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Background: Gardner syndrome is a rare genetic cancer predisposition disorder characterized by intestinal polyposis, multiple osteomas, and soft and hard tissue tumors. Dental anomalies are present in approximately 30%–70% of patients with Gardner syndrome and can be discovered during routine dental examinations. However, sometimes the diagnosis is challenging due to the high clinical variability and incomplete clinical picture. Herein, we report a family with various dental and bone anomalies, in which the definitive diagnosis was established with the help of a comprehensive genetic analysis based on state-of-the-art next-generation sequencing technology.
Case presentation: A 17-year-old female index patient presented with dental (caries, impacted, retained and anteriorly located teeth) and atypical bone anomalies not resembling Gardner syndrome. She was first referred to our Genetic Counselling Unit at the age of 11 due to an atypical bone abnormality identified by a panoramic X-ray. Tooth 3.6 was surgically removed and the histopathology report revealed a Paget’s disease-like bone metabolic disorder with mixed osteoblastic and osteoclastic activity of the mandible. A small lumbar subcutaneous tumor was discovered by physical examination. Ultrasound examination of the tumor raised the possibility of a soft tissue propagation of chondromatosis. Her sister, 2 years younger at the age of 14, had some benign tumors (multiple exostoses, odontomas, epidermoid cysts) and impacted teeth. Their mother had also skeletal symptoms. Her lower teeth did not develop, the 9th-10th ribs were fused, and she complained of intermittent jaw pain. A cranial CT scan showed fibrous dysplasia on the cranial bones. Whole exome sequencing identified a heterozygous pathogenic nonsense mutation (c.4700C>G; p.Ser1567*) in the APC gene in the index patient’s DNA. Targeted sequencing revealed the same variant in the DNA of the other affected family members (the sister and the mother).
Conclusion: Early diagnosis of this rare, genetically determined syndrome is very important, because of the potentially high malignant transformation of intestinal polyps. Dentists should be familiar with the typical maxillofacial features of this disorder, to be able to refer patients to genetic counseling. Dental anomalies often precede the intestinal polyposis and facilitate the early diagnosis, thereby increasing the patients’ chances of survival. Genetic analysis may be necessary in patients with atypical phenotypic signs.
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INTRODUCTION
Gardner syndrome (GS) is a rare autosomal dominant inherited disorder characterized by a triad of gastrointestinal polyposis, multiple osteomas and hard and soft tissue tumors [1]. It is caused by a germline variation in the adenomatous polyposis coli (APC) tumor suppressor gene on chromosome 5q21-22 [2]. This syndrome is a clinical variant of familial adenomatous polyposis (FAP), affecting approximately 10% of FAP patients with an incidence of 1:8300–16000 births [3, 4]. The APC germline mutation shows almost complete penetrance with respect to the intestinal phenotype, but extraintestinal manifestations are not present in all affected patients [5]. By the fourth decade of life, the frequently asymptomatic colon polyps will progress to malignant transformation in almost all patients without treatment [6, 7]; therefore, early diagnosis and appropriate patient management are crucial for patient prognosis and survival.
Approximately 30%–70% of patients with GS present with dental abnormalities such as osteomas of the jaw, supernumerary teeth, odontomas, hypodontia, impacted or unerupted teeth, and abnormal tooth morphology [8]. These orofacial features often precede the intestinal polyposis and may serve as an early marker of this syndrome, so the dentist may play a key role in the early establishment of the diagnosis [9]. However, in a certain number of cases, the diagnosis is challenging due to the diverse clinical manifestations. In these cases, molecular genetic analysis allows for an earlier diagnosis.
Here we report a family with three affected members with variable clinical manifestations. The proband had atypical bone anomalies, the diagnosis of which was established with the help of whole exome sequencing. Our cases emphasize the important role of genetic analysis in patients with dental features, especially in cases where dental and oral anomalies occur together with extra-oral manifestations.
