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Objectives: Irritation fibroma in the oral cavity causes atrophy or squamous epithelium thickening with
respect to external injury-associated factors. However, ulcers do not occur in most cases. This study
aimed to elucidate the mechanism by which ulcers do not form, focusing on the vascular network in the
mucosal epithelium of irritation fibroma.
Methods: Immunostaining was performed using an enzyme antibody method with primary antibodies
against CD31 and Ki-67 in 17 cases of irritation fibroma in the buccal mucosa. One section was taken at
three points from the margin and three points from just above the lesion for measurement. The number
of blood vessels in the superficial and deep lamina propria at the measurement site were determined,
and the area per blood vessel was measured.
Results: The number and area of blood vessels in the superficial lamina propria just below the lesion
epitheliumwere smaller than those in the margin. No difference was observed in the number and area of
blood vessels in the deep lamina propria between the margins and lesions.
Conclusions: Our results suggest that the vascular network in the deep lamina propria is maintained and
compensates for the nutrient supply to the covering epithelium.

© 2021 Japanese Association for Oral Biology. Published by Elsevier B.V. All rights reserved.
1. Introduction

Irritation fibroma is a fibro-hyperplastic soft tissue lesion of the
oral mucosa, caused by stimulation, and classified as either trau-
matic, due to bites and the like, or denture, due to improper den-
ture stimulation. Irritation fibromas are not neoplasms, but
localized hyperplasia of fibrous tissue caused by local trauma or
chronic irritation [1,2]. Irritation fibromas are the most common
tumor-like lesions in the oral cavity and appear as asymptomatic,
pedunculated, or sessile [3e5].

Manabe et al. [6] reported that peripheral dental fibers (POFs)
were Bcl-2-positive and CD34-negative, while fibrous epulis was
Bcl-2-negative and CD34-negative. CD34 and Bcl-2 are useful in
differentiating fibroproliferative lesions. Nagasaki et al. [7] reported
ogy. Published by Elsevier B.V. All
that irritation fibroma is caused by increased collagen synthesis by
CD34-positive submucosal fibroblasts. Thus, despite increased
knowledge about the properties of fibrous components, little is
known about the actual lesion and its covering epithelium.

Irritation fibroma in the oral cavity shows atrophy or squamous
epithelium thickening with respect to external injury factors.
However, ulcers do not occur in most cases [8]. Wei et al. [9]
monitored ulcers over time and reported that changes in the
vascular network are closely related to ulcer development and
recovery. Although it is presumed that the subepithelial vascular
network of the lesion is related to ulcer formation, the underlying
mechanism remains unclear.

This study aimed to elucidate themechanism bywhich ulcers do
not form by focusing on the vascular network in the mucosal
epithelium of the irritation fibroma.
rights reserved.
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2. Materials and methods

2.1. Case selection

In total, 17 cases of irritation fibroma of the buccal mucosa with
fibroproliferative lesions were resected under a clinical diagnosis of
fibroma between 2011 and 2019 at the Kanagawa Dental University
Hospital. Furthermore, in one sample, the growth of collagen fibers
did not extend to the lamina propria, and the margin was included.
The sampleswere differentiated for diagnosis based onCD34andBcl-
2 expression, which are useful indicators of irritation fibroma [6,7].

2.2. Histological examination and immunohistochemistry

Samples were fixed in a 10% neutral-buffer formalin solution,
embedded in paraffin blocks, and prepared as serial sections.
Hematoxylin-eosin (HE) staining was performed, and immuno-
histochemistry was used to detect CD31 and Ki67 expression.

