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A B S T R A C T

Background: Mucins are glycoproteins that act as a selective molecular barrier and its alterations usually ac-
company the carcinogenesis.
Aim: To evaluate the transition of mucins in the grades of oral epithelial dysplasia (OED) and oral squamous cell
carcinoma (OSCC) using histochemical stains.
Materials & Method: A total of 66 samples of variable grades of OED and OSCC and each section was stained with
PAS, Alcian blue- PAS (AB-PAS) and Aldehyde fuschin – Alcian blue (AF-AB). Mucins pattern and intensity were
examined at 5 randomly selected fields on 10x magnification.
Results: 1. PAS stain – Predominantly OED and OSCC showed a diffuse pattern with a gradual decrease in
intensity in OED and overall a weak intensity in OSCC. 2. AB-PAS stain – Neutral mucins showed gradual
increase in its intensity in grades of OED and OSCC with no predominant pattern. The intensity for the acid
mucins remains weak in all the grades of OED and OSCC with diffuse distribution, except in higher grades of
OED and OSCC. 3. AF- AB stain - For sulphated mucins, in OED a focal and diffuse pattern was observed in OSCC
with minimal intensity. The carboxylated mucin was absent in both.
Conclusion: Mucins undergo change in its pattern and intensity in varying grades of OED/OSCC. Although in GIT
and other mucosa, the expression of altered mucin is a recognized factor, seldom research has been done in OED
and OSCC. Thus, the present study could be the stepping stone in the exploration of mucinous alteration in OED
and OSCC.

1. Introduction

Worldwide oral squamous cell carcinoma (OSCC) is a major health
problem and it is the most common oral cancer in India with a high
incidence rate (30–40%).1 OSCC starts as an oral epithelial dysplasia
(OED) and is characterized by an altered proliferation of squamous
dysplastic cells of the epithelium. General and widespread changes
occur in the distribution and quantity of the basement membrane
during the transition from benign to carcinoma generating a local and
distant invasion.2,3 These dysplastic tumor cells invade the stroma and
are surrounded by an extracellular matrix (ECM) thereby producing
reactive change in the stroma.4,5

Thus, the behaviour of carcinoma is not only dependent on the
genetics of the tumor cells but also on the surrounding environment
which is required for the tumour cell survival, growth, proliferation and
a metastasis. This evolving concept is defined as tumour

microenvironment. Considering that genetic and epigenetic factors are
capable of affecting the entire tissue (epithelium and stroma), it would
be logical to assume that carcinogenesis and its progression result from
a defective response of both compartments.6

Over the past decade, several studies have shown that the stroma of
the neoplastic tissues plays an active role in tumor progression.
Concurrent with the conversion of non-diseased epithelial tissue to pre-
cancerous epithelium to carcinoma, the stroma also changes from
normal to primed to activated or tumor associated. The main focus of
the various studies remains the cells and the fibrous components of
stroma.4–6 The changes in the stroma of oral epithelial dysplasia (OED)/
oral squamous cell carcinoma (OSCC) by various im-
munohistochemistry (IHC) and genetic studies have also been done,
since the histochemical method which is an easy and inexpensive tool,
is not yet explored.

Mucins, one of the main components of glycoprotein, are produced
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by the cells of the epithelium or the tissue that lines cavities and
structure of the body. Deregulation of mucin production has provided
an important link between inflammation and cancer.7 Moreover, car-
cinoma of the breast, prostate, lung and pancreas commonly over-
express mucins to exploit their role in promoting growth and survival
but the expression of the mucins in OED and OSCC still remains to be
defined.

Taking into the consideration the modifications occurring in the
connective tissue mucins, the present study was taken to evaluate the
alterations in the mucins in different grades of OED and OSCC and also
to observe the staining intensity and patterns of glycoproteins, acids
mucins, neutral mucins, sulphated mucins and carboxylated mucins
using stain in different grades of OED and OSCC using different histo-
chemical stains.

