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Abstract: Background: The morphological similarities between fibrous papules of the face and multiple sporadic oral fibromas 
were mentioned long ago and a relationship between them has been reported in the literature. 
Objective: The aim of this study was to evaluate the participation of mast cells, elastin and collagen in a series of oral fibromas 
and fibrous papules of the face in order to better understand the possible role of these factors in fibrosis and the formation of 
these lesions. 
Methods: Thirty cases of oral fibroma involving the buccal mucosa and 30 cases of fibrous papules of the face were selected. 
Tissue samples were submitted to picrosirius red staining and immunohistochemistry using anti-elastin and anti-tryptase 
antibodies. 
Results: The percentage of tryptase-positive mast cells and expression of elastin were higher in cases of fibrous papules of the 
face (p < 0.05). In contrast, a higher intensity of collagen deposition was observed in oral fibromas. The results showed mast 
cell accumulation and higher elastin synthesis in fibrous papules of the face, and mast cell accumulation with higher collagen 
fiber synthesis in oral fibromas. 
Conclusion: These findings support the hypothesis that mast cells influence the development and growth of these lesions 
through different mechanisms.
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INTRODUCTION
Fibrous papules (FP) of the face are small, benign swellings 

on the skin characterized by an increase in blood vessels in the der-
mis and underlying fibrous stromal tissue. Some authors regard FP 
as regressed melanocytic nevi, whereas others have suggested these 
lesions are fibromas with a melanocytic component, or a type of an-
giofibroma.1-4  Oral fibroma (OF) is the most common benign tumor 
of the oral cavity and it is typically characterized by dense, fibrous 
tissue with numerous fibroblasts and an overlying epithelium that 
is usually thinned. The term ‘‘irritation fibroma” is also used as a 
synonym for solitary OF, in contrast to OF associated with a pha-
komatoses, which is usually multiple. 5 The morphological similar-
ities between FP of the face and multiple OF were mentioned long 
ago, especially when OF appeared in a context of phakomatoses. 4

A recent study has demonstrated that solitary OF shares 
many morphological features with FP of the face, including a fi-
brous and collagenized stroma, dilated blood vessels, concentric 
perivascular fibrosis and multinucleated cells.6 This seems to sup-
port the hypothesis that sporadic OF is a member of the group of an-
giofibromatous lesions, which includes FP of the face and multiple 
fibromas, seen in some phakomatoses.4

Much attention has been paid to the participation of mast 
cells (MC) in the events of extracellular matrix synthesis and remod-
eling. Mast cells are bone marrow-derived cells, widely found in 
human tissues.7.8 The role of MC in connective tissue is still a matter 
of speculation and it has been suggested that these cells participate 
in cell regulation and in controlling the accumulation of connective 
tissue components. Previous reports indicate that MC are poten-
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tially fibrogenic since they secrete potent mediators of fibrosis.9,10 
The identification of MC subpopulations requires the detection of 
enzymes secreted by these cells, mainly tryptase and chymase.11,12  
Tryptase is found in all human MC, but has not been detected in 
any other cell type. Therefore, the detection of tryptase in human 
biological fluids and tissues is interpreted as an indicator of mast 
cell activation.13

The secretion of endopeptidases by MC modulates inflam-
mation, matrix destruction, tissue remodeling, and angiogenesis.14-17 

Studies have shown that tryptase upregulates fibroblast prolifera-
tion, indicating that, once activated, MC can affect the mitogen-in-
duced proliferation of fibroblasts and stimulate fibrosis.18,19 Direct 
and/or indirect interactions between MC and fibroblasts promote 
connective tissue reorganization. The process of tissue remodeling 
involves the synthesis of all extracellular matrix components by fi-
broblasts, including collagen and elastin fibers. Elastin and microfi-
brils comprise the elastic fiber system. Studies have demonstrated 
the participation of elastin in the development of fibrous lesions in 
the oral mucosa.20 In this respect, fibroblasts that are stimulated by 
chemical mediators released by MC are expected to produce higher 
amounts of the fibrillar component of extracellular matrix, thus con-
tributing to tissue fibrogenesis.

The aim of this study was to evaluate the participation of 
mast cells, elastin and collagen in a series of sporadic OF and FP of 
the face using immunohistochemical and histochemical methods, in 
order to better understand the possible role of these factors in fibro-
sis and the formation of these lesions.

