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Original Article

Role of Stromal Myofibroblasts in the Progression of Oral Lesions from

Dysplasia to Invasive Carcinoma

Abstract

Background: Concurrent with the conversion of nondiseased epithelial tissue to precancerous
epithelium and finally to carcinoma, the stroma also changes from normal-to-primed to
tumor-associated reactive stroma. Cancerous cells secrete cytokines that promote differentiation
of fibroblasts into cancer-associated fibroblasts/myofibroblasts. Myofibroblasts are tumor
promoting and correlate with poor survival in many cancers. Vimentin expression is noted
in epithelial cells of histologically more malignant oral squamous cell carcinoma (OSCC).
Aim and Objectives: The aim of this study is to understand the role of tumor microenvironment
by analyzing the expression of a-smooth muscle actin (-SMA) in stromal myofibroblasts and to
find a possible association between intensity and pattern of myofibroblast expression and progression
of oral lesions from mild, moderate, and severe dysplasia to verrucous and invasive carcinomas.
Materials and Methods: The study was divided into two groups. Sixty cases of premalignant
lesions and 60 cases of OSCC were taken as the study groups. Smooth muscle cells surrounding
the blood vessels were taken as positive control (internal control). Immunohistochemistry (IHC)
for a-SMA was performed for the identification of myofibroblasts. The cases were then assessed
for intensity and pattern of myofibroblastic proliferation. IHC for vimentin-positive epithelial cells
was also done. Results: Fisher’s exact test and Chi-square test were used. There was an increased
0o-SMA expression in malignant cases. Few cases of dysplasia showed focal staining pattern,
whereas network pattern predominated in invasive carcinomas. Vimentin expression was seen in
histologically more malignant OSCC cases and higher number of myofibroblasts was observed in
such cases. Conclusion: Myofibroblasts increase as the disease progresses. Network arrangement of
myofibroblasts represents higher invasive characteristics and a weaker prognosis.

Keywords: Alpha-smooth muscle actin, cancer-associated fibroblasts, dysplasia, myofibroblast, oral
squamous cell carcinoma

Concurrent  with the conversion of
nondiseased epithelial tissue to precancerous
epithelium and finally to carcinoma, the
stroma also changes from normal-to-primed
to tumor-associated reactive stroma.l! The
tumor microenvironment plays an important
role in tumor initiation, proliferation,
differentiation, migration, and metastasis.!”
Cancerous cells secrete cytokines such as
transforming growth factor beta-1 (TGFf-1)
that promotes differentiation of fibroblasts

Introduction

Oral squamous cell carcinoma (OSCC)
is the eighth most prevalent malignant
neoplasm worldwide, with an overall
survival rate of <50%.[" Invasive carcinoma
is often preceded by clinically identifiable,
potentially malignant lesions and conditions
such as leukoplakia, erythroplakia, and oral
submucous fibrosis.™

Transformation of normal oral mucosa

to squamous dysplasia and ultimately to into cancer-associated fibroblasts
SCC represents a complicated process  (CAF)/myofibroblasts.!!

. . . . a1

involving numerous etiologic factors. Myofibroblasts are defined

Approximately 10%—-20% of oral dysplasias
develop carcinomatous features and they
eventually invade beyond the basement
membrane.”! The mechanisms involved in
this progression are not well-understood.*!

immunohistochemically by the presence of
o-smooth muscle actin (a-SMA), vimentin,
smooth muscle-myosin heavy chain, desmin,
calponin, and oul-integrin.®? These cells have
contractile properties and are involved in
inflammation, wound healing, fibrosis, and
oncogenesis. They produce inflammatory
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mediators and growth factors which help in extracellular
matrix reorganization and epithelial cell proliferation.[
The expression of myofibroblasts has been demonstrated in
numerous aggressive and malignant lesions.!'%!3

The aim of this study is to understand the role of tumor
microenvironment by analyzing the expression of a-SMA
in stromal myofibroblasts and to find a possible association
between intensity and pattern of myofibroblast expression
and progression of oral lesions from mild, moderate, and
severe dysplasia to verrucous and invasive carcinomas.