Fig. 1 shows an overall section of HE-stained irritation fibroma.
CD31 and Ki-67 localization were analyzed using the enzyme-

antibody method. For antigen recovery, the sections were
immersed in 0.01-M citrate buffer (pH 6.0) and autoclaved at 120 �C
for 5 min. Mouse anti-human CD31 and Ki-67 monoclonal anti-
bodies (clone 2A1E2, 1:4000 dilution; Proteintech, Wuhan, China;
and clone MIB-1, 1:100 dilution; MBL Co, LTD, Nagoya, Japan,
respectively) were used as primary antibodies. The primary anti-
body was incubated at 37 �C for 1 h. After incubation with the
secondary antibody, Histofine® Simple StainMAX-PO (M) (Nichirei,
Tokyo, Japan) staining was performed according to the manual
instructions.

2.3. Measurement method

An Olympus BX53 microscope (BX53, Olympus, Tokyo, Japan)
was used to observe the maximum cut surface of the lesions.

Fig. 2 shows a schematic diagram of the measurement site on
the cut surface just above the lesion.

The spinous and basal cell layers are designated as ① and ②,
respectively.

Any point immediately above the lesionwas designated as point
A, and points on both sides 100 mm frompoint Awere designated as
points B and C, respectively. One measurement site was defined at
200 mm between points B and C. Further, 200-mm widths were set
on both outer sides on the same section, and a total of three
measurement sites were set as measurement ranges.

For epithelial thickness, the thicknesses of ① to ② were
measured.

The number of Ki67-positive and negative cells in the basal
layer, as well as the number of blood vessels in the surface lamina
Fig. 1. Hematoxylin-eosin-stained images showing
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propria (0e10 mm) and the deep lamina propria (10e100 mm) layers
of the measurement site were counted, and the area per blood
vessel was measured. In the normal mucosa, the measurement
range was three places with a 200-mm margin width. The margin
was used as the control group and compared with the area
immediately above the lesion. Measurements were taken at three
locations, and the average value was used as the numerical value
for the case. Measurements were performed using Olympus cell-
Sens Standard (Olympus, Tokyo, Japan).
2.4. Statistical analysis

Because of the non-normal distribution according to the
KolmogoroveSmirnov test, theWilcoxon signed-rank test was used
to compare the two groups.

A p-value < 0.05 was considered statistically significant.
All statistical analyses were performed using SPSS (version 23.0;

IBM, Armonk, NY, USA).
3. Results

3.1. Epithelial thickness

The median epithelial thicknesses at the margin and just above
the lesionwere 338.74 mm (range,192.80e473.67 mm) and 71.52 mm
(39.37e380.64 mm), respectively. Atrophy was observed at the
lesion coating. Significant thickness was observed at the margins
(Fig. 3).
3.2. Ki67 positive cell rate

Themedian Ki67-positive cell rates at the margin and just above
the lesion were 32.20% (range, 17.03%e66.27%)and 17.60% (range,
11.10%e47.57%), respectively. The margins showed significantly
higher values (Fig. 4).
3.3. Average vascular number

The median numbers of vessels in the surface lamina propria at
the margin and just above the lesion were 2.67 (range, 1.33e5.67)
and 2.33 (range, 1.00e3.33), respectively. A significantly higher
number of vessels was observed at the margins (Fig. 5A).

The median numbers of vessels in the deep lamina propria at
the margin and just above the lesion were 4.00 (range, 2.33e8.67)
and 4.00 (range, 2.67e6.33), respectively, showing no significant
difference (Fig. 5B).

Comparing the median number of vessels between the surface
lamina propria and deep lamina propria layers at the margin and
the histological findings of irritation fibroma.



Fig. 2. Schematic diagram of the measurement site on the cut surface, just above the lesion. The spinous and basal cell layers are designated as ① and ②, respectively. Any point
immediately above the lesion was designated as point A, and points on both sides 100 mm from point A were designated as points B and C, respectively. The point at 200 mm
between points B and C was defined as one measurement site.
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just above the lesion, the latter showed a significantly higher
number of blood vessels in both areas (Fig. 5C and D).
3.4. Vascular area average

The median vascular areas in the surface lamina propria at the
margin and just above the lesion were 139.29 mm2 (range,
72.71e342.96 mm2) and 80.65 mm2 (23.47e141.30 mm2), respec-
tively. The lumen of the capillaries just above the lesion was often
narrow and tended to atrophy. Between the margin and just above
the lesion in the surface lamina propria, the former showed a
significantly larger vascular area (Fig. 6A).