CASE DESCRIPTION
An 11-year-old female patient was referred to the Genetic Counseling Unit of our Department by the Oral Surgery Clinic, University of Pécs. During the dental examination bone abnormalities were revealed by a panoramic X-ray. Tooth 3.6, which caused uncertain complaints was surgically removed and a sample was taken from the abnormal bone area of the mandible. Histopathological examination revealed a Paget’s disease-like bone metabolic disorder with mixed osteoblastic and osteoclastic activity (Figure 1). A small lumbar subcutaneous tumor was discovered by physical examination of the patient. Ultrasound examination of the tumor raised the possibility of soft tissue propagation of chondromatosis. Lumbar spine X-rays showed spina bifida occulta of the SI segment without structural abnormalities of the bone. These findings suggested early-onset Paget’s disease type 2 as the underlying cause of the patient’s symptoms. Comprehensive genetic testing was not available at that time. Five years later, a dental examination of the patient at the age of 16 revealed poor oral hygiene, with small to large caries lesions on almost all teeth. The 4.3 tooth was retained. Wisdom teeth 3.8 and 4.8 have a mesioangular impaction (Figure 2A). Due to the suspicion of Paget’s disease, a new sample was taken under local anesthesia during the removal of tooth 3.7. Cortical and spongiosal bone samples were taken from the mandibular corpus corresponding to the root of the previously removed tooth 3.6. Histopathological examination revealed a tissue structure reminiscent of Paget’s disease. A next-generation sequencing (NGS) skeletal dysplasia panel test comprising 252 genes was performed, which did not identify a pathological variant underlying the symptoms. Subsequently, an extension of the genetic analysis to whole exome sequencing (WES) was initiated.
[image: Figure 1]FIGURE 1 | The biopsy from the proband shows a bone sample with widened trabeculae. Osteoblastic activity and irregular bone formation are seen as blue cement lines. The cement lines represent changes in the direction of new bone formation and are not pathognomonic of a specific process by themselves; they are best seen in Paget’s disease but may be visible in other disorders involving rebuilding of the bone structure (Hematoxylin-Eosin stain 9.9x).
[image: Figure 2]FIGURE 2 | (A) Panoramic radiograph of the proband shows impacted teeth (small arrows), radix relicta (large arrows), and the dotted arrow indicates the location of the specimen taken for histopathological examination. Dental caries are present in almost all teeth (B) Panoramic radiograph of the proband’s sister shows multiple impacted teeth.
At the same time, the proband’s 14-year-old sister presented to our Genetic Counselling Unit with skeletal and soft tissue manifestations. Her medical history included the following: at the age of 11 years, two tumors had been removed from the subcutaneous connective tissue of the head, one from the right parietal region and one from the left occipital region. The histological examination confirmed the existence of dermoid cysts. At the age of 14 years, a dermoid cyst was removed, again from the left occipital region. At the same time, a painful tumor appeared on her left mandible. One month later, an acute cranial computed tomography (CT) scan was performed because of a convulsion lasting more than 40 min. Multiple exostoses affecting the cranial bones were described and the mandible was distinctly sclerotic. Electroencephalography (EEG) did not confirm epileptic activity. Three months later uncertain neurological symptoms developed, with motor aphasia noted in addition to a left temporal headache. A sleep deprivation EEG also showed no organic signs or paroxysmal dysfunction. Finally, a complicated migraine was considered to be the underlying cause of the headache and motor aphasia. To clarify the diagnosis, cranial magnetic resonance (MR) imaging was performed, but no intracerebral abnormality was found. The multiple bone lesions depicted may be consistent with osteomas when evaluated together with the earlier CT scan images (Figure 3). Based on the radiological findings GS was suspected and the patient was admitted to oncology care. In addition to the mandibular tumor, her detailed physical examination revealed minor mobile subcutaneous lesions on the lateral side of the right knee and above the proximal interphalangeal joint of the right index finger. The patient also underwent a maxillofacial examination due to multiple mandibular exostoses and an age-inappropriate eruption status of the teeth. A tumor in the mandibular area of the left angulus-ramus mandibularis was seen on extraoral examination. Exostoses of approximately 0.5 cm were palpable basally on the right side. Intraoral examination revealed an eruption status of the teeth, canines and premolars were in rentention (Figure 2B). The deciduous teeth had caries, while the remaining teeth were intact. A cone beam computed tomography (CBCT) scan showed 18–20 mm of cortical consistency in exostoses around the mandibular ramus, not compressing the cancellous bone. The mother also presented with skeletal symptoms. Teeth agenesis was observed in her mandible, the 9th-10th ribs were fused, and she complained of intermittent jaw pain. A cranial CT scan showed multiple osteosclerotic lesions on the cranial bones. Gastroenterological and oncological investigations have not been performed yet.