Materials and Methods

After obtaining permission from the Institutional Ethical
Committee, the present study was carried out on premalignant
and Malignant tissues of the oral cavity, obtained from
the archives of the department archived in the department.
Medical records including pathology reports were reviewed
to record the patient’s age, sex, tumor location, tumor
size, differentiation, invasion depth of tumor, lymph node
metastasis, and clinical stage. Patients receiving preoperative
chemotherapy and radiotherapy were excluded from the study.

The study was divided into two groups:

e Group 1 (Study Group 1): Comprised of premalignant
cases which were further categorized into mild,
moderate, and severe dysplasia based on histopathology
as shown in Table 1. From each category, 20 cases were
chosen for observing the expression of oi-SMA

* Group 2 (Study Group 2): Comprised of malignant

cases. Out of the 60 malignant cases, 15 cases
of verrucous carcinoma (VC), 15 cases of
well-differentiated SCC (WDSCC), 15 cases of

moderately differentiated SCC (MDSCC), and 15 cases
of poorly differentiated SCC (PDSCC) were chosen

* Smooth muscle cells surrounding the blood vessels
were taken as a positive control (internal control).

Sections of 5-p thick were obtained from the paraffin
block and stained with hematoxylin and eosin. Degree of
dysplasia of premalignant and degree of differentiation of
the malignant lesions were noted.

For immunohistochemistry (IHC), 3—4-u thick sections
were obtained from the paraffin block on poly-I-lysine
coated slides. These sections were deparaffinized and
hydrated. Antigen retrieval was done by immersing the
slides in prewarmed citrate buffer (pH-6.0) and heating

Table 1: Distribution of premalignant lesions

Number of Mild Moderate  Severe

cases (%) dysplasia dysplasia dysplasia
Leukoplakia 54 (68) 14 26 14
Erythroplakia 15 (19) 03 04 08
Lichen planus 6(8) 06 00 00
OSMF 4(5) 04 00 00
Total (%) 79 (100) 27 (34) 30 (38) 22 (28)

OSMF — Oral submucous fibrosis

in a microwave oven at 95°C-98°C for 20 min. Blocking
of endogenous peroxidase was done by dipping slides
(kept in moist chamber) in a mixture of 50 ml methanol
with 1.5 ml hydrogen peroxide for 30 min, followed by
washing in distilled water for 5 min. Slides were cooled
to room temperature and washed in Tris buffer (pH-7.2).
Primary ready to use antibody (Thermo Scientific
monoclonal mouse anti-human o-SMA antibody; clone:
IA4) in dilution of 1:50-100 was added to the sections
and slides were incubated for 30 min at room temperature.
Slides were then washed in Tris buffer (pH-7.2) and
secondary antibody (horseradish Peroxidase) was added
to the sections and incubated for 30 min. The slides were
further washed in Tris buffer (pH-7.2), followed by the
addition of diaminobenzidine (DAB) chromogen in DAB
buffer (in the ratio of 1:50). The slides were incubated
for 3 min and counterstained with hematoxylin. Similarly,
tissue sections of 3 pum were used for IHC analysis
of vimentin in the epithelial cells of OSCC. This was
carried out with the avidin-biotin complex method, using
monoclonal antibody antivimentin (Dakopatts, Denmark)
1:200, and peroxidase-antiperoxidase method, overnight at
4°C. 3-3'-DAB tetrahydrochloride was used as chromogen.

Vimentin and o-SMA cells labeled by the antibody were
identified by strong dark brown cytoplasmic staining of
epithelial cells and myofibroblasts, respectively. o-SMA
cases were then assessed for intensity and pattern of
myofibroblastic proliferation.

Assessment of intensity and pattern of o-smooth muscle
actin expression

Intensity score for a-smooth muscle actin'¥

The percentage of cells positive for oi-SMA in the tumor
stroma was recorded as:

* Absent/0 = no positive cells

o Mild/1+ =1%—-33% positive cells

*  Moderate/2+ =34%—-66% positive cells

» Intense/3+ =67%—-100% positive cells.

