
Journal Pre-proof

High-grade sinonasal carcinomas and surveillance of differential
expression in immune related transcriptome

Diana Bell, Achim Bell, Renata Ferrarotto, Bonnie Glisson, Yoko
Takahashi, Gregory Fuller, Randal Weber, Ehab Hanna

PII: S1092-9134(20)30168-4

DOI: https://doi.org/10.1016/j.anndiagpath.2020.151622

Reference: YADPA 151622

To appear in:

Please cite this article as: D. Bell, A. Bell, R. Ferrarotto, et al., High-grade sinonasal
carcinomas and surveillance of differential expression in immune related transcriptome,
(2018), https://doi.org/10.1016/j.anndiagpath.2020.151622

This is a PDF file of an article that has undergone enhancements after acceptance, such
as the addition of a cover page and metadata, and formatting for readability, but it is
not yet the definitive version of record. This version will undergo additional copyediting,
typesetting and review before it is published in its final form, but we are providing this
version to give early visibility of the article. Please note that, during the production
process, errors may be discovered which could affect the content, and all legal disclaimers
that apply to the journal pertain.

© 2018 Published by Elsevier.

https://doi.org/10.1016/j.anndiagpath.2020.151622
https://doi.org/10.1016/j.anndiagpath.2020.151622


 

1 

 

High-grade sinonasal carcinomas and surveillance of differential 

expression in immune related transcriptome  

Diana Bell, MD,
1, 2

 Achim Bell, PhD,
1
 Renata Ferrarotto, MD,

3 
Bonnie Glisson, MD,

3 
Yoko Takahashi, 

PhD,
2 
Gregory Fuller, MD, PhD,

1 
 Randal Weber, MD,

2
 Ehab Hanna, MD

2
  

1
Departments of 

1
Pathology, 

2
Head and Neck Surgery, 

3
Thoracic-Head and Neck Medical Oncology, The 

University of Texas MD Anderson Cancer Center, 1515 Holcombe Blvd., Houston, TX 77030 

 

Running title: High-grade sinonasal carcinomas 

Corresponding author: 

Diana Bell  

University of Texas MD Anderson Cancer Center, 1515 Holcombe Blvd., Houston, TX 77030 

Phone: 713 792-2041; Fax: 713 745-0778 

diana.bell@mdanderson.org 

 

 

Key words: sinonasal, high-grade carcinoma, immune, transcriptome, PRAME 

 

 

 

 

Key words: sinonasal, high-grade carcinoma, immune, transcriptome, PRAME. 

 

 

Abstract 

The skull base is the location of a wide variety of malignant tumors. Among them is sinonasal 

undifferentiated carcinoma (SNUC), a highly aggressive sinonasal neoplasm that was recently 
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reclassified into subgroups of high-grade carcinomas with unique genomic events (e.g., SMARC-deficient 

carcinoma, nuclear protein in testis NUT carcinoma). Other high-grade carcinomas in this location are 

neuroendocrine carcinomas, sinonasal adenocarcinomas, and teratocarcinosarcomas. Given the rarity of 

these tumors, little transcriptomic data is available. The aim of this study was to characterize the immune-

oncology gene expression profile in SNUC and other high-grade sinonasal carcinomas.  

Next-generation sequencing was performed in 30 high-grade sinonasal carcinoma samples using the 

HTG EdgeSeq Precision Immuno-Oncology Panel. Ingenuity pathway analysis was performed to 

understand the immunobiology, signaling, and functional perturbations during tumor development.  

The samples were divided into 3 groups: 21 SNUCs and SMARC-deficient sinonasal carcinomas; 5 high-

grade neuroendocrine carcinomas (HGNECs), with small cell and large cell variants; and 4 high-grade 

sinonasal carcinomas (HGSNCs) of mixed histology (1 NUT carcinoma, 1 teratocarcinosarcoma, and 2 

sinonasal adenocarcinomas). PRAME and ASCL1 emerged as upregulated transcripts with strong protein 

validation for SNUC and HGNEC; other upregulated candidates EZH2 and BRCA1 offer consideration for 

alternative targeted therapy, and downregulation of major histocompatibility complex molecules and 

chemokines represent another hurdle in the development of effective immunotherapy.  

This immune-oncology gene expression analysis of 3 groups of high-grade sinonasal carcinoma with 

emphasis on SNUC identified a number of differentially expressed transcripts reflecting effects on 

tumorigenesis. Identification of immune pathways should be further investigated for possible integration of 

immunotherapy into a multidisciplinary approach to these cancers and personalized treatment.  

 

 

Introduction  

The skull base is the location of a wide variety of benign and malignant tumors. The diversity of these 

histogenetically and biologically heterogeneous neoplasms of ectodermal, endodermal, and mesodermal 

origins is partly due to the anatomic complexity and highly varied tissues in this compact area[1]. The 

majority of tumors at these locations are malignant, the most common being tumors of the maxillary sinus 

(60%), nasal cavity (22%), and ethmoid sinus (15%) and the least common tumors of the frontal and 

sphenoid sinuses (3%). The most common types of malignancies in the skull base are carcinomas (50%), 
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followed by mesenchymal tumors (30%), neuroectodermal tumors (15%), and miscellaneous entities 

(5%)[1; 2; 3]. Sinonasal malignancies have shown dramatic improvement in patient survival, from 20% in 

the 1950s to 60–80% at the present time [2]. The improvement is tied to the development and use 

modern diagnostic tools such as routine office endoscopy and high resolution imaging; improved therapy 

such as modern skull base surgical techniques of resection and reconstruction, conformal radiation 

therapy, and more effective systemic therapy; and to improved pathological analysis. Novel diagnostic 

markers for skull base tumors are reported at a high pace rate, along with increasing evidence justifying 

the importance of immunophenotyping and genotyping for differentiating among these neoplasms[1; 2; 3]. 

