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Human Papillomavirus (HPV) related Multiphenotypic Sinonasal Carcinoma (HMSC) is a rare tumor with features of both atypical squamous cell and adenoid cystic carcinoma, making diagnosis challenging. Approximately 80% of HMSC cases carries HPV type 33 followed by type 35. We present a patient with HMSC. Pathological classification was aided by immunohistochemistry (IHC). The presence of HPV-DNA was tested using PCR and HPV E6/E7 expression by RNA in situ hybridization (RNA ISH). Whole exome sequencing (WES) was used to identify somatic gene mutations and copy number alterations. A 55-year-old male presented with an HMSC in the right nostril. Histological examination showed a solid basaloid subtype with mucinous spaces and ductal structures. IHC showed positive staining for SOX-10, SMA, p40, p63, PanCK, CK8 and MYB. Diffuse positive staining for p16 was observed and PCR and RNA ISH indicated the presence of HPV type 35. The patient was treated with endoscopic surgery and radiotherapy and is currently alive and recurrence-free after 16 months of follow-up. WES revealed 38 somatic sequence variants and several chromosomal regions with copy number alterations, including a copy number gain at 6q23 where MYB is located. EP300, ZNF22, ZNF609 and LRIG3 are some of the genes whose mutations were indicated as probably pathogenic. We did not find mutations predictive for drug response according to the ESMO Scale for Clinical Actionability of Molecular Targets database. This is the first report of WES analysis of an HMSC, in this case associated with HPV type 35. The detected mutation in EP300 and the overexpression of MYB may serve as molecular targets for personalized therapy.
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Introduction

Human Papillomavirus-Related Multiphenotypic Sinonasal Carcinoma (HMSC) was first described by Bishop et al. (1) in 2013 as a sinonasal HPV-related carcinoma with adenoid cystic carcinoma-like features. Subsequently, it was discovered that it had histological characteristics similar not only to adenoid cystic carcinoma but also to epithelial myoepithelial carcinoma and basal cell adenocarcinoma (2). This tumor entity was renamed Human papillomavirus (HPV)-related multiphenotypic sinonasal carcinoma (HMSCs) in 2017 (2) and officially recognized by the WHO in 2022 (5th edition) (3).

HMSC exhibits the morphological features of a salivary gland tumor (mixed ductal and myoepithelial elements), superficial squamous epithelial dysplasia, and, to a lesser extent, sarcomatous transformation, cartilaginous differentiation, cellular anaplasia, and hemangiopericytoma-like vasculature, partly explaining its characterization as a “multiphenotypic” malignancy (2, 4, 5). HMSC is diffusely positive for p16, cytokeratin, SOX-10, and myoepithelial markers S-100 and SMA (2, 5, 6). A feature is the presence of high-risk HPV, most commonly type 33 followed by other such as 35, 16, 56 and 52. The t(6;9) MYB-NFIB rearrangement that characterizes adenoid cystic carcinoma is absent (2, 4, 7–9) but cMYB expression is variable in HMSC (10, 11).

It is a rare tumor, whose estimated prevalence is unknown because few cases have been described in the literature. Patients diagnosed with HMSC were clinically characterized by being young at diagnosis (50-60 years), without any sex predisposition (7). Most cases originate in the nasal cavity and are diagnosed in the initial stages (12, 13). Unlike other sinonasal carcinomas, the prognosis is considered relatively good despite its high-grade histopathological appearance (necrosis, active mitotic activity, and cellular anaplasia) (2, 14, 15). Because of this reason, it is important to distinguish HMSC from other, more aggressive sinonasal carcinoma. Local recurrence rates are high, between 24% and 36%, but regional and distant metastases are extraordinarily rare (5, 13). Therefore, it has been argued that chemotherapy does not have an important role in the treatment of HMSC (16). Treatment consists of surgical resection with or without adjuvant radiation, although the adjuvant benefit of the latter is unclear (13).

We present clinical, histopathological, and genetic details of a patient with HMSC surgically treated by endoscopic approach and adjuvant radiotherapy.





Case description

A 55-year-old male presented with right nasal breathing difficulty and ipsilateral epistaxis for two months. He had no history of exposure to radiation, metals, wood dust or asbestos. Physical examination revealed an exophytic bleeding tumor that occupied the right nostril and nasopharynx and was implanted in the middle turbinate. A magnetic resonance imaging (MRI) and a face-neck-thorax computed tomography (CT) were performed, which revealed a 7x5 cm heterogeneous mass hyperintense on T2-weighted that occupied the entire right nasal fossa, obstructing the drainage of the paranasal sinuses and causing an erosion of the medial bony wall of the nasolacrimal duct (Figure 1). There was no orbital or intracranial invasion or lymph node metastasis.




Figure 1 | Preoperative (A–C) and postoperative (D–F) coronal T1 (A, D) and T2 (B, C, E, F) MRI images.



