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Immunohistochemical study of a-smooth muscle actin
expression in oral leukoplakia and oral squamous cell
carcinoma
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Abstract Context: It is important to evaluate the role of stromal myofibroblasts (MFs) in carcinogenesis and
also as a predictive marker for lymph node (LN) metastasis at the invasive front of oral squamous cell
carcinoma (OSCC).

Aims: To demonstrate the expression of a-smooth muscle actin (o-SMA) by MFs in the tissues of oral
leukoplakia (OL) with dysplasia and OSCC. To record and compare the distribution of MFs in OSCC with LN
metastasis and without LN metastasis.

Settings and Design: Fifty paraffin-embedded tissue blocks with 10 cases of normal oral mucosa, 10 cases
of OL with dysplasia and 30 diagnosed cases of OSCCs were studied.

Subjects and Methods: The samples were subjected to heat-induced antigen retrieval method followed by
staining using primary mouse monoclonal antibodies against a-SMA and visualized using super sensitive
polymer—HRP detection system.

Statistical Analysis: Descriptive statistical analysis and ANOVA test were used for statistical analysis.
Results: There was no o-SMA expression in normal oral mucosa or in OL with dysplasia. All tissues of
OSCC were positive for a-SMA expression. The difference in the expression between OL with dysplasia
and OSCC was statistically significant (P < 0.05). The mean o--SMA count of OSCC with LN metastasis
is significantly greater than in the OSCC without LN metastasis (P = 0.001). In OSCC without LN
metastasis, focal and spindle patterns were predominant and in OSCC with LN metastasis network
pattern was more.

Conclusion: a-SMA expression by MFs in OSCCs indicates its role in tumor growth and invasion. The mean
a-SMA count was found to correlate with tumor invasiveness and locoregional LN metastasis.
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INTRODUCTION

The structural organization and function of normal tissue
is determined by interactions between cells and extracellular
matrix (ECM). The tumor cells should therefore interact
with the ECM at several stages of the metastatic cascade.!"
Cross talk between epithelial and stromal cells is known to
be essential for differentiation and development of normal
organs and tissue as well as for growth and progression
of tumors.”

Oral leukoplakia (OL) is the most common potentially
malignant disorder of the oral mucosa and has been
recognized and established as a definitively precancerous
lesion with a rate of malignant transformation ranging from
0.13% to 2.2% per year on global level.?"

Oral squamous cell carcinoma (OSCC) is the most common
malignant neoplasm of the oral cavity. It represents about
90%-95% of all malignant neoplasms of the oral cavity."!

Metastasis is a complex process that depends on
many interactions among tumor cells and the
microenvironment. The dynamic process of ECM
remodeling, called stromagenesis, is orchestrated by stromal
myofibroblasts (MFs) and creates a permissive environment
for tumor growth, invasion and metastasis.!

MFs are fibroblasts with smooth muscle-like features
characterized by the presence of a contractile apparatus.”
They exhibit a phenotype between fibroblasts and smooth
muscle cells and are characterized by the expression of a
specific smooth muscle isoform of alpha smooth muscle
actin (0-SMA). The presence of MFs has been detected
in the stroma of breast, kidney, liver, bladder, colon and
prostate cancers.*!

The microenvironment or stroma of neoplastic tissues
plays an active role in tumor progression. Fibroblasts are
considered as one of the most important mesenchymal
cells involved in tumor progression. Transdifferentiation of
fibroblasts to MFs is a crucial event in tumorigenesis, which
is mediated by growth factors and cytokines expressed by
tumor cells. The MFs, in turn, secrete numerous growth
factors and inflammatory mediators that stimulate epithelial
cell proliferation. Thus, MFs have been implicated in the
vicinity of invasive OSCC."!

The transdifferentiated MFs significantly upregulate
the secretion of hepatocyte growth factor or scatter
factor (HGF/SF), which, in turn, promotes SCC invasion
through basement membrane proteins.!')

The present study is undertaken to evaluate the significance
of presence of MFs at the invasive front of OSCCs. Itis also
to assess the comparative distribution of myofibroblasts in
OSCCs with and without Lymph Node (LN) involvement
in terms of quantity and pattern, thus trying to establish
its role as a predictive marker for LN metastasis.

SUBJECTS AND METHODS

This descriptive study was carried out on tissue sections
obtained from diagnosed cases of OL with dysplasia and
various grades of OSCC retrieved from the archives of
our department.

