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Abstract 

Objective: This study aimed to assess osteopontin expression following immunohistochemical staining of odontogenic 
cysts and tumors. 

Methods: A systematic review was conducted based on PRISMA Statement. The literature search was carried out 
through PubMed, Scopus, and Science Direct databases, covering all the articles published up to October 2021, using a 
combination of the key terms ‘osteopontin’, ‘odontogenic tumor’, ‘odontogenic cyst’, and ‘expression’. The tool of the 
Joanna Briggs Institute Critical Appraisal Checklist for Cross Sectional Studies was applied to examine the quality of the 
selected articles.  

Results: The search strategy yielded in total 853 possibly relevant references. After removal of duplicates, 614 titles 
and abstracts were initially reviewed. From these, 22 were independently assessed in full text for eligibility, and seven 
studies were included to the review. The analysis revealed the frequency of osteopontin expression in odontogenic cysts 
as 35.3% for (-) score, 23.5% for (+) score, 21.6% for (++) score, 19.6% for (+++) score; and in odontogenic tumors as 
11.3% for (-) score, 1.9% for (+) score, 3.8% for (++) score, and 83% for (+++) score.  

Conclusions: The present study showed different frequency of osteopontin expression between odontogenic cysts and 
tumors. The frequency of OPN expression with a (+++) score in odontogenic tumor was higher than that of in 
odontogenic cyst. The highest frequency of OPN expression with (-) score was shown in odontogenic cysts. Osteopontin 
has a different expression pattern related to the progressivity and recurrence of the lesion. 
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1. Introduction

Odontogenic lesions can be divided into cysts and tumors, solid masses but not necessarily neoplastic. Intrabony lesions 
of the jaws are identified most commonly on radiographic imaging [1]. The development of odontogenic tumors 
originates from epithelial, ectomesenchymal, or mesenchymal elements of the tooth-forming apparatus. Each 
odontogenic tumor presents different clinical, radiographic and histopathological characteristics [2]. In comparison, 
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odontogenic cysts can be derived from developmental and inflammatory cysts. The odontogenic cyst is a lesion in an 
epithelial lined pathological cavity. Proper diagnosis of odontogenic cysts is critical because different biological 
behaviors of the various types of cysts require different treatment plans and present significantly different risk for 
affected patients [3,4].  

Osteopontin (OPN) is an extracellular matrix protein identified in bone and released by osteoblasts and osteoclasts [5]. 
Osteopontin also exist in a large number of tissues with its various essential roles. It contributes to bone remodeling 
and is increased during tumor growth through a variety of different mechanisms [6]. Previous study showed that high 
expression level of osteopontin in either the plasma or the tumor of the patients with oral squamous cell carcinoma 
(OSCC) was associated with tumor progression, suggesting that osteopontin expression is an important prognostic 
factor for OSCC [7]. The OPN expression was also associated with malignant bone tumors. The malignant cases had 
significantly elevated the level of OPN expression compared to the benign cases [8].  

Specific examination of protein expression can be performed through immunohistochemical analysis (IHC). In 
odontogenic lesion or tumor cases, IHC examination can show the type of protein expressed by the tumor or cells in the 
surrounding tissue of the tumor. The immunohistochemical marker analysis may characterize the expression profile of 
a lesion and reveal whether the profile is a normal developing odontogenic tissues or a range of odontogenic tumors [9-
11]. A number of studies of OPN in odontogenic lesions showed an increased OPN expression by immunohistochemical 
examination. Various studies were conducted to examine the expression of osteopontin in odontogenic cysts and 
tumors. A study conducted by Masloub et al. investigated the expression of osteopontin in dentigerous cyst and 
ameloblastoma and the correlation of their expression with neoplastic potentiality, local invasion and risk of local 
recurrence [12].  

This study aimed to assess the osteopontin expression in odontogenic cyst and tumors by conducting a systematic 
review. The knowledge about osteopontin expression might be helpful for oral and maxillofacial surgeons, as it could 
guide evidence-based decision making on the management of these lesions.  

