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Background: Oral leukoplakia is the most common potentially malignant lesion, the etiology of this
change is still uncertain which makes it difficult to predict when this will undergo malignant transformation.
Recent studies have examined the involvement of mast cells in this process, it is believed that these cells
through the release of pro-angiogenic factors influence the processing mechanism of such lesions through
promoting angiogenesis. It was the objective of this study to evaluate the inflammatory process in oral
leukoplakia comparing it to a non-cancerous lesion correlating the intensity of mast cells with inflammatory
infiltrate and vascularization in these lesions.

Methods: A total of 20 selected cases divided into two groups, oral leukoplakia and inflammatory fibrous
hyperplasia (IFH). Histochemical Technique of Toluidine Blue was applied to enhance mast cells and
histomorphometry for quantifying mast cells, blood vessels and inflammatory cell infiltration by capturing
digital images of the samples and analysis software Image Java version 1.48v. Mast cells and blood vessels
were counted in 10 different areas and the intensity of the inflammatory infiltrate was measured in three
areas. The analysis of variance (ANOVA) was used for between-group variation, a P value of 0.05 for
statistical significance.

Results: It was observed a reduction in the concentration of mast cells in oral leukoplakia compared
fibrous inflammatory hyperplasia. In contrast to the concentration of blood vessels were present in higher
concentrations in the Oral leukoplakia lesions. The inflammatory infiltrate in most cases was considered
scarce, except in a case where that IFH was intense and a case of moderate inflammatory infiltrate in oral
leukoplakia.

Conclusions: The results showed reduction in the number of mast cells in the oral leukoplakia and
greater intensity in the inflammatory process in the IFH, suggesting a possible carcinogenic influence in the

microenvironment oral leukoplakia.
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Introduction malignancy of the oral cavity and in most cases can be

preceded by premalignant lesions including oral leukoplakia
The squamous cell carcinoma is considered a public health is the most common whose percentage malignant is 3%
problem throughout the world, it is the most common to 6% of the cases (1). The etiology of this change is
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Figure 1 Inflaimmatory infiltrate count representation for
qualitative classification in an inflammatory fibrous hyperplasia

case. HE stain (magnification 400x).

Figure 2 Blood vessels count representation in an oral leucoplakia

case. HE stain (magnification 400x).

Figure 3 Toluidine blue stain photomicrograph marking mast cells

in the connective tissue (magnification 400x).

still uncertain which makes it difficult to predict when
they will undergo malignant transformation. Recent
studies have evaluated the presence of mast cells in the
inflammatory infiltrate of precancerous lesions and their
participation through the release of pro-angiogenic factors
in the tumorigenesis process these lesions via promotion
angiogenesis (1-4). Understanding the mechanisms by
which a lesion may undergo malignant transformation
is important for the development of preventive care
clinical strategies. The aim of this study is evaluate the
inflammatory process in the oral leukoplakia compared
to an inflammatory lesion correlating the inflammatory
process with the mast cell population in the affected site and
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the vascularization of these lesions.

Methods

The study was submitted and approved by the Research
Ethics Committee of the Amazonas State University
(Registration number 736.008). All information about
gender, age and the location of the lesions were obtained
from the reports archive of the institution’s Pathology
service. The sample consisted of 10 cases of oral leukoplakia
(Group 1) and 10 cases of inflammatory fibrous hyperplasia
(IFH) (Group 2). The sample selection was stablished
following the inclusion/exclusion criteria:

® The reports with information about clinical
characteristics, such as age, sex and location of the
lesions;

* Biopsy reports with diagnosis of oral leukoplakia and
IFH without association with other lesions;

* The cases diagnosed as oral leukoplakia should not
be related to trauma at the biopsy site on the clinical
description of the lesion;

* Cases diagnosed as IFH should be related to trauma
(occlusal, parafunctional or unsatisfactory total
prosthesis) on the clinical description of the lesion;

* Paraffin blocks with sufficient material for analysis.