2. Materials and methods

This retrospective study was conducted wherein total of 66 histo-
pathological confirmed cases of OED and OSCC were obtained from the
archival formalin-fixed paraffin-embedded specimens. From these
samples, 4 sections of 4μ were cut and each section was stained with H
and E using the standard protocol and was OED and OSSC were graded
by two independent observers using the WHO (1978) and Broder's
system (1920) respectively. The results showed that the 32 OED cases
consisted of 12 Mild, 9 Moderate and 11 Severe OED and 34 Primary
OSCC cases were of 14 Well, 13 Moderate and 7 Poorly differentiated
OSCC. After grading, each section of each sample were stained with

PAS, Alcian blue- PAS (AB-PAS) stain and Aldehyde Fuschin – Alcian
blue (AF-AB) stain using standard protocol. 4 cases of each OED and
OSCC, wherein minor salivary glands was present were taken as con-
trol.

The nature of mucins was analysed by evaluating 5 randomly se-
lected fields at 10 x magnifications. The assessment in OED was per-
formed in the juxtaepithelial and deep connective tissue and in OSCC
the assessment was performed in around and away from the tumour
islands. Firstly, the pattern of the mucins was categorised as either focal
or diffuse. Secondly, the predominant color exhibited by mucins was
analysed. Thirdly, the intensity of staining was scored as 0= absent,
1=minimal, 2=weak and 3= bright.

3. Statistical analysis

Data were entered into the Statistical Package for Social Sciences
(SPSS) version 21 for analysis. It was subjected to descriptive and in-
ferential statistics to generate frequencies and percentages. For com-
parison of categorical variables between groups, the Chi-square test was
used at 95% confidence interval.

4. Results and observations

Figs. 1 and 2 represents the predominant color exhibited by the
stromal mucin in PAS, PAS -AF and AF- AB of varying grades of OSCC
and OED respectively.

PAS STAIN- PAS staining demonstrate the glycoprotein of stroma

Fig. 1. A-Photomicrograph of Well OSCC showing Weak PAS staining intensity (10X). B-Photomicrograph of Well OSCC showing bright Alcian blue staining intensity
and minimal PAS stain (10X). C-Photomicrograph of Well OSCC showing weak stain intensity for sulphated mucins and weak staining for carboxylated mucins (10X).
D-Photomicrograph of moderate OSCC showing weak intensity of PAS stain (10X). E-Photomicrograph of moderate OSCC showing weak intensity of Alcian blue stain
and absence of the PAS stain (10X). F-Photomicrograph of moderate OSCC showing weak intensity of Alcian blue stain and weak intensity of the aldehyde fuschin
stain (10X). G- Photomicrograph of poor OSCC showing bright intensity of PAS stain (10X). H-Photomicrograph of poor OSCC showing weak intensity of Alcian blue
stain and bright intensity of the PAS stain (10X). I-Photomicrograph of poor OSCC showing bright staining intensity of the Aldehyde fuschin and minimal of Alcian
blue stain (10X). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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which exhibit magenta color. In present study, predominantly diffuse
staining pattern was observed in all grades of OED and OSCC except
poor OSCC (Bar Diagram 1). On intergroup statistical analysis of OED
and OSCC, difference in the distribution of patterns was found to be
significantly significant. (p= 0.040) (Table 1). When PAS-intensity was
compared it was seen that predominant juxtaepithelial intensity in mild
to moderate to severe OED was weak, minimal and minimal respec-
tively (Bar Diagram 2). On intra-group comparison of variable grades of
OED, highly statistical significant difference was found between mild
and severe OED (p =<0.001) and moderate and severe OED
(p=0.007) (Table 2). The overall intensity of glycoproteins around the
tumour islands was weak in progressive grades of OSCC (Bar Diagram
2). On intra-group statistical analysis, statistical significant difference
was found between well and moderate OSCC. (p= 0.047) (Table 2).
When intergroup comparison of variable grades of OED and OSCC was
carried out highly statistical significant difference was found between
the PAS intensity. (p=<0.001) (Table 1).