An endoscopic biopsy of the nasal tumor was taken. Histopathological examination showed a lobulated basaloid tumor with comedonecrosis and monotonous basophilic cells that formed nests with mucinous spaces and that, in isolation, showed formation of ductal structures (Figure 2). Immunohistochemical study showed a predominantly myoepithelial tumor cell population with expression of S-100, SOX-10, p40, p63, SMA and Pan cytokeratin (AE1/AE3) (Figure 2). The ductal component showed intense positivity for CK8 (Figure 2). cMYB expression was moderate and variable (Figure 3). SMARCB1 (INI-1) showed normal expression, while NUT, Chromogranin A and Synaptophysin were negative.




Figure 2 | Histology (Hematoxylin and Eosin) and some of the most relevant immunohistochemical stains. Magnification x20.






Figure 3 | Other of the most important stains. Magnification x20.



Due to the diffuse p16 positivity, PCR analysis of HPV-DNA was performed and showed the presence of HPV 35. In situ hybridization assay for the detection of viral E6/E7 RNA was diffusely positive confirming that HPV 35 was transcriptionally active (Figure 3). The final diagnosis was HMSC. The results did not support the diagnosis of squamous cell carcinoma, adenoid cystic carcinoma, SMARCB1-deficient carcinoma, undifferentiated carcinoma, or NUT carcinoma. Based on these findings, an endoscopic approach with complete tumor resection (Figure 1) and adjuvant radiotherapy was performed. The patient is currently alive and recurrence-free after 16 months of follow-up.

To better understand the molecular features of this tumor and due to its rarity, we performed whole exome sequencing (WES) on the tumor and matched germline DNA with a mean coverage of 126x and 122x respectively, to search for somatic mutations and copy number abnormalities. Bioinformatic analysis revealed 38 somatic sequence variants, including 30 nonsynonymous, 5 splicing, 2 frameshift, and 1 in-frame deletion mutations. Three mutated genes were indicated as likely pathogenic by ClinVar: CHRNG, EP300 and SUCLG1. Four other mutated genes have been described previously in COSMIC and HCGC databases: DIPK1C, DSCAML1, ZNF22 and ZNF609. In addition, the two genes carrying frameshift mutations are very likely to be considered inactivating and pathogenic: ANKRD26 and TBCD. Finally, based on in-silico analyses, the following gene mutations with score 3-5 on a scale of 5 were predicted as probably pathogenic: ARAP2, MND1, RIMS4, GRM6, DMD and LRIG3. All sequencing results are given in the Supplementary Material (Supplementary Table 1). Copy number analysis deducted from the WES data showed losses at chromosomes 1p, 6q, 9q, 10, 13q, 16, 17 and 19, and gains at chromosomes 2p, 2q, 6q, 7, 8, 11, 12, 17q, 20p and 22. At 6q23 where MYB is located, a high-level gain could be observed (Figure 4).




Figure 4 | Copy number analysis: A high-level gain is observed at 6q23.



We did not find mutations predictive for drug response according to the ESMO Scale for Clinical Actionability of Molecular Targets database, although targeted inhibitors of EP300 are being evaluated in phase I/IIa clinical trials.





Material and method

Samples of the primary tumor and peripheral blood were obtained in the Otorhinolaryngology department of the Central University Hospital of Asturias (Oviedo, Spain). Informed consent has been obtained from the patient for the study and analysis of their samples. Hematoxylin and eosin and IHC stains were performed by the Pathological Anatomy department of the Central University Hospital of Asturias in an automatic staining station (Dako Autostainer plus; DakoCytomation, Glostrup, Denmark) as part of the diagnostic routine. The following antibodies were applied (17): PanCK clone AE1/AE3, S-100 polyclonal GA504, CK8 clone DC10, Caldesmon clone h-CD, Synaptophysin clone SY38, Chromogranin A clone DAK-A3, p63 clone DAK-p63, p53 clone DO-7, Ki-67 clone MIB-1, α-SMA clone 1A4, SOX10 clone BC34 (DAKO, Glostrup, Denmark), p40 clone BC-28, p16 clone E6H4, SMARCB1 (BAF47) clone D8M1X, NUT clone C52B1 (Cell Signaling Technology, Cambridge, UK), anti-p16 clone E6H4 (Roche, Mannheim, Germany) and anti-c-Myb clone EP769Y (Abcam, Cambridge, UK). Diaminobenzidine (DAB) chromogen was used for signal detection and hematoxylin as a counterstain. Results were analyzed by the pathologist Mendoza-Pacas GE.