[image: Figure 3]FIGURE 3 | (A) Postcontrast coronal T1W MP RAGE MRI reveals right parietal and left occipital dermoid cysts. (B) CT examination of the skull shows osteomas of the left mandibular ramus and alveolar process of the maxilla. (C) CT examination of the skull reveals multiple osteomas of the ethmoid cells and alveolar process of the maxilla.
Whole exome sequencing (WES) identified a pathogenic nonsense mutation (c.4700C>G; p.Ser1567*) in the APC gene [NM_000038.6] in heterozygous form in the proband’s DNA sample. This variation was detected in both the mother’s and the younger sibling’s DNA samples by targeted testing. Based on the phenotype of the patients and their genetic test results, the diagnosis of GS was clearly confirmed.
DISCUSSION AND CONCLUSION
GS is a rare genetic cancer predisposition disorder characterized by pleiotropy and genetic heterogeneity. The syndrome is linked to a germline mutation in the Adenomatous Polyposis Coli (APC) gene encoding the 300 kDa Anaphase-promoting complex protein. APC is a tumor suppressor gene involved in cell proliferation, migration, adhesion, cytoskeletal stabilization, chromosome segregation, apoptosis, and neuronal differentiation [10–12]. The majority of the patients (approximately 75%) have a positive family history, but spontaneous mutations occur in 25%–33% of the individuals [9].
GS is a form of familial adenomatous polyposis that affects multiple systems; the clinical features can be classified into intestinal and extra-intestinal manifestations. Intestinal manifestations comprise colonic adenomatous polyps (tubular, villous, tubulovillous), small intestinal adenomatous polyps and periampullary carcinomas. Extra-intestinal features include congenital hypertrophy of the retinal pigment epithelium (CHRPE), osteomas, fibromas, lipomas, epidermal and sebaceous cysts and desmoid tumors [13–16]. Dental anomalies associated with GS manifest in 30%–70% of patients. They may comprise supernumerary teeth, compound odontomas, hypodontia, impacted or unerupted teeth, hypercementosis [10, 17], dentigerous cysts, and caries [8]. Symptoms usually manifest by the end of the second decade of life, but they can occur anytime from 2 months to 70 years. The maxillofacial symptoms of the syndrome may manifest several years before the intestinal polyposis; therefore, dental professionals should be aware of the significance of the syndrome as a pre-cancerous condition. Panoramic radiography can be a useful tool in the early detection of GS. The elements of this syndrome, such as osteoma, odontoma, supernumerary teeth, and impacted teeth, can be identified on routine radiological examination [18, 19]. However, panoramic radiography is of limited value in the evaluation, localization, and extension of the tumor mass, considering the superimposition of the bony structures along with the fact that it is a two-dimensional image [20].