METHODS
The sample consisted of 60 paraffin-embedded tissue spec-

imens, including 30 cases of solitary OF of the buccal mucosa and 
30 FP of the face, obtained from the Pathological Anatomy Service 
of the Department of Oral Pathology and from a private  surgical 
pathology laboratory,  respectively. None of the patients had pha-
komatosis.

Histochemistry

To evaluate the intensity of collagen deposition, 5-µm-thick 
sections were stained with picrosirius red and analyzed under an 
Olympus CX31 light microscope. The following scores were attribut-
ed: (weak) ≤ 50% stained fibers, and (strong) > 50% stained fibers.

Immunohistochemical analysis

For the immunohistochemistry, 3-µm-thick sections were 
cut from paraffin-embedded tissue blocks, deparaffinized, and im-
mersed in 3% hydrogen peroxide to block endogenous peroxidase 
activity. The sections were then washed in phosphate-buffered saline 

(PBS) and submitted to antigen retrieval (Table 1). After treatment 
with normal serum, the sections were incubated with the primary 
anti-tryptase and anti-elastin antibodies in a moist chamber (Table 
1). Next, the sections were washed twice in PBS and incubated at 
room temperature with the labeled streptavidin biotin complex 
(LSAB+ System-HRP, Dako, Carpinteria, CA, USA) for anti-elastin 
and anti-tryptase antibodies. Peroxidase activity was visualized by 
immersing the tissue sections in diaminobenzidine (Liquid DAB+ 
Substrate, Dako), which resulted in a brown reaction product. Final-
ly, the sections were counterstained with Mayer’s hematoxylin and 
coverslipped. Sections of pyogenic granuloma and actinic cheilitis 
were used as positive controls for MC tryptase and elastin, respec-
tively. As a negative control, the sections were treated as described 
above, except that the primary antibody was replaced with a solu-
tion of bovine serum albumin in PBS.

The slides were examined under an Olympus CX31 light 
microscope. Immunoreactivity of MC to the anti-tryptase antibody 
was analyzed quantitatively in the lining epithelium and in connec-
tive tissue of the specimens. Areas of high MC density were iden-
tified at 100x magnification. The number of tryptase-positive MC 
was determined in up to 10 high-power fields at 400x magnification, 
using a digital camera for recording. Mast cells were counted using 
the Image J program and the mean number of positive cells was cal-
culated for each case. The expression of elastin was analyzed in up 
to 10 fields at 100x magnification, applying scores ranging from +3 
to 0, adapted from Fukushima et al. and Araújo et al. 21,22 A score of +3 
corresponds to a diffuse increase of elastic fibers with mass pattern; 
+2 signifies a diffuse increase of elastic fibers; +1 reflects partial in-
crease with focal clusters of elastic  fibers; while 0 denotes the same 
characteristics as observed in the control group. The thickness and 
fragmentation of elastic fibers were also described.

Differences between groups were evaluated by the Chi-
square test, Student t-test and Mann-Whitney test. All statistical cal-
culations were performed using the Statistical Package for the Social 
Sciences 17.0 (SPSS, Inc., Chicago, IL, USA). A p value < 0.05 was 
deemed statistically significant.

RESULTS
A fibrotic and collagenized hypocellular stroma with a 

sparse inflammatory cell infiltrate was observed in all lesions. Multi-
nucleated cells were scattered and non-abundant in FP. The number 
of dilated vessels ranged from minimal in OF to substantial in FP. 
Concentric fibrosis around the vessels was not a prominent feature. 
Hair follicles, sebaceous glands and periadnexal dermis were were 
seen in FP, but not in OF. Vascular ectasia and perivascular fibrosis 
were also less striking in OF.
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Table 1: Specifications of the antibodies used

Antibody	 Manufacturer	 Clone	 Antigen retrieval	 Dilution	 Incubation
Tryptase	 Abcam	 AA1	 Citrate, pH 6.0, Pascal	 1:200	 30’

Elastin	 Novocastra	 BA4	 0.1% trypsin, 30’, 37°C	 1:50	 60’
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Comparison of the intensity of collagen deposition between 
the two groups of lesions showed strong picrosirius red staining in 
all OF cases, whereas weak staining was observed in most FP cas-
es (p < 0.001, X2) (Figure 1).