Tumor DNA was extracted from fresh frozen tissue using the Qiagen tissue extraction kit (Qiagen GmbH, Hilden, Germany). Germline DNA from peripheral blood was obtained using Roche high Pure Template Preparation Kit (Roche Diagnostics GmbH, Mannheim, Germany). Library preparation for whole exome sequencing was performed using the Sureselect Human All Exon V6 kit (Illumina Inc) and sequencing was performed with NovaSeq6000 150PE 18 Gb/sample (Marcogen Inc) (18). Sequencing data were processed using HD Genome One bioinformatics software (DREAMgenics, Oviedo, Spain), certified with IVD/CE marking as described previously (19). The process included quality control and alignment, somatic variant calling, variant annotation, and copy number neutral loss of heterozygosity (CN‐LOH) identification. To select somatic mutations with a pathogenic impact, we filtered out all variants with an allele frequency >5% in the normal population, all silent mutations, and all variants with a tumor frequency <10% of total reads. We considered truly relevant somatic variants to be those that appeared in the tumor sample, but not in the patient’s normal germline sample, as well as changes from a heterozygous germline variant to a homozygous tumor variant.




HPV analysis

The presence of HPV DNA was analyzed by PCR. The quality of the extracted DNA was checked by PCR amplification of β-globin (forward primer 5’-ACACAACTTGTGTGTTCACTAGC-3’ and reverse primer 5’-CAAACTTCATCCACGTTCACC-3’). PCR with MY11/GP6+ primers (site directed L1 fragment of HPV) was performed to detect a broad spectrum of HPV genotypes (20, 21). Briefly, the PCR was performed in 25 µl of reaction mixture containing 1x PCR buffer, 2 mmol/L MgCl2, 50 µmol/L of each deoxynucleoside, 0.5 µmol/L of sense and antisense primers, 10 µl of DNA sample and 1 U Taq DNA polymerase (Promega Biotech Iberica S.L. Madrid, Spain), by thermal profile of 35 cycles: denaturation at 94°C for 30 sec, annealing at 55°C for 30 sec and extension at 72°C for 1 min, with an initial denaturation at 94°C for 5 min and a final extension at 72°C for 10 min. The amplified DNA fragments of approximately 200 bp were identified by electrophoresis in 1.5% agarose gel with ethidium bromide. All positive specimens for L1 fragment were tested by hybridization assays using type-specific probes for HPV (21).

Transcriptional activity of HPV E6/E7 genes was evaluated by RNA in situ hybridization (RNA ISH) (22) using the High-Risk HPV Probe set detecting HPV types of HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73 and 82 (Advanced Cell Diagnostics, Hayward, CA) according to the manufacturer’s protocol. DAB chromogen was used for signal detection and hematoxylin as a counterstain. An HPV type 16-positive oropharyngeal squamous cell carcinoma (OPSCC) and an HPV-negative sinonasal squamous cell carcinoma (SNSCC) were used respectively as positive and negative controls.

CARE guidelines (2013) have been checked to write this case.






Discussion

HMSC is provisionally included in the new classification of head and neck tumors of the WHO within non-keratinizing squamous carcinomas, requiring additional data to justify recognizing it as a single entity (3). To our knowledge and to date, 72 patients with HMSC have been reported (13, 23).

Unlike other HPV-related sinonasal tumors, HMSC is not related to smoking or occupational exposures as was the case with this patient. Radiologically, HMSC is characterized as an expansile soft tissue mass, with compressive changes of nasal structures, well-defined margins, and heterogenous enhancement without bony invasion (24). These findings were noticeable features in this case. MRI typically shows HMSC as iso to hyperintense on T2-weighted and heterogeneously enhanced on T1-weighted images after gadolinium administration (24). There is a mismatch between the clinical and radiological behavior of HMSC and its pathological aspects, as this tumor shows high-grade histological characteristics despite a clinically slow evolution and with rare metastases (2, 25, 26). The median disease-free survival is 37 months, and the local recurrence rate is low before 23 months but could exceed 40% over time (24). The different clinical evolution of HMSC compared to histologically similar tumors highlight the importance of its correct characterization. The differential diagnosis is broad and should include adenoid cystic carcinoma, basaloid squamous cell carcinoma, adenosquamous carcinoma, high-grade myoepithelial carcinoma, biphenotypic sinonasal sarcoma, NUT carcinoma, SMARCB1-deficient sinonasal carcinoma, and renal cell-like adenocarcinoma (2, 10, 13). The unique morphological and immunohistochemical features of multidirectional differentiation, including basaloid, ductal, myoepithelial, and squamous cells, overlying dysplastic change in the surface epithelium, and evidence of high-risk HPV infection, are useful in distinguishing HMSCs from other malignant tumors.

The majority of HMSC cases have a prominent solid growth pattern with minor cribriform and/or tubular patterns as in this case. The immunohistochemical study must be extensive, being essential to demonstrate myoepithelial differentiation by the tumor cells, which in the present case was confirmed by the positivity for SOX-10, SMA, p40, p63, PanCK and CK 8. Conservation of INI-1 ruled out SMARCB1-deficient sinonasal carcinoma and negativity for NUT rules out NUT carcinoma. The partial MYB expression observed in this case has been reported previously. Andreasen S et al. (10) found that cMYB protein expression was limited to two of six cases of HMSC, with staining in only few luminal cells whereas their four solid adenoid cystic carcinomas were diffusely positive. However, Shan AA et al. (11) analyzed the expression of cMYB in 10 HMSC, identifying some degree of expression of this protein in all of them, predominantly in myoepithelial cells, despite consistently lacking MYB rearrangements (1, 2, 4, 7–9). More than half showed moderate to strong intensity (11). We agree that HMSCs have a variable spectrum of MYB protein staining. Thus, regardless of scoring criteria, MYB protein has limited utility in separating adenoid cystic carcinoma from HMSC.