ALCIAN BLUE- PAS STAIN (AB-PAS) - This combination helps to
demonstrate the acid mucin via Alcian blue and neutral mucin via PAS.
It was seen that the chief pattern of neutral mucins in OED was diffuse
and in OSCC no chief pattern was seen (Bar Diagram 1). On intergroup
statistical analysis, difference in patterns distribution was found to be
statistically significant. (p= 0.003) (Table 1) Juxtaepithelially, the
predominant intensity of neutral mucins in the varying grades of OED
was minimal and in OSCC it was minimal, minimal to weak and weak

respectively (Bar Diagram 2). On intra-group statistical analysis, sig-
nificant difference was found between mild OED and severe OED
(p= 0.022), moderate OSCC and poor OSCC (p=0.017) and poor
OSCC and well OSCC respectively (p=0.001) (Table 2). On inter-group
analysis, the difference in PAS intensity for the neutral mucins between
OED and OSCC was found to be statistically significantly different.
(p=<0.001) (Table 1).

For the acid mucins, diffuse pattern in varying grades of OED and
OSCC was primarily observed (Bar Diagram 1). The intergroup statis-
tical analysis of OED and OSCC, showed statistically significant differ-
ence (Table 1). The peak intensity in all grades of OED ranged between
weak to absent intensity (Bar Diagram 2). Predominant weak intensity
of acid mucins in all the progressive grades of OSCC was observed (Bar
Diagram 2). Intra-group statistical evaluation revealed significant dif-
ference in mild OED and moderate OED (p=<0.001) and moderate
and severe OED (p=<0.001) (Table 2). Significant difference was
found between all variable grades of OSCC. (p= 0.003,< 0.001,
0.006) (Table 2). On inter-group analysis of OED and OSCC, the in-
tensity of acidic mucins was found to be statistically significantly dif-
ferent. (p=<0.001) (Table 1).

ALDEHYDE FUSCHIN – ALCIAN - BLUE (AF-AB) - To differentiate
acid mucins in to carboxylated mucins and sulphated mucins AF-AB
staining was done. For sulphated mucins it was seen that the prominent
pattern of all grades of OED was focal and in OSCC it was diffuse (Bar
Diagram 1). On intergroup statistical analysis of OED and OSCC,

Fig. 2. J-Photomicrograph of mild dysplasia showing bright PAS staining intensity (10X). K-Photomicrograph of mild dysplasia showing weak Alcian blue staining
intensity and weak PAS stain (10X). L-Photomicrograph of mid dysplasia showing minimal to weak stain for sulphated mucins and absent staining for carboxylated
mucins (10X). M-Photomicrograph of moderate dysplasia showing bright intensity of PAS stain (10X). N-Photomicrograph of moderate dysplasia showing bright
intensity of Alcian blue stain and weak intensity of the PAS stain (10X). O-Photomicrograph of moderate dysplasia showing bright intensity of Alcian blue stain and
weak intensity of the aldehyde fuschin stain (10X). P-Photomicrograph of severe dysplasia showing weak intensity of PAS stain (10X). Q-Photomicrograph of severe
dysplasia showing weak intensity of Alcian blue stain and minimal intensity of the PAS stain (10X). R-Photomicrograph of severe dysplasia showing weak staining
intensity of the Aldehyde fuschin and absence of Alcian blue stain (10X). (For interpretation of the references to color in this figure legend, the reader is referred to
the Web version of this article.)
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distribution of patterns for sulphated mucins was found to be statisti-
cally significant. (p=<0.001) (Table 1) When intensity was taken the
highest intensity in progressive grades of OED and OSCC was minimal
(Bar Diagram 2). Intra-group statistical evaluation showed significant
difference between mild OED and moderate OED (p=<0.001) and
moderate and severe OED (p=<0.001) (Table 2). Intra-group sig-
nificant results was found to be significant between well and poor OSCC
(p=0.001) and moderate and poor OSCC (p=0.006). On intergroup
statistical analysis of OED and OSCC, the intensity of sulphated mucins
in AF stain was found to be significant. (p=<0.001). (Table 1).

When carboxylated mucins intensity was taken it was seen that
there was absence in all grades of OED and in OSCC absence to focal
distribution (Bar Diagram 1). Intergroup comparison of OED and OSCC,
the difference in patterns for carboxylated mucin was found to be sig-
nificant. (p value =<0.001) (Table 1) The frequency of the absence of
carboxylated mucins was noted to be increasing during the progressive
grades of OED & OSCC. The maximum intensity attained was minimal
by OED and OSCC with the complete absence in poor OSCC (Bar dia-
gram 2). On intra-group comparison of among the various grades of
OED and OSCC, statistical significant difference was found except well

OSCC and moderate OSCC (Table 2). On intergroup statistical analysis,
the difference in intensity of carboxylated mucins in AB stain was found
to be significant. (p= 0.031) (Table 1).

