Short Research Article

Cripto-1: A potential biomarker for distinguishing Fibrous dysplasia, Central ossifying fibroma and Osteosarcoma of the jaws
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ABSTRACT 

	Background: The identification of molecular markers that could be involved in the pathogenesis of fibro-osseous lesions of the jaws may help to understand the different biological behaviors of such group. 
Aims: The aim of the present study was to compare the immunohistochemical expression levels of Cripto-1 (CR-1) in a series of cases diagnosed microscopically as benign or malignant bone tumors to see if it can help in distinguishing them.
Place and Duration of Study: Brazil, Department of Dentistry of Federal University of Rio Grande do Norte, between January 2020 and July 2023.
Methodology: Thirty fibrous dysplasias (FD), twenty-eight central ossifying fibromas (COF) and five osteosarcomas (OS) were randomly selected and submitted to immunohistochemical analysis using anti-CR-1 antibody, according to the percentage of immunopositive cells, immunostaining intensity and final immunoreactive score.
Results: Analysis of the percentage of cells immunostained for CR-1 revealed a predominance of score 4 for COFs and OSs, whereas most cases of FDs exhibited score 2 (p <0.001). With respect to the immunostaining intensity for CR-1, a higher prevalence of score 3 was observed for COFs and OSs, while most cases of FD showed score 1 (p <0.001). Regarding the final immunoreactive score, a predominance of a strongly positive pattern was identified in COFs and OSs, while a moderate pattern was verified in FDs (p <0.001).
Conclusion: Our findings suggest the participation of CR-1 in the pathogenesis of COFs and OSs, as well as the use of this protein as a potential molecular biomarker for clinical investigation, differential diagnosis between COFs and FDs, and, subsequently, for the indication of the appropriate therapy for these lesions. These findings contribute to the diagnosis of fibro-osseous jaw lesions and may guide clinical decision-making.
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1. INTRODUCTION

Fibro-osseous lesions of the jaws (FOLJ) are a group of lesions in which bone is replaced by fibrous connective tissue, resulting in bone with different degrees of ossification1. Different groups of lesions share unique demographic, clinical, and radiographic characteristics, but similarities in microscopic features make FOLJ subtypes diagnosis challenging for pathologists2,3. Therefore, a complete and thorough clinicopathological investigation is essential to ensure the correct diagnosis and an appropriate treatment plan3.

Due to the lack of agreement in terminology and histological aspects, several classification methods have been proposed in the last 20 years2. FOLJs were initially classified by Waldron4 into three subtypes: fibrous dysplasia (FD), central ossifying fibroma (COF), and cementum-osseous dysplasia (COD). However, the most recent classification of the World Health Organization (WHO) published in 2017 included "fibro-osseous lesions" under the odontogenic and maxillofacial bone tumors (OMFBT) category together with osteochondromatous lesions5. Despite this, the term FOLJ remains universally accepted by the scientific community and commonly used in studies3,6.

Among the three main forms of benign FOLJ, COD lesions are the most found in dental practice, but COF and FD are the lesions that require treatment and may be associated with significant esthetic and functional damages. Although these lesions can appear quite similar both clinically and histologically, their biological behavior differs significantly, making accurate distinguishing extremely important7.

“The identification of molecular markers that could be involved in the pathogenesis of FOLJ may help to understand the different biological behaviors of such group. The human Cripto-1 (CR-1), also known as teratocarcinoma-derived growth factor-1 (TDGF-1), is a member of the epidermal growth factor (EGF)-cript-1 ligand family related to the fibroblast growth factor (FRL1)/CR-1 (EGF-CFC)”8.

“CR-1 is expressed during embryogenesis as a co-receptor in important embryonic pathways, such as TGF-β/Smad and Wnt/β-catenin, participating in tissue orientation and formation of germ layers. In healthy adults, CR-1 is deactivated or, in some cases, reduced to a small population of adult stem cells”9. According to Strizzi et al. (2005)10, CR-1 promotes cell proliferation, survival, migration, and invasion, acting as a co-receptor for WNT or as an inhibiting factor for the β-catenin destruction complex. Although increased CR-1 mRNA and protein levels were detected in osteosarcoma (OS) cell lines11, immunoexpression analysis of CR-1 in FOLJ samples were not reported.

Because of the challenging differential diagnosis of FOLJ subtypes, identifying molecular biomarkers that could discriminate between controversial cases would be helpful12. Thus, the present study aimed to compare the immunohistochemical expression of CR-1 between different lesions to see if it can help in distinguishing them.


2. material and methods 

2.1 Samples

Sixty-three tissue specimens, including 30 FDs, 28 COFs, and 5 OSs, archived in the files of the Oral Pathology Department of the Federal University of Rio Grande do Norte (UFRN) were selected for this study. All cases were previously diagnosed according to well-defined histopathological aspects for each type of lesion (Figure 1A, B and C). Clinical and radiographic data were obtained from biopsy request records. The study was approved by the Ethics Committee of UFRN, Natal, Brazil (protocol number: 3.308.287).