Diffuse positivity for p16 and detection of HPV 35 sealed the diagnosis of our case. HPV PCR or ISH testing is mandatory to confirm the diagnosis of HMSC (3, 8). The sinonasal tract is one of the so-called anatomical “hot spots” for HPV-related carcinomas since 20-30% of them are associated with this infection (14, 27, 28). Four sinonasal malignancies have been associated with HPV, including sinonasal squamous cell carcinoma, inverted papilloma-associated sinonasal squamous cell carcinoma, multiphenotypic HPV-related sinonasal carcinoma and sinonasal undifferentiated carcinoma (29). Although there is some inconsistency in the frequency and methodology used for HPV testing, most HPV-associated sinus squamous cell carcinomas are caused by HPV type 16 infection like OPSCC (14, 15). However, HMSC is most frequently associated by HPV type 33 in 67-84% of cases (2), followed by 35 in 9% of cases, as occurred in this patient. Less frequently detected types in HMSC include HPV 16 and 56 (29). All these HPV types are of the α genus, potentially oncogenic and high risk. The majority are from the same phylogenetic species, with HPV 33, 35, 16 and 52 being from the α9 species and 56 from the α6 species. The fact that they share the same species suggests common characteristics, such as tissue tropism and oncogenic potential (30).

The variability in the methodology used to detect HPV in SNSCC samples in the literature has implications for what can sensibly be inferred about the role of HPV in the formation of these tumors. For example, detection of HPV E6/E7 mRNA by reverse transcription-polymerase chain reaction (RT-PCR) or RNA ISH implies a transcriptionally active viral infection and therefore a stronger indication of a role for HPV in tumorigenesis than the presence of HPV DNA. Immunohistochemical staining for viral proteins is relatively undemanding and inexpensive, but the performance of this approach has been too inconsistent to be used as a reliable detection method (22). It is common for studies in the SNSCC literature to use p16 positivity as a surrogate marker for the presence of HPV (31, 32). p16 is an accepted indicator of HPV in the setting of OPSCC but the predictive value of p16 for HPV in SNSCC is uncertain, partly due to the low number of analyzed tumors and to the different detection methodologies. Indeed, many sinonasal carcinomas, salivary-type, and surface-type, are p16-positive in the absence of HPV (27, 33, 34).

In this case, a strong and diffuse expression of p16 was observed, HPV35 was detected by PCR and transcriptional HPV E6/E7 activity was shown by RNA ISH. Looking to the future, standardization of HPV detection using an optimal methodology is necessary to clarify the prevalence and biological relevance of HPV in sinonasal tumors and more specifically in HMSC. For this reason, we recommend performing p16, PCR and RNA ISH assays to characterize the presence of HPV.

To date, this is the first WES study to analyze mutations in HMSC. We did not find probably pathogenic mutations in the PI3K/AKT pathway previously linked to HPV-positive cancers (35) nor in the genes that encode proteins previously related to a poor prognosis in HMSC (COX-2, VEGF, EGFR, ProEx-C and TERT) (36). We also did not find mutations in TP53. This was expected considering the inverse association between the presence of HPV and mutations in TP53 in other head and neck tumors (37).

Of the mutations that we defined as probably pathogenic, mutations of some of the genes encoding zinc finger proteins (ZNF), such as ZNF750, and the mutation in EP300 were already described as possible candidate driver events in HPV-positive OPSCC (37, 38). In our case we found mutations in two genes that encode zinc finger proteins: ZNF22 and ZNF609. ZNFs are one of the most abundant groups of proteins and have a wide range of molecular functions. Given the wide variety of zinc finger domains, ZNFs can interact with DNA, RNA, PAR (poly-ADP-ribose), and with other proteins. Therefore, ZNFs participate in the regulation of various cellular processes such as transcriptional regulation, ubiquitin-mediated protein degradation, signal transduction, actin targeting, DNA repair, cell migration, and many other processes (39).

The p300 protein, encoded by EP300, is a key member of the family of acetyltransferases and transcriptional coactivators. It is a master transcription regulator and tumor suppressor. The exact sequence variant p.Asp1399Asn is described as being located in the histone acetyltransferase domain of the protein, leading to decreased histone H3 K27 acetylation compared to the wild-type protein. p300 directly regulates the expression or activity of hundreds of genes. Many of these genes (e.g., RB, TP53, ATM, and ATR) are key factors in other signaling pathways where they control the expression or activity of many other genes. This broad influence makes p300 a crucial factor in maintaining genomic stability through DNA damage response cell cycle checkpoints, p53 regulation, and likely other mechanisms such as the Hippo pathway of which p300 is a negative regulator (40). As expected, aberrant p300 biology is linked to multiple cancers and disease states (41–44). For example, its mutation produces aberrant transcriptional silencing of genes that regulate B cell signaling and immune responses. Aberrant expression of p300 is common in hematological malignancies and is associated with chemoresistance and poor patient prognosis (45). Another example is how the destabilization of p300 by the E6 oncoprotein plays a significant role in the ability of β-HPV to cause cutaneous squamous cell carcinomas (46–49).

