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EXPRESSION OF ENDOGLIN IN DIFFERENT GRADES OF ORAL
EPITHELIAL DYSPLASIA AND ITS CORRELATION WITH PRESENCE OF
MAST CELLS: A RETROSPECTIVE COMPARATIVE STUDY

ABSTRACT

Background and Objectives:

Among the oral diseases, oral cancer is a critical health issue due to its life-
threatening potential.

Lesions with dysplastic features have been categorized under oral potentially
malignant disorders (OPMDs), such as Oral leukoplakia, Erythroplakia, Oral
Submucous Fibrosis (OSMF) etc. Morphologically altered tissues are highly
susceptible to malignant transformation; for example, in leukoplakia, malignancy may
arise elsewhere in clinically normal mucosa. Angiogenesis, is one of the essential
factor for tumour growth and metastasis. Many studies suggest that mast cells are
immune cells which play an active role in angiogenesis. Hence, this study was
conducted, to assess the role of angiogenesis by immunohistochemical expression of
endothelial cell markers like Endoglin (CD105) and mast cell density using toluidine
blue stain. This can help in identifying the biological behaviour of Oral epithelial
dysplasia and aid in developing angiogenesis as a novel target for anticancer therapy.
Materials and Methods:

10 tissue samples each of different grades of Oral epithelial dysplasia and pyogenic
granuloma as control, were immunohistochemically analysed for expression of
Endoglin (CD 105) and mast cell density using Toluidine Blue stain.

Result:

We observed increased micro vascular density which corresponded to an increase in
angiogenesis with progressing grades of epithelial dysplasia. Also, an increase in

Mast cell density was observed with increasing grades of oral epithelial dysplasia.
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Conclusion:

Angiogenesis plays an important role in the progression of oral epithelial dysplasia

which can be quantified by assessing micro vascularity. This can be used to develop

strategies to improve the treatment outcome.
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EXPRESSION OF ENDOGLIN IN DIFFERENT GRADES OF ORAL
EPITHELIAL DYSPLASIA AND ITS CORRELATION WITH PRESENCE OF
MAST CELLS: A RETROSPECTIVE COMPARATIVE STUDY

INTRODUCTION

Oral Potentially Malignant Disorders are a group of disorders which possess an
increased propensity to transform into a malignancy. These were earlier grouped as
precancerous lesions and conditions. Oral leukoplakia, is the most commonly
encountered OPMD. Epithelial dysplasia is descriptive of its histological changes.
The transition of dysplastic oral epithelium to oral squamous cell carcinoma involves
an ‘angiogenic switch’, marked by enhanced neo-vascularization in the sub- epithelial
lamina propria. This increase in blood vessel formation is considered a key indicator
of malignant transformation. Mast cells contributes significantly to this process, as
they are rich source of various angiogenic factors. In addition, they also release
proteolytic enzymes that break down the extracellular matrix, facilitating the
formation of new blood vessels. Quantification of angiogenesis can be done by
evaluating mean vascular density using Endoglin (CD105) expression and mast cell
density using toluidine blue stain. Hence, this retrospective comparative study was
conducted to assess the expression of Endoglin in different grades of oral epithelial

dysplasia, and to compare the expression of mast cells using toluidine blue stain.
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AIM & OBJECTIVES

Aim: To determine the Mean Vascular Density using Endoglin (CD105) and assess
mast cell density using Toluidine Blue in Oral epithelial dysplasia and evaluating their
relationship with the biologic behaviour of these lesions.

Objectives:

1. To determine and compare the Mean Vascular Density in various grades of Oral
Epithelial Dysplasia using CD105 (Endoglin).

2. To determine and compare Mast Cell Density in various grades of Oral Epithelial
Dysplasia using Toluidine Blue Stain.

3. To compare the Mean Vascular Density and Mast cell density in different grades of

Oral Epithelial Dysplasia using the Endoglin and Toluidine blue.
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EPITHELIAL DYSPLASIA AND ITS CORRELATION WITH PRESENCE OF
MAST CELLS: A RETROSPECTIVE COMPARATIVE STUDY

REVIEW OF LITERATURE

ORAL POTENTIALLY MALIGNANT DISORDERS

1™ most common cancer in the world, with an estimated 300,000

Oral cancer is the 1
new cases and 145,000 deaths'. In India, 20/100,000 population are affected by oral
cancer, which accounts for around 30% of all types of cancer’. Most cases of oral
cancer are associated with habits (tobacco/areca nut) and are preceded by
asymptomatic clinical lesions collectively referred to as oral potentially malignant
disorder (OPMD)3 .

Precancerous lesion was defined as ‘a morphologically altered tissue in which oral
cancer is more likely to occur than in its apparently normal counterpart’; examples of
which include leukoplakia, erythroplakia and palatal changes in reverse smoking. Pre-
cancerous conditions were defined as ‘a generalized state associated with a
significantly increased risk of cancer’ and included- Oral submucous fibrosis, Erosive
oral lichen, lupus erythematosus etc.

Pre-cancerous lesions and precancerous conditions as they were earlier known (WHO
1978)*, are now obsolete; and have been collectively replaced by the term ‘Oral
potentially malignant disorders’. The change in terminologies were due to the fact that
not all precancerous lesions/ conditions gave rise to cancer despite having the
potential to do so; also a malignancy could arise at a site distant to the premalignant
lesion, showing a field change. The term OPMD was introduced in 2007 following an
expert group meeting coordinated by the WHO Collaborating Centre for Oral
Cancer’.

Introduction of the term OPMD’s where all these diseases are grouped under a single

term connotes their capability to transform into a malignancy but also means the

— e
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malignant change always may not necessarily happen. Oral potentially malignant
disorders are recognised and defined clinically and dysplasia may or may not be
present in them. Even when dysplasia is present, it still only indicates a risk of
malignant transformation; most dysplastic lesions never transform in the life of the
patient and the time to transformation in those that do is highly variable®. OPMDs
include leukoplakia, erythroplakia, reverse smoker's palate, erosive lichen planus, oral
submucous fibrosis, lupus erythematosus and actinic keratosis’.

Oral leukoplakia, the most commonly encountered OPMD is defined as “A
predominantly white plaque of questionable risk having excluded (other) known

»3_The term ‘leukoplakia’

diseases or disorders that carry no increased risk for cancer

is a clinical diagnosis of exclusion®. Clinically white lesions can histologically range

from frictional keratoses, mild, moderate, severe dysplasia and carcinoma in situ to
) . 9

varying grades of squamous cell carcinoma’.

Epithelial dysplasia is descriptive of histological changes only and has no clinic-

morphological parameter. Dysplasia is the disorderly growth which includes

cytological and architectural features'®.
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There are criteria used for diagnosing oral epithelial dysplasia, which are listed as

cytological and architectural features (Table 1):"'

Table 1: Criteria used for dysplasia

Architectural/Tissue Changes

Irregular epithelial stratification

Cytological Changes
Abnormal  variation in  nuclear size
(anisokaryosis)

Loss of polarity of basal cells

Abnormal variation in nuclear shape (nuclear

pleomorphism)

Basal cell hyperplasia

Abnormal variation in cell size (anisocytosis)

Drop-shaped rete ridges

Abnormal variation in cell shape (cellular

pleomorphism)

Increased number of mitotic figures

Increased nuclear-cytoplasmic ratio

Abnormally superficial mitoses

Increased nuclear size

Premature Keratinization in single cells

(dyskeratosis)

Atypical mitotic figures

Keratin pearls within rete ridges

Increased number and size of nucleoli,

Hyperchromasia
GRADING OF DYSPLASIA
Neville et al'’ graded dysplasia as:
1. Mild: Hyperchromatic and slightly pleomorphic nuclei are noted in the

basal and suprabasal cell layers of stratified squamous epithelium.

il Moderate: Dysplastic changes extend from the basal layer to the

midportion of the spinous layer and are characterized by nuclear

hyperchromatism, pleomorphism and cellular crowding. Hyperkeratosis on

the epithelial cell layer with prominent granular cell layer.

1. Severe: Cellular crowding and disordered arrangement throughout most of

the epithelial thickness, although slight maturation and flattening of the

cells appears to be present at the epithelial surface. Epithelial cells are seen

- ]
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to mature very little as they progress toward the hyperparakeratotic
surface.

iv. Carcinoma in situ: When the entire thickness of the epithelium is involved,

the term carcinoma in situ is used. Dysplastic cells extend from the basal
layer to the surface of the mucosa (top to bottom change) with no invasion

into the underlying connective tissue.

Ljubljana Grading System'’

This classification was developed to cater for the special clinical and histological
problems of laryngeal abnormalities; and this classification was proposed for grading
of epithelial hyperplastic lesions of the larynx, to hyperplastic epithelial lesions

arising in the oral cavity.

1. Simple hyperplasia: A benign hyperplastic process with retention of the

normal pattern of the epithelium which is thickened because of an increase
prickle cell layer. The cellular components of the basal and parabasal
region remain unchanged. There is no cellular atypia.

11 Abnormal hyperplasia: A benign augmentation of basal and parabasal

layers. This is seen upto one and a half of the total epithelial thickness.
Stratification is fully retained. Nuclei in the cells of the basal and parabasal
layers may be moderately enlarged but still maintain a uniform distribution
of nuclear chromatin. Small numbers of epithelial cells, less than 5% are
dyskeratotic.