The selected samples were sectioned in 3 pm tissue

sections, and slides were obtained and stained with toluidine
blue and hematoxylin and eosin (HE). The inflammatory
infiltrate, was quantified in HE stained sections under 100x
magnification in 3 different focal fields per specimen. The
inflammatory infiltrate was evaluated semiquantitatively and
was considered strong (greater than 60 cells/field), moderate
(30 to 60 cells/field), mild (less than 30 cells/field) or
absent (5) as represented in Figure 1. The blood vessel count
was performed quantitatively under 400x magnification
as seen in Figure 2. For mast cell, identification and
quantification the slides were stained with toluidine blue
(0.1%) as represented in Figure 3. The mast cell and blood
vessel count was performed with 400x magnification. A
total of 10 fields per specimen were captured for mast cell
and blood vessel quantification. The microscope used in the
evaluation of the sample was Axio Lab Al (Oberkochen,
Germany) and the images captured with a Zeiss Axiocam
503 color camera (Oberkochen, Germany). Image analysis
was performed using Image Java software (version 1.48v),
with the Cell Counter plugin, on a 100% image zoom.
A final consensus among examiners was made after
independent evaluation.
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The ANOVA test was applied for the variance between
the groups using the statistical package Statistical Package
for the Social Sciences (SPSS) 12.0. A P value of 0.05 was

considered for statistical significance.

Results

Out of the 10 patients whose Oral leukoplakia samples
were analyzed, 70% of the sample were male with a mean
age of 51 years (Figure 4). The mean age of patients with
IFH lesions was 50 years, with a female predilection (90%).
The preferred localization of cases of oral leukoplakia was
buccal mucosa (60%), tongue (20%) and lower lip (20%).
Regarding IFH, it was found buccal mucosa (80%), tongue
(10%) and lip (10%) (Table I). The ANOVA test was used to
compare the concentration of mast cells and blood vessels
between the groups and showed a statistically significant
difference (P<0.06). A higher concentration of mast cells
per field was observed in IFH lesions when compared to
oral leukoplakia. The blood vessels count was higher in oral
leukoplakia cases, as shown in Tizble 2. Table 3 represents the
presence and intensity of dysplasia found in the evaluated
sample with oral leukoplakia. None of the cases showed
severe dysplasia. A representation of one microscopic field
with mast cells stained with toluene blue is available in

Inflammatory Infiltrate intensity

90%
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70%
60%
50%
40%
30%
20%
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SCARCE MODERATE INTENSE
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M Group 2

Figure 4 Graph I: evaluation of the inflammatory infiltrate
intensity in oral leukoplakia (Group 1) and in inflammatory fibrous

hyperplasia (Group 2).
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Figure 3. Tables 4 and 5 present the means of mast cells and
blood vessels per field in the evaluated sample.

Discussion

Mast cells are derived from hematopoietic precursor
cells, CD4+ cells from bone marrow, and they are widely
distributed among tissues especially near blood vessels,
nerves and subepithelial areas (6). It was first described
for their role in the early, acute phase reactions of
hypersensitivity (7). It can be activated by immunological
and non-immunological stimuli, playing a critical role in
the development of inflammation in early vaso-inductive
event and the transition of acute inflammation to chronic
inflammation (8). Once activated, these cells secrete
vasoactive mediators and pro-inflammatory drugs such
as histamine, serotonin, proteases (tryptase, chymase),
cytokines (TNF, TNF-, IL-3, IL-4, IL-5), chemokines,
and factors endothelial growth factor (VGEF) (9). Under
light microscopy the presence of granules in these cells
give the characteristic metacromasia, color pattern with
"Toluidine Blue.

Studies have suggested that mast cells are important
cells in the development of inflammatory diseases, releasing
pro-inflammatory factors without degranulation, unlike in
allergic and anaphylactic reactions in which large numbers
of degranulated mast cells are observed (10).

