion of non 
diseased epithelial tissue to pre-cancerous epithelium to carcinoma,   
changes occur, from normal to ‘primed’ to ‘activated or tumour’, 
which are associated to the stroma [8,9]. Fibroblasts are one of the 
most important mesenchymal cell types in tumour progression [8, 
10].  Transdifferentiation of fibroblasts into myofibroblasts is an early 
and crucial event in tumourigenesis and it is mediated by cytokines 
and growth factors which are expressed by tumour cells [8-11].

The induction of myofibroblasts by OSCC derived factors, that in turn 
promote carcinomatous proliferation, leading to neoplastic growth, 
has been demonstrated [12,13]. Studies have been conducted 
individually to evaluate the role of myofibroblasts in OSMF and  
OSCC. This was the first study  which compared the distribution of 
myofibroblasts in OSMF, OSMF with dysplasia and OSCC by using 
(alpha)-SMA,  which has been suggested  to be the most reliable 
marker of myofibroblast differentiation. 
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MATERIALS And METHOdS
The study samples included 62 formalin fixed, paraffin embedded 
tissue blocks which were retrieved from the archives of Sri 
Ramachandra Dental College, Chennai, based on the medical 
records of the patients, which included age, sex and durations of 
habits.  Diagnosis was confirmed by two oral pathologists by using 
haematoxylin and eosin stained sections. The study group consisted 
of 41 prediagnosed cases of OSMF (25 cases of very early and early 
OSMF and 16 cases of moderately advanced OSMF, according to 
Pindborg and Sirasat [14]) , 10 cases of OSMF with dysplasia and 
11 cases of OSCC. The study was performed over a duration of 
8 months. The sections were subjected to immunostaining with 
(alpha)-SMA. 

The primary antibody immunohistochemical kit was procured from 
Abcam Plc, Cambridge, UK, in  its concentrated form. It was placed 
in an Eppendorf tube, centrifuged at 12,000 rpm for 20 seconds and 
later used with Tris buffer in a dilution of 1/100. The immunostaining 
for (alpha)-SMA was performed in a two step process that involved 
the demonstration of antigens in tissues and cells first, by the binding 
of an antibody to the antigen of interest, followed by detection and 
visualization of the bound antibody by an enzyme chromogenic 
system. To evaluate the specificity of the immunoreactions, known 
positive and negative tissue controls were used. 

IMMunOHISTOCHEMICAL AnALySIS
Stromal spindle cells which were positive for (alpha)-SMA were 
regarded as myofibroblasts. The staining was assessed by the 
evaluation of staining intensity and the percentage of (alpha)-SMA 
Positive cells according to the criteria which were modified from 
Etemad-Moghadam et al., [15] and Angadi et al., [5]. The percentage 
of immuno-positive cells seen among the non-inflammatory and 
non-endothelial stromal cells present in the sub epithelial connective 
tissues of OSMF and OSMF with dysplasia, was recorded. In OSCC, 
the immune-positive cells which were adjacent to the carcinomatous 
islands were recorded. The percentage was recorded as 0% = no 
positive cells, 1%=1-25% positive cells, 2% - 26-50% positive cells, 
3% = 51-75% positive cells and 4% = 76-100% positive cells. The 
staining index was recorded as zero (0), low (1), moderate (2), high 
(3) and intense (4). All the sections were evaluated by two observers 
to eliminate inter-observer bias and any disagreements which 
occurred were resolved  by using a five headed microscope.

STATISTICAL AnALySIS
The differences in the presence of myofibroblasts between the 
groups were analyzed by using the Pearson’s Chi-square test with 
Yates’ continuity or Fischer’s exact test (2-tailed). P-values of < 0.05 
was considered to be statistically significant. 

RESuLTS
A positive reaction for (alpha)-SMA was observed. The 
leiomyosarcoma tissue that served as a positive control exhibited 
positivity for (alpha)-SMA. This proved that the antigenic expression 
was properly maintained in the study sample. 

The staining index was found to be intense in all the cases of OSCC 
[Table/Fig-1,2] , high in the cases of OSCC with dysplasia, moderate 
in 16 cases of  OSMF and low in 19 cases of OSMF [Table/Fig-3]. 
Six cases of OSMF demonstrated no staining. 

There was no statistical significance between the sex of the individual 
and staining index. However, a statistical significance was noted 
between the staining  index 

a and age of the individual [Table/Fig-4]. 

b. and duration of the habit [Table/Fig-5].

c. among the three study groups [Table/Fig-6] [Table/Fig-7]. 