111 Atypical hyperplasia or ‘risky’ epithelium: It demonstrates a recognizable

alteration of epithelial cells toward malignancy, but not to such a degree as
]
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iv.

seen in carcinomatous cells. Stratification is still preserved in the general
epithelial structure. The nuclei are enlarged and nuclear contour may be
irregular with marked variations in staining intensity. The nuclear
cytoplasmic ratio is increased. Mitotic figures are increased and are found
within two-third of the epithelium. Civatte bodies (apoptotic cells) may be
present.

Carcinoma in situ: It shows features of carcinoma without invasion. There

is loss of stratification throughout the epithelium although 3 to 5 layers of
compressed cells may be present on the surface. Marked atypia and mitotic
abnormalities are characteristic. Mitotic figures present throughout the
epithelium, including its upper one-third and abnormal mitoses are

frequently found.

WHO System (2005)'*

Grading On the basis of architecture and cytology

1.

1.

11l

Hyperplasia: Describes increased cell numbers. This may be in the spinous
layer leading to hyperplasia or acanthosis in the basal/parabasal cell layers
(progenitor compartment), termed basal cell hyperplasia. Architecture
shows regular stratification and there is no cellular atypia.

Mild dysplasia: Slight nuclear abnormalities, most marked in the basal

third of the epithelial thickness. Cells show normal maturation and
stratification. A few, but no abnormal mitoses may be present in the
parabasal layers.

Moderate dysplasia: More marked nuclear abnormalities are seen in the

basal two-third of the epithelium. Cell maturation and stratification are

e —
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evident in the upper layers. Mitoses are present in the parabasal and
intermediate layers, but none is abnormal.

iv. Severe dysplasia: Marked nuclear abnormalities involve more than two-

thirds of the epithelium. Mitoses, some of which are abnormal, may be
present in the upper layers. Maturation and stratification was still seen in
most superficial layers.

V. Carcinoma in situ: It is defined as ‘a lesion in which the full thickness, or

almost the full thickness, of squamous epithelium shows the cellular
features of carcinoma without stromal invasion.” Requires top-to bottom
change with undifferentiated, primitive cells from the basal layer to the
topmost layer.
Severity of dysplasia is directly correlated with the likelihood of malignant
progression, although non-dysplastic lesions can also transform into malignancy]3 .
Previous studies had shown that vascularity increased in a stepwise fashion from
normal mucosa to dysplasia to carcinoma and also demonstrated a close association
between vascularity and tumor progression in oral mucosa. There are multiple steps
that are associated with tumor progression; one of them is neo-angiogenesis, which is
essential for tumor growth and metastasis'>'®.
Angiogenic switch that occurs in the early stages of malignant transformation,
emphasize the role of mast cells in the progression from normal to dysplastic tissues,
leading to the development of oscc'.
Yokoyama M'® in their study found an increased microvessel density, inflammation

and neovascularization in moderate dysplasia and suggested that, it is at that stage

where the switch to malignant transformation occurs. Therefore, it is imperative to

m
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assess the micrqvessel density and neo-vasularisation in different grades of oral
epithelial dysplasia. The presence of mast cells in the tumor margins may be
attributed to higher vascular density. Chymase secreted by the mast cells has been
found to be associated with matrix degeneration, angiogenesis, and tumor growth'9.

It has been suggested that use of molecular markers along with clinical and
histological grading can better predict the disease progression. Many genes and
signaling pathways have shown to be involved in the development of oral squamous
cell (OSCC). Molecular markers that correlate oral epithelial dysplasia with malignant
transformation include: Overexpression of EGFR, c-Jun, Ki67/Mcm2, Cyclins D and
E, p53, p63,MMP-9, TGF alpha, COX-1 and-2, amplification of Cyclin D1, loss of c-
erbB2, pRB, Upregulation of telomerase (human telomerase reverse transcriptase;
hTERT, aneuploidy, loss of heterozygosity (Chromosome loci 3p, 8p, 9p, 4q, 11q,
13q, 17p), cytokeratins (CK 1, CK 8 and CK 18), high-risk Human papillomavirus,
p162°.

ANGIOGENESIS

Angiogenesis, defined as the growth of new blood vessels (neovascularization) from
g 21
pre-existing ones” .
It is a complex process, needed for the continued growth and survival of solid
neoplasia. The process of angiogenesis is in itself a multi-step process involving
extensive interplay between cells, soluble factors, and extracellular matrix (ECM)
components. Sequential steps in angiogenesis include: degradation of basement
membrane by proteases; migration of endothelial cells into the interstitial space and

sprouting; endothelial cell proliferation at the migrating tip; lumen formation,

generation of new basement membrane with the recruitment of pericyte, formation of
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anastomoses and finally the blood flow. Angiogenesis can be determined
histologically by the immunohistochemical expression of various endothelial markers
like CD31, CD34, VEGF-A, Endoglin etc™.

Under normal circumstances, angiogenesis is a highly ordered process under tight
regulation, and it requires inducing quiescent endothelial cells in a monolayer to
divide and spread the vascular network only to the extent demanded by demands of
growing tissues. Many positively and negatively acting factors that influence
angiogenesis; are soluble polypeptides, cell-cell and cell-matrix interactions, and
hemodynamic effects. Some of the soluble growth factors, membrane-bound
molecules, and mechanical forces that mediate these signals are VEGF, TGF- beta,
EGF, Angl, Ang2, TNF-alpha, Angiogenin, Angiotropin etc. Amongst these, most
well-characterized angiogenic factor is vascular endothelial growth factor (VEGF),
which, increases endothelial cell permeability, stimulates endothelial cell uPA/PAI-1
production, stimulates endothelial cell proliferation, inhibits endothelial cell
apoptosis, enhances endothelial cell migration and stimulates in vivo angiogenesis®.
In a process very similar to normal angiogenesis, a tumor may elicit formation of
blood vessels from pre-existing capillaries. Tumor cells are able to grow around an
existing vessel and at least initially, do not need to induce angiogenesis for adequate
vascularization™.

Tumor angiogenesis, formation of peritumor and intratumor new blood vessels, is
necessary to growth and metastasis of the solid tumors, and is regarded as one of the
most important events occurring in the neoplastic process™.

Neovascularization allows tumor growth by supplying nutrient and oxygen, disposing

metabolites and releasing growth factors that promote proliferation of the tumor cell®®.

e —
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Neoplasms promote angiogenesis by secreting growth factors- vascular endothelial
growth factor (VEGF), hepatocytes growth factor and platelet- derived growth factor
that stimulate endothelial migration and proliferation. Angiogenesis contributes to the
metastatic process by providing large numbers of leaking blood vessels for vascular
invasion?’.

Proliferating capillaries have fragmented basement membranes and are leaky, making
them more accessible to tumor cells than mature vessels. Immunohistochemical
expression of various other endothelial markers like CD31, CD34, and Endoglin etc.,
can also determine angiogenesiszs.

Endoglin is highly specific and potent pleiotropic angiogenic factor for endothelial
cells of capillaries, veins and arteries. It is used as a specific marker for the
assessment of vascularization in both normal and tumour tissues. Endoglin is a
proliferation-associated and hypoxia-inducible protein abundantly expressed in
angiogenic endothelial cells®.

Endothelial cell proliferation rate of tumor vasculature is exponentially higher than
that of the normal vessels. Therefore, micro vessel density in the tumor area, has
become the most important predictor in tumor behavior™.

Furthermore, circulating endothelial precursors, angioblast-like cells derived from
bone marrow are reported to be present in the adult circulation, have recently been
suggested contributing to tumor-derived blood vessels®.

Tumor induced vessels form a conduit for the delivery of metabolites, but
ultrastructurally they are abnormal. Many lack functional pericytes, they are dilated

and convoluted, and they are exceptionally permeant due to the presence of the

fenestrae and transcellular holes and lack of a complete basement membrane.

e ——
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Furthermore, tumor vessel walls may be made up of both endothelial cells and tumor
cells®'.

In the majority of cancers, highly vascularized tumors showed a poor prognosis and
the influence of tumor angiogenesis proved to be independent of the conventional
prognostic indicators. The progression of oral epithelial dysplastic lesions to
squamous cell carcinoma is characterized by an increase in neo- vascularization in the
sub-epithelial lamina propria and can be considered as an indicator of malignant
transformation™.

Angiogenesis, is essential for malignant tumour growth. Neo-vascularization allows
growth of the tumour by supplying nutrient and oxygen, disposing metabolites and
releasing growth factors that promote tumour cell proliferation, tumour progression in
the host stroma and metastasis development. Process of angiogenesis is result of an
imbalance among pro- angiogenic factors produced from both tumour and the normal
cells. It has been stated that endothelial cells of the tumour vasculature undergo a very
more rapid proliferation than quiescent endothelial cells in the vasculature of normal
tissues. It has also been reported that that endothelial cells of tumour-associated
neovasculature proliferate 20 to 2,000 times more rapidly than the endothelial cells of
normal tissue>.