Pattern of o-smooth muscle actin expression!

The distribution and arrangement of positive-stained

myofibroblast cells were classified into three groups:

» Focal or no special arrangement

* Network: Myofibroblasts with vesicular nuclei and
abundant cytoplasm arranged in multiple rows with
interwoven network of cytoplasmic extensions forming
a network in the stroma of the connective tissue

» Spindle: Myofibroblasts arranged in one to three rows
in a regular order in the periphery of the neoplastic
islands or in the connective tissues with distinctive cell
margins around myofibroblasts and malignant tissue.

Results

The statistical analysis was done using Fisher’s exact
test and Chi-square test to evaluate the significance
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of difference between the association of variables.
P < 0.05 was considered to be statistically significant.
For deduction of any association between specific group
or grade, the data were clubbed. During clubbing, the
data were added together to form groups to facilitate
comparisons.

Majority of the premalignant cases (62%) were seen in
the fourth and fifth decades of life with a mean age of
46.6 + 7.46 years, while most of the malignant cases (75%)
were seen in the fifth and sixth decades with a mean age
of 53.93 + 8.51 years Majority of cases in both the groups
were males and floor of the mouth was the most common
site involved.

The expression of o-SMA in premalignant lesions
according to the degrees of dysplasia is shown in Table 2.
Stroma of most of the dysplasia cases was negative
for o-SMA except for the blood vessels as shown in
Figure 1. Only seven cases of dysplasia out of 60 were
positive for a-SMA. Out of these seven cases, two were
of moderate dysplasia which showed mild staining and
five were of severe dysplasia. Three cases out of these five
showed mild staining, whereas the remaining two cases
showed an intensity score of +2. There was a statistically
significant difference in the o-SMA expression among
dysplasia (P = 0.046). Pattern of o-SMA expression in
premalignant lesions is shown in Table 3.

Table 2: Expression of a-smooth muscle actin in
premalignant lesions

Type of lesion Number o-SMA intensity score (%)

of cases Negative Positive
Mild dysplasia 20 20 (100) 0
Moderate dysplasia 20 18 (90) 2 (10)
Severe dysplasia 20 15 (75) 5(15)
1, df, P 6.15,2,0.046

0-SMA — a-smooth muscle actin

Table 3: Pattern of expression of a-smooth muscle actin
in premalignant lesions

Type of lesion Number Negative Focal Network Spindle
of cases staining pattern pattern pattern
Mild dysplasia 20 20 0 0 0
Moderate dysplasia 20 18 2 0 0
Severe dysplasia 20 15 5 0 0

Fisher’s exact probability test, P=0.05

The expression of oi-SMA in malignant lesions is shown
in Table 4 and Figures 2-5. When data were compared
statistically, a significant increase in 0-SMA intensity
score was observed in invasive carcinomas in comparison
to VC. Among the different degrees of differentiation of
invasive SCC, a statistically significant increase of ai-SMA
expression was found in MDSCC as compared to WDSCC
and in PDSCC as compared to MDSCC (P < 0.001).

Vimentin expression was noted in 45% (27) cases and was
found to be positive in epithelial cells of histologically
more malignant OSCC as shown in Figure 6. Such cases
showed intense 0-SMA expression. None of the VC cases
showed vimentin positivity. All the 15 cases of poorly
differentiated while 12 cases of moderately OSCC were
vimentin positive.

A variation in the pattern of o-SMA expression was noted
among the malignant lesions, ranging from focal to network
to spindle patterns of stromal myofibroblast positivity
for o-SMA as shown in Table 5. Statistically significant
difference was found in the pattern of oi-SMA expression
among the malignant lesions (P < 0.001). On comparing
spindle and network patterns of expression, significantly
more cases showed network pattern of o-SMA in more
dedifferentiated carcinoma.