Mast cells were detected in all OF and FP cases. The mean 
total number of tryptase-positive MC was 167.4 (SD: 51.171) in FP 
and 64.63 (SD: 17.022) in OF (Figure 2). The parametric t-test revealed 
a statistically significant difference between groups (p < 0.001). Trypt-
ase-positive MC were detected only in connective tissue, mainly at 
the periphery of blood vessels (perivascular MC). The presence of MC 
in FP or OF was not associated with an inflammatory response since 
the infiltrate of inflammatory cells was sparse.

Analysis of the expression of elastin in FP showed a score of 
+3 in four cases, +2 in twelve, +1 in five, and 0 in nine (Figure 3). For 
OF, twenty-four cases were scored as zero; only six had a score of 
+1, while there were no scores of +2 or +3 (Figure 3). Scores +2 and 
+3 were more frequent in FP. The nonparametric Mann-Whitney 
test revealed a statistically significant difference between groups (p 
< 0.001). The elastic fibers exhibited variable degrees of thickness, 
but were thin and fragmented in most cases. Elastic fibers were also 
present in the submucosa, though in lower quantities.

DISCUSSION
The results reflected differences in the number of MC, col-

lagen and elastin between FP and OF, indicating that these compo-
nents seem to influence the development of these lesions.

Mast cells are found in almost all organs and tissues of the 
human body and are the main source of histamines, proteases, and 
other important chemical mediators. The major component pres-
ent in the secretory granules of MC is tryptase, an enzyme released 
along with other mediators in the extracellular matrix after the acti-
vation/degranulation of MC.23,24 It has been suggested that tryptase 
stimulates the proliferation of fibroblasts and synthesis of collagen, 
and that it is involved in fibrinogenesis.23,25 In addition, tryptase 
plays a role in other biological activities, such as: the stimulation 
of the proliferation of smooth muscle cells and bronchial epithelial 
cells, the degradation of vasoactive intestinal peptide, and angio-
genesis. 26-28 In the oral mucosa, MC are involved in the induction of 
fibrosis and modulation of endothelial cell function in inflammatory 
fibrous hyperplasia and giant cell fibroma.23 Furthermore, there is 
evidence of a parallel increase in tryptase-positive MC and angio-
genesis in normal oral mucosa, epithelial dysplasia and squamous 
cell carcinoma.29

In this study, the number of tryptase-positive MC was high-
er in FP of the face than in solitary OF. The presence of MC in FP 
and OF suggests aberrant extracellular matrix remodeling during 
the growth of these lesions. One possible explanation for the larg-
er number of MC in FP is the marked vascularization observed in 
these lesions, which correspond to a type of angiofibroma. Another 
plausible explanation is that FP can be triggered by exposure to ul-
traviolet radiation, which seems to affect directly MC, altering their 
potential to release mediators.30,31  Some investigators have shown 

Figure 1: 
Picrosirius red. Histo-
logic sections showing 
strong picrosirius red 
staining in OFs (A), com-
pared with FP with less 
intensely staining (B) 
(200X)

Figure 2: 
Tryptase. Note the trypt-
ase-positive MCs in FP 
(A) and in OF (B) (400x). 
Tryptase-positive MCs 
(arrow) at the periph-
ery of blood vessels (B) 
(400X)

A B

A B
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that the number of MC increases significantly in skin exposed to 
sunlight.32,33

In the lesions studied (FP and OF), most tryptase-positive 
MC were detected in connective tissue, mainly at the periphery 
of blood vessels. Nevertheless, there appears to be intimate cellu-
lar communication between this cell population and the vascular 
system. Mast cells produce and release proteolytic enzymes, trypt-
ase and chymase, which mediate the migration of endothelial cells 
and the release of angiogenic factors, such as vascular endotheli-
al growth factor (VEGF), basic fibroblastic growth factor (b-FGF), 
transforming growth factor-beta (TGF-b), tumor necrosis factor-al-
pha (TNF-α), and interleukin (IL)-8, creating a microenvironment 
that favors neoplastic development. 24,34

The large mean number of MC in FP suggests that these 
cells may be responsible for the stimulation of fibroblast prolifera-
tion and fibrous stroma formation in lesions. However, high concen-
trations of MC in areas of fibrosis have been observed in different 
types of lesions. Vidal et al. detected high concentrations of MC in 
many cases of pleomorphic adenoma and in the fibrous matrix of 
malignant, minor, salivary gland tumors.17 Ahmed et al. suggested a 
direct relationship between MC and intramedullary fibrosis. Pereira 
et al. raised the hypothesis of the growth and expansion of odonto-

genic tumors through collagen synthesis mediated by MC.34,35 The 
results reported by Epivatianos et al. indicate that tryptase-contain-
ing MC are involved in the fibrosis of chronic submandibular sialad-
enitis.36 During breast cancer progression, MC have been shown to 
contribute to tissue remodeling, characterized by the differentiation 
of fibroblasts into myofibroblasts, through the release of tryptase 
into the tumor stroma.16

