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ABSTRACT

Evaluation the molecular pathophysiological characteristics of sinonasal
undifferentiated carcinoma (SNUC)
Hyang Joo Ryu

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Sun Och Yoon)

Sinonasal undifferentiated carcinoma (SNUC) is a rare and highly aggressive malignancy
originating in the nasal cavity and paranasal sinuses. Diagnosis is challenging, primarily
relying on excluding differentiation into squamous, glandular, or neuroendocrine cells.
SNUC exhibits a poor prognosis, with a limited understanding of its pathogenesis and
immune characteristics.

In this study, we explored SNUC's molecular features, focusing on tumorigenesis and
immunity. Spatial transcriptome analysis revealed activated chromatin remodeling and
histone modification pathways as well as EZH2 gene upregulation, suggesting epigenetic
mechanisms may involved in SNUC carcinogenesis. Genetic mutations associated with
these pathways were not prevalent, suggesting alternative regulatory mechanisms.

In vitro analyses, mRNA and protein of EZH2 with other polycomb repressive complex
2 (PRC2)-related chromatin remodeling markers such as SUZ12 and EED were more
upregulated while squamous cell differentiation markers such as p40, p63, KRTS, and
KRT6 were more decreased in undifferentiated carcinoma than differentiated squamous
cell carcinoma of head and neck. Clinical tissues of SNUC validated these results by
showing increased immunoexpression of EZH2 and other PRC2 markers. The present
findings suggest a pivotal role for EZH2 in driving undifferentiated carcinoma
progression. In the present study, no specific findings were identified for the role of tumor

immunity in SNUC development.

vi



Epigenetic modifications, induced by EZH2 activation are likely key drivers of SNUC
pathogenesis. EZH2, identified as a potential therapeutic target, demonstrates its
oncogenic significance across various cancer types, including SNUC. Despite the
relatively immune-poor microenvironment observed in SNUC, further investigation is
needed to discern its role in SNUC development and potential immune escape
mechanisms. In summary, our study sheds light on the molecular underpinnings of SNUC,
emphasizing epigenetic regulation and EZH2 as a promising therapeutic target for this

aggressive malignancy.

Keywords: EZH2, Sinonasal undifferentiated carcinoma, polycomb repressive complex,
undifferentiated
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Hyang Joo Ryu

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Sun Och Yoon)

I. INTRODUCTION

Sinonasal undifferentiated carcinoma (SNUC) is a malignant epithelial tumor that
originates in the nasal cavity and paranasal sinuses. The diagnosis of SNUC is established
when cytokeratin-positive tumor cells exhibit no histological or immunohistochemical
evidence of differentiation into squamous, glandular, or neuroendocrine cells. Therefore,
SNUC is typically a diagnosis made by excluding other possibilities !. SNUC is rare and
occupies about 3-5% of sinonasal carcinomas. This tumor is typically referred to as a highly
aggressive cancer, showing a poor prognosis, with approximately a 35% of 5-year survival
rate. Upon diagnosis, SNUC often presents with very large-sized, rapidly growing masses,
involving multiple sites within the sinonasal tract, and invading surrounding structures such
as the orbital cavity, skull base, and brain.'*. SNUC was first described in 1986 °, however,
the pathogenesis of this tumor remains limited.

Studies on the carcinogenesis of SNUC have indicated a relationship between tumor
development and recurrent /DH2 R172 mutation ¢, which mutation induced H3 lysin

methylation and DNA hypermethylation 7, alterations in the SWI/SNF chromatin



remodeling complex 8, which roles in tumor suppression °, and PGAP3-SRPK] fusion &,
which remains unknown but plays an oncogenic role in SNUC have been identified.
However, these limited results do not suggest the pathogenesis of tumor development in
SNUC.

Regarding the tumor immunity of SNUC, a case report documented a complete response
following anti-PD-1 immunotherapy in one SNUC patient '°, however, its aspect on
immunity in SNUC remains insufficient ',

Although the tumor immune microenvironment (TIME) concept recently emerged
regarding in tumor development '* 3, studies about tumor immunity of SNUC are limited
and the role of TIME is not well elucidated in SNUC.