The role of LRIG3 in relation to HPV neoplasms is little known. The human leucine-rich repeat immunoglobulin-like domain (LRIG) gene family includes: LRIG1, LRIG2, and LRIG3. LRIG1 functions as a tumor suppressor and has demonstrated prognostic value in several human cancers, while less is known about the functions of LRIG2 and LRIG3. High LRIG1 staining intensity and high fraction of LRIG3-positive cells were significantly associated with cervical adenocarcinoma patient survival, and positive correlations were found between LRIG1 and LRIG3 staining intensity and HPV status (50).





Conclusion

HMSC is an extremely rare neoplasm with a challenging histopathologic diagnosis. It is important to consider this when dealing with a nasosinusal tumor with a solid basaloid component. This is the first report of WES analysis of an HMSC, in this case associated with the less common HPV type 35. We also identified potentially pathogenic variants, some of which have already been detected in other HPV-positive tumor types. The detected mutation in EP300 and the overexpression of MYB may serve as molecular targets for personalized therapy.





Data availability statement

The datasets analyzed for this study can be found in Zenodo, accession number: 13270596.





Ethics statement

The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study and for the publication of any potentially identifiable images or data included in this article.





Author contributions

MC-C: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. PS-F: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. GM-P: Conceptualization, Data curation, Formal analysis, Methodology, Supervision, Validation, Visualization, Writing – review & editing. VC: Data curation, Formal analysis, Investigation, Methodology, Resources, Supervision, Validation, Writing – review & editing. RG-M: Data curation, Formal analysis, Investigation, Methodology, Resources, Supervision, Validation, Writing – review & editing. SL-G: Data curation, Formal analysis, Investigation, Methodology, Resources, Validation, Writing – review & editing. FG-V: Conceptualization, Data curation, Supervision, Validation, Visualization, Writing – review & editing. MH: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. JL: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Software, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study has been funded by Instituto de Salud Carlos III (ISCIII) through projects “PI20/00383” and “PI22/00506”, and co-funded by the European Union.





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1448213/full#supplementary-material




References

1. Bishop, JA, Ogawa, T, Stelow, EB, Moskaluk, CA, Koch, WM, Pai, SI, et al. Human papillomavirus-related carcinoma with adenoid cystic-like features: a peculiar variant of head and neck cancer restricted to the sinonasal tract. Am J Surg Pathol. (2013) 37:836–44. doi: 10.1097/PAS.0b013e31827b1cd6

2. Bishop, JA, Andreasen, S, Hang, JF, Bullock, MJ, Chen, TY, Franchi, A, et al. HPV-related multiphenotypic sinonasal carcinoma: an expanded series of 49 cases of the tumor formerly known as HPV-related carcinoma with adenoid cystic carcinoma-like features. Am J Surg Pathol. (2017) 41:1690–701. doi: 10.1097/PAS.0000000000000944

3.WHO Classification of Tumours Editorial Board. Head and neck tumours. 5th ed Vol. 9. Lyon (France: International Agency for Research on Cancer (2022). Available at: https://tumourclassification.iarc.who.int/chapters/52.

4. Bishop, JA, and Westra, WH. Human papillomavirus-related multiphenotypic sinonasal carcinoma: An emerging tumor type with a unique microscopic appearance and a paradoxical clinical behaviour. Oral Oncol. (2018) 87:17–20. doi: 10.1016/j.oraloncology.2018.10.011

5. Ward, ML, Kernig, M, and Willson, TJ. HPV-related multiphenotypic sinonasal carcinoma: A case report and literature review. Laryngoscope. (2021) 131:106–10. doi: 10.1002/lary.28598

6. Rupp, NJ, Camenisch, U, Seidl, K, Rushing, EJ, Anderegg, N, Broglie, MA, et al. HPV-related multiphenotypic sinonasal carcinoma: four cases that expand the morpho-molecular spectrum and include occupational data. Head Neck Pathol. (2020) 14:623–29. doi: 10.1007/s12105-019-01079-1

7. Zupancic, M, and Näsman, A. Human papillomavirus-related multiphenotypic sinonasal carcinoma-an even broader tumor entity? Viruses. (2021) 13:1861. doi: 10.3390/v13091861

8. Thompson, LDR. HPV-related multiphenotypic sinonasal carcinoma. Ear Nose Throat J. (2020) 99:94–5. doi: 10.1177/0145561319871711