The clinical diagnosis of GS is often challenging due to the variable expressivity of the extra-intestinal manifestations [4, 21]. Osteomas are the hallmark of GS and their presence is required to establish the diagnosis. They are found mainly in the mandible, but osteomas may occur in the skull, paranasal sinuses, and long bones [22]. In the mandible, the classic location of osteomas is the mandibular angle and inferior surface [18]. Our index patient presented only dental (impacted and retained teeth) and bone anomalies without osteomas; therefore, the symptoms did not imply the clinical diagnosis of GS. Finally, the diagnosis was established with the help of comprehensive genetic analysis based on state-of-the-art next-generation sequencing technology. WES revealed a pathogenic mutation in the APC gene. Interestingly, the proband’s younger sister showed the classic clinical features of GS: multiple osteomas, odontomas, epidermoid cysts, and impacted teeth. In this case, the clinical diagnosis was confirmed by targeted mutation analysis. The mother of the siblings also carried the disease-causing mutation. She has dental and skeletal manifestations, but these do not fulfill the GS phenotype. None of our patients had intestinal symptoms at the time of diagnosis; however, the mother refused colonoscopy for her children and herself, and as a result we have no information about intestinal polyps in our patients. Moreover, our patients did not have CHRPE. The maternal grandfather had a laryngeal tumor and the grandmother had a cardiac enlargement. Because the maternal grandparents had died several years before, genetic testing for them was not available. Based on this information we believe that the mutation was developed de novo in the mother. During post-test genetic counseling, the family was informed about the prognosis, increased risk of tumor occurrence, mode of inheritance, risk of recurrence and prevention options. Based on the National Comprehensive Cancer Network 2020 recommendation, we made a suggestion to the affected family members about the importance of screening tests [23].
Many rare diseases have dental manifestations [24]. According to the London Dysmorphology Database, in 2011, dental-oromaxillofacial anomalies were present in the clinical pictures of approximately 900 out of 5000 genetic syndromes [25]. Dental and oral anomalies together with extraoral symptoms can facilitate the early diagnosis of rare genetic syndromes. In a certain number of cases, dental malformations may be the most evident manifestations, and therefore the first to be diagnosed, while other symptoms affecting different organs may be discovered later [25]. In certain rare disorders, such as GS, which is a cancer predisposition syndrome, early diagnosis is of great importance. Thanks to state-of-the-art genetic testing methods, such as NGS-based targeted sequencing or whole exome sequencing, molecular genetic diagnosis is possible in the majority of these syndromes.
Dentists should be aware of the existence of rare genetic syndromes, such as GS, and know how to clinically recognize, treat and manage the dento-oro-craniofacial anomalies that patients may have. Moreover, it is of great importance to refer these patients for genetic counseling. Therefore it would be advisable to include the discussion of GS in undergraduate and postgraduate training materials and exams. The highly variable clinical features require multidisciplinary care for patients with GS [26]. Although dental anomalies may be an early clinical indicator of this cancer predisposition syndrome, genetic/gastroenterological evaluation is much more important for patients than treatment of dental abnormalities or the removal of exostoses.
In summary, we reported the case of a family with GS. The index patient had multiple symptoms and WES analysis provided an early diagnosis. Our cases emphasize the importance of genetic counseling and genetic testing in patients with dento-oro-craniofacial anomalies. Several rare genetic diseases have dental or orofacial manifestations that can be the first symptoms of serious, life-threatening manifestations such as in GS. Therefore, it is important for dentists to be aware of these symptoms and to refer these patients for genetic counseling. Modern genetic testing can quickly and effectively confirm the diagnosis allowing a screening plan and an early intervention to be initiated, which can greatly increase the patients’ chances of survival.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving humans were approved by the Ethics Committee of the University of Pécs (Protocol 8770-PTE 2021.). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
Conceptualization, JB; methodology, GA, GB; investigation, AZ, ÁT, EO, IS, LK, and ZH; writing-original draft preparation, GA, JB; writing-review and editing, KH and JB; supervision, JB. All authors contributed to the article and approved the submitted version.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
ACKNOWLEDGMENTS
We would like to thank the patient who participated in this study and her family.