Probably due to the rare incidence and lack of understanding of the pathophysiology of
SNUC, there has been no standardized treatment regimen for this aggressive tumor '* 15,
Limited research on SNUC may be attributed to technical challenges including difficulties
in accessing the lesion site, obtaining only small-sized tissue samples owing to rapid tumor
growth, or occasionally subjection the samples to a decalcification process. These
challenges make it difficult to obtain an adequate number of viable SNUC tumor cells,
hindering the establishment of cell lines of animal models for experiments.

In this study, we focused on the carcinogenesis and tumor immunity of SNUC to address
the technical problems. First, spatial analysis of the tumor transcriptome in situ within the
SNUC tissue was performed. Second, we compared the gene expression profiles of tumor
cells with those of normal epithelial cells in the sinonasal tract to elucidate the
carcinogenesis of SNUC. Third, we compared the transcript levels of tumor-infiltrating
immune cells with those of immune cells in tumor-free normal tissue areas to investigate
the potential role of the tumor immune microenvironment (TIME) in SNUC. Finally, our
results were validated using clinical tissue samples and in vitro cell lines. Overall, this study
aimed to identify the molecular characteristics that may play crucial roles in the

development of SNUC, particularly in terms of carcinogenesis and tumor immunity.



II. MATERIALS AND METHODS

1.

Patients, samples, and clinical data

From the database of Severance Hospital Cancer Registry Data, Seoul, Korea,
about 30 cases that underwent surgically excised or biopsied tissue were retrieved;
these cases were diagnosed as primary sinonasal undifferentiated carcinoma at
Severance Hospital. All cases were pathologically diagnosed as sinonasal
undifferentiated carcinoma at Severance Hospital. Archived formalin-fixed,
paraffin-embedded (FFPE) samples were obtained. However, samples that had
undergone decalcification or chemotherapy or had a limited number of tumor cells
were excluded. Finally, 23 cases were obtained. To select the most representative
sections, samples were mounted on the slides, stained with haematoxylin and eosin
(H&E), and reviewed by two pathologists (H.J.R & S.0.Y). We obtained the
tumor samples of patients. All methods and experimental protocols using human
tissues were carried out in accordance with relevant guidelines and regulations
approved by the Institutional Review Board of Severance Hospital, Yonsei

University Health System (IRB no. 4-2022-0466).

Immunohistochemical staining, in situ hybridization and microscopic
analysis

The representative slides were selected for immunohistochemistry.
Immunohistochemistry was performed on 4-pum TMA sections with a Ventana
BenchMark XT Autostainer (Ventana Medical Systems, Tucson, AZ, USA),
according to the manufacturer’s instructions. Primary antibodies were
CK(AE1/AE3) (1:50, clones AE1/AE3; Dako), p40 (RTU, polyclonal; Biocare),
p63 (1:50, clone DAK-p63; Dako), CK5/6 (1:50, clone D5/16 B4; Dako), pl6
(RTU; Ventana), CK7 (1:100, clone OV-TL 12-30; Dako), NUT (1:50, clone
C52B1; Cell signaling), Synaptophysin (1:50, clone DAK-SYNAP; Dako),



Chromogranin A (1:100, clone DAK-A3; Dako), INI-1(SMARCB1) (1:200, clone
BAF47; BD), BRGI(SMARCA4) (1:200, clone EPNCIR111A; Abcam), EZH2
(1:20, clone ZMD.309; Invitrogen, Carlsbad, CA, USA), BMI1 (1:100, clone
clone 1.T.21; Abcam), SUZ12 (1:50, clone SUZ220A; Abcam, Cambridge, MA,
USA), EED (1:100, clone 163C; Abcam) and H3K27me3 (1:200, clone C36B11;
Abcam). In situ hybridization (ISH) has been performed using the Ventana EBER
ISH iView Blue Plus Kit. Semi-quantitative or qualitative analyses of each marker
were microscopically performed by expert pathologists according to the criteria of
cutoff-value (generally, more than 10% for positive expression) or H-score (on a

scale of 0-300).