9. Hsieh, MS, Lee, YH, Jin, YT, and Huang, WC. Strong SOX10 expression in human papillomavirus-related multiphenotypic sinonasal carcinoma: report of 6 new cases validated by high-risk human papillomavirus mRNA in situ hybridization test. Hum Pathol. (2018) 82:264–72. doi: 10.1016/j.humpath.2018.07.026

10. Andreasen, S, Bishop, JA, Hansen, TV, Westra, WH, Bilde, A, von Buchwald, C, et al. Human papillomavirus-related carcinoma with adenoid cystic-like features of the sinonasal tract: clinical and morphological characterization of six new cases. Histopathology. (2017) 70:880–8. doi: 10.1111/his.13162

11. Shah, AA, Oliai, BR, and Bishop, JA. Consistent LEF-1 and MYB immunohistochemical expression in human papillomavirus-related multiphenotypic sinonasal carcinoma: A potential diagnostic pitfall. Head Neck Pathol. (2019) 13:220–4. doi: 10.1007/s12105-018-0951-1

12. Baba, A, Kurokawa, R, Fukuda, T, Fujioka, H, Kurokawa, M, Fukasawa, N, et al. Radiological features of human papillomavirus-related multiphenotypic sinonasal carcinoma: systematic review and case series. Neuroradiology. (2022) 64:2049–58. doi: 10.1007/s00234-022-03009-5

13. Miyamaru, S, Sanuki, T, Miyamoto, Y, Nishimoto, K, Masuda, M, Honda, Y, et al. Human papillomavirus-related multiphenotypic sinonasal carcinoma: A report of two patients and review of the literature. Auris Nasus Larynx. (2023) 50:473–7. doi: 10.1016/j.anl.2022.03.019

14. Oliver, JR, Lieberman, SM, Tam, MM, Liu, CZ, Li, Z, Hu, KS, et al. Human papillomavirus and survival of patients with sinonasal squamous cell carcinoma. Cancer. (2020) 126:1413–23. doi: 10.1002/cncr.32679

15. Chowdhury, N, Alvi, S, Kimura, K, Tawfik, O, Manna, P, Beahm, D, et al. Outcomes of HPV-related nasal squamous cell carcinoma. Laryngoscope. (2017) 127:1600–3. doi: 10.1002/lary.26477

16. Antony, VM, Kakkar, A, Sikka, K, Thakar, A, Deo, SVS, Bishop, JA, et al. p16 Immunoexpression in sinonasal and nasopharyngeal adenoid cystic carcinomas: a potential pitfall in ruling out HPV-related multiphenotypic sinonasal carcinoma. Histopathology. (2020) 77:989–93. doi: 10.1111/his.14212

17. Riobello, C, López-Hernández, A, Cabal, VN, García-Marín, R, Suárez-Fernández, L, Sánchez-Fernández, P, et al. IDH2 mutation analysis in undifferentiated and poorly differentiated sinonasal carcinomas for diagnosis and clinical management. Am J Surg Pathol. (2020) 44:396–405. doi: 10.1097/PAS.0000000000001420

18. Lorenzo-Guerra, SL, Codina-Martínez, H, Suárez-Fernández, L, Cabal, VN, García-Marín, R, Riobello, C, et al. Characterization of a preclinical in vitro model derived from a SMARCA4-mutated sinonasal teratocarcinosarcoma. Cells. (2023) 13:81. doi: 10.3390/cells13010081

19. Sánchez-Fernández, P, Riobello, C, Costales, M, Vivanco, B, Cabal, VN, García-Marín, R, et al. Next-generation sequencing for identification of actionable gene mutations in intestinal-type sinonasal adenocarcinoma. Sci Rep. (2021) 11:2247. doi: 10.1038/s41598-020-80242-z

20. Malagutti, N, Rotondo, JC, Cerritelli, L, Melchiorri, C, De Mattei, M, Selvatici, R, et al. High human papillomavirus DNA loads in inflammatory middle ear diseases. Pathogens. (2020) 9:224. doi: 10.3390/pathogens9030224

21. García-Inclán, C, López-Hernández, A, Alonso-Guervós, M, Allonca, E, Potes, S, Melón, S, et al. Establishment and genetic characterization of six unique tumor cell lines as preclinical models for sinonasal squamous cell carcinoma. Sci Rep. (2014) 4:4925. doi: 10.1038/srep04925

22. Bishop, JA, Ma, XJ, Wang, H, Luo, Y, Illei, PB, Begum, S, et al. Detection of transcriptionally active high-risk HPV in patients with head and neck squamous cell carcinoma as visualized by a novel E6/E7 mRNA in situ hybridization method. Am J Surg Pathol. (2012) 36:1874–82. doi: 10.1097/PAS.0b013e318265fb2b

23. Remirez-Castellanos, AL, Piña-Sanchez, P, Mantilla-Morales, A, Valenzuela-Gonzalez, W, and Candanedo González, F Sr. Human papillomavirus-related recurrent multiphenotypic sinonasal carcinoma with HPV genotype 56 detected by HPV direct flow CHIP. Cureus. (2023) 15:e40413. doi: 10.7759/cureus.40413