In a 1973-2006 review of the SEER database, there was a striking difference in five-year relative survival 

ranging from 30-35% for mucosal melanoma and SNUC to 60-70% for olfactory neuroblastoma, adenoid 

cystic carcinoma and adenocarcinoma[4]. The prognosis of certain tumors is tied to tumor grade, with a 

three year survival close to 20% for high-grade carcinomas. The chapter of nasal and paranasal tumors in 

the World Health Organization 4
th
 edition of Classification of Head and Neck Tumors lists under the 

umbrella of high-grade carcinomas sinonasal undifferentiated carcinoma (SNUC), SMARC-deficient 

carcinomas, NUT carcinoma, high-grade neuroendocrine carcinoma, sinonasal nonintestinal-type 

adenocarcinoma, teratocarcinosarcoma [5].  

SNUC, a “high-grade epithelial neoplasm of the nasal cavity and paranasal sinuses of uncertain 

histogenesis with or without neuroendocrine differentiation but without evidence of squamous or glandular 

differentiation”[6], typically presents with locally extensive disease[5], notoriously refractory to therapy and 

has a poor prognosis, particularly when the tumor transgresses the cranial base[2; 5; 7; 8]. A subset of 

sinonasal carcinomas with basaloid/ rhabdoid tumor morphology and loss of expression of SMARCB1 

(INI1) and SMARCA4[3; 5; 9; 10], warrant inclusion as a separate new entity among the existing high-

grade sinonasal neoplasms[5]. Distinguishing these tumors from the other types of sinonasal 

malignancies is important because SMARCB1 deficiency may provide a new target for novel treatment 

approaches that may ultimately lead to improved patient survival[3].  

NUT carcinomas are rare, clinically aggressive carcinomas that are characterized by a translocation 

involving the NUT gene on chromosome 15q14 and, in most cases, the bromodomain-containing 4 

(BRD4) gene on chromosome 19p13.1, resulting in a BRD4-NUT fusion gene[5; 11; 12]. In view of the 
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anecdotal favorable responses of NUT malignancies to certain treatment regimens, including 

chemotherapy according to Ewing sarcoma protocols or docetaxel and radiotherapy, the distinction of 

NUT carcinomas from other sinonasal carcinomas appears to be of clinical relevance[11; 12].  

Sinonasal tumors with neuroendocrine differentiation represent 5% of all sinonasal malignancies, and the 

correct classification of these tumors is fundamental for initiating an appropriate treatment strategy[8; 13; 

14]. Tumor behavior varies within the spectrum of sinonasal tumors with neuroendocrine differentiation, 

and a broad distinction should be made between tumors of neuroectodermal origin (e.g., olfactory 

neuroblastoma [ONB]) and those of epithelial origin (e.g., sinonasal neuroendocrine carcinoma 

[SNEC])[8; 13; 14]. For ONB, a well-defined treatment strategy consisting of surgery with or without 

postoperative radiotherapy is the current standard of care, with a reasonable outcome[8; 13; 14]. For 

SNECs, no clear guidelines are available and treatment outcomes remain variable and poor; several 

studies have shown large differences in response to treatment and prognosis between the various 

subtypes of SNEC and SNUC[8; 15; 16]. The head and neck neuroendocrine carcinoma (NEC) 

classification mirrors that of its counterparts in the respiratory system. These are divided into well-

differentiated (carcinoid tumor), moderately differentiated (atypical carcinoid tumor), and poorly 

differentiated NEC on the basis of cytologic features, mitotic count, and the presence of necrosis. The 

latter are further divided into large cell NEC (LCNEC) and small cell NEC (SmCNEC)[5; 13]. In the head 

and neck region, LCNEC comprises two distinct types: (1) tumors composed of large undifferentiated 

cells with only immunohistochemical or ultrastructural evidence of neuroendocrine differentiation 

equivalent to SNUC and (2) tumors consisting of large cells arranged in organoid nests, trabeculae, and 

rosettes and with peripheral palisading of tumor cell nuclei[5; 13].  

High-grade nonintestinal sinonasal adenocarcinomas are a wastebasket tumors that cannot be classified 

as salivary neoplasms, lack an intestinal phenotype, and have moderate to marked cytologic 

pleomorphism, brisk mitotic count and necrosis. Teratocarcinosarcomas of sinonasal/ head and neck 

region are heterogeneous uncommon malignancies combining epithelial, primitive neuroepithelial and 

mesenchymal components. These tumors show a male predominance and affect adults age 18-80 years; 

the average survival time is less than 2 years, with uncontrolled local recurrences and cervical 
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metastasis. Recent findings suggest that SMARCA4 inactivation may be a dominant genetic event in 

teratocarcinosarcoma[17]. 

The need for alternative treatment modalities, including immunotherapy and targeted therapy, is emerging 

in the context of resistance to chemotherapy and aggressive clinical course in these high-grade sinonasal 

carcinomas. The aim of this study was to interrogate and expand the understanding of the tumor immune 

contexture in high-grade sinonasal carcinomas, with an emphasis on SNUCs, using a specific set of 

probes targeting 1392 representative immunological RNA transcript targets.  
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Materials and Methods  

 

Patient Specimens  

For this retrospective gene expression analysis, 30 formalin-fixed, paraffin-embedded tumor specimens 

were obtained from pathology files. The specimens were collected via biopsy or surgery performed at The 

University of Texas MD Anderson Cancer Center between 2005 and 2019 from 30 patients with 

treatment-naïve, high-grade sinonasal carcinomas. All of the specimens were re-reviewed by a head and 

neck pathologist to confirm the tumor histology and grade. MD Anderson Cancer Center Institutional 

Review Board approval was obtained prior to the start of the study.  