Multiplex digital spatial profiling (DSP) analysis

The NanoString GeoMx DSP assay (NanoString Technologies, Seattle, WA, USA)
was performed in 23 cases of SNUC. Briefly, one to two tumor cores from
representative sections with one normal core were extracted from formalin-fixed
paraffin-embedded (FFPE) tissue blocks in each case using a 2-mm sized punch,
and they were made into a tissue microarray (TMA). A total of 38 TMA cores,
which contain 27 cores of the tumor area and 11 cores of the normal area. As a
result, 11 cases among 23 cases were paired. Pan-cytokeratin, CD45, and Smooth
muscle actin (SMA) were stained using an immunofluorescence assay for
differential visualization of three primary cell types (carcinoma cells, lymphocytes,
and stromal fibroblastic cells, respectively) on the TMA slide. One to three
geometric regions of interest (ROI) were targeted in every TMA core (Total ROls,
n=48; Tumor ROIs, n=37; Normal ROIs, n=11). We used a validated panel,
GeoMx Whole Transcriptome Atlas (Human RNA) with NGS readout
(NanoString Technologies), which contains more than 1800 RNA targets. The
selection of each ROI was performed by expert pathologists. All ROIs underwent
QC testing using the Q3 normalization method, and they all passed the QC test.



Next-generation sequencing(NGS) analysis

Targeted deep sequencing analyses, including related experiments and genome
analyses, were performed at Macrogen (Seoul, Korea), using FFPE DNA from
SNUC tissue samples. FFPE DNA was extracted using the QlAamp DNA FFPE
Tissue Kit (Qiagen, Valencia, CA, USA) following the manufacturer's instructions.
Initial quality checks were performed using electrophoresis on 1% agarose gels
and the Qubit dsSDNA HS Assay Kit (Life Technologies, Carlsbad, CA, USA). The
FFPE DNA was then sheared into fragments of mean peak size 180200 bp using
Adaptive Focused Acoustics (Covaris, Woburn, MA, USA). Libraries were
prepared using the SureSelect XT protocol (Agilent Technologies, Santa Clara,
CA, USA) with the Axen™ Cancer Master panel (Macrogen, Seoul, Korea).
Library quality was checked with the 2100 Bioanalyzer (Agilent), requiring a
product size of 200-400 bp. The libraries were sequenced paired-end (2 x 150 bp)
on a NextSeq500 instrument to approximately 2,000X coverage. Adapter
sequences were removed, and reads were aligned to the reference genome
(GRCh37/hg19) using BWA-MEM !¢, Poorly mapped reads with MAPQ below 20
were removed. Duplicated reads were discarded, and base quality was recalibrated.
Somatic mutations, including single nucleotide variants (SNVs) and small
insertions and deletions (INDELSs), were identified using the MuTect2 algorithm
17, False positive variant calls from oxo artifacts were excluded, as well as
mutations below 2% VAF and 100X total depth. Germline variants were excluded
based on MAF in EXAC_EAS or Macrogen Korean Population Database. The
remaining variants were annotated using SnpEff & SnpSift v4.3i with dbNSFP
v2.9.3. MSI was calculated using mSINGS, and TMB was reported as the number

of mutations per megabase of passed missense mutations.

In vitro analysis



Human head and neck squamous cell carcinoma cell lines, SNU1066, SNU1076,
and YD10B were purchased from Korean Cell Line Bank (Seoul, South Korea).
FaDu (ATCC® HTB-43™, pharynx SCC) and human anaplastic squamous cell
carcinoma cell line, CCL 30 (RPMI 2650) were purchased from American Type
Culture Collection (ATCC). SNU1066, SNU1076, and YD-10B were cultivated
in DMEM media (11995-065, Gibco, USA) supplemented with 10% fetal bovine
serum, 1% penicillin, and streptomycin at 37 °C in a humidified incubator with
5% CO2. FaDu and CCL30 were cultivated in Minimun Essential Medium
(MEM) (11095-080, Gibco, USA) media supplemented with 10% fetal bovine
serum, 1% penicillin, and streptomycin at 37 °C in a humidified incubator with
5% CO2. DMEM and MEM medium, fetal bovine serum, phosphate-buffered

saline (PBS), and penicillin-streptomycin were obtained from Gibco, USA.

