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Abstract

Introduction and Aim: Mucin MUCI, a protein present in saliva plays a role in protecting the epithelium. Mucins are gly-
coproteins that play a role in cell signalling thus serving a potential biomarker for malignant changes in the epithelium. The
aim of the present study was to assess and compate the level of salivary MUCI in individuals diagnosed with Squamous Cell
Carcinoma, oral Premalignancies and compare it to the level of salivary MUC1 in disease free individuals.

Materials and Method: The study samples were divided in three groups with a sample size of 10 in each group. Group A
consisted of individuals diagnosed with oral Squamous Cell Carcinoma, group B consisted of individuals diagnosed with oral
Premalignancies and group C was the control group. The levels of salivary mucin MUC1 was estimated using ELISA test. For
statistical analysis, data was subjected to ANOVA test and significance was set at p <0.05.

Results: The levels of salivary mucin MUC1 was highest in patients diagnosed with squamous cell carcinoma (19.33 % 4.39
ng/ml) followed by premalignant diseases (8.32 £ 3.08 ng/ml) and it was the lowest in the control group (2.73 £ 0.34 ng/ml)
and the results were statistically significant.

Conclusion: An alteration in MUC1 protein could play a role in the pathogenesis and progression of epithelial diseases and
thus could serve as a biomarker for its malignant changes.
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Introduction agnostic tool for the early detection of various systemic and oral
diseases. Specific salivary biomarkers have been identified for the
Oral cancer ranks from the sixth to the eight most common detection of breast cancer, oral cancer, caties, periodontal diseas-
forms of prevalent cancer and 90% of oral cancers in South Asia es and various systemic diseases. Amongst these biomarkers are
arise from an existing premalignant disease (PMD) such as leuko- salivary proteins which are indicators for the physiological and
plakia, erythroplakia and oral submucous fibrosis. Eatly detection pathological state. [5-7]
of cancerous diseases poses a challenge due to the lack of aware-
ness of the symptoms and risk factors among the public and lack Salivary Mucins are a group of such proteins, which are large gly-
of adequate prognostic markers. [1-4] The gold standard for oral coproteins. They are a structural component of mucous which
cancer diagnosis has been tissue biopsy with histological assess- forms a protective coat over the enamel and oral mucosa. There
ment, but these techniques are invasive, painful, time consuming are at least 20 mucins which have been identified in the human
and requires specific training; body and the localization and function of each mucin is dictated
by the unique structure they possess. Salivary mucins ate classi-
Saliva has been extensively studied as a potential non-invasive di- fied based on their molecular weight into high molecular weight
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mucins which weigh more than 1000 kDa and lower molecular
weight mucins which weigh 200 to 300 kDa. Further, epithelial
mucins (MUCs) can be classified into two main families as secret-
ed and membrane bound MUCs. They play a pivotal role in the
maintenance of oral health and mucosal defence by playing a role
in regulating cell growth, differentiation and cell signalling, [8-10]
When the levels of mucins are unregulated, they affect the health
of the host. MUC1 has been detected in epithelial tissues whose
expression is upregulated during cancerous conditions. [11]

Previously our team has a rich experience in working on vari-
ous research projects across multiple disciplines Now the grow-
ing trend in this area motivated us to pursue this project [12-20].
Thus, the present study was conducted to investigate the correla-
tion between the salivary levels of MUCI and epithelial changes
occurring during pre-malignancies and malignancies imparting its
role as a non-invasive diagnostic marker.

Materials And Method
Study Population

The present study consisted of three groups. Group A consisted
of individuals newly diagnosed with oral squamous cell carcino-
ma, group B consisted of individuals newly diagnosed with oral
premalignant diseases and group C was the control group which
consisted of individuals with healthy mucosa and no systemic or
oral disease. Individuals who were already undergoing treatment
were excluded from the study. A sample size of 10 per group was
determined for the present pilot study and hence the total sample
size was 30.

The study was approved by the ethical committee and the patients
were asked to sign an informed consent.

Salivary Sample Collection

All salivary samples were collected between 9am and 12 noon.
Unstimulated saliva was collected for a duration of 10mins by
asking the patient to pool the saliva and then spit it in a sterilized
container. Before collection of the saliva, all patients were ab-
stained from eating and drinking for 2 hrs.