Specimens of 10 cases of OL with dysplasia, 30 cases of
OSCC (15 with lymph node [LLN] metastasis and 15 without
LN metastasis) and 10 cases of normal oral mucosa (Gingiva)
were obtained by random sampling [Table 1]. Sample size
was decided after discussion with the statistician, so that the
study was adequately powered. Cases of OL were graded
as mild, moderate and severe as per the classification by
Pindborg ez al. Squamous cell carcinoma of the lip, benign
neoplasms arising from oral mucosa and metastatic tumors
of oral cavity and jawbones other than OSCC were excluded
from the study. The study was carried out from March 2011
to August 2012 in our institution. As per the rules of the
institution, ethical clearance was not required for this study
as it involves retrospective analysis of tissue samples.

Monoclonal (1A4) mouse antihuman O0--SMA primary
antibody (BIOGENEX USA) was used for the study.
0-SMA is a marker for stromal MFs.

The presence of brown-colored precipitate at the site of
target antigens was indicative of positive immunoreactivity.
0-SMA-positive cells within blood vessel walls served as
internal positive control for the specificity of the stain.
Tissue sections of normal colon were taken as external
positive control. Tissues of normal oral mucosa were
treated as external negative control. The evaluation of the
study cases was done subsequently in a similar way.

Stromal spindle cells positive for cytoplasmic immunostaining
for 0l-SMA were considered as MFs. MFs were assessed by

Table 1: The final study sample

Sample type Number of cases
Normal oral mucosa (gingiva) 10
OL with dysplasia 10
OSCC without LN metastasis 15
OSCC with LN metastasis 15
Total 50

0SCC: Oral squamous cell carcinoma, LN: Lymph node, OL: Oral
leukoplakia
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selecting five random fields in the connective tissue below
the epithelium for both normal oral mucosa and oral
dysplasias. Samples in which no stromal MFs detected were
classified as negative. A comparative study of the expression
pattern of 0-SMA was made between OSCC showing nodal
metastasis and without nodal metastasis. The results were
presented as the mean number of 0-SMA-positive cells per
field. To eliminate observer bias, the count was performed
by three different observers in five varied random fields
with good interobserver agreement. Distribution pattern
of SMA-positive cells was also detected.

Statistical methods

Descriptive statistical analysis has been carried out in the
present study; the results of oi-SMA-positive cell counts
per field are presented using #test. The patterns of MF
distribution are presented as percentage of each pattern
in each of the groups using Chi-square test. Statistical
significance was at P < 0.05. The statistical software, namely
statistical package for the social sciences SPSS for Windows,
(version 13.0, Chicago, SPSS Inc., IBM 2004), was used for
the analysis of the data and required computations.

RESULTS

In the present study, a total of 50 previously histologically

diagnosed, paraffin-embedded tissue blocks including

10 cases of normal oral mucosa (Gingival mucosa),

10 cases of OL with dysplasia, 15 cases of OSCC

without LN metastasis and 15 cases of OSCC with LN

metastasis were selected and studied for the expression
of a-SMA.

*  There was no a-SMA expression in any of the
tissues of normal oral mucosa (gingiva), except
a-SMA-positive cells within blood vessel walls (internal
positive control) [Figure 1]

*  There was no a-SMA expression in any of the tissues
of OL with dysplasia (20% mild, 40% moderate and
40% severe dysplasia) [Figure 2]

e All the OSCC tissue samples were positive for 0-SMA.
Thus, the difference between OL group and OSCC
group was statistically significant (P < 0.05)

e OSCC with LN metastasis had a significantly higher
0-SMA count than the OSCC group without LN
metastasis (P = 0.001) [Table 2]

Table 2: Mean a-smooth muscle actin count in the two groups

e In samples of OSCC group without LN metastasis,
Network pattern [Figure 3] was 20%, Spindle pattern
[Figure 4] and Focal pattern [Figure 5] were 40% each
and in samples of OSCC with LN metastasis 47% was
network type and 33% and 20% of spindle and focal
patterns, respectively. No significant association is
observed between the pattern of MFs and the groups
mentioned (P = 0.260) [Table 3.

DISCUSSION

The present study was undertaken to investigate 0-SMA
expression in oral epithelial dysplasia and OSCC. OSCC
samples were further subclassified based on the presence or
absence of LN involvement. Quantitative and pattern-wise
analysis of 0-SMA by MFs in these two subgroups,
especially at the invasive front, were done.

In the present study, all the ten samples of OL were
negative for 0-SMA expression, thus showing lack of MFs,
while all the thirty samples of OSCC were positive for its
expression, thus establishing its role in tumor stroma.

Zidar et al" found lack of MFs in normal, epithelial
hyperplastic lesions and dysplastic laryngeal epithelium
regardless of their severity while MFs were found
exclusively in invasive SCC.

Lewis et al' found that a-SMA-positive stromal cells in
OSCC are commonly found at the invasive margin directly
abutting tumor cells and are absent in areas distant from tumor.

Kellermann e# a/" reported that no MFs were found in the
stroma of normal mucosa and epithelial dysplasia; however,
they were detected at the invasive front of the SCCs.