The median vascular areas in the deep lamina propria at the
margin and just above the lesion were 281.46 mm2 (range,
115.84e1142.42 mm2) and 254.29 mm2 (range, 59.17e533.92 mm2),
respectively, showing no significant difference (Fig. 6B).

Comparing the median vascular area between the surface lam-
ina propria and deep lamina propria layers at the margin and just
above the lesion, the latter showed a significantly larger vascular
area in both areas (Fig. 6C and D).
Fig. 3. Epithelial thickness. The graph shows significant differences in epithelial thickness
observation; lower, median (horizontal bar), and upper quartiles; and the largest observati
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4. Discussion

This study examined the hypothesis that ulcer formation in the
coated epithelium in irritation fibroma is inhibited through main-
tenance of the subepithelial vascular network.

As the blood vessels that carry nutrients to the coating epithelial
cells are located in the lamina propria, the corresponding capillaries
have been analyzed [10e13]. We examined cases in which the
lesion did not extend to the lamina propria. The lamina propria is
divided into the papillary and reticular layers [10,11,13]. Murgod
et al. [14] reported that the microvessels in the normal oral
epithelium and lichen planus of the tongue are mainly located just
below the covering epithelium [15,16]. The morphology of the
epithelial papilla changes because of mechanical support between
the epithelium and lamina propria [13], and because the buccal
mucosa has a wide papilla and a short length [10,11]. Consequently,
the superficial lamina propria was defined as 10 mm from the
basement membrane. The depth of the lamina propria was deter-
mined to be 10e100 mm, with reference to the measurement dis-
tance described by Ino et al. [17] and Arima [18].
between the margins (n ¼ 17) and lesions (n ¼ 17). Box plots represent the smallest
on (**p < 0.01, Wilcoxon signed-rank test) are identified.



Fig. 4. Ki67-positive cell ratio. Graph showing a significant difference in the Ki67-positive cell ratio between the margin (n ¼ 17) and lesion (n ¼ 17). Box plots represent the
smallest observation, and the lower, median (horizontal bar), and upper quartiles, and largest observation (**p < 0.01, Wilcoxon signed-rank test) are identified.
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We observed that the number and area of blood vessels in the
superficial laminapropria justbelowthe lesion's coveringepithelium,
were smaller thanthose in themargin.Histologically, thecapillariesof
the superficial laminapropriahadanarrow lumenandatrophy. These
findings suggest a decrease in blood flow and a significantly thinner
covering epithelium compared to the margin. Thus, atrophy was
observed histologically, but no ulcers were observed. Although
weaker than themargin, the coating epithelial basal cells maintained
proliferative activity, suggesting slight nourishment of the covering
epithelium.
Fig. 5. Vascular number average. (A) Graph showing a significant difference in the vascular
surface lamina propria (0e10 mm) lesion (n ¼ 17). Box plots represent the smallest obser
observation (*p < 0.05, Wilcoxon signed-rank test) are identified. (B) Graph showing the
(10e100 mm) margin (n ¼ 17) and deep lamina propria (10e100 mm) lesion (n ¼ 17). Box plo
quartiles, and the largest observation are identified. (C) Graph showing the significant differe
(n ¼ 17) and deep lamina propria (10e100 mm) margin (n ¼ 17). Box plots represent the sm
largest observation (*p < 0.05, Wilcoxon signed-rank test) are identified. (D) Graph showing
(0e10 mm) lesions (n ¼ 17) and deep lamina propria (10e100 mm) lesions (n ¼ 17). Box plots
quartiles, and the largest observation (*p < 0.01, Wilcoxon signed-rank test) are identified.
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Interestingly, there was no difference in the number and area of
blood vessels between the margin and lesion areas in the deep
lamina propria. From this, we presumed that the vascular network
in the deep lamina propria was maintained and compensated for
nutrient supply to the covering epithelium.