2. Material and methods 

2.1. Protocol and Eligibility criteria 

This systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) protocols (figure 1) [13]. Furthermore, the reporting of this systematic review was guided by the 
PRISMA checklist [14]. The following inclusion criteria were applied: 1) observational cross sectional study design, 2) 
articles in English language, 3) odontogenic tumor and cyst as the object of study, 4) focus on OPN expression using 
immunohistochemistry. The article was excluded for the following reasons: 1) using different method of examination 
for osteopontin expression, 2) tumor in oral cavity but not classified as odontogenic tumor or cyst. 

2.2. Information sources and search strategy  

Search strategies were individually developed for three databases: PubMed, Scopus, and Science Direct, covering all the 
articles published up to October 2021, using a combination of the medical subject heading (MeSH) terms ‘osteopontin’, 
‘odontogenic tumor’, ‘odontogenic cyst’, and ‘expression’. All database searches were last conducted on December 3, 
2021. In addition, manual searches were performed to find other eligible articles that were not available in the electronic 
databases. All references were managed and duplicates were removed using specific bibliographic software (Mendeley). 

2.3. Study selection and data collection  

Study selection was performed in a two-phase process. Phase-1 was carried out in a web application specific for 
systematic reviews, in which two reviewers (F.M and E.C.) independently applied the eligibility criteria to titles and 
abstracts of all identified references. In phase-2, the same two reviewers separately applied the eligibility criteria to t 
full-text articles. Any disagreements were resolved in a consensus meeting. If necessary, a third reviewer (P.S.) was 
consulted for selection and evaluation of the included studies. The data collection was performed by two reviewers (F.M 
and E.C.), and included study type, method, histopathological diagnosis, and outcome measures.  

2.4. Risk of bias in individual studies  

Two oral and maxillofacial surgeons (F.M and E.C.) independently performed the risk of bias (RoB) assessment of 
included articles according to the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Cross Sectional Studies 
[15]. The JBI appraisal checklist is based on 8 items and each item is assessed by scoring yes, no and unclear or not 
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applicable. The total score obtained of each study was presented as percentages and each study was categorized 
according to different levels of risk of bias. The risk of bias was classified as high when the study reached up to 49% of 
"yes" score, moderate when the study reached from 50 to 69% of "yes" score, and low when the study reached more 
than 70% of "yes" score. The detail of quality assessment as per JBI checklist is presented in Table 1. 

 

Figure 1 Flow diagram of literature search and selection process 

Table 1 Quality assessment of individual study 

Study Were the 
criteria 
for 
inclusion 
in the 
sample 
clearly 
defined? 

Were the 
study 
subjects 
and the 
setting 
described 
in detail? 

Was the 
exposure 
measured 
in a valid 
and 
reliable 
way? 

Were 
objective, 
standard 
criteria used 
for 
measurement 
of the 
condition? 

Were 
confounding 
factors 
identified? 

Were 
strategies to 
deal with 
confounding 
factors 
stated? 

Were the 
outcomes 
measured 
in a valid 
and 
reliable 
way? 

Was 
appropriate 
statistical 
analysis 
used? 

[16] Yes Yes Yes Yes Yes Yes Yes Yes 

[17] Yes Yes Yes Yes Unclear Unclear Yes Yes 

[18] Yes Yes Yes Yes Yes Yes Yes Yes 

[19] Yes Yes Yes Yes Yes Yes Yes No 

[20] Yes Yes Yes Yes Yes Yes Yes Yes 

[21] Yes No Yes Yes Yes Yes Yes No 

[22] Yes Yes Yes Yes Yes Yes Yes Yes 

 

2.5. Data extraction and quality assessments 

Because there was variation in the type of odontogenic tumor or cyst in each study, a full meta-analysis was not feasible. 
We extracted data presented as text, figures, or tables from the published manuscript. There was no duplication of data 
between studies. Information for the following characteristics were extracted from studies: the title of article, author, 
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year of publication, method of examination, histopathological diagnosis, number of sample, and number of OPN 
expression based on scoring group. All selected articles for this review almost used the same method to evaluate the 
percentage of positively stained cells after immunohistochemical examination using score of (-); (+); (++); and (+++).  