Kellermann e /¥l demonstrated a complete negative
expression of O-SMA in tumor-free stroma while its
numbers were elevated in stroma adjacent to tumor islands,
thus suggesting that a close contact between epithelial
and stromal cells is required for the induction of MF
differentiation.

Etemad-Moghadam e 2/ showed that the presence of
MFs was significantly higher in OSCCs compared to both

Group Mean SD SEM 95% Cl for mean P-Value
Lower bound Upper bound

OSCC without LN metastasis 6.53 4.41 1.14 4.09 8.98 0.001*

OSCC with LN metastasis 14.01 6.47 1.67 10.43 17.60

*Pvalue < 0.001 is Highly Significant. 0SCC: Oral squamous cell carcinoma, LN: Lymph node, SD: Standard deviation, SEM: Standard error of

mean, CI: Confidence interval
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Table 3: Pattern distribution of myofibroblasts between oral
squamous cell carcinoma groups

Pattern of OSCC without LN OSCC with LN Total x? P

MFs metastasis, n (%) metastasis, n (%)

Focal 6 (40) 3(20) 9 2.691 0.260
Network 3(20) 7 (47) 10

Spindle 6 (40) 5(33) 11

Total 15 (100) 15 (100) 30

MFs: Myofibroblasts, 0SCC: Oral squamous cell carcinoma, LN: Lymph
node

dysplasia and normal mucosa samples, and they were
detected more in the tumor invasive front.

Vered ¢# al!" found that stromal MFs were almost
exclusively associated with established carcinomas and not
with premalignant lesions.

De-Assis et al¥l found that stromal MFs were not
detected in OL irrespective of the grade but were
heterogeneously detected in OSCC, and its presence
was higher in tumors with a more diffuse histological
pattern of invasion.

In our study, MF’s count was significantly more in OSCC
with LN metastasis when compared with OSCC without
LN involvement group with P < 0.05.

Kellermann ¢ a/!" showed that abundance of MFs at
the invasive front leads to more aggressive behavior of
the SCCs, including an elevated proliferative potential.
Kellermann e a/® demonstrated that abundant presence
of MFs in tumor stroma significantly correlated with N
stage, disease stage and regional recurrence of OSCC. They
further showed that its presence leads to a more aggressive
behavior and was significantly associated with an increase
in LN metastasis.

Kawashiti ez /" in their study on OSCC found that
MF appearance also increased with increasing tumor
invasiveness and locoregional LN metastasis.

Our study is in agreement with that of Vered ez 2/ and
Seifi et all"! with the following observations: focal (40%)
and spindle (40%) patterns predominated in OSCC without
LN involvement and network (47%) pattern predominated
in OSCC with LN involvement. However, no significant
association is observed between the patterns of MF
distribution and the groups (P > 0.05).

The present study was an attempt to reinforce the hypothesis
that MEs are essentially a part of reactive tumor stroma and to
establish the quantitative and qualitative relationship of MFs
at the invasive front with the biological behavior of OSCC.

Figure 1: Normal oral mucosa (gingiva) showing strong positive staining
of blood vessel walls (a-smooth muscle actin immunostain, x10)

Figure 2: Oral leukoplakia with dysplasia showing strong positive
staining of blood vessel walls (o.-smooth muscle actin immunostain, x10)

Figure 3: Myofibroblasts showing network pattern (o.-smooth muscle
actin immunostain, x10)

The results of our study showed an increase in the number
of 0-SMA-positive MFs and change in their distribution
pattern during the process of tissue invasion and metastasis.
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Figure 4: Myofibroblasts showing spindle pattern (c.-smooth muscle
actin immunostain, x10)

Figure 5: Myofibroblasts showing focal pattern (c-smooth muscle
actin immunostain, x10)

MFs establish a permissive environment supportive of tumor
growth, through the production of chemokines, growth
factors and matrix-degrading enzymes. In addition, they actin
concert with immune cells to support blood vessel formation,
breaks down basement membrane barriers and attract tumor
cells to distant sites. They significantly upregulate the secretion
of HGF/SE, which promotes invasion of squamous cell
carcinoma.'’ N-Cadherin, expressed by MFs, promotes
matrix invasion, perineural invasion, muscular invasion and
transendothelial migration."*!

The network pattern of M arrangement is responsible for
higher invasiveness and metastasis due to higher number
of MFs in these arrangements in comparison to spindle
and focal patterns.!'!

CONCLUSION

The findings from this study are suggestive of the role
of MFs in creating a permissive environment for tumor

invasion and metastasis in OSCC. Presence of MFs is thus
a prognostic marker. Its evaluation in terms of frequency
and distribution pattern in the tumor stroma will enable us
to identify more precise diagnostic modalities and define
new therapeutic targets.
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