The development of pressure ulcers on the skin can be attributed
to long-term ischemia due to pressure-induced vascular closure [19].
The mucous membrane may also be stimulated by various factors.
Maintenance of blood flow is an important a defense mechanism
against gastric mucosa irritation and is controlled and regulated by
number average between the surface lamina propria (0e10 mm) margin (n ¼ 17) and
vation, and the lower, median (horizontal bar), and upper quartiles, and the largest
significant difference in vascular number average between the deep lamina propria

ts represent the smallest observation, and the lower, median (horizontal bar) and upper
nce in vascular number average between the surface lamina propria (0e10 mm) margin
allest observation, and the lower, median (horizontal bar), and upper quartiles, and the
the significant difference in vascular number average between surface lamina propria
represent the smallest observation, and the lower, median (horizontal bar), and upper



Fig. 6. Vascular area average. (A) The graph reveals a significant difference in the average vascular area between the surface lamina propria (0e10 mm) margin (n ¼ 17) and surface
lamina propria (0e10 mm) lesions (n ¼ 17). Box plots represent the smallest observation, and the lower, median (horizontal bar), and upper quartiles, and the largest observation
(*p < 0.01, Wilcoxon signed test) are identified. (B) The graph reveals a significant difference in the vascular area average between the deep lamina propria (10e100 mm) margin
(n ¼ 17) and deep lamina propria (10e100 mm) lesions (n ¼ 17). Box plots represent the smallest observation, and the lower, median (horizontal bar), and upper quartiles, and the
largest observation are identified. (C) Graph showing the significant differences in vascular area average between the surface lamina propria (0e10 mm) margin (n ¼ 17) and deep
lamina propria (10e100 mm) margin (n ¼ 17). (d) Graph showing the significant difference in vascular area average between the surface lamina propria (0e10 mm) lesion (n ¼ 17)
and deep lamina propria (10e100 mm) lesion (n ¼ 17). Box plots represent the smallest observation, and the lower, median (horizontal bar), and upper quartiles, and the largest
observation (*p < 0.01, Wilcoxon signed test) are identified. Box plots represent the smallest observation, and the lower, median (horizontal bar), and upper quartiles, and the
largest observation (*p < 0.01, Wilcoxon signed test) are identified.
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many physiologically active substances [20]. Kodama et al. [21] re-
ported that infection reduces the mucosal defense mechanism,
weakening the overall organization and suggesting delayed ulcer
healing. In the esophageal mucosa, a lack of blood flow delays
normal wound healing [22]. Thus, the relationship between blood
flow, ulceration, and tissue repair is very important. Irritation fi-
broma is caused by increased collagen fibers in the submucosa due to
stimulation [7]. The covering epithelium is the first tissue stimulated
and thus is considered as the most affected. However, resistance to
irritation was suggested to be acquired by maintaining the vascular
network of the deep lamina propria.

The substances contributing to vascular network maintenance
in the deep lamina propria are unknown, and thus further studies
are necessary to elucidate the underlying molecular mechanisms.

The thickness of the covering epithelium and the number of
capillaries are reduced in the buccal mucosa near the corners of the
mouth in the elderly [23]. Furthermore, the number of blood ves-
sels in the lamina propria does not change, but the thickness tends
to lessen with increasing age [24]. Early removal may thus be
necessary for treating irritation fibroma in the elderly, thereby
reducing the risk of ulceration.
5. Conclusions

The number and area of blood vessels in the superficial lamina
propria was smaller than the number and area of blood vessels in
the margin. There was no difference in the number and area of
blood vessels between the marginal area and the lesion area in the
deep lamina propria. In this study, in the irritation fibroma, the
mechanism of not forming an ulcer formation was confirmed
282
because the vascular network of the deep lamina propria was
maintained to supply nutrients to the coated epithelium.
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