A. Quantitative reverse transcription polymerase chain reaction (QRT-PCR)
RNA was isolated using RNeasy Plus Mini Kits (74134, Qiagen, Carlsbad, CA,
USA), and ¢cDNA was synthesized using SensiFAST ¢cDNA Synthesis Kit (BIO-
65054, Meridian Bioscience, Memphis, TN, USA). Primers for p40, p63,
cytokeratin5, cytokeratin6, and GAPDH were manufactured (BIONEER, Daejeon,
Korea). Using SensiFAST SYBR Lo-Rox Kit (BIO-94020, Meridian Bioscience)
as PCR reagent and the Applied Biosystems™ QuantStudio™ 3 Real-Time PCR
System (Thermo Scientific, Logan, UT, USA), PCR was performed at 95 °C for 2
min; at 95 °C for 5 s and 58 °C for 20 s over 45 cycles; 95 °C for 15 s; 60 °C for
1 min; and 95 °C for 15 s. Experiments were performed independently three or

more times. The primer sequences for qRT-PCR are given in Table 1.



Table 1. The primer sequences for qRT-PCR.

Gene name Forward Reverse

EZH2 TCGAGCTCCTCTG AGTATCCACATC
AAGCAAA CTCAGCGG

SUZ12 CTCTGAACTGCCG CTCTTAACTGGT
CAAACTT CCGTTGCG

EED1 TGCGATGGTTAGG CCAAATGTCACA
CGATTTG CTGGCTGT

BMI1 TTGTTTGCCTAGC GAAGAAGTTGCT
CCCAGTA GATGACCCA

P40 GCCACAGTACACG GCACGTGGTCTG
AACCTGG TGTTATAGGGAC

P63 GAAAGAAAGTTAT CTGTT
TACCGATCCAC CCAGAAAATCCC

AG

Cytokeratin 5 CAAGGTTGATGCA TCAGCGATGATG
CTGATGG CTATCCAG

Cytokeratin 6 GACCTGGTGGAGG GTAGGCAGCATC
ACTTCAA CACATCCT

GAPDH ACCCAGAAGACTG CACATTGGGGGT
TGGATGG AGGAACAC

B. Western blotting

FaDu, SNU1066, SNU1076, YD10B, and CCL30 were seeded onto 100 mm
dishes then cultured in MEM media for FaDu and CCL30, in DMEM media for
SUN1076, SNU1066, YD-10B. Protein extracts were obtained from cell lines,
using a protein extract solution (RIPA Lysis and Extraction Buffer; Thermo

Scientific™, USA) following the manufacturer’s instructions. Proteins from



lysates were loaded on Q-PAGE™ TGN Precast Gel (QP4520, SMOBIO
Technology, Paramount, CA, USA). Gels were transferred to PVDF Membrane
(IPVH00010, Merck Millipore, Middlesex, MA, USA). Antibodies used for
Western blot analysis included anti-EZH2 (Invitrogen, USA), anti-SUZ12 (Abcam,
USA), anti-EED (Abcam, USA), anti-BMI1 (Abcam, USA), anti-p63 (Dako,
Denmark), anti-cytokeratin5/6 (Dako, Denmark) and B-actin (Invitrogen, USA).

C. Morphologic evaluation of cell lines.

Microscopic features of the five cell lines of FaDu, SNU1066, SNU1076, YD10B,
and CCL30. Cells were captured at 20x magnification of the culture dish under
the light microscope (BX43, Olympus). To observe the details under the light
microscopic examination, cells were detached using trypsin-EDTA, washed with
PBS, spin-down in the high-speed centrifuge, undergone in the process of liquid-
based cytology preparation, and stained with Papani-colau (PAP) method on
liquid-based cytology preparation (LBP) slides.

Estimated immune and stromal cell profile using SpatialDecon library with
SafeTME matrix

To identify immune cell and stromal cell profiles within SNUC samples,
SpatialDecon analysis was performed using SafeTME cell profile matrix from 75%
percentile normalized RNA expression data. The matrix of estimated immune cell
types of each ROI was depicted in heatmap. The detailed method is described in

previous research '®,

Statistical analysis
Chi-square, Fisher’s exact test, Student's t-test, and Wilcoxon-signed rank test
were used to evaluate the statistical significance between the two variables. P

values less than 0.05 were considered significant with all reported p values being



two-sided. All data were analyzed using R software (version 4.3.1). Three
independent Western Blots were quantified using Image J Software. The protein
expression was normalized with respect to the corresponding Beta-actin signals of

the appropriate samples.