Analysis of Salivary MUC1
Micro ELISA plate was pre-coated with an antibody that is spe-

cific to MUC1. The saliva samples (100ul) were then added to
the micro ELISA plate wells and combined with the specific an-
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tibody. Then a successive addition of biotinylated detection anti-
body which is specific for Human MUC1 and Avidin-Horseradish
Peroxidase (HRP) conjugate was done in each microplate well and
incubated. Only those wells that contained Human MUCI, bioti-
nylated detection antibody and Avidin-HRP conjugate appeared
blue in colour. The enzyme-substrate reaction was terminated by
the addition of stop solution and the colour turned yellow. The
measurement of the optical density (OD) was done at a wave-
length of 450nm spectrophotometrically. The OD value was pro-
portional to the concentration of Human MUCT.

Statistical Analysis

For statistical analysis, data was subjected to ANOVA test. A level
of significance was set at p 0.05. The statistical analysis was done
using the SPSS statistical package (version 22.0)

Results And Discussion

The study revealed that the levels of MUCI in saliva were higher
in patients diagnosed with squamous cell carcinoma (19.33 £ 4.39
ng/ml) and premalignant diseases (8.32 £ 3.08 ng/ml) as com-
pared with the control group (2.73 £ 0.34 ng/ml). When the lev-
els of MUC1 in saliva were compared between patients with oral
squamous cell carcinoma and pre malignant diseases, the levels
were found to be higher in the salivary samples of patients di-
agnosed with oral squamous cell carcinoma and the values were
statistically significant (p <0.05).

Our institution is passionate about high quality evidence based
research and has excelled in various fields [16, 27-306].

Oral squamous cell carcinoma is one of the most common forms
of oral malignancies in the oral cavity. In India, it accounts for
8% of all cancers in females and 12% of all cancers in Male. [37]
A premalignant disease possesses the risk of developing into a
malignancy in future. In 2005 WHO defined premalignant disease
as “the risk of malignancy being present in a lesion or condi-
tion either at time of initial diagnosis or a future date.” Leuko-
plakia has been defined as “a white plaque of questionable risk
having excluded other known diseases or disorders that carry no
increased risk of cancer.” Previous studies have shown a malig-
nant transformation rate of Leukoplakia to be up to 3.6 to 17.5%.
Oral Submucous Fibrosis is a chronic debilitating disease of the
oral cavity associated with the chewing of arecanut and has been
shown to have a malignant transformation rate of 0.6 to 7%. 38,
39] The prognostic factors associated with Oral Squamous Cell
Carcinoma are associated with the genetic profile of the epithelial

Figure 1: Graph representing the level of MUCI in saliva in carcinoma, premalignant disease and control group. X axis represents the three groups and Y
axis represents the level of MUCI expressed in ng/ml, showing that MUCI levels were significantly higher in patients with squamous cell carcinoma.
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cells showing malignancy which in turn reflects their tumor ag-
gressiveness.[40)]

Mucous forms a wet coating over the epithelial surfaces through-
out the body. Mucins are the gel forming component of Mucous,
which are proteins that are heavily glycosylated and act as molecu-
lar barriers. They are involved in the morphogenetic signal trans-
duction pathways. Their biochemical and biophysical properties
of visco-elastic secretions are governed by their glycosylation
content. [41] Thus, each of the salivary mucins contain unique
domain structures that influence their properties and localization
in the oral cavity. Mucins comprise of 15-20% protein and 80%
carbohydrate which are present in the form of O-linked glycans.
The most abundant amino acids are Serine and Threonine which
serve as the site for attachment of these carbohydrates. The mon-
omeric molecular weight of most mucins is greater than 2 million
daltons and their multimers weigh ten times the weight of their
monomers. Their high degree of glycosylation and their large size
give them the very property which allows them to function as
protective molecules. Based on the information available on their
structure, mucins have been classified into three broad categories
namely, Large gel forming mucins (MUC2, MUC5AC, MUC5B
and MUCG), large membrane associated mucins (MUC1, MUCS3,
MUC4 and MUCI12) and the small soluble mucins (MUCT7).
Amongst the 20 identified mucins in the human body, MUC5B,
MUC7, MUC19, MUCT1, and MUCH4 are found in the saliva. The
mucous cells of the submandibular, sublingual, palatine and labial
salivary glands secrete MUCSB that is the major gel forming mu-
cin in the oral cavity. MUC7 is another secreted mucin but it lacks
the property of forming gel. MUC4 and MUCI are associated
with membranes and are found lining the ducts of the salivary
glands. These play a key role in biological activities of cell signal-
ling, cell adhesions, differentiation and cellular immune response.
The development of a malignant disease and its progression has
been associated with the alteration in the expression of their gly-
cosylation. [42] The membrane bound MUC1 and MUC4 could
serve for protection of the epithelial surface in two ways, firstly
the heavily glycosylated rod like mucin molecules would form a
multi layered physical barrier on the surface of the cells, prevent-
ing access of bacteria, fungi, viruses and other harmful agents.
Secondly, MUC1 and MUCH4 could form a scaffold or a structural
framework upon which MUC5B which is a gel forming mucin
assembles. This resulting complex would strengthen the protec-
tive barrier and increase the lifetime of secreted mucins in the
oral cavity. Thus, mucins can be used matkers to detect a diseased
condition involving the epithelium.[42]

