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Objectives: Fibrous reactive hyperplasia (FRH) is a common fibrous lesion in the oral cavity. The disease
characteristics of FRH, including the expression patterns of CD34, which is a well-known fibroblast
marker, have not been investigated in detail. Therefore, in this study, we aimed to investigate the
characteristics of FRH compared to those of the healthy mucosa, based on CD34 expression profiles.
Methods: CD34 expression was analyzed at the protein and mRNA levels using immunohistochemistry,
quantitative polymerase chain reaction, and in situ hybridization (ISH).
Results: CD34 was not expressed in the lamina propria of the oral mucosa, but was commonly observed
in submucosal fibroblasts. CD34-positive fibroblasts were commonly observed in FRH. A total of 17 out of
19 cases (89.5%) were CD34-positive. Furthermore, we identified a significant difference in the ratio of
CD34-positive cells between the healthy and FRH tissues. Quantitative polymerase chain reaction
showed that CD34 mRNA was expressed in all cases of FRH, and CD34 mRNA expression in FRH samples
was found to be localized to spindle-shaped fibroblasts, as determined by ISH. A positive correlation was
also found between the CD34 mRNA levels and the proportion of the CD34-positive cells.
Conclusions: These findings suggest that the increase in collagen synthesis in CD34-positive fibroblasts in
the submucosa leads to the development of FRH. To our knowledge, this is the first report confirming the
mRNA expression patterns of CD34 in FRH.

© 2020 Japanese Association for Oral Biology. Published by Elsevier B.V. All rights reserved.
1. Introduction

Fibroproliferative lesions originating from fibroblasts are com-
mon in the oral cavity [1]. There are two types of fibroproliferative
lesions: true fibromas and fibrous reactive hyperplasia (FRH) [2].
True tumors include solitary fibrous tumors (SFT) [3], collagenous
fibroma (CF) [4], sclerotic fibroma [5], and elastofibroma (EF) [6].
These lesions are known to have a mesenchymal origin with no
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neural or endothelial association [3]. The major types of FRH in the
oral cavity include irradiation, traumatic, and denture fibroma, and
occurmore frequently than true fibromas [2]. FRH are characterized
by increase of fibrous connective tissue containing collagen matrix
and fibroblast without atypia. Hyperplasia of fibrous connective
tissue occurrences various mechanical irritations. Histologically,
FRH is mainly composed of dense collagen fibers and displays
various degrees of spindle-shaped fibroblast and fibrocyte [2].
Furthermore, despite the high frequency of lesions resulting from
FRH, its characteristics have not yet been examined in detail.

Recently, CD34 was established as an antigen associated with
fibroblasts [7]. CD34 expression analysis is the most common
method used for the examination of fibroproliferative lesions
because it is often applied for the differential diagnosis of
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fibroproliferative lesions, including SFT [8] and dermatofi-
brosarcoma protuberans [9]. Although CD34 is an important
molecule involved in fibroblast differentiation, there are also some
CD34-negative fibroproliferative lesions, including CF [10], pe-
ripheral odontogenic fibroma, and fibrous epulides [11]. The role of
CD34 expression in fibroproliferative lesions remains unclear, and
minimal research has been performed on CD34 expression patterns
in FRH.

The authors have previously reported that fibroproliferative
lesions occurring in the gingiva are CD34-negative [11]. This is
thought to be related to the fact that the lamina propria fibroblasts
are CD34-negative. On the other hand, the authors have discovered
that CD34-positive cells are found in the submucosa, and hypoth-
esized that fibroproliferative lesions that occur on the tongue and
buccal mucosa are derived from CD34-positive fibroblasts. There-
fore, the purpose of this study was to identify the origin of FRH in
comparison with that of healthy submocosa, based on the CD34
expression profile by analyzing mRNA and protein levels.

2. Materials and methods

2.1. Study cohort

A total of 21 resected FRH samples (men: 10, women: 11, mean:
57.3, range: 28e71, Japanese) were selected based on the clinical
diagnosis of fibromas at the Kanagawa Dental University Hospital
(Kanagawa, Japan), Kanagawa Dental University Yokohama Clinic
(Kanagawa, Japan), and Sashiogi Hospital (Saitama, Japan). Samples
from the lesions were obtained between 22 May 2018 and 26 May
2019 from patients who provided informed signed consent. In
addition, this study was approved (No. 340) by the Kanagawa
Dental University Research Ethics Review Board. The pathological
diagnostic criteria for FRH defined as non-demarcation of the lesion
from the surrounding healthy tissue, increased collagen fibers
compared to levels of other cellular components, and the absence
of the fibrous septum [12]. The arrangement of thick collagen fibers
was defined as irregular, where no multinucleated cells and almost
no inflammatory cell infiltration was observed [12]. Based on these
criteria, 19 of the 21 cases were diagnosed as FRH, and two cases
were diagnosed as collagenous fibromas. Of these 19 cases, seven
were located in the tongue, nine in the buccal mucosa, two in the
palate, and one in the upper lip. Gingival lesions were not included
in this study because fibrous epulides were excluded. Healthy tis-
sues at the resected margins of the collected lesions were obtained
for use as healthy mucosal tissue.