 

RNA Expression Analysis  

Macrodissections of 5 micrometer FFPE sinonasal carcinoma specimens and neighboring normal tissues 

were lysed using HTG Lysis Buffer, followed by proteinase K digestion, and then transferred to an HTG 

EdgeSeq platform (HTG Molecular Diagnostics, Inc., Tucson, AZ). On the automated HTG EdgeSeq 

system, a quantitative nuclease protection assay (qNPA from HTG) was performed. For this, the HTG 

EdgeSeq Precision Immuno-Oncology Panel (PIP_P38) with 1410 DNA nuclease protection probes 

(NPPs), was added in excess to the processed sample lysate solutions. The NPPs of PIP_P38 consisted 

out of single-stranded (ss) DNA oligonucleotide sequences complementary to the mRNA sequences of 

1392 genes related to tumor-immune interaction, 10 housekeeping control genes, four negative and 

positive process controls, and included double stranded (ds) sequencing adapter sequences at both 

ends. These NPPs were hybridized to their target RNAs producing dsDNA-RNA hybrids. S1 nuclease 

was added to specifically digest all remaining single stranded nucleic acid chains from excess DNA 

probes (NPPs) and sample RNAs. S1 nuclease was deactivated, dsDNA-RNA hybrids were melted into 

single strands, and ssRNA degraded. The resulting DNA probes were quantitatively amplified with 

polymerase chain reaction adding extended primers (including sequencing primer and sample barcode 

sequences) for library preparation using KAPA Library Quantification Kit for Illumina Platforms (Roche 

Sequencing and Life Science, Kapa Biosystems, Wilmington, MA). Library samples were cleaned up to 

remove excess primers, quantitated, pooled and sequenced using Illumina MiSeq bench top sequencer 
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(Illumina, San Diego, CA) as part of the HTG EdgeSeq system. HTG Edge host and parser software 

processed the quantitative sequence data in FASTQ format and produced the gene expression data of 

our samples in an HTG sample sheet format, which is provided with sample identifications in S-Tab1. All 

RNA sequencing data are available for download from the National Center for Biotechnology Information 

(NCBI) Sequence Read Archive (reference PRJNA644026; NCBI, National Institutes of Health, Bethesda, 

Maryland).  

 

Gene Expression Data Analysis  

The software platform HTG EdgeSeq Reveal was used for data analysis. This included determination of 

differential gene expressions between the group of six normal samples and each of the three groups of 

sinonasal undifferentiated carcinoma (SNUC), high-grade neuroendocrine carcinoma (HGNEC), and 

high-grade sinonasal carcinoma (HGSNC). For these comparisons, the algorithm package DESeq2 

(https://bioconductor.org/packages/release/bioc/vignettes/DESeq2/inst/doc/DESeq2.html) was used and 

resulted S-Tab2. To find differentially expressed genes with importance in these three study groups, cut-

off values of foldchange greater 2 (FC>2) and false discovery rates smaller 0.17 (FDR<0.17) were 

applied and considered significant for each gene; the resulting table is provided in S-Tab3 and was used 

for all subsequent analyses.  

 

Pathway Analysis  

Computational pathway core analyses and network analyses of the RNA differential expression data of 

the tumor subtypes were performed using the program Ingenuity Pathway Analysis (IPA; QIAGEN Silicon 

Valley, Redwood, CA) to identify disease associations, pathway networks, and biomarkers among the 

genes and noncoding transcripts specific for SNUCs, HGNECs and HGSNCs.  

 

Immunohistochemical Analysis  

Immunohistochemical analysis was performed with antibodies against human PRAME (AbCam, 

Cambridge, MA, dilution 1:100), MASH1 (Novocastra, Newcastle, UK, dilution 1:100), INSM1 (Novus 

Biologicals, Centennial, CO, dilution 1:100), and PARP1 (Novocastra, Newcastle, UK, dilution 1:100). For 
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PRAME, immunopositivity was defined as any expression within tumor cells and the location of the 

staining (nuclear and/or cytoplasmic) was recorded. For MASH1, INSM1 and PARP1 proteins, the nuclear 

staining results were categorized as positive (≥5% of the area of the entire tissue specimen was stained 

positive; subcategorized as focal, 5-10%; patchy, 10-50%; or diffuse, >50%) or negative (<5% of the 

entire tissue specimen was stained positive).  

 

 

RESULTS 

 

Patient Characteristics  

Clinical characteristics of the 30 patients are depicted in Table 1. The cohort included a spectrum of high-

grade sinonasal carcinomas and was divided into 3 groups. SNUCs were the most represented in group 

(A), with 15 primary SNUCs, 1 SNUC liver metastasis, 4 SMARCB1-deficient sinonasal carcinomas, and 

1 SMARCA4-deficient sinonasal carcinoma); HGNECs (group B) included 3 small cell type and 2 large 

cell type NECs, and HGSNCs were a mix of 1 each of the following: NUT carcinoma, 

teratocarcinosarcoma, sinonasal adenocarcinoma oncocytic type, and sinonasal carcinoma with 

extensive blastemal component. Age at diagnosis ranged from 25 to 82 years. Most patients were male 

(70%). The nasal cavity and maxillary sinus were the most common primary subsites (n = 14 and n = 11, 

respectively). Locally advanced stages—mainly advanced T4a--were prevalent. Treatment consisted of 

surgical resection (followed by radiation with or without concurrent chemotherapy) or curative 

chemoradiotherapy (preceded by induction chemotherapy). No difference in treatment was observed 

among the histotypes. Follow-up intervals ranged from 9 to 83 months. At the last encounter, 11 patients 

had no evidence of disease, 3 were alive with disease, and 10 had died of disease; 2 patients died of 

unrelated causes; and for 4 patients, follow-up information was not available.  