On comparing premalignant and malignant cases, out of 60,
only seven premalignant cases showed o.-SMA positivity,

: SRS, ;’L’“‘i :
Figure 1: Histopathological image of mild dysplasia showing o-smooth

muscle actin positivity only in the blood vessels, rest of the stroma is
negative for a-smooth muscle actin (x400)

Table 4: Expression of a-smooth muscle actin in malignant lesions

Type of lesion Number o-SMA intensity score (%)

of cases 0 1+ (mild) 2+ (moderate) 3+ (intense)
Verrucous carcinoma 15 3 (20) 10 (67) 2 (13) 0
Well-differentiated SCC 15 2 (13) 9 (60) 4(27) 0
Moderately differentiated SCC 15 0 4 (27) 8 (53) 3(20)
Poorly differentiated SCC 15 0 0 4(27) 11 (73)

Fisher’s exact test P<0.001. SCC — Squamous cell carcinoma; a-SMA — a-smooth muscle actin
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Table 5: Pattern of expression of a-smooth muscle actin in malignant lesions

Type of lesion Number of cases Negative staining (%) Focal pattern (%) Network pattern (%) Spindle pattern (%)
Verrucous carcinoma 15 3(21) 11 (73) 1 (6) 0
Well-differentiated SCC 15 2(13) 10 (67) 0 3(20)
Moderately differentiated SCC 15 0 2 (13) 8 (53) 5(33)

Poorly differentiated SCC 15 0 0 12 (80) 3 (20)

Fisher’s exact test P<0.001. SCC — Squamous cell carcinoma

Figure 2: Histopathological image of verrucous carcinoma showing mild
a-smooth muscle actin positivity in the stroma, myofibroblasts can be seen
distributed in focal pattern (x400)

Figure 3: Histopathological image of well-differentiated squamous cell
carcinoma showing mild a-smooth muscle actin positivity in the stroma,
myofibroblasts can be seen distributed in focal pattern (x400)

Figure 4: Histopathological image of moderately differentiated squamous
cell carcinoma showing intense a-smooth muscle actin positivity in the
stroma, myofibroblasts can be seen distributed in spindle pattern (x400)

while 55 malignancy cases out of 60 were positive for
a-SMA. It is clearly evident from our study that there is
an increased 0-SMA expression in malignant cases in
comparison to premalignant cases (Chi-square = 76.9,
df =1, P <0.001).

Discussion

In our study, the premalignant lesions were found to be more
common in the fourth and fifth decades of life. Similar findings
were published in another study where leukoplakia was found

Figure 5: Histopathological image of poorly differentiated squamous cell
carcinoma showing intense a-smooth muscle actin positivity in the stroma,
myofibroblasts can be seen distributed in network pattern (x400)

to be most frequent in the middle age.!'® The malignant lesions
were more common in the fifth and sixth decades of life.
This was in accordance with another study, where oral cancer
was found to be most common in middle- and older-aged
individuals.!"”-'8

In our study, the premalignant and malignant lesions were
more common in males as compared to females which can
be attributed to increased exposure of risk factors, such
as smoking, tobacco, and betel chewing in males. Similar
findings were seen in other studies also.!*!”!
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Figure 6: Histopathological image of poorly differentiated squamous
cell carcinoma showing vimentin positivity in the epithelial cells of oral
squamous cell carcinoma (x400)

The most common sites for oral cavity lesions were found to
be floor of the mouth. This could be attributed to the increased
exposure of the floor of the mouth to tobacco and betel quid
as per the habitual placement of these substances at this site.

Regarding the presence of myofibroblasts, a-SMA
expression is not observed in the stroma of normal oral
mucosa, except for the blood vessels.?*?!! Among dysplasia,
a-SMA expression was absent in mild epithelial dysplasia,
only 10% cases of moderate epithelial dysplasia showed
mild o-SMA expression; however, mild-to-moderate
expression was seen 25% cases of severe dysplasia.