Quantification of angiogenesis can be done by evaluating mean vascular density using
CD105 (Endoglin) expression and mast cell density using toluidine blue stain.
Microvessel density in a high power field can be considered proportional to the tumor

growth.
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In various types of tamour microenvironments, dysregulated angiogenesis plays an
important role in supplying oxygen and nutrients to cancerous cells, leading to tumour
size growth.

Vascularization is essential for tumor growth and metastasis. Preceding tumour
growth beyond a certain size, hypoxic conditions initiate spontaneous secretion of
angiogenic stimulators, which is an important step for transition of a benign tumour to
a malignant state*.

Insufficient supply of blood, causes tumor cells to undergo apoptosis and necrosis.
Distinct tissue distribution and known functional integration with TGF-§ system,

highlights the fact that endoglin is involved in angiogenesis.

Angiogenic markers should ideally detect quality and quantity of newborn vessels.
High levels of endoglin expression on actively proliferating tumoral endothelial cells
on the luminal surface allows for immunoscintigraphy of tumors, which can be used

for the diagnostic purposes®.

The ability to visualize and quantify tumor angiogenesis may not only allow
antiangiogenic treatment monitoring in patients with cancer but may also be an
appropriate approach for screening and detection of cancer at an early, still curable
stage, just after the angiogenic switch has occurred in the tumor progression. Several
molecular angiogenic markers overexpressed in tumors like -a,f3 Integrin, endoglin,
and vascular endothelial growth factor (VEGF) receptor (VEGFR), are the best-

. . . 36
characterized molecular markers of tumor angiogenesis™ .
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The proposition that CD105 may be associated with tumour angiogenesis developed
from the fact that CD105 was strongly up-regulated in the endothelium of various
tumour tissues compared with that in the normal tissue®’.

The number of blood vessels is more in a growing OPMD, as compared to healthy

oral mucosa, and it further increases in an enlarging oral squamous cell carcinoma

(0SCC)*.

Previous studies done by Shieh YS et al*’ and Jamaroon A et al*’ have shown that
vascularity increased progressively from normal mucosa through dysplasia to
carcinoma, which suggests that disease progression in the oral mucosa is accompanied
by angiogenesis’.

Shivakumar Madappa Shivamallappa®' in their study implied that, in the
development of OSCC, angiogenic phenotypic change occurs in carcinomas rather

than pre-cancerous stage.

Previous studies have shown that vascularization increased with an increasing degree
of dysplasia by microvascular volume®**.

Mast cells have surface receptors which when stimulated may release pro-
angiogenesis factors, such as vascular endothelial growth factor (VEGF), basic
fibroblastic growth factor , transforming growth factors, IL-8, matrix
metalloproteinase, tryptase and chymase that participate in the neoangiogenesis or
vascular formation process. It has been hypothesized that the angiogenic phenotype
may result from the production of these growth factors by the tumor cells and/or the

down-regulation of negative modulators, like thrombospondin-1 (TSP-1) in tissues

with dormant vasculature®’.
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MAST CELLS

Mast cells (MCs) are bone marrow-derived tissue-homing leukocytes, first described
by Paul Ehrlich. They are highly versatile cells playing important role in large
spectrum of biological settings, including inflammation, angiogenesis, tissue repair,
tissue remodelling and cancer®.

They are component of the immune system which play an important role in host
defence. They reside in all the vascularised tissues, especially in all the connective
tissues and mucosal surfaces of the human body™.

Stem Cell Factor plays an important role in the survival of mast cells because it
stimulate directional motility of mucosal and connective tissue type of mast cells®.
Shoshana D, Glalinsky T, Nechustan H* in their study demonstrated tumour
growth induction secondary to activation of mast cell. Diverse mechanisms such as
the release of pro-angiogenic inducers and activation of CD30 by mast cells have

been reported.

Mast Cells are heterogeneous in shape, varying from round, oval, or spindle-shaped,
about 12 microns (diameter) with 50 - 100 packed granules. It is often difficult to
distinguish fibroblasts from these cells in routine hematoxylin and eosin (H&E) stain
owing to its similarities in staining characteristics. Hence, a selective metachromatic
stain of 1% toluidine blue was used first in 1856 by William Henry Perkin (British
chemist) who illustrated purplish-red MCs and their nuclei appearing sky blue in
color?’.

Mast cells are easily also recognized in light microscopy by toluidine blue staining

because metachromatic granules that fill the cytoplasm. In normal oral tissues, mast

S ———— |

Page 17




EXPRESSION OF ENDOGLIN IN DIFFERENT GRADES OF ORAL
EPITHELIAL DYSPLASIA AND ITS CORRELATION WITH PRESENCE OF
MAST CELLS: A RETROSPECTIVE COMPARATIVE STUDY

cells have been found to be present in the connective tissue of gingiva, tongue and
lining mucosa, also reported in normal periodontal ligament and pulp although in very
low densities. The numerous cytoplasmic granules in the mast cells bind to basic dyes
such as toluidine blue and show metachromatic staining properties*.

Under physiological conditions, they are particularly prominent near capillaries and
also lymphatic channels. In many inflammatory disorders, they are characterized by
profound vascular remodelling, and the infiltrate exhibits numerous mast cells which
show structural features of degranulating elements. In various tumors, mast cells
appear at the edges of invasive tumors, facilitate angiogenesis by releasing preformed
mediators or by triggering proteolytic release of extracellular matrix bound
angiogenic compounds49.

In the early phase of hyperplasia and dysplasia, infiltrating mast cells degranulate and
activate dermal fibroblasts which intensify angiogenesis. They also activate
progelatinase B (matrix metalloproteinase family), involved in extracellular
remodelling and angiogenic regulation and progressively intensify angiogenesis by
releasing sequestered angiogenic activators. As the neoplastic sequence progresses,
angiogenic growth factor gene expression is upregulated in the cancer cells. This is
progression to the second cancer phase where tumor cells directly control their
angiogenic phenotype instead of manipulating inflammatory cells to indirectly affect

neovascularization®’.

Rakesh S et al*® in their study reported that mast cells and their regulatory role in
angiogenesis and inflammation by the release of mediators may play an important role
in tumor progression, facilitating the transformation of oral leukoplakia into invasive

carcinoma.

]
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Mast Cells accumulate in inflammatory foci around the blood vessels and later around
the tumor margins and release pro-angiogenic factors which favor tumor

progression’ >,

Mast Cells are immune cells which are a good source of proteases (tryptase and
chymase) which directly degrade the extracellular matrix through their proteolytic
activity, indirectly facilitates invasion and metastasis through extracellular matrix
remodelling also stimulates angiogenesis. They hence impact the progression of
dysplastic lesions to malignancy. Mast cells can be easily quantified using a simple

easily available histochemical stain like Toluidine blue, Alcian blue etc’>.

Metachromatic dyes such as toluidine blue, causes more clearer visual detection of
mast cells, hence this could prove to be a reliable method to be used for the same. The
reliability of this technique is strengthened by the non-significant inter observer
variability.

TOLUDINE BLUE STAIN

Chairside techniques that are assessed to improve early detection and diagnosis of oral
malignancy include toluidine blue, vizilite plus with touidine blue, velscope brush
biopsy, etc. Toluidine blue is a cationic metachromatic dye that may selectively bind
to free anionic groups such as sulfate, phosphate, and carboxylate radicals of large
molecules. It has been used for decades as an aid to the identify mucosal
abnormalities in the oral cavity. Toluidine blue, also known by its chemical name
tolunium chloride, is a basic metachromatic dye that is known for its property of
differentially staining malignant neoplasm but not normal epithelium®. It can be used

not only as a supravital stain; but also to stain tissue biopsies.
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Mast cells stain metachromatically with toluidine blue with greater intensity in cells
having smaller granules. Most stains for mast cells detection rely on the cell’s content
of heparin, other glycosaminoglycans, and esterase. Mast cells are found in the
connective tissue and their cytoplasm contains granules (metachromatic) composed of
heparin and histamine. Mast cells are difficult to differentiate with Haematoxylin and
Eosin, but metachromatically stain with toluidine blue. Mast cell granules appear
purplish blue with nuclei- sky blue with the background blue (orthochromatic
staining)ss.

Metachromasia is a phenomenon whereby a dye may absorb light at different
wavelengths depending on its concentration and surroundings. The dye, which
exhibits this phenomenon without changing its chemical structure, is said to be
metachromatic in nature. When the tissues are stained with a concentrated basic dye
solution, like toluidine blue, the bound dye molecules are close enough to form
dimeric and polymeric aggregates. In dilute solutions, dyes such as toluidine blue
are monomeric and it exhibits blue colour. In a concentrated or hypertonic solution,
dye molecules polymerize and exhibits a metachromatic color shift™.

Hence, effect of polyanions, because of their high-density negative charge, is to
functionally polymerize toluidine blue molecules in tissues and metachromatic
staining reaction is a strong predictor of tissue polyanions®’. Mast Cells accumulate in
inflammatory foci around the blood vessels and later around the tumor margins’ N
Toluidine blue is an easily available and economical metachromatic dye. Various
studies have reported the use of toluidine blue as screening tool for oral malignant and
pre malignant lesions with sensitivity and specificity between the ranges of 93.5%,

97.8%, 73.3% and 92.9%"".
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Metachromatic property of toluidine blue imparts purple or reddish-blue color to the
sulphated granules (mostly heparin) of the mast cell, depending on the degree of
polymerization of the dye, making it easier to recognize .More recently it has been
recommended as an adjunctive method to assist in early detection of oral
premalignant lesions and oral squamous cell carcinoma, also in determining oral
premalignant lesion at risk of progression to carcinoma®.