Fibroblast proliferation is a characteristic event of connec-
tive tissue reorganization, wound healing, and fibrosis. This was 
demonstrated by Riekki et al., who investigated the role of MC in 
tissues submitted to radiotherapy and advocated that these cells are 
involved in enhanced skin collagen synthesis and the induction of 
fibrosis during the reorganization of damaged connective tissue.37 
Studies have suggested MC play an important role in fibroprolif-
erative diseases, particularly as a result of the secretion of different 
chemical mediators, including tryptase. 38  Secreted by MC, trypt-
ase interacts with protease activation receptor (PAR-2), inducing 
the proliferation of fibroblasts. 18,19 Coussens et al. demonstrated the 
role of chymase and tryptase secreted by MC in tissue remodeling.39 

Tryptase was found to stimulate dermal fibroblasts, inducing DNA 
synthesis in quiescent cells, and to increase α-1 collagen production 
in MC-rich areas in vivo.

Figure 3: 
Elastin. Histologic sec-
tions showing expression 
of elastin with score of +3 
(A) (200x) and +2 (B) (200x) 
in FPs. Note in C and D 
(200x), expression of elas-
tin with score of 0 and +1 
in OFs, respectively

A

C

B

D
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We observed no association between the number of MC 
and the presence of a significant inflammatory process. These re-
sults agree with the findings of Smith et al. and Pereira et al.,  who 
also found no relationship between the presence of these cells and 
inflammation in other lesions.34, 40

Interestingly, in this study, the expression of collagen fibers 
was higher in OF than in FP, as would be expected, since the latter 
exhibited a larger number of MC. On the other hand, we observed 
a higher expression of elastin in FP than in OF. The high expres-
sion of elastin in FP may be related to the high concentration of MC, 
as fibroblasts also synthesize elastic fibers. It is therefore possible 
that MC also influence the deposition of elastin by stimulating fi-
broblasts through the secretion of chemical mediators. In addition, 
we believe that ultraviolet radiation has a significant effect on tis-
sue remodeling and fibrosis in FP, based on the hypothesis that fi-
brocytes  altered by ultraviolet radiation are related to induce the 
synthesis and excessive  deposition of elastic material.22,41,42 Hence, 
fibroblasts involved in tissue remodeling in FP differ phenotypical-
ly  from those involved in the development of OF, suggesting dif-
ferences in matrix composition between these lesions. The stronger 
association between MC accumulation and elastin synthesis in FP 
-in contrast to OF in which MC accumulation was associated with 
the synthesis of collagen fibers- supports the hypothesis that MC 
influence the growth and expansion of OF and FP through different 
mechanisms.

A relationship between FP and OF has been reported in the 
literature. According to Fernandez-Flores, these lesions seem to be 
part of the same group of angiofibromatous lesions, since they share 
some microscopic features. 6 However, the morphological find-
ings of this study indicate that blood vessels, multinucleated cells, 
vascular ectasia and perivascular fibrosis are less frequent in OF, 
as also reported by Reed and Ackerman.4 Moreover, hair follicles, 
sebaceous glands, and periadnexal dermis are absent in OF. The dif-
ferences in the expression of collagen, elastin and MC observed in 
this study between FP and OF suggest these lesions have a distinct 
etiopathogenesis. This does not seem to support the hypothesis that 
sporadic OF is a member of the group of angiofibromatous lesions, 
which includes FP of the face and multiple fibromas, seen in some 
phakomatoses.6 The results suggest that a greater involvement of 
MC in the formation of fibrous tissue in FP, and that ultraviolet radi-
ation influences both the concentration of MC and the synthesis of 
the fibrillar component found in the fibrous matrix of these lesions.

CONCLUSION
MC tryptase activates fibroblasts to produce collagen and 

elastin, thus contributing to fibrosis in FP and OF. The results sug-
gest that the MC population and the intensity of collagen and elas-
tin expression can contribute for the morphological differences be-
tween FP and OF.q
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