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Abstract
Peripheral ossifying fibromas (POFs) and peripheral odontogenic fibromas (POdFs) appear clinically similar but of differ-
ent histogenesis. The novel marker SATB2 is involved in regulation of osteoblastic differentiation and phenotype. However, 
SATB2 expression has not been previously explored in POFs and POdFs. Given the potential for mineralized tissue formation 
in POFs and POdFs, and to more clarify the phenotype of the lesional cells, this study was aimed to immunohistochemi-
cally investigate SATB2 expression in POFs and POdFs. Fourteen cases of POF and POdF (7 cases each) were selected, 
stained for SATB2 immunohistochemically, and scored according to the percentage of positive lesional cells (0, no staining; 
1 +, < 5%; 2 +, 5–25%; 3 +, 26–50%; 4 +, 51–75%; and 5 +, 76–100%), and the intensity of staining was graded as weak, 
moderate, or strong. The control group included the inflammatory fibrous hyperplasia-like area present in two cases, 1 case 
fibroma, and 1 case giant cell fibroma. Moderate to strong, and diffuse SATB2 nuclear immunoreactivity was detected in the 
lesional cells of all cases of POFs and POdFs with variable scores; 3–5 + for the POFs and 3–4 + for the POdFs (P = 0.101). 
The distribution of staining was more prominent in those lesional cells associated with the osteoid/calcification in the cases 
of POFs. No staining was noted in the control group. The lesional cells in both POFs and POdFs express SATB2 and may 
exhibit the osteoblastic-like phenotype. SATB2 staining may be useful for diagnosis of subsets of POFs with minimal or 
absent calcification and some POdFs with unidentifiable odontogenic epithelium.
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Introduction

Special AT-rich sequence binding protein 2 (SATB2) is 
a nuclear, multifunctional DNA-binding protein which is 
mainly used as a diagnostic marker for lower gastrointestinal 
tract adenocarcinomas [1–3]. SATB2 protein also regulates 

multiple transcription factors involved in skeletal develop-
ment and osteoblastic differentiation/osteoblasts lineage 
commitment [4]. Recently, SATB2 expression has been 
shown in some bone-forming bone/soft tissue tumors as a 
novel maker for osteoblastic differentiation [5, 6].

Peripheral ossifying fibromas (POFs) and peripheral 
odontogenic fibromas (POdFs) are relatively common 
lesions exclusively seen in the gingiva and appear clinically 
similar, but of different histopathogenesis [7]. POFs are 
inflammatory/reactive lesions, predominantly seen in young 
adults and females. The anterior of maxilla is the most com-
mon site of involvement [8, 9]. Histopathologically, POF 
presents as a nodule composed of spindled-shaped fibro-
blasts with variable amounts of mineralized tissue including 
bone, cementum-like material, and dystrophic calcification 
[9].

POdFs are benign odontogenic neoplasm of ectomesen-
chymal origin [10]. Clinically, there is a prediction for the 
anterior region. POdFs occur over a wide range of age with a 
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peak incidence in the second and forth decades. Histopatho-
logically, POdF is characterized by a nodule of fibrous and/
or myxoid connective tissue covered by intact oral mucosa. 
The tumor is composed of varying numbers of spindled-
shaped cells and variable amounts of inactive-looking rests 
or strands of odontogenic epithelium with or without calcifi-
cation in the form of bone/osteoid, cementum-like calcifica-
tion, or dentinoid [11, 12].

Given the potential for mineralized tissue formation in 
POFs and POdFs, and to more clarify the phenotype of the 
lesional cells, this study intends to immunohistochemically 
investigate SATB2 expression in POFs and POdFs.