II1. RESULTS
1. Clinical and pathological features
The clinical characteristics of the samples are summarized in Table 2. The
cohort consisted of 17 (74%) men and six (26%) women, the median patient
age was 54 years. More than half (13/23, 57%) of cases were diagnosed at the
advanced tumor stage of AJCC III-IV. The median disease-specific survival
period was 60.4 months. Among 23 patients, distant metastasis was observed

in 6 (26%) patients.

Table 2. Clinical characteristics of 23 patients with Sinonasal undifferentiated carcinoma

(SNUC)

Characteristics Number (%)
Age, median (range), years 54 (29-86)
Sex
Male 17 (73.9)
Female 6 (26.1)

Initial stage, according to AJCC stage

I 1(4.3)

1B 1(4.3)

I 3(13.1)

v 10 (43.5)

Unknown 8(34.8)
Metastasis

Absent 17 (73.9)

10



Present 6 (26.1)

Liver 1
Bone 3
Lung 1
Distant lymph node 1
Overall disease-specific survival, median 60.4 months

2. Histologic, immunohistochemical, and in situ hybridization features
The histologic diagnosis followed the definition of SNUC of WHO tumor

classification 5" edition '

; SNUC shows no specific differentiation into
squamous, glandular, or neuroendocrine lineage in histology and
immunophenotype.

Histologically, tumor cells reveal large-sized, monotonous, undifferentiated
cell morphology with large nucleoli and scant cytoplasm in the overall of
included 23 cases. Squamous or glandular differentiation was not identified.
In most cases (91.3%, 21/23 cases) variable extent of tumor necrosis is
accompanied.

The results of immunohistochemistry studies are summarized in Table 3. All
cases revealed cytokeratin expression with variable intensity and proportion.
Other tested markers did not show significant positivity for squamous
differentiation (p40, p63), glandular differentiation (CK7), neuroendocrine
differentiation (synaptophysin, chromogranin), NUT expression, Human
papillomavirus (HPV) association (p16), Epstein-Barr virus (EBV) infection
(EBER) or deficiency of INI1 (SMARCB1) and BRG1 (SMARCA4). Only
one case revealed loss of BRG1 (SMARCAA4). However, in this case, Next

Generation Sequencing (NGS) analysis revealed no genetic mutation of

11



SMARCAA4, and it was included in the study. The representative images are

described in Figure 1.

Table 3. Results of immunohistochemistry (IHC) and in situ hybridization (ISH)

Cut off value for

IHC and ISH o Positive results, n (%)
positivity

Cytokeratin >5%, if any 23,100%
p40 >10% 5,21.7%
p63 >10% 5,21.7%
CK7 >10% 0, 0%
Synaptophysin >10% 0, 0%
ChromograninA >10% 0, 0%
pl6 >70% 1,4.3%
NUT 0 0, 0%
INI1 (SMARCBI) Complete loss 0, 0%
BRG1 (SMARCA4) Complete loss 1,4.3%
EBER >10% 9,39.1%

Abbreviation: IHC, immunohistochemistry; ISH, in situ hybridization; EBER,
Epstein-Barr virus (EBV)-encoded small RNAs

12



Figure 1. Representative images of Sinonasal undifferentiated carcinoma (SNUC) in HE

stain slide image (A), immunohistochemical staining, and in situ hybridization images.
Diffuse infiltration of undifferentiated carcinoma cells with numerous mitotic features
without specific growth patterns. The tumor cells are focally positive in CK(AE1/AE3)
(B), p40 negative (C), CK7 negative (D), and negative for Synaptophysin (E) and
chromogranin A (F). All cases were retained expression for INI1 (G). All cases were

negative for NUT (H) and most of the cases were negative for EBER in situ hybridization

(D).