[Table/Fig-1]: Islands of squamous cell carcinoma showing (alpha)-SMA 
expression signifying myofibroblasts 

[Table/Fig-2]: Islands of squamous cell carcinoma showing (alpha)-SMA
 expression signifying myofibroblasts; high power view (X40)

[Table/Fig-3]: (alpha)-SMA expression signifying myofibroblasts in oral
 submucous fibrosis low power view (X10)

dISCuSSIOn
Myofibroblasts are found in humans in normal tissues such as 
lymph nodes, blood vessels, uterine submucosa, intestinal villous 
core, lung septa and testicular stroma [16] and in reactive lesions, 
locally aggressive fibromatosis, benign tumours and sarcomas, 
which show myofibroblast differentiation [17]. 

Only few studies have compared the ages of the patients  with 
the staining indices of (alpha)-SMA of myofibroblasts. In this study, 
a statistically significant difference was seen  with respect to the 
ages of the patients and the staining indices. The increase in 
number of myofibroblasts with age could be  caused by fibrosis, 
which is a complication of tissue regeneration failure and ineffective 
epithelial repair, in organs which have an age dependant increase 
in mammalian tissue [18]. Louise et al., stated that fibrosis could be 
an adaptive response which was shown by mesenchymal cells, by 
secreting a provisional matrix to help in re-epithelialization, to restore 
tissue barrier function; but, a persistent, failed re-epithelialization 
and a persistent mesenchymal activation can result in a sustained 
and progressive fibrosis [19].
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The habits included chewing of  quid with betel leaves, areca nut, 
tobacco and lime, mawa and Pan Masala. The durations of the 
habits, which were recorded as less than 5 years, 5 to 10 years and 
longer than 10 years, were statistically significant  with respect to 
the staining indices. The quid was placed for about 15 minutes to 
an hour in the buccal vestibule and this process was repeated for 
six to seven times times a day, which caused constant irritation to 
the oral tissues. The coarse fibres of areca nut cause mechanical 
irritation to the mucosa, and they facilitate diffusion of the contents 
into the sub-epithelial connective tissue [20]. Cytokines including 
TGF-β may be involved in the transdifferentiation of fibroblasts to 
myofibroblasts [21]. It has been accepted that TGF-β has a key 
role in inducing the differentiation of myofibroblasts in lesions with 
high levels of inflammatory mediators, which could be the case in 
OSMF. Areca nut habit with or without use of tobacco is important 
in the development of oral squamous carcinoma . The use of paan 
without the use of tobacco is also associated with squamous cell 
carcinoma [22]. The number of myofibroblasts were increased in 

OSCC, as was concluded by Etemad-Moghadam et al., [15].

A statistically significant difference was observed in the three groups 
in relation to the staining indices. The number of (alpha)-SMA positive 
myofibroblasts showed a progressive increase from OSMF to OSMF 
with dysplasia  to OSCC. Over the past two decades, numerous 
studies have been conducted on the roles of the constituents of 
areca  nut in the pathogenesis of OSMF. OSMF can be considered 
as a collagen metabolic disorder [23]. TGF-β plays a major role 
in wound repair, fibrosis and in the development of many fibrous 
diseases [24]. It increases the synthesis of collagen and decreases 
its degradation by stimulating various inhibitory mechanisms and 
thus, causing deposition of extracellular matrix. It is also essential for 
healing, but  its overproduction leads to scar tissue and fibrosis [25]. 
TGF-β induces the differentiation of fibroblasts to myofibroblasts 
and it promotes survival of myofibroblasts by providing protection 
against apoptosis by inhibiting iNOS ( Nitrous oxide synthetase) 
induction and reducing  BCL-2 expression [26]. The incidence of 
myofibroblasts in the cases of OSMF in this study, suggested that 
OSMF could be considered as a failed wound healing process of the 
oral mucosa,  caused by chronic injury, which could lead to scarring 
and fibrosis [27]. Some of the cases of OSMF demonstrated an 
increase in the number of myofibroblasts, which could be related 
to the histologic stage of OSMF, as was concluded by Angadi et 
al., [5].