2.2 Immunohistochemical reaction

For the immunohistochemical analysis, 3-μm-thick sections from paraffin-embedded tissue were mounted on slides coated with organosilane (3-aminopropyltriethoxysilane; Sigma Chemical Co., St. Louis, MO, USA). The sections underwent deparaffinization, rehydration, and antigen recovery using Trilogy™ (Cell Marque, CA, USA; 1: 100). Then, endogenous peroxidase and non-specific proteins were blocked with 3% hydrogen peroxide, and slides were incubated with a protein block (Thermo Scientific, Runcorn, UK). The primary anti-CR-1 antibody (Clone sc-376448, Santa Cruz Biotechnology, CA, USA) was diluted (1:500) and the sections were incubated at 4°C for 60 min. Subsequently, the amplification reaction was performed using the HiDef detection™ kit - HRP Polymer System (Cell Marque; Rocklin CA, USA) using diaminobenzidine (DAB, Sigma Chemical, St. Louis, MO, USA) in a darkroom and stained with Mayer's hematoxylin (1 minute). Negative controls were obtained by replacing the primary antibodies with normal rabbit serum (Dako Co., Carpinteria, CA, USA).

2.3 Immunohistochemical analysis

The slides were scanned (Pannoramic MIDI, 1:15 SPI 3D HISTECH®, Budapest, Hungary) and evaluated by a blinded evaluator at two moments using the Case Viewer program (Version 2.2 - 3D HISTECH, Budapest, Hungary), according to the manufacturer's instructions. All microscopic fields on each slide were evaluated and cells with nucleus or cytoplasm-stained brown were considered CR-1-positive, regardless of the intensity. The percentage of positive cells was evaluated and scored according to the methodology described by Fedchenko and Reifenrath (2014)13 and adapted by Silva et al. (2018)14: score 0 (all cells are negative), 1 (<10% of positive cells), 2 (10-50% of positive cells), 3 (51-80% of positive cells), or 4 (> 80% of positive cells). The immunostaining intensity was scored as: 0 (negative), 1 (mild staining), 2 (moderate staining), or 3 (intense staining). The final immunoreactive score (IRS) was obtained by the formula: percentage of positive cells x intensity of staining, resulting in a score range of 0 to 12 points and the following categories: 0-1 (negative), 2-3 (weak reaction), 4-8 (moderate reaction) and 9-12 (intense reaction).

2.4 Statistical analysis

The data were analyzed statistically using the Statistical Package for the Social Sciences (SPSS version 20.0; SPSS Inc., Chicago, IL, USA). After assessing the dataset for normality and homogeneity of variance, the non-parametric Kruskal–Wallis test was employed. A significance threshold of 5% (p < 0.05) was adopted for all analyses.

The results obtained were submitted to statistical analysis using the Statistical Package for the Social Sciences (version 20.0; SPSS Inc., Chicago, IL, USA). After analysis for normality and variance of the data, the non-parametric Kruskal-Walli test was applied. For all tests, significance level was set at 5% (p<0.05).


3. RESULTS AND DISCUSSION

3.1 Results
Analysis of the percentage of cells immunostained for CR-1 revealed a predominance of score 4 for COFs (n = 12; 42.9%) and OSs (n = 5; 100.0%), whereas most cases of FDs exhibited score 2 (n = 12; 40.0%). A statistically significant difference was observed between the studied lesions (p <0.001) (Table 1). 
With respect to the immunostaining intensity for CR-1, a higher prevalence of score 3 was observed for COFs (n = 17; 60.7%) and OSs (n = 5; 100.0%), as well as most cases of FD revealed score 1 (n = 17; 56.7%). A statistically significant difference was observed between the studied lesions (p <0.001) (Table 1).
Regarding the final IRS score, a predominance of a strongly positive pattern was identified in COFs (n = 15; 53.6%) (Figure 1E) and OSs (n = 5; 100.0 %) (Figure 1F), while a moderate pattern was verified in FDs (n = 11; 36.7%) (Figure 1D). A statistically significant difference was observed between the studied lesions (p <0.001) (Table 1).