2.2. Histological examination and immunohistochemistry

Samples were fixed with 10% neutral buffered formalin, and
5 mm serial sections were sliced from paraffin blocks for patho-
logical diagnosis. Hematoxylin and eosin (H&E) staining and
immunohistochemistry was performed to detect CD34 expression.
The localization of CD34 was determined using a mouse anti-
human CD34 monoclonal primary antibody (Q-BEND10, 1:200;
Beckman Coulter, Brea, CA, USA). Endogenous peroxidase removal
was performed by treatment with a 3% hydrogen peroxide (H2O2)
solution for 10 min. Primary antibodies were reacted at room
temperature of 22 �C for 1 h. After incubation with the secondary
antibody, staining was performed using the Histofine Simple Stain
MAX PO (M) Kit (Nichirei, Tokyo, Japan) according to the manu-
facturer's instructions. Thereafter, samples were incubatedwith the
secondary antibody at temperature of 22 �C for 30 min and visu-
alized with 3,30-diaminobenzidine and H2O2. Finally, the sections
were mounted and visualized under a microscope (BX53, Olympus,
Tokyo, Japan). Negative control specimens were stained under the
same conditions after reacting with normal mouse immunoglob-
ulin (IgG).

2.3. Quantitative analysis of CD34-positive cells

To measure the expression of CD34, vascular endothelial cells
were used as an internal standard; cells showing the same staining
intensity as that of vascular endothelial cells were considered to be
CD34-positive. The submucosa included the reticular layer of the
mucosal lamina propria because it is difficult to distinguish the
reticular layer of the lamina propria from submucosal connective
tissue. In addition, the lamina propria was measured on the
papillary layer. Cells were counted after photographing specimens
under a light microscope using a 40 � objective lens (Olympus,
Tokyo, Japan); CD34-positive and -negative cells were counted
independently by two researchers (M. N. and K. T.). Cells were
counted in three or more randomly selected quadrants in each
image, and more than 300 cells were contained in each quadrant.
The positive cell ratio was calculated as the number of positive cells
to the total number of cells.

2.4. Quantitative polymerase chain reaction (PCR)

A portion of the collected samples were immediately frozen and
stored until required for the next set of experiments. Total RNAwas
isolated using ISOGEN reagent (Nippon Gene Co., Ltd., Toyama,
Japan) according to the manufacturer's instructions. RNA concen-
trations were then determined using a BioSpec-Nano spectropho-
tometer (Shimadzu Access Corp, Kanagawa, Japan). cDNA was
synthesized from total RNA using a first-strand cDNA synthesis kit
(Roche Diagnostics, Basel, Switzerland), and quantitative PCR was
performed using a LightCycler 480 System (Roche Diagnostics). The
following primers were used to amplify the CD34 gene sequence:
50-GTCACCTGGAAATGTTTCAGAC-30 (forward) and 50-CTGAGT-
CAATTTCACTTCTCTGATG-30 (reverse); primers were designed by
the Nippon Gene Research Institute (Sendai, Japan). Quantitative
PCR was performed under the following conditions: 95 �C for
10 min, followed by 40 cycles of 95 �C for 10 s, 58 �C for 20 s, and
72 �C for 10 s. b-actin was used as an internal control using the
LightCycler Primer set (Search-LC, Heidelberg, Germany) for
normalization (95 �C for 10 min, followed by 40 cycles of 95 �C for
10 s, 60 �C for 10 s, and 72 �C for 10 s). Gene expression was
calculated as the ratio of the expression of CD34 to the expression of
b-actin.