3. Results  

3.1. Studies selection and risk of bias 

The initial searches resulted in 835 studies, excluding 221 studies duplicates. A total of 614 titles and abstracts were 
initially reviewed. After removing articles outside of scope, 22 full text articles were independently assessed for 
eligibility. The reference list of the eligible articles did not reveal any additional articles. There were ten studies assessed 
for eligibility. Excluded studies and the reasons for refusal are shown in table 2. Full review identified 7 studies fitting 
inclusion criteria for the review [16, 17, 18, 19, 20, 21, 22]. The process of study selection is described in Figure 1. All 
studies met 70% of critical appraisal criteria defined by Joanna Briggs Institute [15].  

Table 2 Articles excluded and their reasons 

Authors Type of lesion No. of Cases Reason 

[23] OKC 16 Evaluation of osteopontin using gen expression analysis 
by RT-PCR  

[12] DC 

AME 

9 

17 

Immunohistochemical analysis of OPN using imageJ 
software that difficult to compare scoring of expression  

[24] Odontoma 29 Evaluation of osteopontin using gen expression analysis 
by RT-PCR  

 

3.2. Study characteristic 

A total of 7 articles with 208 cases of odontogenic lesions were processed for final review. The odontogenic lesion is 
classified as an odontogenic cyst and tumor based on the latest classification from WHO 2017 [23]. The characteristics 
of studies included in the review are summarized in Table 3. There were four articles that reported odontogenic cyst 
and three articles reported odontogenic tumor in relation with OPN expression. The total cases of studies that reported 
OPN expression for odontogenic cyst was 153 cases and 53 cases for odontogenic tumor. We estimated the frequency 
of OPN expression from each case and found that in odontogenic cyst cases, the most frequent scoring of OPN expression 
was (-) score (35.3% cases) and the lowest was (+++) score (19.6% cases). In odontogenic tumor cases, the most 
frequent scoring of OPN expression was (+++) score (83% cases), and the lowest was (+) score (1.9% cases) as shown 
in Table 3. 

Table 3 Frequency of OPN expression between odontogenic cyst and odontogenic tumor 

Cyst  

Type 

Total 
cases 

OPN expression score Tumor 
type 

Total 
cases 

OPN expression score 

- + ++ +++ - + ++ +++ 

OKC 54 24 7 3 20 OF 5 0 0 0 5 

DC 30 12 10 8 0 PCOF 7 2 1 1 3 

RC 55 18 19 15 3 AOT 11 0 0 0 11 

COC 14 0 0 7 7 AME 30 4 0 1 25 

Total 
(n%) 

153 
(100%) 

54 

(35.3%) 

36 
(23.5%) 

33 
(21.6%) 

30 
(19.6%) 

Total 

(n%) 

53 
(100%) 

6  

(11.3%) 

1 

(1.9%) 

2 

(3.8%) 

44 

(83%) 

Note: R: Retrospective; IHC: immunohistochemistry; OKC: odontogenic keratocyst; DC: dentigerus cyst; RC: radicular cyst; COC: Calcifying 
Odontogenic Cyst; OF: Ossifying Fibroma; PCOF: Peripheral Cemento Ossifying Fibromas; AOT: Adenomatoid odontogenic Tumor; AME: 

Ameloblastoma. 
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3.3. OPN expression in odontogenic cyst 

The four included studies reported OPN expression in odontogenic cysts [16, 18, 19] and [20]. The types of odontogenic 
cysts that we found in the studies were odontogenic keratocyst (OKC), dentigerus cyst (DC), radicular cyst (RC) and 
calcifying odontogenic cyst (COC). We evaluated the frequency of OPN expression in scoring system. The OKC showed 
the highest OPN expression with (-) and (+++) score as 44.4% and 66.7%, respectively. The COC only expressed OPN 
with (++) and (+++) score as 21.2% and 23.3%, respectively. The types of cysts which showed OPN expression in all 
scores were OKC and RC. For DC, there was OPN expression for (-), (+), and (++) score but not for (+++) score as shown 
in Figure 2. 