MAST CELLS IN EPITHELIAL DYSPLASIA

Mast cells secrete various proteolytic enzymes which degrade the extracellular matrix
and create space for developing blood vessels®'.

Among the host immune cells, mast cells have been implicated in tumour progression
as it promote angiogenesis. Several proangiogenic and angiogenic factors releases by
these cells are-histamine, heparin, chymase, basic fibroblastic growth factor, vascular
endothelial growth factor and transforming growth factor®.

Study by Jandinski JJ, Sonis S, Doku HC® in their study revealed increase in
number of mast cells from normal to hyperkeratotic and dyskeratotic tissues, but this
increase was not significant while the number of mast cells increased significantly
from normal tissue to low grade carcinoma. They suggested that this increase in
number is due to antigenic stimulation. Further, they revealed that number of mast
cells decreased in medium to high grade carcinomas, and attributed this to an
unfavourable cellular environment.

Biviji AT® in there study showed an increase in the number of mast cells/unit
microscopic field in oral leukoplakia (which represents increase in the thickness of the

epithelium, its keratinization without dysplasia) compared to normal mucosa. They

Page 21



EXPRESSION OF ENDOGLIN IN DIFFERENT GRADES OF ORAL
EPITHELIAL DYSPLASIA AND ITS CORRELATION WITH PRESENCE OF
MAST CELLS: A RETROSPECTIVE COMPARATIVE STUDY

B e e e S aa—
concluded that pharmacologically active agents in the mast cells might contribute to
inflammatory reaction, which is seen in Jeukoplakia.

Flynn E, Schwartz j, Shklar G®, reported direct co-relation between sequential mast
cell infiltration, activation and distinct stages of hyperkeratosis, dysplasia, carcinoma
in-situ in the oral cavity and implicated role of mast cells in configuring the
angiogenic phenotype in premalignant lesions.

A hypothesis was suggested that hypoxia might induce tumour cells to release the
angiogenic factors, which in turn could attract mast cells to migrate into the hypoxic
areas of the tumour, and after migration into the hypoxic areas, mast cells might
produce stimulating factors that help in further angiogenesis®. As mentioned-
Histamine, heparin, chymase, basic fibroblast growth factor (bFGF), vascular
endothelial growth factor (VEGF), and transforming growth factor-p (TGF-f) etc. are
pro-angiogenic factors that either directly promote angiogenesis by stimulating the
migration and/or proliferation of endothelial cells or indirectly through degradation of
the extracellular matrix®.

Hegde Veda and Marla Vinay®' in their study concluded that tumours that are
rapidly growing may have a high nutritive demand that is provided by the vasculature,
and when the epithelium is altered as in oral epithelial dysplasia, recruitment of
inflammatory cells is noted. The inflammatory and mast cells that migrate to areas of
altered epithelium may stimulate angiogenesis by secreting proangiogenic and
angiogenic components, either directly or indirectly prior to invasion. Once invasion
is established as in oral squamous cell carcinoma, the role of mast cells is probably

shifted from angiogenesis to further promoting invasion.
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Increased mast cells are also been associated with squamous cell carcinomas. A
correlation between mast cell numbers and poor outcome was reported by Iamaroon
et al*’ on oral squamous cell carcinoma.

As the neoplastic sequence progresses, angiogenic growth factor gene expression is
upregulated in cancer cells and this is the progression to the second cancer phase
where tumor cells directly control their angiogenic phenotype instead of manipulating
inflammatory cells to indirectly affect neovascularization®’.

A study done by Dantas RCM et al®®, showed no significant difference in MCD
(Mast cell density) between mild and moderate OED samples, and their findings also
indicated that_ MCs are present in the tumor microenvironment and may be associated
with a better prognosis.

In the study done by Telagi N et al®, increased numbers of mast cells were seen in
oral epithelial dysplasia, oral submucous fibrosis and OSCC, and the malignant
lesions showed highest number of mast cells as compared with the premalignant
lesions.

Sathyakumar M et al’® in their study showed an exponential increase in microvessel
density as mast cell density increased. There was significant role of mast cells in
angiogenesis as it progresses from normal mucosa to dysplasia. The number of mast
cells and microvessel can be used as indicators of the disease progression.

Hegde Veda and Marla Vinay®' in their study showed an increase in mast cell in
response to factors released by the tumour cells, and in response to infections and
microvessel density from normal oral mucosa to oral epithelial dysplasia to oral

squamous cell carcinoma.
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CD105

Endoglin, a 180 kDa transmembrane protein, which occurs in two isoforms (L and S)
because of alternate splicing of the transcript, and it shows higher expression in
proliferating endothelial cells. CD105 expression in tumor and normal endothelium
are highly correlated’".

Amol Gadbail et al”” conducted study to determine mutations in the ENG gene,
which encodes CD105, associated with hereditary hemorrhagic telangiectasia type 1
(HHT1), a genetic disorder which is characterized by vascular malformations and
recurrent bleeding. Given its dual role in promoting vascular integrity and being
implicated in pathological angiogenesis, CD105 is a critical for understanding the
vascular biology and developing therapeutic strategies.

This auxiliary TGF-  receptor transmembrane glycoprotein is expressed on activated
endothelial cells participating in neoangiogenesis. Evaluation of MVD using endoglin
can be an effective tool in quantification of neovascularization in carcinomas and also
determines the metastatic potential of the tumor and its prognosis73 .

Human endoglin is a 633 amino acid, 180 kDa homodimeric disulfide-linked hypoxia-
inducible transmembrane glycoprotein and it contains a large extracellular domain, a
hydrophobic transmembrane domain, and a short intracellular domain. The
extracellular domain contains an Arg-Gly-Asp (RGD) tripeptide, and four N-linked

"7 The intracellular

glycosylation sites and a region of O-linked glycosylation
domain contains many serine and threonine residues, some of which are

phosphorylation sites”®. The endoglin gene is 40 kb long and it is located on human

chromosome 9q34"".
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Gene transcription results in a mRNA product with a length of 3.4 kb and 14 exons;
exons 1 to 12 encode the extracellular domain, and the exon 13 encodes the
transmembrane domain, and the exon 14 encodes the cytoplasmic domain. Endoglin
was assigned the cluster of differentiation number 105 at the fifth International
Workshop on Human Leukocyte Differentiation Antigens and thus is also known as
CD105™,

Endothelial cells in normal quiescent endothelium are stable, have a very low
turnover rate, with a doubling time of more than 1,000 days. Angiogenic endothelium,
in contrast, has a rapid turnover, has been termed ‘‘activated’’. One potential marker
of this activated endothelium is endoglin. In several malignancies, endoglin is found
on the peritumoral and intratumoral vessels’”.

TGF-B signaling in endothelial cells can mediate variety of processes, like
proliferation, migration, and adhesion. TGF-B is expressed in endothelial cells of
healing wounds, embryos, infected tissues, psoriatic skin, inflamed synovial arthritis,
and solid tumors. Low doses of TGFh in vitro (0.25-0.70 ng/mL) stimulate
endothelial cell proliferation and migration, whereas higher doses inhibit them, which
endothelial cell quiescenceso.

Stimulatory phenotype in endothelial cells is mediated by ALK 1-dominated signaling,
and endoglin expression is necessary for the activation of this pathway. ALKI
activation causes increase in endothelial cell proliferation and migration as well as
transcription of the proangiogenic genes Idl, interleukin- 1 receptor-like 1, and
endoglin itself®'.

In endoglin-expressing cells, endoglin is included as a dimer in this receptor complex,

and TbetaR-1I then phosphorylates either ALK1 or ALKS in a highly conserved

o —
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glycine/serine-rich cytoplasmic domain, causing a conformational change in the
receptor. Signaling is propagated to the nucleus via phosphorylation of Smad proteins,
which act as transcriptional coactivators or corepressors. In endothelial cells, endoglin
expression is up-regulated by hypoxia, TGF-h stimulation, and irradiation in vitro,
whereas endoglin is down-regulated by tumor necrosis factor-a*~.

This (CD105) transmembrane phosphorylated glycoprotein, a fundamental constituent
of the TGF-P receptor signaling pathway. The proliferation and differentiation of cells
is modulated by this pleiotropic cytokine, which is fundamental for neo-angiogenesis
and vascular growth. Multiplying endothelial cells show upregulation of CD105, and

so is considered as a principal marker of proliferation of endothelial cells of newly

formed blood vessels that is neoangiogenesis®.
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According to Nikolaos A. Dallas et al”

, expression of CD105 expression in normal
human tissue is shown in Table 2:

Table 2. Endoglin (CD105) expression in normal human tissues

Location Cell type

Cardiovascular system Endothelial cells

Vascular smooth muscle cells

Hematologic system Bone marrow stromal fibroblasts

Progenitor B cells

Erythroid precursors

Circulating CD34" cells
Reticuloendothelial Interstitial macrophages in splenic red pulp
system Activated monocytes

Differentiated macrophages

Follicular dendritic cells in lymphoid organs

Genitourinary system Kidney extraglomerular interstitial cells
Kidney glomerular mesangial cells

Seminiferous tubule basal cells

Embryo Syncytiotrophoblasts of placenta

Embryonic heart mesenchymal cells

There is a strong association of Endoglin expression in tumor endothelium than in
normal endothelium. Hence, used as a better immunohistochemical marker in
assessing the microvascular density than any other endothelial marker.