Materials and Methods

This study was fully approved by Institutional Review Board 
(19-06666-XP). A total of 14 cases diagnosed as POF and 
POdF (7 cases each) in the Oral Pathology Biopsy Services 
of UTHSC, College of Dentistry were selected based on 
the quality and quantity of the H & E-stained histopatho-
logic sections. The normal-looking or inflammatory fibrous 
hyperplasia-like, non-lesional tissue present in one case of 
POF and one case of POdF, and 1 case of gingival fibroma 
and 1 case of gingival giant cell fibroma were considered 
as the control group. Formalin-fixed, paraffin-embedded 
sections (4–5 µm) were provided from each tissue block, 
deparaffinized in xylene, and rehydrated through a series of 
alcohol (from 100% ethanol to 50% ethanol). The sections 
were incubated in hydrogen peroxidase and absolute alcohol 
for 30 min to block endogenous peroxidase activity. Antigen 
retrieval was performed using pressure cooker pretreatment 
in citrate buffer (pH 6.0). Immunohistochemical staining was 
performed using the Envision Plus/Horseradish Peroxidase 
system (Dako, Carpinteria, CA), a polyclonal antibody to 
SATB2 (Sigma, Cat# HPA-001042) at 1:1000 titer. Tis-
sue sections were subsequently incubated with the primary 
antibody for 40 min at room Temperature. Following TBS 
rinses, the tissue was incubated using the Envision Plus sec-
ondary antibody for 30 min followed by diaminobenzidine 
for 5 min. Appropriate positive (normal colon) and nega-
tive (incubation with secondary antibody only) controls were 
stained in parallel for each round of immunohistochemistry. 
First the hematoxylin and eosin-stained sections of each 
case were studied, and the presence or absence of ulceration, 
inflammation, and calcification were evaluated. Then SATB2 
stained sections were assessed both qualitatively and semi-
quantitatively by 2 of the authors according to the previously 
reported scoring system [6]. The extent of nuclear staining 
for SATB2 was scored according to the percentage of posi-
tive lesional cells (0, no staining; 1 +, < 5%; 2 +, 5–25%; 3 +, 
26–50%; 4 +, 51–75%; and 5 +, 76–100%), and the intensity 
of staining was graded as weak, moderate, or strong.

Results

All but one of the cases of POF were female; aged 
11–62 years (median, 15 years). Histopathologically, the 
cases were characterized as nodules, covered by strati-
fied squamous epithelium which was focally ulcerated 
in 4 cases. The nodules were composed of a spindled-
shaped cellular proliferation, containing calcification in 
the forms of bone/osteoid; except for one case without 
calcific material production. A patchy inflammatory cell 
infiltrate was noted in 3 cases. Diffuse and moderate to 
strong SATB2 nuclear immunoreactivity was detected in 
all the cases of POF which was variably scored from 3 + to 
5 +. The distribution of staining was more prominent in 
those lesional cells in close association with the osteoid/
bone areas (Fig. 1).

The cases of POdF were related to 3 females and 4 
males, aged 27–78 (median, 42 years). Histopathologi-
cally, all the cases were nodules of fibrous and/or myx-
oid connective tissue covered by intact oral mucosa. The 
tumors were composed of varying numbers of spindled-
shaped cells and variable amounts of inactive-looking 
rests or strands of odontogenic epithelium. Three out of 
7 cases exhibited calcification or dentinoid or hyalinized 
regions around, within, or in close association with the 
rests of odontogenic epithelium, demonstrating an induc-
tive effect. Immunohistochemically, a diffuse and moderate 
to strong SATB2 nuclear immunoreactivity was detected 
in all cases of POdF which varied in intensity from 3 + to 
4 + (Fig. 2). Using t-test, no statistically significant differ-
ence in SATB2 expression was obtained between the cases 
of POF and POdFs (P = 0.101).

A scattered week SATB2 nuclear positivity (1 +) was 
seen in the inflammatory fibrous hyperplasia-like, non-
lesional tissue in the two cases of POF and POdF. There 
was a sharp delineation in SATB2 staining between 
lesional and non-lesional tissues with almost no stain-
ing in non-lesional tissue. Cases of fibroma and giant cell 
fibroma showed no immunoreactivity with SATB2 immu-
nostaining (Fig. 3).

Discussion

In our study, expression of the novel marker of SATB2 was 
found in two groups of gingival lesions with potential for 
mineralized tissue formation. To date, these results have 
not been reported in the English literature.

SATB2 is an essential nuclear factor in the develop-
ment of osteoblastic cell lineage. The gene is located 
on chromosome 2 and originally was identified in some 
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isolated cleft palate patients [13, 14]. SATB2 gene serves 
as a regulator of several genes and it is critical in mul-
tiple developmental processes [4]. An abnormal SATB2 

gene may be associated with some craniofacial and skel-
etal abnormalities (SATB2-associated syndrome) such 
as isolated clefting, micrognathia, maxillary hypoplasia, 

Fig. 1   Photomicrographs showing a POF. A Photomicrograph show-
ing a nodule of POF, covered by surface mucosa (H&E*, X 20). B 
The lesion is composed of a proliferation of spindled-shaped cells 
with bone formation (H&E*, X 200). C Photomicrograph showing 

the nodule of POF shown in A (IHC**, X 20) with nuclear staining 
of the lesional cells with SATB2 (D, IHC**, X 200), more promi-
nently in those cells adjacent to the area of calcification (red arrow)