 

Figure 2 OPN Expression in various type of odontogenic cyst 

 

 

Figure 3 OPN Expression in various type of odontogenic tumor 

3.4. OPN expression in odontogenic tumor 

We found three studies that reported the OPN expression in odontogenic tumors [17, 22, 24]. The types of tumors 
included in the studies were ossifying fibroma (OF), peripheral cemento-ossifying fibromas (PCOF), adenomatoid tumor 
(AOT), and ameloblastoma (AME). Furthermore, we evaluated the frequency of OPN expression in each type of 
odontogenic tumor. The OPN expression in OF and AOT only appeared in (+++) score, but PCOF showed osteopontin 
expression in all scores. In (+++) score, the highest expression was seen in ameloblastoma (56.8%), followed by AOT 
(25%), OF (11.4%) and the lowest expression was seen in PCOF (6.8%). Interestingly, only PCOF that showed 
osteopontin expression in (+) score as shown in Figure 3.  
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4. Discussion 

Osteopontin (OPN) is involved in the regulation of both physiological and pathological mineralization. In normal bone 
tissue, OPN is expressed by both osteoclasts and osteoblasts. Under normal conditions, OPN will direct osteoclasts to 
inhibit hydroxyapatite formation. OPN also affects bone resorption [25]. Under inflammatory conditions, OPN is 
upregulated during macrophage differentiation by regulating migration, survival, phagocytosis, and production of pro-
inflammatory cytokines [26]. OPNs play a crucial role in mediating tumor progression by regulating multiple pathways. 
Angiogenesis is one of the essential processes for tumor development. The angiogenic process is regulated by various 
pro-angiogenic factors secreted by tumor cells. Overexpression of osteopontin stimulates angiogenesis via av3 
activation [27]. 

In this study, we used the classification of odontogenic tumors and cysts based on the 2017 WHO classification. 
Odontogenic keratocyst (OKC) type is included in the odontogenic cyst group [28]. Moreover, there is actually a lot of 
disagreement about the re-classification of OKC into the odontogenic cyst group in the 2017 WHO classification, given 
the OKC is a potentially aggressive and recurrent odontogenic lesion which is different from regular odontogenic cysts 
[29]. According to data obtained in the present systematic review, we found that OPN was expressed in both 
odontogenic cysts and odontogenic tumors as shown in Table 3 and 4. This expression was seen on 
immunohistochemical examination. The presence of osteopontin expression in odontogenic cysts and tumors suggests 
that osteopontin is associated with bone remodeling and growth of dental elements [30, 31]. Osteopontin also plays a 
role in new tissue growth and tumor metastasis [32, 33]. 