Sudhakar et al. [2005] (11) have observed a lower
concentration of mast cells in inflammatory lesions, but in
cases of IFH it was noted an increase in mast cell number.
The vascularization in most inflammatory lesions was
more intense, suggesting that the continued presence of
mast cells in IFH probably indicates the continuity of
the inflammatory phenomenon. Once the inflammation
and vascularization are established, the role of mast cells
decreases.

In contrast, our research noticed in IFH lesions a
higher presence of mast cells, sparse vascularization and
inflammatory response relatively more intense compared to
Oral leukoplakia lesions. The role of mast cells in neoplastic
processes has also been suggested. It is believed that mast

Table 1 The table compares the clinical features observed in group 1 (oral leukoplakia) and group 2 (inflammatory fibrous hyperplasia)

Group Age in years Average age Gender Location
1 33-69 51 Males (70%)  Buccal mucosa (60%); tongue (20%); lower lip mucosa (20%)
2 14-65 50 Females (90%) Buccal mucosa (80%); tongue (10%); lip (10%)
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Table 2 Comparison of the average mast cells and blood vessels in
oral leukoplakia and inflammatory fibrous hyperplasia. Group 1 (oral
leukoplakia), Group 2 (IFH); P (statistical significance)

Variables Group 1 Group 2 F ANOVA
Mast cells 2.67 P<0.06
Mean 3.48 3.99
SD 2.75 2.68
Blood vessels 2.67
Mean 1.83 1.65
SD 1.74 1.69

Table 3 The table shows the cases of oral leukoplakia represented
according to the presence and grade of dysplasia

Dysplasia presence

Case Dysplasia grade
Yes No

|

Il

1l X Moderate

\% X Moderate

\Y X Mild

\Y X Mild

Vil X Mild

Vil X Moderate

IX X Mild

X X Mild

Table 4 The table shows the means of mast cells and blood vessels
per field in the different grades of dysplasia of oral leukoplakia

Mean per field

Case Dysplasia grade
Mast cell Blood vessels

| 2.6 1.5 -

Il 4.0 0.9 -

1 4.7 0.8 Moderate

I\ 1.6 0.5 Moderate

\% 25 1.1 Mild

\ 4.9 3.0 Mild

Vil 2.8 3.2 Mild

Vil 3.9 1.9 Moderate

IX 3.6 2.1 Mild

X 4.2 3.3 Mild
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Table 5 The table shows the means of mast cells and blood vessels
per field in the IFH lesions

Mean per field

Case
Mast cell Blood vessels

| 3.5 0.9
I 6.3 0.7
M 5.9 1.6
v 4.2 2.8
\ 5.3 2.9
Vi 2.7 1.3
Vil 55 0.4
Vil 1.6 0.7
IX 1.8 4.3
X 2.8 0.9

cells contribute to transformation and progression of
these malignancies via angiogenesis. These cells showed a
prominent role in the induction of angiogenesis of some
tumors including oral tumors, esophageal, uterine cervix,
colorectal and larynx (12).

The association of mast cells in the lesions with
carcinogenic potential such as Oral leukoplakia has been
the subject of many investigations. The present study aimed
to evaluate the concentration of mast cells, blood vessels
and correlate with the inflammatory infiltrate in Oral
leukoplakia lesions comparing with IFH, chronic traumatic
injury without a carcinogenic nature.

The series of oral leukoplakia lesions analyzed were
mean age of 51 years with a higher prevalence in males
(70%) in line with Pujari er a/. [2013] (13). Oliveira-Neto
et al. [2007] (14) however, observed a mean age of 49.9 years
with prevalence of females (63.6%). The distribution of
oral leukoplakia according to the level of dysplasia showed
more cases of mild dysplasia and only 20% of cases without
dysplasia, as Pujari et a/. [2013] (13) showed in their survey
56% of cases with hyperkeratosis and 33 % mild dysplasia.