5. Discussion

The extracellular matrix (ECM) is a dense latticework of collagen
and elastic fibers which is embedded in a viscoelastic ground substance
and is composed of proteoglycans and glycoproteins. This matrix acts as
a scaffold which isolates tissue compartments, mediates cell attachment
and influences tissue architecture. Interactions between normal cells
and the matrix may be altered in neoplasia and thus may influence
tumor proliferation and invasion.8

Among the tumours of head and neck region, oral squamous cell
carcinoma (OSCC) is one of the most common malignancies with poor
prognosis. OED is characterized by the altered proliferation of squa-
mous cells within the epithelium. This disturbance gradually progress
and invades into the stroma to form carcinoma.2 Thus, traditionally
OSCC's have two interdependent compartments - tumour epithelial cells
and stroma. Numerous studies exist in the literature on tumour epi-
thelial cells and even the stromal fibrous/cellular components have
been well explored in OSCC and OED.4,5,9–11

Various immunohistochemistry and genetic studies have been done
to evaluate the changes in the ECM of OED/OSCC.4,12–18 Mucin, one of
the main ECM components seems to play a role in the process of tumour
progression, invasion and metastasis and also in tumour cell survival
and protection against the host immune response. Changes in the ex-
pression levels and glycosylation of mucins have been associated with
several diseases including carcinomas.12

In the present study, the majority of fields of progressive grades of
OED showed weak, minimal and minimal PAS intensity respectively
and were diffusely distributed. Thus, it was seen that the glycoproteins

Bar Diagrams 1. Distribution of patterns of different stains in various grades of OED and OSCC.

Table 1
Intergroup comparison of pattern in OED and OSCC using Chi- Square test.

Parameter PAS STAIN ALCIAN BLUE – PAS
STAIN

ALDEHYDE FUSCHIN- ALCIAN
BLUE

Neutral
mucins

Acid mucins Sulphated
mucins

Carboxylated
mucins

Pattern 0.040* 0.003* < 0.001* < 0.001* < 0.001*
Intensity < 0.001* 0.012* < 0.001* < 0.001* < 0.001*

Significant*.
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content had gradually regressed from mild to severe OED juxtaepithe-
lially. In OSCC, diffuse weak PAS positivity was observed in majority of
the fields in all grades except in poor OSCC where focal PAS positivity
was noted. In accordance to the present study, Fuentes et al. also ob-
served a similar change in intensity of PAS between OED and OSCC.4

According to them, there was a progressive loss of PAS stain in OED and
complete absence of PAS stain in OSCC, particularly in the areas of
connective tissue invasion. However, the limitation of their study was
that they did not evaluate the intensity of the PAS reactivity in all
grades of OED and categorization of OSCC was lacking. George J et al.
also observed the weak PAS staining in variable grades of OSCC around
the tumour islands.5 However, neither had they mentioned about the
distribution of the PAS reactivity nor OED was considered in their
study.

Malignancies derived from simple epithelial tissues (carcinomas)
frequently contain detectable glycoproteins. The reason for the weak
reactivity of glycoproteins in stroma of OSCC could be the lysis of
stromal components which facilitates dysplastic tumour cell migration.5

According to Pereria A et al., there is a change in stromal composition
and either such changes is induced by tumor cells through the release of
certain mediator or may be it is causing carcinogenesis.12 In the present
study, few fields in all grades of OED and OSCC showed a bright PAS
staining, juxtaepithelially and around the tumor islands respectively. In
OED, the dysplasia is restricted up to the epithelium with no breach in
the basement membrane (BM). Hence, the BM gives a bright staining
which can be attributed to the BM components such as laminin, en-
tactin and heparin sulphate. OSCC is characterized by nests/islands/
strands/cords of malignant epithelial cells in the connective tissue.
These tumour cells have a property of secreting the proteins which may
have the similar composition as BM. Hence, the bright PAS staining
selectively around the tumour islands in OSCC can be because of the
reduplicated BM secreted by the tumour cells. The quantitative and
qualitative change in the BM occurring during the carcinogenesis is
already known, which is essentially important in tumour invasion and
metastasis.12

Besides glycoproteins, PAS staining demonstrate the other struc-
tures such as glycogen, starch and other BM material present in the
connective tissue. The PAS technique is particularly sensitive for the
detection of neutral mucins as well as acid mucins that contain sig-
nificant quantities of sialic acid.19

The target of the present study was to observe the changes in mucin

which is one of the types of glycoproteins. So to differentiate between
neutral mucins and acid mucins, AB-PAS technique was employed.