24. Beaumont, C, Nadeau, S, Champagne, PO, Beauchemin, M, and Villemure-Poliquin, N. HPV-related multiphenotypic sinonasal carcinoma: A clinicoradiological series of 3 cases with full endoscopic surgical outcome. Ear Nose Throat J. (2024). doi: 10.1177/01455613241247729

25. Vieira, GS, Perin, MY, Figueiredo-Maciel, T, Risuenho, AJG, Carvalho de Oliveira, V, Macedo, LT, et al. Induction chemotherapy response of HPV-related multiphenotypic sinonasal carcinoma: First-ever reported therapeutic outcome and a brief literature review. Oral Oncol. (2023) 146:106555. doi: 10.1016/j.oraloncology.2023.106555

26. Rodarte, AI, Parikh, AS, Gadkaree, SK, Lehmann, AE, Faquin, WC, Holbrook, EH, et al. Human papillomavirus related multiphenotypic sinonasal carcinoma: report of a case with early and progressive metastatic disease. J Neurol Surg Rep. (2019) 80:e41–3. doi: 10.1055/s-0039-3399571

27. Bishop, JA, Guo, TW, Smith, DF, Wang, H, Ogawa, T, Pai, SI, et al. Human papillomavirus-related carcinomas of the sinonasal tract. Am J Surg Pathol. (2013) 37:185–92. doi: 10.1097/PAS.0b013e3182698673

28. Alos, L, Moyano, S, Nadal, A, Alobid, I, Blanch, JL, Ayala, E, et al. Human papillomaviruses are identified in a subgroup of sinonasal
squamous cell carcinomas with favorable outcome. Cancer.
(2009) 115(12):2701–9. doi: 10.1002/cncr.24309

29. Lopez, DC, Hoke, ATK, Rooper, LM, and London, NR Jr. Human papillomavirus-related carcinomas of the sinonasal tract. Curr Otorhinolaryngol Rep. (2022) 10:291–302. doi: 10.1007/s40136-022-00404-7

30. Burk, RD, Chen, Z, and Van Doorslaer, K. Human papillomaviruses: genetic basis of carcinogenicity. Public Health Genomics. (2009) 12:281–90. doi: 10.1159/000214919

31. London, NR Jr, Windon, MJ, Amanian, A, Zamuner, FT, Bishop, J, Fakhry, C, et al. Evaluation of the incidence of human papillomavirus-associated squamous cell carcinoma of the sinonasal tract among US adults. JAMA Netw Open. (2023) 6:e2255971. doi: 10.1001/jamanetworkopen.2022.55971

32. Menendez, M, Cabal, VN, Vivanco, B, Suarez-Fernandez, L, Lopez, F, Llorente, JL, et al. Loss of p16 expression is a risk factor for recurrence in sinonasal inverted papilloma. Rhinology. (2022) 60:453–61. doi: 10.4193/Rhin22.143

33. Wadsworth, B, Bumpous, JM, Martin, AW, Nowacki, MR, Jenson, AB, and Farghaly, H. Expression of p16 in sinonasal undifferentiated carcinoma (SNUC) without associated human papillomavirus (HPV). Head Neck Pathol. (2011) 5:349–54. doi: 10.1007/s12105-011-0285-8

34. Jour, G, West, K, Ghali, V, Shank, D, Ephrem, G, and Wenig, BM. Differential expression of p16(INK4A) and cyclin D1 in benign and Malignant salivary gland tumors: a study of 44 Cases. Head Neck Pathol. (2013) 7:224–31. doi: 10.1007/s12105-012-0417-9

35. Chen, J. Signaling pathways in HPV-associated cancers and therapeutic implications. Rev Med Virol. (2015) 25:24–53. doi: 10.1002/rmv.1823

36. Hanafy, S, Elhasadi, I, Alabiad, M, Refaat, M, Bakry, A, Abdulmageed, A, et al. High-risk human papillomavirus enhances the expression of COX-2 VEGF, EGFR, ProEx-C, and TERT proteins in human papillomavirus-related multiphenotypic sinonasal carcinoma through activation of PI3K/Akt, pRb, and TERT signalling pathways. Pol J Pathol. (2022) 73:283–98. doi: 10.5114/pjp.2022.125819

37. Gillison, ML, Akagi, K, Xiao, W, Jiang, B, Pickard, RKL, Li, J, et al. Human papillomavirus and the landscape of secondary genetic alterations in oral cancers. Genome Res. (2019) 29:1–17. doi: 10.1101/gr.241141.118

38. Haft, S, Ren, S, Xu, G, Mark, A, Fisch, K, Guo, TW, et al. Mutation of chromatin regulators and focal hotspot alterations characterize human papillomavirus-positive oropharyngeal squamous cell carcinoma. Cancer. (2019) 125:2423–34. doi: 10.1002/cncr.32068

39. Cassandri, M, Smirnov, A, Novelli, F, Pitolli, C, Agostini, M, Malewicz, M, et al. Zinc-finger proteins in health and disease. Cell Death Discovery. (2017) 3:17071. doi: 10.1038/cddiscovery.2017.71