2.5. In situ hybridization

In situ hybridization (ISH) was performed using the QuantiGene
ViewRNA ISH Cell Assay Kit (Panomics, Inc., Fremont, CA, USA) with
paraffin block samples [13,14]. Paraffin sections were baked at 60 �C
for 60 min and deparaffinated using xylene. Samples were boiled at
95 �C for 10 min in pre-treatment solution (Affymetrix, Santa Clara,
CA, USA) and digested at 40 �C for 20 min with proteinase (1:100;
Panomics). Sections were incubated with custom QuantiGene
ViewRNA probes for 2 h at 40 �C. Thereafter, the signal was
amplified with Pre-Amp and Amp solutions (1:100) and incubated
with alkaline phosphatase-conjugated label probe 6 (LP6- AP)
(1:1000; Panomics) at 40 �C for 15 min. Samples were then stained
with Fast Blue substrate (Panomics) at 40 �C for 30 min. Next,
sections were incubated with LP1- AP (1:1000; Panomics) at 40 �C
for 15 min and stained with Fast Red substrate (Panomics) at 40 �C
for 30 min. Finally, sections were treated with 10% formaldehyde
for 5 min at room temperature and rinsed with phosphate-buffered
saline (PBS).



Fig. 2. Representative images of fibrous reactive hyperplasia (FRH) in the buccal mu-
cosa (A) Hematoxylin and eosin (H&E) staining showing dense collagen fibers and
fibroblasts in the buccal mucosa (B) Spidle-shaped fibroblasts with CD34 expression in
the cell membrane and cytoplasm (arrow). Scale bar ¼ 100 mm (A); Scale
bar ¼ 20 mm (B).
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2.6. Statistical analysis

The normal distribution of the positive cell ratios was confirmed
by the KolmogoroveSmirnov test, and the average values were
compared using the Student's paired t-test. The relationship be-
tween the FRH-positive cell ratio and the CD34-positive/actin-
positive ratio was analyzed using Spearman's rank correlation co-
efficient because the CD34-positive/actin-positive ratio was not
normally distributed by the KolmogoroveSmirnov test. IBM-SPSS
Statistics v23.0 (IBM, Armonk, NY, USA) was used for statistical
analysis. Values of p < 0.05 were considered statistically significant.

3. Results

3.1. CD34 expression in healthy tissues at the surgical margin

Small capillaries and fibroblasts were observed in the lamina
propria of the palate (Fig. 1A). CD34 expression was positive in
vascular endothelial cells, but negative in fibroblasts of the lamina
propria (Fig. 1B). Similar observations were made in the tongue,
buccal lip mucosa, and upper lip mucosa (data not shown).

The submucosa of the tongue contained large blood vessels, fi-
broblasts, and loose collagen fibers (Fig. 1C). CD34 expression was
positive in vascular endothelial cells and fibroblasts (Fig. 1D).
Similar observations weremade in the buccal mucosa and upper lip
(data not shown). No CD34 signals were observed in sections from
the negative control samples (data not shown).

3.2. CD34 expression in FRH

Of the 19 cases of FRH, 17 cases were CD34-positive (89.5%), and
two cases in the palate were CD34-negative. FRH in the buccal
mucosa showed a random distribution of thick collagen fiber
bundles, as well as an increase in the production of extracellular
matrix components (Fig. 2A). Spindle-shaped fibroblasts were
observed along with randomly distributed collagen fibers.
Furthermore, CD34-positive expression was observed in the cell
membranes and cytoplasm of vascular endothelial cells and fibro-
blasts (Fig. 2B). Similar observations were made in the tongue and
upper lip (data not shown). With regards to FRH in the palate,
Fig. 1. Representative images of high-magnification samples of healthy tissue (A) Hematox
does not include submucosa (B) No CD34 expression is observed in fibroblasts derived from
endothelial cells (arrow) (C) H&E staining showing loose connective tissue, including ca
endothelial cells (arrow) and fibroblasts (arrowhead). Scale bar ¼ 20 mm.
fibroblasts did not show CD34 expression (data not shown). No
CD34 signals were observed in the sections from negative control
samples (data not shown).

3.3. CD34-positive cell ratio

The CD34-positive cell ratio was 63.21 ± 14.97% in healthy tis-
sues at the surgical margins. In contrast, the CD34-positive ratio of
ylin and eosin (H&E) staining showing the lamina propria of palate mucosa. This case
the lamina propria of the palate; however, CD34 expression is observed in vascular

pillary and fibroblast tissues (D) Immunohistochemical staining of CD34 in vascular



Fig. 3. Quantitative analysis of CD34-positive cells by immunohistochemistry. The
CD34-positive cell rate is 63.21 ± 14.97% for healthy submucosa (SM) and
73.64 ± 14.36% for fibrous reactive hyperplasia (FRH). * p < 0.05.

Fig. 4. RNA in situ hybridization. Red dots indicate CD34-positive mRNA signals.
Vascular endothelial cells are used as a positive internal control and are confirmed to
be positive for CD34 mRNA (arrow). CD34 expression is observed in the cytoplasm of
spindle-shaped cells (arrowhead). The inset shows the section with no probe (Scale
bar ¼ 20 mm).