CD105 IN EPITHELIAL DYSPLASIA

Several reports have shown that CD105 expression was related to metastasis, whereas
only few studies investigating CD105 expression in head and neck regions have been
reported. Endoglin CD 105 expression was studied by many workers in various oral
lesions like, oral submucous fibrosis, angiogenic squamous dysplasia-like

phenomenon in oral epithelial precursor lesions .
e e ________.__]

Page 27




EXPRESSION OF ENDOGLIN IN DIFFERENT GRADES OF ORAL
EPITHELIAL DYSPLASIA AND ITS CORRELATION WITH PRESENCE OF

MAST CELLS: A RETROSPECTIVE COMPARATIVE STUDY
e

According to Raunak Kumar Das, et alsz, expression of Endoglin CD 105 in normal
oral mucosa was completely absent. The expression of CD 105 in epithelial dysplasia,
in premalignant lesions, though variable, but is expressed faintly in oral submucous
fibrosis , it became remarkable in dysplastic conditions, with maximum presence in
severe oral submucous fibrosis condition, which indicates that CD105 expression, a
marker for tumour vasculature, was upregulated in dysplastic conditions.
Quantification of MVD with CD105 in a study by Maharudrappa Basnaker et al*®
reveals that the highest density was present in tumour specimens, than in normal
healthy mucosa and dysplastic epithelium.

According to Daniel GE Thiem et al®’

, microvessel density (MVD) is a parameter
for evaluation of new angiogenetic patterns ,which has shown to be a prognostic
factor for several malignant lesions including oral invasive carcinoma, and
angiogenesis increases during the transition from OL through dysplasia to OL-OSCC.
In the study done by Neda Kargahi et al®*, MVD was used for quantitative
angiogenesis assessment and evaluation of CD105 positive microvessels and it was
significantly higher in oral invasion carcinoma than in pre-cancerous mucosa, and
there was no expression in normal mucosa. There was also a significant increase from
pre-cancerous mucosa to malignant lesions. Therefore, evaluation of CD105 marker
can be a helpful method to distinguish the premalignant lesions from malignant ones.

Amina Fouad Farag et al®® in their study showed, MVD increased with disease
progression from the low risk to the high risk OED cases then from the low grade to
the high grade OSCC cases. When compared to CD31, CD105 as a marker had a

greater specificity for tumor-induced angiogenesis and provided more accurate

measures and easier measuring protocol with no discrepancies.
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A Bhargav Kumar Gudipati et al®® in their study showed that Mean Vascular
Density (MVD) was not significant between three different groups of OSCC but there
was significant difference between normal mucosa and different grades of dysplasias
when compared with OSCC. WDSCC showed high amount of MVD compared to all
the other groups.

Timely diagnosis and treatment can prevent the progression of OPMD to oral cancer.
With advancements in science and technology, numerous novel techniques have been
developed that have advantages over currently practiced conventional diagnostic
methodologies?’. Conventional diagnostic technique involves histopathological
evaluation of tissues. Immunohistochemical markers are not only diagnostic but they
also predictive and prognostic. Hence quantification of Endoglin in oral epithelial
dysplasia can be used as predictive or a prognostic marker.

In the present study, toluidine blue stain will be used for the identification and
quantification of MCs. Expression of Endoglin and Mast cells in the different grades

of oral epithelial dysplasia can thereby add as predictive markers.
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MATERIALS AND METHOD

This retrospective comparative study was conducted using the archival slides of pre-
diagnosed cases from the Department of Oral Pathology and Oral Microbiology, Babu
Banarasi Das College of Dental Sciences, BBD University, Lucknow

Study sample: 10 cases each of different grades (Mild dysplasia, moderate dysplasia
and severe dysplasia) of Oral epithelial dysplasia and pyogenic granuloma as control,
were immunohistochemically analysed for expression of Endoglin (CD-105) to assess
microvessel density and mast cell density using toluidine blue stain.

Pyogenic Granuloma (PG) was used as control because it is an inflammatory
condition which is known to have increased number of blood vessels than the normal
oral mucosa. Normal oral tissues showed lesser number of blood vessels; hence, PG
served as a better control.

Eligibility Criteria:

Inclusion criteria:

e (Cases previously diagnosed and reported as mild, moderate or severe Oral
epithelial dysplasia
o Cases previously diagnosed and reported as Pyogenic granuloma.

Exclusion Criteria:

e Cases of previously diagnosed Oral Squamous Cell Carcinoma
Sampling Method: Random Sampling
Methodology:
One section each were taken to stain with Hematoxylin & Eosin, Toluidine Blue and

CD10S5 respectively, thereby divided into 3 groups.
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Group 1 (10 samples): Mild dysplasia

Group 2(10 samples): Moderate dysplasia

Group 3(10 samples): Severe dysplasia

Control sections (10 samples): Pyogenic Granuloma

A total of 40 formalin-fixed, paraffin-embedded tissue samples were collected and
mounted on slides by consecutive, non-probability sampling technique.

Methodology for CD105

One section of 3-4 pm thickness was taken from each block. CD 105 (BioGenex)
antibody was applied onto sections on Poly-L-lysine coated slides. Antigen retrieval
was done by transferring the slides to citrate buffer of pH 6.2 and autoclaved at 15 lbs
pressure for 30 min. The slides were treated with 3% hydrogen peroxidase for 10 min
to quench endogenous peroxidase activity. Prediluted primary antibody, namely
mouse monoclonal CD105 antibody (BioGenex), was added to the sections and
incubated for 60 min in a hydrated chamber. The sections were then washed with tris
buffer for 2-3 min and a super-enhancer reagent was added and incubated for 30 min.
Then, the sections were washed with tris buffer for 2-3 min and incubated for 60 min
with  a secondary antigen that s polymer-Horseradish peroxidase
immunohistochemistry, 3,3 (HRP IHC) detection system. Chromogen
Diaminobenzidine (DAB) was added and incubated for 20 min, then washed with tris
buffer and counterstained with hematoxylin. Specimens of pyogenic granuloma
known to express CD105 positive cells were used as positive control. CD105 staining
1s localized to cell membranes of the endothelium of blood vessels. Prior to

assessment, slides were dehydrated with immersion in 70%, 90% and 100% ethanol
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for 5 min each respectively, followed by Xylene immersion (5 min) and mounted
using DPX"”.

Scoring criteria for CD105:

Stained sections were interpreted microscopically under the penta Head (Olympus
Magnus MLXi Plus). Slides were first be screened using a low-magnification
objective lens. The areas with the highest number of positively stained vessels (hot
spots) were identified and selected. At x400 magnification (0.0625 mmz), the
microvessels (recognized by brown cytoplasmic staining by CD105) were counted
using oculometer grid with 100 subdivisions. This was done for 05 fields and average
of the 05 fields were taken. The criteria adopted by Weidner®®, were used and only
strong positively stained endothelial cell or cell cluster, which was easily separated
from adjacent micro vessel and other connective tissue elements were considered as a
distinct countable micro vessel. Two observers simultaneously evaluated all the slides
by penta head microscope (Olympus Magnus MLXi Plus). Each micro vessel which
was agreed upon by both observers were included in the count. Micro vessel density
is defined as the number of CD105 (Endoglin) stained vessels per mm®.

Formula for calculation of microvessel density= (Number of microvessels in x400
grid field)/Area of ocular grid (0.0625 mm-) .

Methodology for Toluidine Blue®

Toluidine Blue staining was done for all grades of epithelial dysplasia and mast cells
were assessed.

Tissues fixed in 10% Formalin were cut at 5 um paraffin sections.

Solutions and Reagents:

Toluidine Blue Stock Solution:
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Toluidine blue O (Sigma) --------------- g

70% alcohol 100 ml

Mixed to dissolve.

Sodium Chloride (1%):
Sodium chloride 05¢g
Distilled water 50 ml

Mixed to dissolve (made this solution fresh each time). Adjust pH to 2.0~2.5
using glacial
acetic acid or HCL
Toluidine Blue Working Solution (pH 2.0~2.5):
Toluidine blue stock solution -------------- 5 ml
1% Sodium chloride, pH 2.3 ----------~---- 45 ml
Mixed well. The pH should be around 2.3 and less than 2.5
Made this solution fresh and discarded after use. pH higher than 2.5 will make
staining less
contrast.
Procedure:
1. Deparaffinize and hydrate sections to distilled water.
2. Stain sections in toluidine blue working solution for 2-3 minutes.
3. Washin distilled water, 3 changes.
4. Dehydrate quickly through 95% and 2 changes of 100% alcohol (10 dips each
since
stain fades quickly in alcohol).

5. Clear in xylene or xylene substitute, 2 changes, 3 minutes each.
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6. Coverslip with resinous mounting medium.