In odontogenic cyst group, the highest frequency of immunohistochemical staining for osteopontin expression was 
scored (-) as shown in Figure 2. Based on the evaluation of each score, the frequency of OPN expression with (+++) score 
was highest in the OKC lesion group then followed by COC lesion group (Figure 3). According to Masloub, high 
expression of osteopontin may indicate neoplastic potential [12]. In various studies, it has been shown that OKC has 
neoplastic potential. The difference in p53 expression in OKC and DC can explain their different growth mechanism and 
clinical behavior. Changes in behavior of neoplastic epithelium of OKC occur via p53 overexpression [34]. The COC also 
has two different variants, either as a cyst or a solid neoplasm. From various literature, the authors state that it is difficult 
to classify these COC lesions as they may mimic other odontogenic tumors [35, 36]. In line with the results of this tudy, 
a study by Hong et al. showed a high mRNA expression of OPN and osteocalcin (OCN) in OKC cases [37]. In 2005 WHO 
classification, OKC and COC lesions were listed in odontogenic tumor group because their nature and characteristics 
were different from regular odontogenic cysts [38]. Accordingly, the results in this systematic review showed that 
among odontogenic cyst group, OKCs and COCs had a higher neoplastic potential than dentigerous cysts and radicular 
cysts. In odontogenic tumor group, samples selected in this systematic review were ossifying fibroma (OF), peripheral 
cemento-ossifying fibromas (PCOF), adenomatoid odontogenic tumor (AOT) and ameloblastoma (AME). The frequency 
of OPN expression with (+++) score was highest in ameloblastoma (Figure 2). In odontogenic tumors, high expression 
of OPN can identify areas with locally invasive behavior and high risk of recurrence [12].  

Osteopontin is a multifunctional protein with important functions in normal condition such as inflammation process, 
biomineralization, cell viability and wound healing [26, 39]. OPN is involved in pathological conditions such as tumor 
invasion, progression, or metastasis [32]. In mineralized tissues, OPN is released by bones. It is produced by osteoclastic 
and osteoblastic cells at high levels [40]. During biomineralization phase, OPN has three major functions including 
modulation of adherence of osseous cells, modulation of osteoclastic function and modulation of matrix mineralization 
[39]. Clinical studies have shown OPN overexpression in many human cancers, and in some cases, it is associated with 
cancer progression [41, 42].  

Figure 4 shows that (+++) score is present in all OF, PCOF, AOT and AME tumor types. Studies on tumor ossifying fibroma 
(OF) and peripheral cemento-ossifying fibroma (PCOF) have shown that most OFs exhibit high OPN expression. Because 
OPN appears at an early stage of osteogenetic maturation, this suggests that OF seems to have a more remarkable ability 
to form hard tissues than PCOF. From overall case of odontogenic lesions in the present study, odontogenic cysts showed 
the highest frequency on the (-) score, while odontogenic tumors showed that of the (+++) score. Some literature 
suggests that there is a strong correlation between increased OPN levels in patients with cancer and increased tumor 
aggressiveness, increased tumor burden, and poor prognosis or survival rates [43, 44]. The growth of tumor on the 
jawbone may affect bone remodeling because the process of bone resorption and apposition will run abnormally. One 
of the osteoclastogenic mechanisms that plays a role in the remodeling process is the RANK/RANKL/OPG system [45]. 
The system is variably expressed in OKC, radicular cyst, and ameloblastoma in mediating tumor-associated bone 
osteolysis [46]. The correlation between OPN and tumor growth most likely reflects the effect of OPN on cell migration. 
OPN can also support in vitro attachment for a variety of cell types and promote promote migration of inflammatory 
and tumor cells [47].  
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This study has several limitations. There are still not many studies focusing on the correlation between osteopontin and 
odontogenic cysts or tumors. Several parameters we would have liked to include were not or inadequately reported in 
the studies. For example, we could not consider the quality of life and recurrence rates in the included studies. However, 
despite the fact that this is the only design found on the topic, we are nevertheless convinced that essential conclusions 
on the pattern of osteopontin expression can be drawn from the present systematic review as the results of the review 
are based on the best available evidences. Further, more significant data collection and analysis are needed. 

5. Conclusion 

This study systematically analyzed 208 cases of odontogenic cysts and tumors. The highest frequency of osteopontin 
expression in odontogenic cyst group was (-) score, while in odontogenic tumors was (+++) score. In odontogenic cyst 
group, there were differences in the frequency pattern, especially in OKC and COC as compared to other cystic lesions. 
Among odontogenic tumor group, ameloblastoma had the highest frequency of (+++) score for OPN expression as 
compared to the other ones. 
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