ABBREVIATIONS
APC, adenomatous polyposis coli; CBCT, cone beam computed tomography; CHRPE, congenital hypertrophy of retinal pigment epithelium; CT, computed tomography; EEG, electroencephalography; FAP, familial adenomatous polyposis; GS, Gardner syndrome; MR, magnetic resonance; NGS, next-generation sequencing; WES, whole exome sequencing.
REFERENCES
 1. Oliveira, MR, Rodrigues, WC, Gabrielli, MF, Gabrielli, MA, Onofre, MA, and Filho, VA. Gardner syndrome with unusual maxillofacial manifestation. J Craniofac Surg (2016) 27(5):1253–5. doi:10.1097/SCS.0000000000002741
 2. Salti, L, Rasse, M, and Al-Ouf, K. Maxillofacial Radiographic study of Gardner's syndrome presenting with odontogenic myxoma: a rare case report. Stomatologija (2018) 20(2):59–64.
 3. Bisgaard, ML, Fenger, K, Bulow, S, Niebuhr, E, and Mohr, J. Familial adenomatous polyposis (FAP): frequency, penetrance, and mutation rate. Hum Mutat (1994) 3(2):121–5. doi:10.1002/humu.1380030206
 4. Yu, D, Ng, CB, Zhu, H, Liu, J, and Lin, Y. Bone and dental abnormalities as first signs of familial Gardner's syndrome in a Chinese family: a literature review and a case report. Med Sci (Paris) (2018) 34(Focus issue F1):20–5. doi:10.1051/medsci/201834f104
 5. Gardner, EJ, and Richards, RC. Multiple cutaneous and subcutaneous lesions occurring simultaneously with hereditary polyposis and osteomatosis. Am J Hum Genet (1953) 5(2):139–47.
 6. Cruz-Correa, M, and Giardiello, FM. Familial adenomatous polyposis. Gastrointest Endosc (2003) 58(6):885–94. doi:10.1016/s0016-5107(03)02336-8
 7. Vasen, HF, Moslein, G, Alonso, A, Aretz, S, Bernstein, I, Bertario, L, et al. Guidelines for the clinical management of familial adenomatous polyposis (FAP). Gut (2008) 57(5):704–13. doi:10.1136/gut.2007.136127
 8. Davies, AS. Gardner's syndrome--a case report. Br J Oral Surg (1970) 8(1):51–7. doi:10.1016/s0007-117x(70)80068-3
 9. D'Agostino, S, Dell'Olio, F, Tempesta, A, Cervinara, F, D'Amati, A, Dolci, M, et al. Osteoma of the jaw as first clinical sign of gardner's syndrome: the experience of two Italian centers and review. J Clin Med (2023) 12(4):1496. doi:10.3390/jcm12041496
 10. Wijn, MA, Keller, JJ, Giardiello, FM, and Brand, HS. Oral and maxillofacial manifestations of familial adenomatous polyposis. Oral Dis (2007) 13(4):360–5. doi:10.1111/j.1601-0825.2006.01293.x
 11. Hanson, CA, and Miller, JR. Non-traditional roles for the Adenomatous Polyposis Coli (APC) tumor suppressor protein. Gene (2005) 361:1–12. doi:10.1016/j.gene.2005.07.024
 12. Seehra, J, Patel, S, and Bryant, C. Gardner's Syndrome revisited: a clinical case and overview of the literature. J Orthod (2016) 43(1):59–64. doi:10.1179/1465313315Y.0000000008
 13. Jarvinen, HJ, Peltokallio, P, Landtman, M, and Wolf, J. Gardner's stigmas in patients with familial adenomatosis coli. Br J Surg (1982) 69(12):718–21. doi:10.1002/bjs.1800691211
 14. Lyons, LA, Lewis, RA, Strong, LC, Zuckerbrod, S, and Ferrell, RE. A genetic study of Gardner syndrome and congenital hypertrophy of the retinal pigment epithelium. Am J Hum Genet (1988) 42(2):290–6.