Identification & Scoring criteria for Mast cells:

Mast cells Violet/Red purple

Background Blue

Stained sections were interpreted microscopically under the penta head microscope
(Olympus Magnus MLXi Plus). Slides were first be screened using a low-
magnification objective lens. The areas with the highest number of positively stained
vessels (hot spots) were identified and selected. Atx400 magnification (0.0625 mm?),
the mast cells (recognized by blue cytoplasmic staining by Toluidine blue) were
counted using oculometer grid with 100 subdivisions. This was done for 05 fields and
average of the 05 fields were taken. The criteria adopted by Weidner®®, was used and
only strongly stained mast cells were considered. Two observers simultaneously
evaluated all the slides by penta head microscope (Olympus Magnus MLXi Plus).
Each mast cell which were agreed by both observers was included in the count. Mast
cell density is defined as the number of mast cells per mm”.

Formula for calculation of mast cell density= (Number of mast cells in x400 grid

field)/Area of ocular grid (0.0625 mm?) °.
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LEGENDS

Figure 1: Semi-Automatic Rotary Microtome (Yorco YSI 062)

Figure 2: Decloaking chamber
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Figure 3: Reagents used for Hematoxylin & Eosin staining

Figure 4: CD 105 antibody (BioGenex) used for Inmunohistochemical staining
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Figure 6: Tris buffer
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UltraVision Quanto HRP DAB
- TL-125-QHL
1 UlmVism PM.III m

Figure 7: Ultra Vision HRP DAB

Figure 8: Pentahead microscope (Olympus Magnus MLXi Plus)
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Figure 9: Control Section for CD105

Figure 10: Photomicrograph showing mast cells in Mild dysplasia (Toluidine
Blue stain) (x400)
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Figure 11: Photomicrograph showing CD 105 positive endothelial cells in Mild
dysplasia (x400)

Figure 12: Photomicrograph showing mast cells in Moderate dysplasia
(Toluidine Blue stain) (x400)
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Figure 13: Photomicrograph showing CD 105 positive endothelial
cells in Moderate dysplasia (x400)

Figure 14: Photomicrograph showing H & E stained section of Severe dysplasia
(x400)
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Figure 15: Photomicrograph showing mast cells in Severe dysplasia (Toluidine
Blue stain)(x400)

Figure 16: Photomicrograph showing CD 105 positive endothelial cells in Severe
dysplasia (x400)
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OBSERVATIONS AND RESULTS

Table 3: Descriptives of Mast cell density with respect to different grades of

dysplasia
Mast cell density
N | Mean Std. 95% Confidence Interval for
Deviation Mean
Lower Bound Upper Bound
Mild 10 | 83.2000 6.74619 78.3741 88.0259
dysplasia
Moderate 10 | 182.4000 | 8.26236 176.4895 188.3105
dysplasia
Severe 10 | 227.2000 | 6.74619 222.3741 232.0259
dysplasia

Table 3 showed the descriptives of Mast cell density with respect to different grades

of dysplasia. Mild dysplasia cases showed the minimum mast cell density while the

severe dysplasia cases showed the maximum mast cell density.
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Graph 1: Mean Mast cell density with respect to different grades of dysplasia
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Table 4: Intergroup comparison of Mast cell density

ANOVA

Mast cell density

Sum of | df Mean F P value
Squares Square
Between 108612.267 2 54306.133 1022.786 | <0.001,
Groups S
Within Groups 1433.600 27 53.096
Total 110045.867 29

Intergroup comparison of Mast cell density was done using one way ANOVA test. -
Overall, a statistically significant difference was observed. In other words, it can be
said that the mean mast cell density was significantly different among all the three

types of dysplasia.
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Table S: Post hoc pairwise comparisons of mean Mast cell density using Tukey’s

test

Multiple Comparisons

Dependent Variable: Mast cell density

Tukey HSD
O @) Mean Std. P value 95% Confidence Interval
dysplasia dysplasia Difference Error Lower Upper
1 Bound Bound
Mild Moderate -99.20000" 3.2587 | <0.001, | -107.2797 | -91.1203
dysplasia dysplasia 2 S
Severe - 3.2587 | <0.001, | -152.0797 | -135.9203
dysplasia | 144.00000" | 2 S
Moderate | Mild 99.20000 3.2587 | <0.001, | 91.1203 107.2797
dysplasia dysplasia 2 S
Severe -44.80000" 3.2587 | <0.001, | -52.8797 -36.7203
dysplasia 2 S
Severe - Mild 144.00000° | 3.2587 | <0.001, 135.9203 152.0797
dysplasia dysplasia 2 S
Moderate 44.80000 3.2587 | <0.001, | 36.7203 52.8797
dysplasia 2 S

Post hoc pairwise comparisons of mean mast cell density using Tukey’s test. It

showed that the mean mast cell density of cases of mild dysplasia was significantly

lower than that of moderate dysplasia, which was further significantly lower than that

among severe dysplasia cases.
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Table 6: Descriptives of Microvessel density with respect to different grades of

dysplasia.

Microvessel density

N Mean Std. 95% Confidence Interval for Mean
Deviation
Lower Bound Upper Bound

Mild 10 57.6000 8.26236 51.6895 63.5105
dysplasia
Moderate | 10 89.6000 8.26236 83.6895 95.5105
dysplasia
Severe 10 131.2000 6.74619 126.3741 136.0259
dysplasia

Table 6 showed the descriptives of Microvessel density with respect to different

grades of dysplasia. Mild dysplasia cases showed the minimum microvessel density

while the severe dysplasia cases showed the maximum microvessel density.
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Graph 2: Mean Microvessel density with respect to different grades of dysplasia
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Table 7: Intergroup comparison of Microvessel density using one way ANOVA

test

ANOVA

Microvessel density
Sum of | df Mean Square F P value
Squares

Between Groups 27238.400 2 13619.200 224,438 <0.001,

S
Within Groups 1638.400 27 60.681
Total 28876.800 29

Intergroup comparison of Microvessel density was done using one way ANOVA test.

Overall, a statistically significant difference was observed. In other words, it can be

said that the mean microvessel density was significantly different among all the three

types of dysplasia.
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Table 8: Post hoc pairwise comparisons of mean Microvessel density using
Tukey’s test

Multiple Comparisons

Dependent Variable: Microvessel density

Tukey HSD
@ @) Mean Std. P value 95% Confidence Interval
dysplasia dysplasia Difference Error Lower Upper
I-n Bound Bound
Mild Moderate -32.00000" 3.4837 | <0.001, | -40.6376 -23.3624
dysplasia dysplasia 2 S
Severe -73.60000 3.4837 | <0.001, | -82.2376 -64.9624
dysplasia 2 S
Moderate | Mild 32.00000" 3.4837 | <0.001, | 23.3624 40.6376
dysplasia dysplasia 2 S
Severe -41.60000" 3.4837 | <0.001, | -50.2376 -32.9624
dysplasia 2 |Ss
Severe Mild 73.60000° 3.4837 | <0.001, | 64.9624 82.2376
dysplasia dysplasia 2 S
Moderate 41.60000" 3.4837 | <0.001, | 32.9624 50.2376
dysplasia 2 S

Post hoc pairwise comparisons of mean Microvessel density using Tukey’s test. It
showed that the mean microvessel density of cases of mild dysplasia was significantly
lower than that of moderate dysplasia, which was further significantly lower than that

among severe dysplasia cases.
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Table 9: Correlation between Mast cell density & Microvessel density among

dysplasia cases

Correlation coefficient P value
Mild dysplasia -0.612 0.06, NS
Moderate dysplasia 0.667 0.035,S
Severe dysplasia 1.000 <0.001, S
Overall 0.934 <0.001, S

This table presents the correlation coefficients and corresponding p-values for the
relationship between Mast cell density & Microvessel density among different grades
of dysplasia (mild, moderate, severe) and overall. It showed that w.r.t mild dysplasia
cases, a moderate negative but statistically not significant, correlation was found
between mast cell density & microvessel density. With respect to moderate dysplasia
cases, a moderate positive correlation was found which was statistically significant
also. With respect to severe dysplasia cases, a perfect positive & statistically
significant correlation was found. Overall, a very strong positive correlation

(statistically significant) was found between Mast cell density & Microvesel density.
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Correlation of mast cell density & Microvessel
density in mild dysplasia cases
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Graph 3: Scatter plot showing the correlation of Mast cell density & Microvessel
density among mild dysplasia cases

Correlation of mast cell density & Microvessel
density in moderate dysplasia cases
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Graph 4: Scatter plot showing the correlation of Mast cell density & Microvessel
density among moderate dysplasia cases

Page 50



EXPRESSION OF ENDOGLIN IN DIFFERENT GRADES OF ORAL
EPITHELIAL DYSPLASIA AND ITS CORRELATION WITH PRESENCE OF
MAST CELLS: A RETROSPECTIVE COMPARATIVE STUDY

Correlation of mast cell density & Microvessel
density in severe dysplasia cases
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Graph 5: Scatter plot showing the correlation of Mast cell density & Microvessel

density among severe dysplasia cases
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Graph 6 : Scatter plot showing the overall correlation of mast cell density &
microvessel density among all dysplasia cases
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DISCUSSION

Oral carcinogenesis typically follows a two-step process which initially presents a
precursor lesion which World Health Organization (WHO), has defined as "altered
epithelium with an increased likelihood for progression to squamous cell carcinoma”.
The cytological and architectural changes exhibited by the altered epithelium
collectively is grouped under the term dysplasia'.