 

Histopathological Characteristics  

Representative morphologic characteristics per subgroup are illustrated in Figures 1-4. One histological 

observation was that the stromal immune infiltrate was variable, with several of the SNUCs showing 
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inflamed stroma with a mix of acute and chronic inflammatory infiltrate (immunologically “hot” tumors) and 

other carcinomas lacking histological evidence of immune infiltrate/response (“cold” or excluded tumors). 

Mast cells were noted in several of the SNUC cases (Figure 1). Tertiary lymphoid structures were not 

appreciated in any of the examined cases. Next-generation sequencing using the CLIA in-house platform 

Oncomine (OCPv3, Thermofisher, which detects somatic mutations in the coding sequence of 134 genes 

and selected copy number variations/ amplifications in 47 genes, overlap: 146 genes total) revealed that 

cases 17 and 19 had IDH2 somatic mutations. Immunohistochemistry performed on SNUCs using an 

anti-IDH1/2 mutant (R132/172) antibody found immunoreactivity in 11 of the tested SNUCs (including 

those cases with Oncomine validation), whereas the NECs and olfactory neuroblastoma tested were 

negative.  

Case 24 morphologically and phenotypically fit in the category of SmCNEC (Figure 3). Among the 

pathologically challenging cases was case 27, which was originally called an ameloblastic carcinoma 

before being reclassified as a NUT carcinoma (NUT event confirmed by NGS) (Figure 4a). NGS using 

Oncomine assays picked up NOTCH2 and FANCI somatic mutations in the teratocarcinosarcoma (TCS) 

(Figure 4b); TCS was negative for SMARCB1 and SMARC A4. This reinforces the diagnostic challenge of 

some of the high-grade sinonasal carcinomas, with high rates of discrepancies and the value of a second 

subspecialized pathology expert opinion. In our institutional experience approximately 25% of the outside 

referrals of sinonasal pathology were reclassified after review by head and neck pathologists. Cases 29 

and 30 were both classified under the umbrella of sinonasal adenocarcinomas non-intestinal type 

(Figures 4c-4d). The sinonasal adenocarcinoma oncocytic variant (case 29, Figure 4c) had a significant 

component of papillary structures; fluorescence in situ hybridization was “indeterminate” for ETV6 and 

negative for RET rearrangement. A high-grade blastema component dominated the morphology of case 

30 (Figure 4d).  

 

Transcriptomes of Immuno-Oncology related Genes  

From 21 SNUCs, 5 HGNECs, and 4 HGSNCs RNA expression profiles of 1392 genes, related to tumor-

immune interaction (HTG immuno-oncology panel PIP_P38), were generated and compared to normal 

sinonasal mucosal samples, and with each other. Differentially expressed genes, in comparison to normal 
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samples, with FC values greater than 2, and FDR values smaller than 0.17, yielded for the SNUCs, 254 

genes and noncoding transcripts (167 upregulated and 87 downregulated), for the HGNECs, 387 genes 

and noncoding transcripts (230 upregulated and 157 downregulated), and for the HGSNCs, 331 genes 

and noncoding transcripts, with 161 upregulated and 170 downregulated (S-Tab3). The top 10 specific 

genes differentially expressed between HGNECs and SNUCs (A- upregulated; B- downregulated) and 

between HGSNCs and SNUCs (C- upregulated, D- downregulated) are presented in Figure 5. PRAME 

with fold change (FC) 8.4 was the top upregulated gene for SNUCs, followed by cellular assembly and 

organization genes FN1 (FC: 6.6), CEP55 (FC: 4.9), COL1A (FC: 4.8), DSG3 (FC: 4.7), and chemokine 

family members CXCL8 (FC: 4.7), CXCL5 (FC: 4.5). Although not among the top upregulated genes, 

ETV4 (FC: 3.4), BRCA1 (FC: 3.1), and EZH2 (FC: 2.6) were also found to be upregulated in the SNUC 

group. The neuroendocrine family genes CHGA1 (FC: 20.6) and ASCL1 (FC: 18.8) had the highest 

values among the HGNECs, followed by CXCL5 (FC: 18.6). S100A8 (FC: 17.5), SPP1 (FC: 14.8), serpin 

family genes B2, B5 (FC: 9.5, 9.2), and keratin 16 genes (FC: 8.9) dominated the HGSNCs. DMBT1 and 

lysozyme LYZ were the most consistently downregulated genes in all three groups. Of interest, major 

histocompatibility complex (MHC) class I and II members were also downregulated, along with several 

other chemokine family members (including CCL28 and CCL14). Complete lists of all genes and 

differential expressions are provided in supplemental Tables S1 to S3.  

 

Pathway Analysis  

IPA revealed a number of immune-related functional categories to be differentially expressed in sinonasal 

carcinomas compared to normal sinonasal mucosa. Movement of myeloid cells and chemotaxis were 

upregulated, while several other genes involved in chemotaxis were downregulated in carcinomas 

compared to normal tissue. The top networks with differentially expressed transcripts and genes specific 

for SNUC were those associated with cancer, cell cycle, cellular assembly and organization, cellular 

function and maintenance, humoral immune responses, and protein synthesis. Deregulated top networks 

of HGNECs were TRIM45 related pathways of innate immune system and interferon gamma signaling, 

and networks involved in regulation of natural killer cells, apoptosis, carcinogenesis, invasion, and 

proliferation of tumor cells. Figure 6 illustrates representative networks for SNUCs and HGNECs.  
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Biomarker Analysis  

To validate the differential RNA transcription results, and to find potential biomarkers, we used 

immunohistochemical analysis to assess the protein expression of the most upregulated genes using the 

following antibodies: PRAME (for SNUC), MASH1, INSM1, and PARP1 (for HGNEC). PRAME showed 

expression in 17 of 19 tested SNUCs (Figure 1). Although naïve tumors were the focus of the 

transcriptome, we had the opportunity of analyzing a post-induction resected surgical specimen (case 1). 