In our study it was seen that the intensity of the neutral mucins was
increased gradually from OED to OSCC, even within the group the in-
tensity was enhanced, juxtaepithelially and around the tumour islands.
For acid mucins, there was no intensity which was predominant in mild
OED. In moderate OED, predominantly weak staining and in severe
OED absence of staining was observed, juxtaepithelially. In OSCC,
around the tumour islands, the overall intensity was weak in all grades.
The result of the present study was in accordance to the study of George
J et al.5 According to them, the source of the neutral mucins could
either be epithelial cells as they were present adjacent to the tumor
islands or could be the stromal cells which produce them in response to
the invading heterogenous tumor cell population, acting probably as a
scaffold around the tumour cells. These neutral mucins have increased
amount of hexose components or accumulation of uronic acid con-
taining substances like hyaluronic acid, chondroitin sulphate and he-
paran sulphate.5

Since acid mucins are further of two types i.e., sulphated and car-
boxylated mucins, to differentiate these two, AF-AB technique was
employed. There was a gradual increase in the number of fields with
minimal intensity of sulphated mucins in varying grades of OED and
OSCC. The carboxylated mucins was absent in majority of fields.

As the grade of OED and OSCC increases, the expression of car-
boxylated mucins decreases. There was addition of sulphated mucins,
rendering a mixture of sulphated mucins and carboxylated mucins and
in poor OSCC only expression of sulphated mucins was appreciated.
This was supported by the findings of study conducted by George J
et al. in OSCC.5

To the best of our knowledge, the literature of acidic mucin his-
tochemistry in OED is not available. Limited studies have been docu-
mented where the extensive mucin changes in varying grades of
OSCC.5,10,20 However, the reason for such transition in the acidic mu-
cins has not been explained.

Such demonstration of mucins with their changes in the his-
tochemistry is already been well explored and established in foetus,
salivary glands tumours, carcinomas of lungs, colon, GIT and their
precursor lesions.21–26

The present study also observed the alteration of mucin nature in
the progressive grades of OED and OSCC. There is a definite morpho-
logic variation in the mucin expression occurring during the evolution

Bar Diagram 2. Intensity of various stains in different grades of OED and OSCC.
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of carcinoma in the oral mucosa as observed in other mucosa of the
body. Such transformation in the mucins may be induced by the tumour
cells, stromal cells or tumour associated fibroblasts (TAFs) need to be
further investigated. Also, further studies to establish its correlation
with clinical details (TNM staging, follow up, habits & history) is
mandatory to validate its diagnostic and prognostic purpose.6 Our study
challenges the glycobiologists to delve deeper in elucidating the role of
mucins in OED and OSCC that whether these adaptive changes pro-
duced by stroma is the consequence to precursor/malignant changes or
these cause the neoplasia is still query. Also, it remains to be in-
vestigated whether all mucins genes carry carboxylated or sulphated
oligosaccharide side chain.

Nevertheless, knowledge of mucins and its implications in oral
precursor/cancer process as well as potential of using it as a scaffold for
therapeutic modalities are an unsolved puzzle. Thus the present study
and further research on mucin will prevail hereafter.

6. Conclusion

The present study could be the stepping stone in the exploration of
mucinous modification in OED and OSCC. Although in GIT and other
mucosa, the expression of altered mucin is a recognized factor, seldom
research has been done in OED and OSCC.

Undoubtedly, molecular and recent technologies help us in better
understanding of the tumour biology. However their unavailability,
cost, extensive laboratory preparations etc. are the major hindrances.
Despite the fact that, there is variation in staining pattern when stained
in different batches at different intervals, these cost effective special
stains are definitely better for diagnostic as well as prognostic purposes
due to its ease of standardization.
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