Neo-angiogenesis (formation of new vascular channels by division of endothelial cells
and resultant sprouting of new capillaries) is an essential step not only in
carcinogenesis but also in the growth of dysplastic epithelial lesions. Blood vessels
provide nutrition to the actively dividing dysplastic epithelial cells that in turn helps
them grow into frank carcinomas and gradually to metastasize.

Angiogenesis is a phenomenon associated with physiological (embryogenesis, wound
healing) and pathological events(neoplasia). It is determined by a balance between pro
angiogenic (TGF B, FGF, TNF) and anti-angiogenic (Angiostatin, Platelet factor)
factor®. Pro angiogenic factors are produced by host cells (mast cells, VEGF) and
tumour cells. Angiogenesis which is directly proportional to the microvascular
density (MVD) can be assessed by marking the proliferating endothelial cells using
immunohistochemical expression of various endothelial markers like CD31, CD34,
VEGF-A, Endoglin etc. Several markers have been used in the past; but we chose
Endoglin (CD105), a cluster differentiation factor in the present study as it
specifically stained the activated endothelial cells as compared to CD34 that stained
all endothelial cells**®".

Endoglin is a potent pleiotropic angiogenic factor expressed by activated endothelial
cells during new blood vessel formation and is considered the most specific marker

e ——— e
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for tumor angiogenesis. It is also elevated in areas of healing wounds & inflammation
and is associated with tumor metastasis and shorter survival. Endothelial cell
proliferation rate of tumor vasculature is exponentially higher than that of the normal
vessels. Thus, the micro vessel density within the tumor may serve as a key indicator
of its behavior. Endoglin is a 180 Kda trans-membrane protein, highly expressed in
activated endothelial cells; also utilized as membrane marker for identifying blood
vessels. Endoglin serves as receptor protein for TGF B signaling which induces
endothelial cell proliferation, its migration and fibrogenesis’>. CD105 expression can
be used to assess angiogenesis by quantifying the micro vessel density. Anti CD105
antibodies can be used to control angiogenesis in cancer therapies. Hence, it’s use as a
prognostic and therapeutic target in cancer needs to be studied further.

We found microvessel density (MVD) increasing proportionately with severity in
grades of epithelial dysplasia. Intergroup comparison of micro vessel density was
done with one-way ANOVA test where a statistically significant difference was
observed in the MVD in all grades of dysplasia. Post hoc pairwise comparisons of
mean MVD using Tukey’s test revealed that the mean MVD in mild dysplasia were
significantly lower than that seen in moderate dysplasia which was further
significantly lower than that among severe dysplasia. Our results were similar to those
reported by Sathyakumar M et al’®.

Amol Gadbail et al’? in their study suggested that tumour angiogenesis is not
necessarily a trait of invasive neoplasm but may be an early event during tumour
formation. The angiogenic switch occurs in the dysplastic stage preceding tumour
development in experimental study models of oral cancer. Potentially malignant

tissues show an increased endothelial proliferation and hence proportionately high

L ]
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micro vessel density”. Gandolfo M et al** reported an increased VEGF expression
which corresponds to sub-epithelial vascularization in leukoplakia with dysplastic
changes. Architectural changes in blood vessels and impaired lymphatic network
coupled with increased interstitial fluid pressure in premalignant tissues were reported

1°>. We believe the aforementioned factors could increase the

by Hagendorn J et a
MVD on account of compensatory measures by the host. We also hypothesize, the
increased MVD in dysplasia is due to metabolic changes in the epithelial cells brought
about by effects of tobacco in leukoplakia and hypoxia in oral sub mucous fibrosis
(Both lesions are associated with epithelial dysplasia).

Yet another indicator of angiogenesis is the presence of mast cells. In vitro studies
have shown that mast cells accumulate near sites of vascular tube formation®®. Mast
cell density has been shown to modulate micro vessel density in malignant tumors .
Mast cells arise in the bone marrow, are seen in the circulating blood and releases
chemical mediators of inflammation through degranulation®’. Activated mast cells
play a role in mitogenesis, extracellular matrix degradation, angiogenesis,
upregulation of microvascular hyperpermeability and recruitment of macrophages.
Telagi N et al®® in their study, grouped mast cells into typical (clear visualisation of
nucleus, cell membrane and granules), atypical (clear visualisation of nucleus and
granules without clarity of the cytoplasm) and granular (aggregations of granules
without presence of nucleus). They reported a proportionate increase of degranulated
mast cells in OSMF, OSCC and Oral leukoplakia with increase in inflammatory
infiltration. They found more granulating type of mast cells in OSCC and more
atypical mast cells in Oral epithelial dysplasia. Activated mas cells secrete mediators

that induce angiogenesis (VEGF), tumour proliferation, degradation of ECM etc.

Lo . ______]
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ECM degradation is aided by chymases and tryptases secreted by Mast Cells which
provide space for the budding capillaries®®. Mast cell growth factor which induces
mast cell migration is synthesised by endothelial cells” and epidermal
keratinocytesloo. Hence, we believe, the increase in number of endothelial cells will
also correlate with the mast cell numbers. Mast cell density (MCD) was assessed by
identifying the mast cells using toluidine blue, an easily available metachromatic dye.
We found mast cell density (MCD) increasing proportionately with severity in grades
of epithelial dysplasia. Intergroup comparison of mast cell density was done with one-
way ANOVA test where a statistically significant difference was observed in the
MCD in all grades of dysplasia. Post hoc pairwise comparisons of mean MCD using
Tukey’s test revealed that the mean MCD in mild dysplasia were significantly lower
than that seen in moderate dysplasia which was further significantly lower than that
among severe dysplasia. Our study showed similar results as in previous published
literature by Dantas RCM et al®® and Sathyakumar M et al’’. Interleukin-1 &
Histamine released by mast cells increases in epithelial dysplasia'®'.

Tobacco is the prime etiological factor in oral potentially malignant disorders which
show epithelial dysplasia. Carcinogens from tobacco may induce cytotoxicity or
mutagenecity in the oral keratinocytes which in turn induces a host cell inflammatory
reaction that upregulates mast cell numbers™. In addition, epidermal keratinocytes are

also a source of mast cell growth factor'®

. We believe, the increased proliferative
rates in epithelial dysplasia, could therefore up regulate the MCD with increase in
grades.

In the present study, we recorded a proportionate increase of MCD and MVD in the

different grades of epithelial dysplasia. On assessing the correlation coefficients and
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corresponding p-values we found, a moderate negative but statistically not significant,
correlation between mast cell density & microvessel density in cases of mild
dysplasia. In moderate dysplasia, a moderately positive correlation was found which
was statistically significant. However, in cases of severe dysplasia, a perfectly
positive & statistically significant correlation was found. In general, a strongly
positive correlation (statistically significant) was found between mast cell density &
microvessel density in cases of dysplasia. Several published literature have shown
similar correlation between MCD and MVD?270-102:103,

The results of the present study revealed that angiogenesis can be quantified through
assessment of micro vessel density using Endoglin as a marker to predict the risk of
neoplastic transition in oral epithelial dysplasia. Also, an exponential increase of mast
cell density was observed with toluidine blue in increasing grades of dysplasia. A
statistically significant correlation between microvascular density and mast cell
density in epithelial dysplasia is also noteworthy in our present study. This can be

used to improvise early therapeutic strategies to prevent the dysplastic cells from

crossing the “point of no return” in the cell cycle.
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CONCLUSION

The present study was conducted using 10 sample each of previously diagnosed cases
of oral epithelial dysplasia of all grades which were retrieved from the archives. Three
section each of every tissue was sectioned and stained with H & E, Toluidine Blue
and CD105 ( Endoglin). 10 samples of Pyogenic Granuloma was used as control.
Micro vascular density was assessed using Endoglin and Mast cell density was
assessed using Toluidine Blue.