There was an enhanced inflammatory response (Figure 1b- C); PRAME was detected by 

immunohistochemistry, however at lower protein levels compared to naïve SNUC (Figure 1b- D). 

Unrelated to the current topic, but of interest for ongoing and future work, the post-induction SNUC 

showed ability of forming tumor spheroids that maintained tumoral morphology (Figure 1b-E, F). The 

authentified cell line (previously published[18]) also showed mRNA  PRAME; the protein level was barely 

detected with frequent passages of the cell line (Figure 1b-G, H).  PRAME expression was detected in 

one LCNEC (case 22). All HGNEC samples expressed the neuroendocrine markers MASH1, INSM1, and 

PARP1 (representative illustrations are shown in Figure 3).  

 

DISCUSSION  

Given the rarity of sinonasal carcinomas the transcriptomic data are scarce. This work focused primarily 

on the SNUCs, highlighting a number of key signaling networks; other representative carcinomas with 

high-grade histologies (HGNECs and HGSNCs) were analyzed in parallel.  

Our global analyses revealed the enrichment of gene signatures indicative of carcinogenesis, cell cycle, 

cellular assembly and organization, cellular function and maintenance, and humoral immune responses in 

sinonasal carcinomas.  

Within the past few decades many tumor-specific antigens (TSAs) and tumor-associated antigens (TAAs) 

have been discovered [19; 20; 21; 22; 23]. TSAs may result from gene mutations or from the expression 

of alternative open reading frames, resulting from chromosomal rearrangements[20; 22; 24; 25]; normal 

tissues frequently carry TAAs, with the drawback of autoimmunity development in parallel to breaking 

tolerance to these antigens through vaccination and tumor recognition [20; 21; 25; 26].  
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PRAME (FC 8.40) was the top upregulated gene in SNUCs, and FC half values (4.8, position 47) were 

seen within HGNECs but not detected within HGSNCs. PRAME (preferentially expressed antigen in 

melanoma) is a testis-selective cancer antigen with restricted expression in somatic tissues and re-

expression in various cancers. PRAME has gained interest as a candidate target for immunotherapy[27; 

28]. The cellular and molecular functions of PRAME in normal and neoplastic cells remain largely unclear 

and may differ depending on tissue specificity and/or the subcellular localization of PRAME[27; 28]. 

PRAME plays a role in the acquisition of various cancer hallmarks, including replicative immortality or 

stemness, invasion, and metastasis[27; 28]. In addition to supporting tumor features, PRAME has been 

implicated in the regulation of the immune response[27; 29; 30; 31].  

ASCL1 (Aschaete-scute homolog 1, mASH) and CHGA1 (chromogranin) had the highest values among 

the HGNECs and were entirely specific to this group; INSM1 (insulinoma-associated 1) and NKX2-1 

followed. All 5 HGNECs expressed MASH1 and INSM1 protein levels. Only a few studies have addressed 

the expression pattern of mASH1 in neoplastic tissues[32; 33; 34; 35]. In a study by Altree-Tacha et 

al.[36], mASH1 proved relatively specific for high-grade pulmonary NECs, being reactive in 66.7% of 

LCNECs and 82.5% of SmCNECs but less specific for low-grade (0%) and intermediate-grade (42.9%) 

tumors, staining fewer than 2% of non-neuroendocrine lung carcinomas. The authors argued that MASH1 

could be used as a marker to distinguish high-grade NEC from carcinoid tumors and non-neuroendocrine 

neoplasms[36]. ASH1 is a useful marker for cancers with neuroendocrine features, as it has been 

documented as a key player in modulating neuroendocrine differentiation in tumor cells[34]. ASH1 

expression levels are inversely associated with the degree of tumor differentiation (high-grade tumors 

show increased expression of protein), which correlates well with studies indicating that expression of 

ASH1 appears to be restricted to immature cells[32; 33; 34; 37]. Prior work from our group[35] showed 

expression of MASH1 in high-grade neuroendocrine tumors (SmCNECs, LCNECs, and high-grade 

ONBs), with absent or modest levels in well-differentiated counterparts (low-grade olfactory 

neuroblastoma and carcinoids). 

The nomenclature of LCNEC is controversial among head and neck pathologists, however, it is our 

opinion and others, that in the sinonasal area undifferentiated carcinoma can be viewed as large cell 

carcinoma with or without evidence of neuroendocrine differentiation. This contention is clinically 
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supported by our experience with sinonasal malignancies: looking at the overall survival (OS) and 

progression-free survival (PFS), low-grade ONBs stand out with the best outcomes, while high-grade 

NECs, mostly the small cell variant, carry worse outcomes; clinical outcomes for SNUCs, large cell NECs 

and high-grade ONBs cluster together in the middle[16]. Similarly, the concept of “olfactory carcinoma” as 

an overlap of large cell neuroendocrine carcinoma/ SNUC, ONB and sinonasal adenocarcinoma has to 

be revisited in the context of anatomic location. Case 22 was classified as LCNEC (morphologically and 

phenotypically), but within the anatomic boundaries of the cribriform plate and upper nasal vault, the 

terminology of olfactory carcinoma may gain more recognition among experts. In our experience 

(unpublished data) we found all low-grade ONBs to be positive for Somatostatin Receptor 2 (STR2) while 

high-grade ONBs and high-grade NECs did not express STR2. This raises the possibility of using STR2 

as an adjunct diagnostic biomarker for sinonasal neuroendocrine tumors particularly on small biopsies.  

MHC class I and class II molecules were both found to be downregulated in SNUCs (HLA-E, FC:  -2.11 

and HLA-DOB, FC: -2.33), HGNECs (HLA-DMA, FC: -2.09), and HGSNCs (HLA-G, FC: -2.35; HLA-DOB, 

FC: -3.71; HHLA2, FC: -17.59). Similarly, downregulated values were found for the transport family 

member ABCB1 (ATP binding cassette subfamily B1 member) in SNUCs and HGNECs (FCs: -2.11 and -

2.49, respectively).  