 15. Gurbuz, AK, Giardiello, FM, Petersen, GM, Krush, AJ, Offerhaus, GJ, Booker, SV, et al. Desmoid tumours in familial adenomatous polyposis. Gut (1994) 35(3):377–81. doi:10.1136/gut.35.3.377
 16. Ben Lagha, N, Galeazzi, JM, Chapireau, D, Oxeda, P, Bouhnik, Y, and Maman, L. Surgical management of osteoma associated with a familial Gardner's syndrome. J Oral Maxillofac Surg (2007) 65(6):1234–40. doi:10.1016/j.joms.2005.10.047
 17. Carl, W, and Herrera, L. Dental and bone abnormalities in patients with familial polyposis coli. Semin Surg Oncol (1987) 3(2):77–83. doi:10.1002/ssu.2980030206
 18. Panjwani, S, Bagewadi, A, Keluskar, V, and Arora, S. Gardner's syndrome. J Clin Imaging Sci (2011) 1:65. doi:10.4103/2156-7514.92187
 19. Adisen, MZ, Okkesim, A, and Misirlioglu, M. The importance of early diagnosis of gardner's syndrome in dental examination. Niger J Clin Pract (2018) 21(1):114–6. doi:10.4103/njcp.njcp_381_16
 20. Fonseca, LC, Kodama, NK, Nunes, FC, Maciel, PH, Fonseca, FA, Roitberg, M, et al. Radiographic assessment of Gardner's syndrome. Dentomaxillofac Radiol (2007) 36(2):121–4. doi:10.1259/dmfr/18554322
 21. Joob-Fancsaly, A, Pataky, L, Martonffy, K, Ujpal, M, and Hrabak, K. Gardner syndrome--on the basis of three cases. Orv Hetil (2000) 141(21):1139–41.
 22. Gorlin, RJ, Cohen, JMM, and Hennekam, RCSyndromes of the head and neck. 2nd ed. (1976). p. 324–8. 
 23. Provenzale, D, Gupta, S, Ahnen, DJ, Bray, T, Cannon, JA, Cooper, G, et al. Genetic/familial high-risk assessment: colorectal version 1.2016, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw (2016) 14(8):1010–30. doi:10.6004/jnccn.2016.0108
 24. Bailleul-Forestier, I, Berdal, A, Vinckier, F, de Ravel, T, Fryns, JP, and Verloes, A. The genetic basis of inherited anomalies of the teeth. Part 2: syndromes with significant dental involvement. Eur J Med Genet (2008) 51(5):383–408. doi:10.1016/j.ejmg.2008.05.003
 25. Salerno, C, D'Avola, V, Oberti, L, Almonte, E, Bazzini, EM, Tartaglia, GM, et al. Rare genetic syndromes and oral anomalies: a review of the literature and case series with a new classification proposal. Children (Basel) (2021) 9(1):12. doi:10.3390/children9010012
 26. Furedi, G, Varga, I, Maj, C, Szilagyi, A, Madacsy, L, Paal, Z, et al. Gardner's syndrome, a rare disease. Magyar sebeszet (2019) 72(3):107–11. doi:10.1556/1046.72.2019.3.4
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Antal, Zsigmond, Till, Orsi, Szanto, Büki, Kereskai, Herbert, Hadzsiev and Bene. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/pore-30-1611768-g003.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Case report: Initial atypical skeletal symptoms and dental anomalies as first signs of Gardner syndrome: the importance of genetic analysis in the early diagnosis		Introduction

		Case description

		Discussion and conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Abbreviations

		References









OPS/images/cover.jpg
Pathology &

Oncolo 2y Research ,frontiers Publishing Partnerships

Case report: Initial atypical
skeletal symptoms and dental
anomalies as first signs of
Gardner syndrome: the
importance of genetic analysis
in the early diagnosis





OPS/images/pore-30-1611768-g001.gif





OPS/images/pore-30-1611768-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
Pathology & R
Oncology Research frontiers