Similar to our study, no myofibroblasts was seen in
low-risk dysplasia cases and only 46.66% of high-risk
dysplasia cases (moderate and severe dysplasia) were
positive for a-SMA in another study.”” In a similar study,
o-SMA-positive myofibroblasts were seen in only 22% of
epithelial dysplasia cases.”” Our results were not consistent
with the findings of another study where they found no
myofibroblasts in dysplasia.l*"

We found that few cases of epithelial dysplasia which were
positive for a-SMA showed mild staining. In case of VC and
WDSCC, most of the cases that were positive also showed
mild staining, whereas in case of MDSCC, the majority of
cases showed moderate staining, while most of the cases of
PDSCC were intensely positive for a-SMA. It was clearly
evident from our study that there is an increased 0-SMA
expression in malignant cases in comparison to premalignant
cases. An increased O-SMA expression was seen in VC
as compared to dysplasia and an increased expression in
invasive carcinomas in comparison to VC. Among the invasive
carcinomas, an increased expression was noted in MDSCC as
compared to WDSCC and in PDSCC as compared to MDSCC.
Our findings were in accordance with other similar studies.?*>]

In a retrospective study on 282 OSCC patients, it was found
that the strongest independent risk factor of early OSCC

death was a feature of stroma and not the tumor cells. SMA
was strongly associated with OSCC mortality regardless of
whether patients had advanced disease or not.*

Regarding arrangement of myofibroblasts, we found focal
arrangement of myofibroblasts in few cases of epithelial
dysplasia that were positive, whereas in VC and WDSCC,
most of the positive cases showed focal pattern of expression.
Majority of the MDSCC and PDSCC cases showed a network
pattern of expression in our study. These findings were in
accordance to the observations seen in other studies.'>20222]

Regarding the origin of myofibroblasts multiple theories have
been proposed. Its formation can be attributed to epithelial-
mesenchymal transformation, mesenchymal-mesenchymal
transformation, or from endothelial-mesenchymal
transformation.”? In studies on highly polymorphic ductal
carcinoma, in situ of breast and noninvasive urothelial
carcinoma of bladder, respectively, it was demonstrated that
factors derived from aggressive tumor cells are able to diffuse
through the basement membrane and stimulate myofibroblast
transformation.”>*!  OSCC-derived ~ TGF-B1  promotes
fibroblast-myofibroblast  transdifferentiation and factors
released from these myofibroblasts, inturn induces tumor
cellular proliferation.*>24

Regarding the role of myofibroblasts in carcinomas,
it has been seen that an increase in the number of
a-SMA-positive myofibroblasts and change in distribution
pattern during oral carcinogenesis process is related to
tumor invasion.”>?* Stromal myofibroblasts release matrix
metalloproteinase (MMP) to remodel the stroma so as to
facilitate invasion.””’ Hyaluronan synthase 2 is one of
the key regulators responsible for CAF-mediated OSCC
progression and acts by modulating the balance of MMP1
and tissue inhibitor of metalloproteinases 1.1”

Network arrangement of myofibroblasts in SCC represents
higher invasive characteristics and weaker prognosis.
It can be said that because of the higher number of
myofibroblasts in network arrangements neoplastic lesions,
show more severe invasive behavior in comparison to
spindle arrangement.!!>2%

Myofibroblasts are tumor promoting and correlate with poor
survival in many cancers, which has led to their emergence
as potential therapeutic targets.?®*! Pharmacological
inhibition of NOX4 may have broad applicability for
stromal targeting across cancer types.>”

Conclusion

The presence of myofibroblasts, as measured by
a-SMA expression, increases as the disease progresses
from premalignancy to VC and to invasive OSCC.
Transdifferentiation of myofibroblasts is induced somewhere
in the preinvasive or early-invasive stage of OSCC, and
further loss of tumoral differentiation (increasing grade)
affects the number of these cells. These cells facilitate
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local and distant invasion of tumor. Therefore, the study
of myofibroblasts in the stroma has become an important
area of research and a potential target for therapeutic
intervention.

The presence, distribution, and arrangement of
myofibroblasts in the stroma can be considered as an
assessment tool for categorizing oral premalignant and
malignant lesions and can also be used as a prognostic
marker.
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