The interplay between immune and tumor cells is complex[20; 25]. Because many tumors downregulate 

the expression of MHC molecules, the immune system could play a role in controlling the progression and 

evolution of cancer. MHC class I antigen presentation is often affected in human cancers, and the 

capacity to induce upregulation of MHC class I cell surface expression is a critical step in the induction of 

tumor rejection. It is well established that tumor immune escape is associated with MHC class I 

downregulation, as seen in different human and experimental tumors and reviewed in many previous 

reports[38; 39; 40].  The genetic diversity at the MHC class I and II loci is another hurdle in the 

development of effective immunotherapy[19; 38; 39; 40; 41].  

Several of the SNUCs in this study showed mixed inflammatory infiltrates with eosinophils and neutrophils 

(Figure 1). It is well established that tumor-infiltrating immune cells play critical roles in the pathogenesis 

of various cancers. Our data highlighted the presence of a gene signature indicative of altered immune 

infiltration. Interestingly, we found that CXCL8 and CXCL5 were upregulated in high-grade sinonasal 
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carcinomas. Expression of CXCL5 has been observed in eosinophils and can be inhibited with IFN-γ. 

CXCL5 has also been described to regulate neutrophil homeostasis, and several studies have speculated 

that CXCL5 is a potential therapeutic target for the restriction of pathogenic neutrophil infiltration in Th17-

mediated autoimmune diseases while leaving intact the neutrophil function of protective immunity against 

invading pathogens[42]. The protein encoded by CXCL8 is secreted primarily by neutrophils, where it 

serves as a chemotactic factor by guiding the neutrophils to the site of infection; this chemokine is also a 

potent angiogenic factor. Altered chemokine expression in the tumor microenvironment results in 

leukocyte activation and trafficking, angiogenesis, metastasis, and proliferation of cancer cells. In cancer 

patients, CXCL8 expression might be used to assess the patient’s prognosis and response to 

chemotherapy. In various types of cancer, high levels of CXCL8 in serum or at local sites correlate with 

aggressive disease and poor initial response to oxaliplatin, 5-fluorouracil, and paclitaxel. On the other 

hand, several chemokines such as CCL28 and CCL14 were downregulated in SNUCs and HGNECs 

compared to normal tissue. The cytokine encoded by the CCL28 gene displays a strong homing 

capability for B and T cells at several mucosal and epithelial sites and orchestrates the trafficking and 

functioning of lymphocytes; several studies have referred to the dual properties of CCL28 and its role as 

an anchoring point in bridging the innate and adaptive immunity[43]. CCL14 activates monocytes but 

does not induce their chemotaxis. This may explain why the infiltration of monocytes and T and B cells is 

relatively scarce in sinonasal carcinomas. Targeting migration-related chemokines and their receptors in 

sinonasal tumors might be beneficial for immunotherapy.  

The gene deleted in malignant brain tumors DMBT1, and lysozyme LYZ were consistently found to be the 

most downregulated genes in all 3 groups of high-grade sinonasal carcinomas. DMBT1 has been 

proposed as a candidate tumor suppressor in brain, gastrointestinal, lung and oral squamous cell 

carcinoma[44; 45; 46; 47]. It codes for a protein of unknown function belonging to the superfamily of 

scavenger receptor cysteine-rich proteins (SRCRs); SRCRs are implicated in functions within the immune 

system and considered to be involved in host defense by pathogen binding. LYZ is an antimicrobial 

enzyme that is part of the innate immune system.  

EZH2 (enhancer of zeste homolog 2), a histone methyltransferase that catalyzes tri-methylation of 

histone H3 at Lys27 (H3K27me3) to regulate gene expression through epigenetic mechanisms, was 
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found to be moderately upregulated in SNUCs and HGNECs (FC: +2.55 and +3.90, respectively). EZH2 

interacts with both histone and non-histone proteins to regulate expression of downstream genes, 

affecting several physiological functions including cancer progression, malignancy, and drug 

resistance[48; 49]. EZH2-dependent repression of p16/CDKN2A results in cell cycle progression in 

multiple cancers. Therefore, EZH2 is a potential target for cancer therapy and a variety of inhibitors have 

been developed[48; 49]. Cancers harboring SWI/SNF mutations and gain-of-function EZH2 mutations 

confer dependency on EZH2 inhibitors; pre-clinical evidence suggests a potential benefit of combination 

therapy with an EZH2 inhibitor[48; 50]. At least in the case of cancers driven by SWI/SNF mutation, Ras 

pathway mutations confer resistance to EZH2 inhibitors[48; 49; 51].  

BRCA1 was another moderately upregulated gene in SNUCs and HGNECs. This signature is linked to 

defects in homologous recombination, which is a vulnerability that might be exploited by treatment with 

PARP inhibitors based on the principle of synthetic lethality. All HGNECs expressed high levels of PARP1 

at the protein level (Figure 2). Expression of PARP1 on immunohistochemical analysis is currently being 

explored to select patients who are likely to benefit from PARP inhibitors[52; 53; 54].  

Our study is in an exploratory phase and there are several limitations. The sample numbers were 

relatively small, and the majority of the analyzed samples were derived from diagnostic biopsies, in an 

effort to assess naïve tumors; thus the issue of tumor heterogeneity may have been unrecognized to a 

certain extent. The transcriptome analysis we employed focused on an immune-oncology related panel of 

1392 genes, which compared to unbiased whole transcriptome expression analysis constituted a strong 

limitation. This platform was chosen owing to its ability to analyze the very small FFPE tissue quantities 

available to us.  