Coussens er al. [1999] (15) while investigating the
regulatory mechanisms of angiogenesis in mice, observed
that hyperplastic areas in carcinomas induced by chymase
produced by mast cells showed a modest increase in
density and dilation of blood capillaries. Dysplastic areas
of pre-malignant lesions contained a higher density
of dilated capillaries in a region close to the basement
membrane, infiltration of mast cells and activation of matrix
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metalloproteinases together with angiogenic transformation.
It was suggested that neoplastic progression in this model
involves the operation of an inflammatory response to tissue
abnormality. Therefore the angiogenesis regulation during
squamous epithelium carcinogenesis would be biphasic.
Mast cells are recruited to rearrange the architecture of the
stroma and angiogenesis is activated excessively. The tumor
core would be self-sufficient and sustain neovascularization.
"This may explain the results of Michailidou ez a/. [2008] (3),
who observed a direct relationship between concentration
of mast cells and vasculature in normal oral mucosa,
leukoplakia without dysplasia, leukoplakia with dysplasia
and squamous cell carcinoma. It was observed a progressive
increase in mast cell concentrations from normal oral
mucosa comparing to OL with dysplasia and carcinoma.

Similar results were observed by Telagi ez 4l. [2015] (16),
and Sathyakumar er /. [2012] (17), the first, evaluated
normal buccal mucosa tissue, submucosal fibrosis, oral
epithelial dysplasia and squamous cell carcinoma. A
higher concentration of mast cells in the studied lesions
with emphasis on lesions with epithelial dysplasia and
squamous cell carcinoma. The presence of atypical and
degranulated mast cells was found in cases with the
presence of moderate and intense inflammatory infiltrate.
Pereira and Pinheiro [2019] (18), in a comparative study
between potentially malignant lesions and oral squamous
cell carcinoma, found that mast cell density was lower in
oral leukoplakia when compared to lesions of (OSCC),
which in turn presented a significant increase in mast
cells and microvessels suggesting tumor progression and
aggression through the positive regulation of angiogenesis
by these cells. Sathyakumar er /. [2012] (17), reported the
highest concentration of mast cells and blood vessels in
oral leukoplakia lesions when compared to the normal oral
mucosa. In contrast, Pujari ez a/. [2013] (13) found higher
number of vessels in normal oral mucosa when compared
to oral leukoplakia lesions.

The reduced number of mast cells in the lesions of Oral
Leukoplakia found in our study may be related to the degree
of dysplasia, which were predominantly mild. Oliveira-Neto
et al. [2007] (14) noted a small number of mast cells in the
lesions of Oral Leukoplakia and Squamous Cell Carcinoma.
However, according to these authors, the decrease in the
number of mast cells in oral leukoplakia could be due to the
chronic presence of chemical carcinogens originating from
tobacco, which together with alcohol habits are the main
factor associated with the development of these lesions and
squamous cell carcinoma.

© Translational Cancer Research. All rights reserved.
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It has thus been observed in our study most significant
inflammatory response research and reduced vascularization
in IFH lesions, whereas in oral leukoplakia lesions was
found higher concentration of blood vessels and small
number of mast cells which may represent a change in the
microenvironment probably related to the etiology of these
lesions.

Conclusions

Although most studies have shown a direct relationship
between the presence of mast cells, vascularization and
inflammation in premalignant lesions and oral squamous
cell carcinoma, this study revealed an inverse relationship
between the lower concentration of mast cells and increased
vascularization in oral leukoplakia lesions. IFH showed a
more intense inflammatory response, with a lower blood
vessel count. The non-congruence of our results with other
studies may be related to the sample size, degree of dysplasia
in the oral leukoplakia lesions and differences in the applied
methods. Further studies covering molecular events and
including other lesions such as squamous cell carcinoma
could lead to a better understanding of the process.
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