Fig. 5. The correlation between the CD34-positive cell rate and CD34 mRNA copy number.
CD34 mRNA copy number (r ¼ 0.823, p < 0.001).
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FRH tissues was 73.64 ± 14.36% (Fig. 3). Thus, FRH showed a sig-
nificant increase in CD34-positive cells compared to those of
healthy surrounding tissues (p ¼ 0.036).

3.4. ISH for CD34 mRNA

CD34 expression was observed in the cytoplasm of spindle-
shaped fibroblasts in FRH samples (Fig. 4). Vascular endothelial
cells also showed positive CD34 expression (Fig. 4, arrow).

3.5. Analysis of CD34 mRNA expression

CD34mRNA expressionwas confirmed in all cases, including the
palate. Furthermore, a correlation was found between the ratio of
CD34-positive cells and the CD34 mRNA copy number (r ¼ 0.823,
p < 0.001) (Fig. 5).

4. Discussion

In the buccal, tongue, palate, and lip mucosa, fibroblasts in the
lamina propria of healthy oral mucosa did not express CD34.
Manabe et al. [11] showed that CD34 was not expressed in the fi-
broblasts of gingival lamina propria. Furthermore, Roman et al. [15]
reported that the only CD34-positive cells in the palate mucosa
were vascular endothelial cells; no CD34-positive fibroblasts were
found. However, in our study, CD34-positive cells were observed in
abundance in the submucosal fibroblasts of buccal, tongue, and lip
mucosa. Although CD34 has been reported to be ubiquitously
expressed in fibroblasts of the dermis and connective tissue [16],
fibroblasts in the lamina propria of the oral mucosa was negative
for CD34 in the present study. This CD34 expression profile may
indicate differences in the characteristics of fibrous connective
tissues between the lamina propria and submucosa in the oral
cavity.

Our results indicated that CD34-positive fibroblasts were pre-
sent in submucosal connective tissues. FRH is located mainly in the
submucosa under the lamina propria. Chen et al. [17] reported that
mechanical stress on fibroblasts not only increased CD34 mRNA
We identified a positive linear correlation between the CD34-positive cell rate and the
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expression but also increased the synthesis of types I and IV collagen
mRNA. FRH found in themucosa of the buccal, tongue, and lips may
have been caused by increased collagen synthesis in CD34-positive
fibroblasts from the submucosal connective tissue. The submucosa
contains fatty tissue and minor salivary glands and is more sus-
ceptible to external stimuli than the lamina propria because of its
loose connective tissue [18]. Interestingly, the frequency of FRH is
much lower in the palate than in the tongue or buccal mucosa [19].
Thus, increased collagen synthesis due to the activation of CD34-
positive cells may play a role in protecting the submucosa from
irritation. However, the two cases of FRH derived from the palate
were CD34-negative. Consistent with our findings, Kinoshita et al.
[20] reported that fibroblasts from irritated fibromas in the palate
were CD34-negative. Manabe et al. [11] reported that fibrous
epulides and peripheral odontogenic fibromas originating from the
gingiva were also CD34-negative. FRH at sites without submucosal
tissues, such as the gingiva and parts of the palate, may be derived
from CD34-negative fibroblasts in the lamina propria; however,
this must be validated in further studies.

Through quantitative PCR, positive CD34 expression was
detected in all cases of FRH. It is known that CD34 is not only
expressed in fibroblasts but also in vascular endothelial cells [21].
CD34 mRNA expression was also detected in FRH samples derived
from the palate because they contained blood vessels. CD34 mRNA
signals were further detected through ISH in vascular endothelial
cells and fibroblasts. To our knowledge, this is the first study
reporting CD34 mRNA expression in FRH tissues. In addition, we
identified a positive correlation between the CD34-positive cell
ratio and the CD34 mRNA copy number. It has been reported that
CD34 expression, in cooperation with CD90 expression in the
fibroblastic network, was associatedwith collagenous scarring [22].
CD34-positive cells are known to be the most important compo-
nent of EF [23] and SFT [24]; CD34-mediated signaling reportedly
plays a role in the pathogenesis of EF [25]. Since signal transduction
via CD34 may be involved in collagen synthesis in FRH, we believe
that our analysis of CD34 mRNA expression in FRH is important for
future research.

In summary, our findings suggest that FRH is caused by an in-
crease in collagen synthesis by CD34-positive fibroblasts in the
submucosa. Furthermore, because mRNA and protein of CD34 was
expressed in FRH, we intend to elucidate the mechanism of
collagen synthesis mediated by CD34 in human submucosal fi-
broblasts in future studies.
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