Fig. 2   Photomicrographs showing a POdF. A A POdF with proliferation of spindled-shaped cells and small islands of odontogenic epithelium 
(H&E*, X 100). B SATB2 nuclear positivity of the lesional cells (IHC**, X 100)
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dental anomalies, and osteoporosis [15]. For terminal dif-
ferentiation of osteoblasts, Runx2 would be a key gene in 
addition of its role as a regulator in production of bone 
matrix proteins [16]. It has been shown SATB2 is down-
stream of Runx2 and, not only may participate in DNA 
replication of pre-osteoblasts, but also is involved in sub-
sequent differentiation of those cells [17]. In diagnostic 
pathology, Conner et al. showed SATB2 to be a specific 
marker for osteoblastic differentiation in some benign and 
malignant mesenchymal tumors (including some bone and 
soft tissue tumors), but not specific for osteosarcoma [6]. 
SATB2 expression by lesional cells has been reported not 
only in those tumors of osteoblastic origin with observable 
calcific component, but also in some without evidence of 
osteoblastic lineage or calcific material formation such as 
chondromyxoid fibromas, giant cell tumors, unclassified 
pleomorphic sarcomas, and synovial sarcomas [6]. These 
findings raise the possibility of a primitive osteoblastic 
phenotype of the cell population in the mentioned tumors.

Although both POFs and POdFs are not diagnostically 
challenging in practical pathology, expression of SATB2 
observed in our study could be discussed from the biologi-
cal and histogenesis standpoints. SATB2 expression of the 
lesional cells in our cases of POF provides more insight 
about the phenotype of the cells and confirms previously 
published data. Previous studies suggested the spindle-
shaped cells in peripheral ossifying fibromas (POFs) have 
features of mineralized tissue-forming cells since expression 
of some proteins such as Runx-2, bone morphogenic protein 
2 (BMP-2), and cementum attachment protein (CAP) have 
been shown in POFs [18]. The cells also express osterix 
which is an essential transcription factor required for osteo-
blasts differentiation [19]. Since POFs are seen in tooth-
bearing regions, periodontal ligament has been suggested as 
the source of the cells and the presence of the stem cells with 

potential for osteoblastic and cementoblastic differentiation 
has been demonstrated in previous studies [20].

POdF is the most common peripheral odontogenic tumor 
in which bone and/or osteoid, cementum-like calcifications, 
dentinoid, and dystrophic calcifications may be formed, par-
ticularly around, within or in close association with rests of 
odontogenic epithelium. This is explained by an inductive 
effect. The exact source of the fibroblastic component of 
POdFs is still unknown, but the periodontal ligament has 
been suggested. This seems unlikely, however, since POdFs 
are sometimes seen on edentulous ridges [11, 12]. Regard-
less of the whether the origin of the ectomesenchymal com-
ponent of the tumor is of PDL or the ectomesenchyme of the 
gingiva, expression of SATB2 in these cells may indicate an 
osteoblastic-like property of these cells. It is known that the 
neural crest is the origin of oral and maxillofacial ectomes-
enchymal tissue. SATB2 expression has been reported in 
neural crest progenitors which delineates a developmental 
jaw module and its role in the regulating variation in jaw size 
has been suggested [21–23].

In summary, this study showed the lesional cells in both 
POFs and POdFs express SATB2 and may exhibit an oste-
oblastic-like phenotype. SATB2 staining may be useful for 
diagnosis of subsets of POFs with minimal or absent calci-
fication and some POdFs with unidentifiable odontogenic 
epithelium. Regardless of the presence of surface epithelium 
in both POFs and POdFs, where there is minimal or absent 
calcification, the lesional cells may mimic other odontogenic 
lesions, including a hyperplastic dental follicle and odon-
togenic fibromyxoma. Therefore, SATB2 immunostaining 
may be also helpful in distinguishing POFs and POdFs from 
their histopathologic mimics. Further studies using larger 
samples are needed to clarify SATB2 expression in other 
odontogenic processes with or without calcific material for-
mation and also in dental stem cells to see its possible role 

Fig. 3   Photomicrographs showing a giant cell fibroma. A A giant 
cell fibroma characterized by large and stellate-shaped fibroblasts 
within the superficial connective tissue (H&E*, X 100) and B Nega-

tive SATB2 immunoreactivity in the lesional cells (IHC**, X 100). 
*Hematoxylin and eosin. **Immunohistochemistry
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in expression of other osteogenic-related proteins such as 
bone matrix proteins.
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