The current work aimed to interrogate the immune environment and emerging biomarkers in high-grade 

sinonasal carcinomas, with an emphasis on SNUC. Further studies of whole transcriptome analyses and 

multiplex immunostainings will answer the questions raised by the preliminary data generated here. To 

our knowledge, this is the first description of PRAME having preferential expression in SNUCs, opening 

an avenue for further investigations of PRAME as a biomarker (in larger annotated multi-institutional 

cohorts), and functional studies addressing the immunogenicity and safety of PRAME 
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immunotherapeutics. Profiling and spatial analysis of tumor immune microenvironment are our immediate 

goals.  

In conclusion, the immune-oncology gene expression analysis identified specific profiles of differentially 

expressed transcripts exerting their effects on tumorigenesis. The characteristic genes and proteins 

discovered for these sinonasal carcinoma histotypes with their genomic pathways generated potential 

candidates for disease biomarkers and therapeutic opportunities, like PRAME promoting undifferentiated 

cell states in SNUCs, and ASCL1 a neuronal-specific transcription factor involved in neuroendocrine 

differentiation in HGNEC. Especially the implied deregulated immune pathways of humoral immune 

response in SNUCS, and the TRIM45 related pathways of innate immune system and interferon gamma 

signaling in HGNEC, need to be further investigated for possible integration of immunotherapy into a 

multidisciplinary and/or personalized approach for treating these cancers.  
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Figure Legends  

 

Figure 1. Sinonasal undifferentiated carcinoma (SNUC)  

1a. Case 7.  A-E (hematoxylin and eosin; 4x, 10x, 20x magnifications). SNUC infiltrating with nests and 

trabeculae, in the absence of squamous or glandular differentiation, with stromal desmoplastic stromal 

response and mixed inflammatory infiltrate. Nuclei are medium to large in size and are surrounded by 

small amounts of eosinophilic cytoplasm that lacks a syncytial quality; nucleoli are single and prominent. 

Stromal atypia and scattered mast cells (D, E). Strong tumoral nuclear expression with anti-PRAME 

immunostaining (F). 

1b. Case 1. Naïve SNUC A, B. A-hematoxylin and eosin (4X, 10X). B- PRAME. Post-induction C, D. C-

hematoxylin and eosin (4X, 10X)- presence of an enhanced inflammatory response in SNUC. I  D- 

PRAME protein at lower levels. D, E- secondary tumor spheroids generated from post-treated surgically 

resected specimen- maintaining morphological features of SNUC. F, G cytospins preparations from late 

passage of generated cell line, with low PRAME protein levels (H).  

 

Figure 2. SMARCB1 (INI1)-deficient sinonasal carcinoma 

Case 14.  A-C (hematoxylin and eosin; 4x, 10x, 20x magnifications). The SMARCB1 (INI1)-deficient 

carcinomas grow as epithelioid nests in the sinonasal submucosa (A, inset), with stromal inflammatory 

infiltrate (A, C) and entrapment of the vidian nerve branch (B). Complete loss of SMARCB1 (INI1) 

immunohistochemical expression (positive staining highlights vessels as internal control) (D) and PRAME 

expression by the tumor cells (E: PRAME is strongly expressed in the cohesive areas of the carcinoma; 

F: weaker reactivity of the discohesive rhabdoid tumor cells; E inset: the uninvolved adjacent sinonasal 

mucosa is negative, with an artifactual apical chromogenic deposition). 

 

Figure 3. High-grade neuroendocrine carcinoma (HGNEC) 

Case 24. Small cell neuroendocrine carcinoma. A-C: hematoxylin and eosin (2x, 10x, 20x). D: anti-

MASH1; E anti-INSM1, 4x; F anti-PARP1, 4x.  
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Figure 4. High-grade sinonasal carcinoma (HGSNC)  

4a. Case 27. NUT carcinomas. A (hematoxylin and eosin; 0.5 x, 10x). Original biopsy misdiagnosed as 

ameloblastic carcinoma (basaloid carcinoma, with peripheral cellular palisading and central areas 

reminiscent of stellate reticulum). B-C (hematoxylin and eosin; 2x, 10x). Resection specimen: high-grade 

carcinoma composed of undifferentiated basaloid cells with focal, often abrupt, squamous differentiation. 

Anti-p40 (D) and anti-NUT (E) monoclonal antibodies are strongly positive within the tumor, aiding the 

diagnosis.  

4b. Case 28. Teratocarcinosarcoma. A-F (hematoxylin and eosin; 0.5x, 4x, 10x). High-grade polypoidal 

malignancy (A) with significant small blue cells/primitive component and associated necrosis and 

increased apoptosis (B); closer magnification of true rossettes, brisk mitotic activity, and apoptosis (C); 

squamous morules and inflammation (D); carcinomatous component with squamous metaplasia and 

atypia embedded in a myxoid spindled stroma (E). Variegated morphology with primitive, carcinomatous 

and sarcomatoid components (E) and lacy osteoid deposition (F). Diffuse immunoreactivity of primitive 

cells with anti-synaptophysin (G), anti-SALL4 patchy reactivity (H), and SATB2 immunoexpression within 

tumor (I).  

4c. Case 29. Sinonasal adenocarcinoma, oncocytic type. A-D (hematoxylin and eosin; 2x, 4x, 10x). Low 

power overview displaying a submucosa adenocarcinoma with back-to-back glands filling the stroma. 

Sinonasal adenocarcinoma, nonsalivary, nonintestinal (sero-mucinous) type, formed by bland cuboidal 

back-to-back glands filling the stroma. Oncocytic and vascularized appearance of tumor (A upper-half, B, 

B inset) and papillary growth (A lower-half, C, C inset). D: chronic lymphocytic and plasmacytoid infiltrate/ 

stroma associated with several areas of the tumor.  