A wvast literature has accumulated the role of MUC1 in tumor
progression and metastasis.[43] MUC1 has been shown to exist
in both membrane associated form and the secreted form. The
soluble form of MUCI is probably due to the shedding of the
extracellular subunits. The N-terminal extracellular region has 3
domains: tandem repeat domains comprising 420 to 2500 resi-
dues, a unique 107 residue domain and a second unique 277- resi-
due domain. The extracellular region is followed by a membrane
spanning domain of 27 residue and a C- terminal cytoplasmic
domain of 69 residue which is thought to interact with the in-
tracellular actin. MUCT has many O-linked glycans and proline
residues in the tandem-repeat region which gives it a very rigid,
extended conformation. MUCT can be expected to extend up to
0.5microns from the cell surface based on its size, thus providing

an epithelial protective barrier against microorganisms and their
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cytotoxic agents.

MUCT was the first mucin cDNA to be sequenced and is ex-
pressed in normal epithelia and certain types of malignant cells.
An underglycoslylated form of MUCT has been found to have an
over expression in many tumors which had resulted in cell to cell
inhibition and interaction with cytotoxic T lymphocytes. Previous
studies on MUCT have shown that the tyrosine and serine resi-
dues within the cytoplasmic tails are phosphorylated. A change is
this phosphorylation affects cell adhesion. |44, 45].

It has been studied previously that an aberrant glycosylation of
MUCT causes exposure of normally crypted antigens through re-
duction in the length of the carbohydrate chain. This makes the
epitopes of MUCI1 very tumor specific. Thus, there could be a re-
lation between the invasion and metastasis of carcinoma cells and
mucin MUC1.|46-48| The transmembrane and cytoplasmic subu-
nits of MUCI pick up the stains during staining of the squamous
cells. In a previous study conducted by Nitta et al.[49] using MU-
Cland Narashiman et al.[50] with MUC4, positive results were
obtained in the Oral Squamous Cell Carcinoma samples. These
were highly restricted to the areas that were well-differentiated
areas A similar correlation was seen in an immunohistochemical
study conducted by Kumar M H.et.al where they found out the
number of MUCI positive cells to be higher in Oral Squamous
Cell Carcinoma and Premalignant Diseases as compared to the
healthy tissue. There was also an increase in the cellular expres-
sion of MUCI in the lesions with an advance in the grade of
dysplasia.[51]

The present study is a novel study where the levels of MUCI
have been studied in the saliva of patients diagnosed with Oral
Squamous Cell Carcinoma and Premalignant Diseases. The re-
sults of the present study are in accordance to the previous im-
munohistochemical studies where an upregulation of MUCT has
been observed in tissue expression malignancy. Similarly, in the
present study an upregulation of MUCT levels were observed in
the salivary samples of individuals diagnosed with Oral Squamous
Cell Carcinoma and premalignant diseases. The limitation of the
present study was a small sample size. Similar studies could be
conducted over a larger population sample to confirm the results
of the present study.

Conclusion

Within the limitations of the present study it can be concluded
that an alteration in the protein MUC1 mucin could play a role
in the pathogenesis and progression of epithelial malignancies.
Their upregulation in the condition of disease, observed in the
salivary samples could make them valuable non-invasive potential
biomarkers for detection of oral malignancies.
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