In our study, all the cases of OSCC demonstrated intense staining 
and OSMF with dysplasia showed high staining indices, which 
indicated that (alpha)-SMA expression in the stroma of OSCC 
was greater than that in OSMF with dysplasia and that it was in 
accordance with the role of (alpha)-SMA positive myofibroblasts 
in invasive behaviour of OSCC, as was stated by  Safora Seifi et 
al., They studied (alpha)-SMA expression in squamous epithelial 
carcinoma, oral dysplasia and hyperkeratosis and demonstrated 
an increased presence of (alpha)-SMA in carcinoma as compared 
to that seen in oral dysplasia and hyperkeratosis [28]. Mareilena 
Vered et al. studied the expression of (alpha)-SMA in cells at the 
tumour connective tissue interface in hyperplasia, mild dysplasia, 
moderate-to-severe dysplasia and in human tongue carcinoma.  
TGF-β assessment and double staining with epithelial membrane 
antigen and (alpha)-SMA was done only in cases of carcinoma. The 
myofibroblasts were increased in number in the cases of carcinoma 
and they were more in number than  those seen in dysplasia and 
hyperplasia. TGF-β was expressed in 95% cases of carcinoma and 
epithelial membrane antigen and (alpha)-SMA positive cells were 
seen in 41% of the cases . These cells  may be a manifestation of 
epithelial-mesenchymal transition and they could serve as a source 
of myofibroblasts. These findings could be linked to the expression 

[Table/Fig-4]: Association between age and staining index 

[Table/Fig-5]: Association between duration of habits and staining index  

[Table/Fig-6]: Comparison of staining index among different groups  

Variable Category

 Staining index

P-ValueZero low Moderate high intense

No. of cases % No.of cases % No.of cases % No.of cases % No.of cases %

Age

<30 2 33.3 9 47.4 10 62.5 2 20.0 1 9.1

0.00130-49 3 50.0 7 36.8 4 25.0 6 60.0 1 9.1

50+ 1 16.7 3 15.8 2 12.5 2 20.0 9 81.8

Staining 
index

oral submucous 
fibrosis

oral submucous 
fibrosis with 

dysplasia

oral squamous 
cell carcinoma

P – value

No. of
 cases

% No.of 
cases

% No.of 
cases

%

<0.0001

Zero 6 14.6 0 0.0 0 0.0

Low 19 46.3 0 0.0 0 0.0

Moderate 16 39.0 0 0.0 0 0.0

High 0 0.0 10 100.0 0 0.0

Intense 0 0.0 0 0.0 11 100.0

Variable Category

 Staining index

P-ValueZero low Moderate high intense

No. of cases
% No.of cases % No.of cases % No.of cases % No.of cases %

Age

Nil 1 16.7 4 21.1 3 18.8 5 50.0 8 72.7

0.01

< 5 years 2 33.3 10 52.6 8 50.0 1 10.0 0 0.0

5-10 years 2 33.3 3 15.8 4 25.0 0 0.0 1 9.1

>10 years 1 16.7 2 10.5 1 6.3 4 40.0 2 18.2

[Table/Fig-7]: Comparison of staining index among different groups 
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of transforming growth factor beta in malignant cells [29] and  
they could be correlated  with our findings in cases of OSMF with 
dysplasia, as TGF-β is known to play a major role in the molecular 
pathogenesis of the disease [9].  Etemad Moghadam et al., used 
(alpha)-SMA, vimentin and desmin markers on 40 samples of OSCC, 
15 cases of dysplasia and 15 cases of normal oral epithlieum and 
concluded that the presence of myofibroblasts in the stroma of oral 
cancer was an expression of their key roles in carcinogenesis [15]. 
The expressions of CD34, (alpha)-SMA and TGF-β1 were studied 
in squamous intraepithelial lesions and in SCCs of the larynx and 
the hypopharynx. It was concluded that the appearance of (alpha)-
SMA positive myofibroblasts and disappearance of CD-34 positive 
stromal cells wereassociated with the transformation of laryngeal 
squamous intraepithelial lesions to SCCs. The pattern of stromal 
reaction was found in the tumour and the peritumoral zone. These 
findings support the fact that overproduction of TGF-β1 in carcinoma 
cells mediate one of the mechanisms of transformation of stromal 
cells to myofibroblasts in laryngeal carcinogenesis [30].

SuMMARy And COnCLuSIOn
The limitations of this study include the fact that there was no way 
to determine  whether the examined cases of OSMF with dysplasia 
would have remained as dysplastic entities or whether they would 
have transformed into OSCC and  we were also unable to obtain 
enough samples of OSMF with dysplasia. 

Myofibroblasts are a prominent finding in the tumour stroma of 
many but not all OSCC cases. Additional investigations such as 
tissue culture studies would be required to ascertain this fact and 
they  may help in clarifying the roles of myofibroblasts in fibrosis, 
dysplasia and carcinoma and their contribution to carcinogenesis. 
If our results are confirmed  by doing further investigations, then it 
could be possible to target the myofibroblasts and to develop a 
therapeutic regimen to prevent  uncontrolled fibrosis seen in OSMF, 
as it is well known to have a cancerous potential.
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