4d. Case 30. High-grade sinonasal nonintestinal adenocarcinoma with blastoma component. A-D 

(hematoxylin and eosin; 0.5x, 4x, 10x). Scanning magnification of a submucosal carcinoma with various 

patterns of growth and bone invasion (A); glandular “salivary-like” pattern with areas of necrosis (right 

hand side) (B) and scattered sebaceous elements (right hand lower corner) (C); trabecula and ribbons of 

malignant cells with interspersed rosette-like glands (D, D inset).  

 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

23 

Figure 5. Top 10 specific differentially expressed genes. Upper panels: HGNEC (blue bars) versus SNUC 

(yellow bars) (A- upregulated; B- downregulated) Lower panels: HGSNC (blue bars) versus SNUC (yellow 

bars)  (C-upregulated; D- downregulated). The neuroendocrine family genes CHGA1  and ASCL1 had the 

highest values among the HGNECs. Of interest, major histocompatibility complex (MHC) class I and II 

members were also downregulated, along with several other chemokine family members (including 

CCL28 and CCL14). 

 

Figure 6. The highest-scoring Ingenuity Pathway Analysis networks for SNUCs (A- upregulated PRAME; 

B- upregulated EZH2, BRCA1; C- upregulated ETV4 and downregulated MHC II) and HGNECs (D- 

upregulated ASCL1; E- downregulated MHC II and interleukins).  

 

 

Table 1 Clinical and pathological characteristics 

 

ID Site/ Epicenter Diagnosis pTNM Adjuvant 

TX 

Recurrence Follow-

up 

(months) 

Status last 

contact 

1 Maxillary sinus SNUC pT4N0M1 CXRT DM- liver met 10 DOD 

2 Nasal cavity SNUC pT4N0M1 CXRT DM- lung, brain 50 DOD 

3 Nasal cavity SNUC pT4N0M0 CXRT Local 

recurrence 

71 AWD 

4 Maxillary sinus SNUC pT4N0M0 XRT no 62 NED 

5 Nasal cavity SNUC- 

SMARCB1 

pT4N2M0 CXRT Neck 

recurrence 

33 DOD 

6 Maxillary sinus SNUC- 

SMARCB1 

pT4NxM0 CXRT no 11 Deceased 

7 Maxillary sinus SNUC pT4N1M0 CXRT Local 

recurrence 

17 DOD 

8 Nasal cavity SNUC pT4N0M0 CXRT no 83 Deceased 

(CHF) 
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9 Nasal cavity SNUC pT4N0M0 CXRT no 38 NED 

10 Maxillary sinus SNUC pT4NxM1 CXRT DM-liver, 

abdomen 

11 DOD 

11 Maxillary sinus SNUC pT4NxM1 CXRT DM-liver, 

thoracic LNs, 

bone 

10 DOD 

12 Ethmoid SNUC pT4N2M1 CXRTand 

Immunotx 

OX40-Ig 

Intraparotid and 

upper cervical 

LN, submental 

36 DOD 

13 Nasal cavity SNUC pT4N2M0 CXRT no 34 NED 

14 Sphenoid SNUC- 

SMARCB1 

pT4N0M0 CXRT no 43 NED 

15 Nasopharynx SNUC rpT2N0M0 CXRT Local 

recurrence 

64 NED 

16 Nasal cavity SNUC pT1N0M0 XRT 

(proton) 

no 10 NED 

17 Nasal cavity SNUC pT2N0M0 CXRT no 10 NED 

18 Sphenoid SNUC pT4N0M0 CXRT Local 

recurrence 

60 AWD 

19 Nasal cavity Met SNUC 

(liver) 

pT4N0M1 CXRT DM-liver 48 AWD 

20 Nasal cavity SNUC -

SMARCA4 

pT4N0M0 CXRT no 30 n/a 

21 Nasal cavity SNUC-

SMARCB1 

pT3N0M0 CXRT Local 

recurrence 

12 DOD 

22 Ethmoid LCNEC pT4NxM0 CXRT Local 

recurrence 

12 AWD 

23 Nasal cavity SmCNEC pT4NxM1 CXRT Leptomeningeal 

mets, spinal 

mets 

12 AWD 

24 Maxillary sinus SmCNEC pT4N0M0 CXRT Local 

recurrence 

24 DOD 

25 Nasal cavity LCNEC pT1N0M0 XRT n/a 9 n/a 

26 Nasal cavity SmCNEC  pT3N0M0 CXRT no 60 NED 
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25 

27 Maxillary sinus NUT pT4N0M1 CXRT Local 

recurrence and 

spinal mets 

18 DOD 

28 Maxillary sinus TCS pT4NxM0 CXRT no 12 NED 

29 Maxillary sinus SNAC pT2N0M0 XRT no 12 NED 

30 Maxillary sinus SNAC 

“blastema” 

pT4N0M0 XRT no 10 NED 

 

 

TX- treatment; SNUC- sinonasal undifferentiated carcinoma; CXRT- chemotherapy plus radiation therapy; 

DM- distant metastasis]; LN- lymph nodes; DOD: died of disease; AWD: alive with disease; NED: No 

evidence of disease; LCNEC- large cell neuroendocrine carcinoma; SmCNEC- small cell neuroendocrine 

carcinoma; NUT- nuclear protein of testis carcinoma; TCS- teratocarcinosarcoma; SNAC- sinonasal 

adenocarcinoma.  

 

 

Highlights 

1. The aim of this exploratory study was to characterize the immune-oncology gene expression 

profile in SNUC and other high-grade sinonasal carcinomas. 

2. The immune-oncology gene expression analysis identified a number of differentially 

expressed transcripts reflecting effects on tumorigenesis. 

3. To our knowledge, this is the first description of PRAME (preferentially expressed antigen in 

melanoma) with preferential expression in SNUCs, opening the avenue for further 

investigations as a biomarker (on larger annotated multi-institutional cohorts), and functional 

studies addressing immunogenicity and safety of PRAME immunotherapeutics. 
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