We found statistically significant increase with increase in severity of epithelial
dysplasia in the both the parameters. Hence, we conclude the assessment of these
variables can be used to improvise early therapeutic strategies for better treatment

outcomes for the patients.
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ANNEXURE - I11

OBSERVATIONS
Cases Toludine Blue — | Toludine Blue — CD 105-No of | CD 105-No of
No of Mast Cells | No of Mast Cells | Positive Blood | Positive Blood
Vessels Vessels
Observer 1 Observer 2 Observer 1 Observer 2
MED 01 5,6,6,5,5 6,5,5,5,5 433,44 4,43,43
MED 02 5, 6,5,6,6 6,6,4,5,4 3,3,3,43 3,2,2,44
MED 03 6, 6,5,5,5 5,5,6,5,5 2,33,44 43344
MED 04 5,5,5,5,6 5,5,5,5,5 3,3,3,2,4 433,22
MED 05 5,4,5,5,5 4,6,5,5,5 4,2,4.4.4 3,3,44,4
MED 06 6, 6,5,6,6 6,5,5,5,6 4,2,34,3 44,443
MED 07 5,4,5,5,4 5,4,6,5,5 3,2,3,44 433,42
MED 08 5,5,5,5,5 5, 6,5,6,5 43324 43324
MED 09 6, 6,5,5,5 5,4,5,5,5 4,3,3,3,2 3,2,4,4,4
MED 10 6, 6,6, 5,5 6, 5,5,5,6 3,2,43,4 433,42
MOED 01 12,10,11,12,12 10,10,12,11,10 8,6,5,4,7 5,6,5,6,5
MOED 02 9,8,12,11,12 11,10,11,12,12 5,6,5,5.6 8,6,5,6,6
MOED 03 10,12,12,9,11 10,8,12,11,9 6,6,5,5,6 6,5,5,6,6
MOED 04 10,12,12,11,10 9,12,12,9,10 5,5,5,5,5 5,5,5,6,5
MOED 05 12,12,12,11,12 12,12,9,11,10 6,6, 5,6,6 6,6,6,5,6
MOED 06 12,12.12.12.12 10,12,12,10,12 6,5,5,6.6 5,6,5,5,5
MOED 07 10.8,12,11,12 10,10,11,11,12 5,6,5,5,6 6,6,5,6,5
MOED 08 10,12,12,10,11 12,8,9,11,12 6,6,5,5,6 6,5,5,6,6
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MOED 09 | 10,12,12,11,10 12,12,12,11,10 55,6,5,5 5,5,5,5,65
MOED 10 | 10,10,12,11,12 10,8,12,10,12 6,6,5,5,5 5,6,5,6,5
SED 01 14,14, 14,14, 15 | 14,13, 14, 14,13 7, 8,8,9,7 9,9.8,9,8
SED 02 13,12, 14,14, 15 | 15,13, 14, 14, 15 8,9,8,9,8 8,8,9,9,7
SED 03 14,15, 14,15, 15 | 14,15, 14, 14, 15 8, 8,9,9,9 9,8,99,8
SED 04 | 12,15,14,14,13 | 15,12, 14, 14,13 7, 8,9,9,7 8,899,8
SED 05 15,12, 14,14, 14 | 15,14, 14, 15, 15 9,8,89,8 8,8,8,9,9
SED 06 12,12, 14,14, 15 | 15,13, 14, 14, 12 9,9,8,9,9 9,9,9,9,8
SED 07 | 15,13,14,14,13 | 14,12, 14, 14, 14 9,9,8,9,7 9,8,9,9,9
SED 08 15,13, 14,15, 15 | 15,14, 14, 14, 14 7, 8,9,9,7 9,8,9,9,9
SED 09 15,14, 14,14, 13 | 14,15, 14, 14, 14 9,9,9,9,7 8,8,9,9,7
SED 10 | 14,15, 14,14,15 | 15,15, 14, 14, 14 8, 8,8,9,8 7, 8,8,9,9
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ANNEXURE -1V

FORMULA USED FOR ANALYSIS

Data was entered into Microsoft Excel spreadsheet and then checked for any missing
entries. It was analysed using Statistical Package for Social Sciences (SPSS) version
21. All the variables were continuous variables like Gloss values and surface
roughness values, which were summarized as mean and standard deviation. Graphs
were prepared on Microsoft Excel.

Normality of the data was checked by Shapiro Wilk test. Data was found to be
normal. Keeping in view the nature (continuous) & distribution (normal) of data,
inferential statistics were performed using parametric tests of significance.
Inferential statistics were performed using One way Analysis of Variance &
Independent t Test. CPost hoc pairwise comparison was done using Post hoc
Tukey’s test. The level of statistical significance was set at 0.05.

The following formulas were employed for calculation for various parameters:

Mean

The mean (also known as average), is obtained by dividing the sum of observed

values by the number of observations, n. The formula for the mean is given below as :

f—Nn Y

N — Yin1 Xi
n

Where. X = Mean

¥ X = Sum ot all individual observations

n = Total number of observations

Page 76



EXPRESSION OF ENDOGLIN IN DIFFERENT GRADES OF ORAL
EPITHELIAL DYSPLASIA AND ITS CORRELATION WITH PRESENCE OF
MAST CELLS: A RETROSPECTIVE COMPARATIVE STUDY

Standard Deviation

The standard deviation gives an idea of how close the entire set of data is to the
average value. Data sets with a small standard deviation have tightly grouped, precise
data. Data sets with large standard deviations have data spread out over a wide range

of values. The formula for standard deviation is given below as:

1 i=n
- e o 2
o= n_lizl()&TI X)

Where, ¢ = Standard deviation
X = Mean
Xi = Individual observation
> X = Sum of all individual observations

Y (Xi - X )= Sum of differences of every observation from the mean value

n = Total number of observations

Analysis of Variance Test:

This test is used to compare more than two means simultaneously. The critical ratio
which is calculated for performing ANOVA test is called as F ratio. It is calculated as

ratio of between-groups variance to within groups variance.

F ratio=  Between-groups variance

Within-groups variance

F ratio=  Mean square Between-groups
Mean square Within-groups

Page 77



EXPRESSION OF ENDOGLIN IN DIFFERENT GRADES OF ORAL
EPITHELIAL DYSPLASIA AND ITS CORRELATION WITH PRESENCE OF
MAST CELLS: A RETROSPECTIVE COMPARATIVE STUDY

Post hoc Tukey’s Test:

Tukey’s post-hoc test is a method that is used to determine which groups among the
sample have significant differences. This method calculates the difference between
the means of all the groups. Tukey’s test values are numbers which act as a distance
between the groups.

Formula is as follows:

M=
treatment/group
M -M,
1) mean
ms, )
n / n=number per
treatment/group

Page 78



EXPRESSION OF ENDOGLIN IN DIFFERENT GRADES OF ORAL
EPITHELIAL DYSPLASIA AND ITS CORRELATION WITH PRESENCE OF
MAST CELLS: A RETROSPECTIVE COMPARATIVE STUDY

ANNEXURE -V

PLAGIARISM REPORT

Flturnitin - raoet oo conrrage D umont=26008

Deep Sharma
RE-2022-540914

B Bach
£ Bawch
@ Universidad del Valle

Document Details

Submission 10

tm:0id:;:26066:449973985 6 Pages
Submission Date 1,452 Words

17, 2025, 4:47 PM GMT +5:30
. = 8,637 Characters

Download Date
Apr 17, 2025, 4:51 PM GMT+5:30

File Nome
RE-2022-540914.pdf

File Size
91.6 KB

('-J turnitin  rase of9 cowrpage Submission ID trm:ond:: 26066:449973985

Page 79



EXPRESSION OF ENDOGLIN IN DIFFERENT GRADES OF ORAL
EPITHELIAL DYSPLASIA AND ITS CORRELATION WITH PRESENCE OF
MAST CELLS: A RETROSPECTIVE COMPARATIVE STUDY

ﬂ turnitin Pege2of o integray Overview Dimond=: 3985

8% Overall Similarity

The combmed total of ali matches, including overlapping sources, for each database

Filtered from the Report

» Bibtiography
* Quoted Text
Match Groups Top Sources
. 13 Not Cited or Quoted 8% 3% @ Internet sources

Matches with neither in-text citation nor quotation marks 7 M Publcabons

@ o wising quotations o% 1% & Submated works (Student Papers)
Matches that are stll very simelar to source matenal

= 0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

€ 0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Integrity Flags
0 Integrity Flags for Review
Our sy ig look deeply at for any ies that
No suspiaous text manipulations found would set & apart froma al ission if we notice something ge, we flag
it for you to revew.
Aflagisnot ly anii oap However, we'd recommend you
focus your attention there for further review.
5] turnitin  Fage 2o 9 integry Overvew Submussion 1D tmoxd=:26066:449973985

Page 80



EXPRESSION OF ENDOGLIN IN DIFFERENT GRADES OF ORAL
EPITHELIAL DYSPLASIA AND ITS CORRELATION WITH PRESENCE OF
MAST CELLS: A RETROSPECTIVE COMPARATIVE STUDY

e — R

él-.l turnitin  Page3of 9 inwgnty Overview Submission ID trmiowd - 26066 449973985
Match Groups Top Sources
@ 13 notCred or Quoted 5w 3% @ Internet sources

Matches with negher m text ctation not quotation matks 7% @ Publcations

@ o wssing quotavons o 1% & Submitted works {Student Papers)
Matches that are still very sinlar to source material

= 0 Missing Citation 0%
Matches that have quotation marks, bit no in text atation

® 0 Cited and Quoted 0%
Matches with in text citation present. but no quotation marks

Top Sources
The sources with the highest number of matches within the submussion Overlapping sources wil not be drsplayed

® -

core.ac.uk 2%
& e

Amo! Ramchandra Gadbail, Minat S. Chaudhary, Sachin C. Sarode, Madhurn Gawa... 2%
@ rovicaon

Shigenobu Kaneko. "Use of Bromodeoxyuridine, Proliferating Celt Nuclear Antige... 1%
@) s

Pusa Nela Gaje, Raluca Amalia Ceausu, Adriana Jitariu, Stefan loan Stratul et al. "... <1%
@ e

www.cancerjournal.net <1%
© -

journals.plos.org <1%
F] turnitin  Page3of o Integrry Overvew Submission 1D trn oid - 26066.449973985

Page 81