40. Dacus, D, Cotton, C, McCallister, TX, and Wallace, NA. Beta human papillomavirus 8E6 attenuates LATS phosphorylation after failed cytokinesis. J Virol. (2020) 94:e02184–19. doi: 10.1128/JVI.02184-19

41. Dutto, I, Scalera, C, Tillhon, M, Ticli, G, Passaniti, G, Cazzalini, O, et al. Mutations in CREBBP and EP300 genes affect DNA repair of oxidative damage in Rubinstein-Taybi syndrome cells. Carcinogenesis. (2020) 41:257–66. doi: 10.1093/carcin/bgz149

42. Attar, N, and Kurdistani, SK. Exploitation of EP300 and CREBBP lysine acetyltransferases by cancer. Cold Spring Harb Perspect Med. (2017) 7:a026534. doi: 10.1101/cshperspect.a026534

43. Gayther, SA, Batley, SJ, Linger, L, Bannister, A, Thorpe, K, Chin, SF, et al. Mutations truncating the EP300 acetylase in human cancers. Nat Genet. (2000) 24:300–3. doi: 10.1038/73536

44. Turnell, AS, and Mymryk, JS. Roles for the coactivators CBP and p300 and the APC/C E3 ubiquitin ligase in E1A-dependent cell transformation. Br J Cancer. (2006) 95:555–60. doi: 10.1038/sj.bjc.6603304

45. Zhu, Y, Wang, Z, Li, Y, Peng, H, Liu, J, Zhang, J, et al. The role of CREBBP/EP300 and its therapeutic implications in hematological Malignancies. Cancers (Basel). (2023) 15:1219. doi: 10.3390/cancers15041219

46. Marcuzzi, GP, Hufbauer, M, Kasper, HU, Weißenborn, SJ, Smola, S, and Pfister, H. Spontaneous tumour development in human papillomavirus type 8 E6 transgenic mice and rapid induction by UV-light exposure and wounding. J Gen Virol. (2009) 90:2855–64. doi: 10.1099/vir.0.012872-0

47. Wallace, NA, Robinson, K, Howie, HL, and Galloway, DA. HPV 5 and 8 E6 abrogate ATR activity resulting in increased persistence of UVB induced DNA damage. PloS Pathog. (2012) 8:e1002807. doi: 10.1371/journal.ppat.1002807

48. Howie, HL, Koop, JI, Weese, J, Robinson, K, Wipf, G, Kim, L, et al. Beta-HPV 5 and 8 E6 promote p300 degradation by blocking AKT/p300 association. PloS Pathog. (2011) 7:e1002211. doi: 10.1371/journal.ppat.1002211

49. Muench, P, Probst, S, Schuetz, J, Leiprecht, N, Busch, M, Wesselborg, S, et al. Cutaneous papillomavirus E6 proteins must interact with p300 and block p53-mediated apoptosis for cellular immortalization and tumorigenesis. Cancer Res. (2010) 70:6913–24. doi: 10.1158/0008-5472.CAN-10-1307

50. Muller, S, Lindquist, D, Kanter, L, Flores-Staino, C, Henriksson, R, Hedman, H, et al. Expression of LRIG1 and LRIG3 correlates with human papillomavirus status and patient survival in cervical adenocarcinoma. Int J Oncol. (2013) 42:247–52. doi: 10.3892/ijo.2012.1702




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Cubides-Córdoba, Sánchez-Fernández, Mendoza-Pacas, Cabal, García-Marín, Lorenzo-Guerra, García-Velasco, Hermsen and Llorente. 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.


OEBPS/Images/fonc.2024.1448213_cover.jpg
& frontiers | Frontiers in Oncology

Whole exome sequencing of human
papillomavirus-related multiphenotypic
sinonasal carcinoma: a case report





OEBPS/Images/fonc-14-1448213-g004.jpg
80

254
704
ES 1
€04
554

~

S R S —

1.0

94

m





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Whole exome sequencing of human papillomavirus-related multiphenotypic sinonasal carcinoma: a case report

      

        		

          Introduction

        



        		

          Case description

        



        		

          Material and method

        

          		

            HPV analysis

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-14-1448213-g003.jpg
- -

Ki67
E6G/E7






OEBPS/Images/fonc-14-1448213-g001.jpg





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-14-1448213-g002.jpg
P L N
‘_'l

A REL R

u.fx;:,.‘. "‘Q{x "\'.‘ )

Al oo (e (SN LW o
sk s :’.{"‘.‘_E‘V; L‘??'- o g
.‘_'A*_‘::“,» H 4’ \

ey 1 ¥ ;
w Lt o
,v.‘.‘f,u
A ¢

UL ¥ -

4 '..5""::‘.‘- 10, Gravs ey
, 3 'y 1 Y Py Y

"-3?’-..1‘-’ R AT

e %
‘{I\'"“’r

avd

CK8