Table 1. Analysis of FD, COF and OS according to immunohistochemical evaluation for CR-1.
	Variables
	FD
	COF
	OS
	p

	
	n
	%
	n
	n
	%
	n
	

	Percentage of positive cells
	
	
	
	
	
	
	

	Score 1
	10
	33.3
	7
	25.0
	0
	0.0
	< 0.001*

	Score 2
	12
	40.0
	4
	14.3
	0
	0.0
	

	Score 3
	7
	23.3
	5
	17.9
	0
	0.0
	

	Score 4
	1
	3.3
	12
	42.9
	5
	100.0
	

	Immunostaining intensity
	
	
	
	
	
	
	

	Score 1
	17
	56.7
	7
	25.0
	0
	0.0
	< 0.001*

	Score 2
	11
	36.7
	4
	14.3
	0
	0.0
	

	Score 3
	2
	6.7
	17
	60.7
	5
	100.0
	

	IRS
	
	
	
	
	
	
	

	Negative
	10
	33.3
	5
	17.9
	0
	0.0
	< 0.001*

	Weak
	7
	23.3
	4
	14.3
	0
	0.0
	

	Moderate
	11
	36.7
	4
	14.3
	0
	0.0
	

	Strong
	2
	6.7
	15
	53.6
	5
	100.0
	






Figure 1. Histopathological aspects of FD (A), COF (B) and OS (C) (scale 500μm, 500μm and 100μm, respectively). Representative photomicrographs of immunohistochemical staining for CR-1 in FD (D), COF (E) and OS (F) (scale 100μm, 100μm e 100μm, respectively).
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3.2 Discussion

Because of the diverse and challenging set of pathological conditions, FOLJ subtypes are difficult to classify and establish a treatment15. Among its subtypes, the FD and COF lesions need greater attention from the pathologist, since they can be associated with significant esthetic and functional issues and present different patterns of disease progression7. Due to the risk of recurrence, COF lesions need to be completely enucleated from the surrounding bone, while treatment of patients with FD is established according to clinical presentation4,7,16,17.

The classical clinical, radiographic, and pathological characteristics of FD or COF lesions may not be evident in some cases, and the lesions may present overlapping characteristics. Cases of FD with lamellar bone trabeculae and osteoblast lining have been reported, which can confuse the diagnosis due to the similarity with COF characteristics, being often considered a true diagnostic dilemma7,15. Xue et al.18 showed that analyzing mutations in the GNAS gene can assist in distinguishing FD from other similar lesions, including diffuse sclerosing osteomyelitis of the mandible.

Therefore, numerous efforts have been made in an attempt to identify biomarkers that could differentiate the two lesions12,19. “One such maker is the CR-1, a glycoprotein that plays a fundamental role during embryogenesis, and is overexpressed in more than half of human cancers and not expressed in normal tissues of adults”9,11.

The expression of CR-1 has been reported in, and associated with clinical and pathological characteristics of several malignancies including breast cancer20, nasopharyngeal cancer21, lung adenocarcinoma22, colorectal cancer23, bladder cancer24, hepatocellular cancer25, melanoma26, glioma27, esophageal cancer28, oral cancer29 and salivary gland cancer14. 

[bookmark: _GoBack]“Previous studies have shown that “CR-1 promotes tumorigenesis and metastasis, appearing to be involved in some biological cell processes, such as cell migration, invasion, and epithelial-mesenchymal transition, as well as cell proliferation and survival”8,10,11. Despite the lack of previous immunohistochemical data, the OS cases selected for this study were used as a positive control to establish a comparison with the COF lesion.

As FOLJ and OS have different biological behaviors, different expression levels between these lesions are expected30. The present study evaluated the immunohistochemical expression levels of CR-1 in cases diagnosed as COF, FD, and OS located in the oral region. Corroborating our hypothesis, the results were different between the lesions, confirming their different nature, biological behavior, and aggressiveness.

In the present study, a stronger expression of CR-1 was found in the cell nuclei of the fibroblast-type mesenchymal cells in the COF and OS lesions compared to FD, which corroborate the previous findings of CR-1 overexpression in several types of tumors, especially in malignant neoplasms14,20-29. In contrast, expression levels in FD were lower, confirming the benign nature of the lesion, its formation during organogenesis, and that CR-1 is normally expressed in embryonic tissues, therefore it would not be expressed in hamartomas, although it has been seen in some adult stem cells31.

It is widely discussed in the literature that the conclusive diagnosis of FOLJ subtypes is often difficult because there is a high histopathological similarity among lesions despite clinical and radiographic descriptions1,3,12. We found that the COF samples showed intense staining for CR-1 antibody, differently from FD, establishing the neoplastic nature of the COF and the anomalous benign nature of FD. These results can represent a powerful tool for the characterization of FOLJ and assist the establishing of the exact diagnosis, adequate treatment, and conclusive prognosis.

4. CONCLUSION

In conclusion, our immunohistochemical analysis confirmed that, despite their morphological similarities, COF and FD display distinct biological behaviors, as evidenced by the differential expression of CR-1. These findings support the use of CR-1 as a diagnostic biomarker to aid in the differentiation between COF and FD and to guide appropriate therapeutic planning. Moreover, its consistent expression pattern suggests a potential role for CR-1 in clinical decision-making and highlights its value as a molecular target in the management of fibro-osseous lesions of the jaws.
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