3. Spatial transcriptome analysis

A. Spatial transcriptome features regarding carcinogenesis

13



For GeoMx™ multiplex DSP analysis, 48 ROIs were selected. These ROIs
were collected from the tumor tissue areas (37 ROIs) and normal tissue areas
(11 ROIs) (Figure 2). To segment the epithelial cells, including tumor cells
and normal epithelial cells, cytokeratin (CK) positive signals were evaluated
and compared with H&E-stained microscopic morphology. As a result, a
total of 36 ROIs were selected with 28 ROIs of the tumor epithelial cell area
and 8 ROIs of normal epithelium area. For segmentation of immune cells,
CD45 positive signals were evaluated with H&E- stained microscopic
morphology, and a total of 10 ROIs were selected with 7 ROIs of the tumor-

infiltrating immune cell area and 3 ROIs of the normal area. Details are

summarized in Figure 3.

Figure 2. Representative H&E slide image and immunofluorescence images for DSP

analysis.

14



D N Prognosis Metastasis | ROILabel [SegmentLabell ID N Prognosis Metastasis ROIlLabel SegmentLabel
SNUC_01 Tumor Poor NonMeta 1 CK+ SNUC_14 Normal Good NonMeta 35 CDAS+
Normal Good NonMeta 13 CK+ Tumor Good NonMeta 3 CDA5+
SNUC 02 Normal Good NonMeta 16 CK+ SNUC_15 Tumor Good NonMeta 32 CK+
- Tumor Good NonMeta 33 CK+ Tumor Good NonMeta 48 SMA+
Tumor Good NonMeta 34 CK+ Normal Good NonMeta 17 CD45+
Tumor Good NonMeta 38 CK+ Normal Good NonMeta 18 CK+
SNUC_16
Normal Good NonMeta 19 CK+ =
SNUC_03 Tumor Good NonMeta 22 CK+
Tumor Good NonMeta 27 Ck+ Tumor Good NonMeta 23 CD45+
Tumor Good NonMeta 28 CK+ Tumor Good NonMeta 7 CK+
SNUC_17
SNUC_04 Tumor Good NonMeta 9 CK+ = Tumor Good NonMeta 8 CK+
Tumor Good NonMeta 10 CD45+ Tumor Good NonMeta 46 CK+
SNUC_18
Normal Good NonMeta 2 Ck+ - Tumor Good NonMeta 47 D45+
SNUC_05 Tumor Good NonMeta 4 CK+ Tumor Poor Nota 2 SNAT
Tumor Good NonMeta 5 K+ SNUC_19 e p—— oo Vet = o
SNUC_06 Tumor Poor NonMeta 43 CK+ SNUC_20 T Poor Meta 22 K+
SNUC_07 Tumor Good NonMeta 39 CK+ T — Good Meta 1 K+
Tumor Good NonMeta 40 CDA45+ _— Fr— Good Meta 21 D45+
SNUC_10 Tumor Poor Meta 30 Cr - Tumor Good Meta 36 oK+
T Py Met: 31 CK+
umor oo s Tumor Good Meta 37 K+
Normal Good NonMeta 12 CK+
SNUC_22 Tumor Poor NonMeta 29 CK+
SNUC_11 Normal Good NonMeta 14 CD45+
Tumor Good NonMeta 25 CK+
Tumor Good NonMeta 20 CK+ SNUC_23
Tumor Good NonMeta 26 CD45+
Tumor Good NonMeta 6 CK+
SNUC_12
Normal Good NonMeta 15 CK+
Tumor Poor NonMeta 41 CK+
SNUC_13
Tumor Poor NonMeta a4 CK+

Figure 3. Detailed information on ROIs labeling of DSP analysis. Out of a total of 48

ROlIs, there were 36 CK-positive ROIs selected to examine tumorigenesis (28 ROIs:

SNUC carcinoma cells, 8 ROIs; normal epithelial cells around the tumor), and 10 ROIs

were selected for CD45-positive regions to assess tumor immunity (7 ROIs: Tumor-

infiltrating immune cells, 3 ROIs: immune cells in tumor-free area). We divided the

groups based on the median disease-free survival of the patient cohort to determine

prognosis, and we also separated the groups based on the presence of metastasis into

metastasis and non-metastasis groups.

15



From GeoMx multiplex digital spatial profiling (DSP) analysis and then the

Differentially Expressed Genes (DEG) analysis, the gene expression status of

tumor cells was compared to that of normal epithelial cells. Overall features

and details are summarized in Table 4 and Figure 4.

Table 4. Results of DEG analysis for gene overexpression in SNUC carcinoma cells.

GSEA
Gene Fold change Std..Error  t.value P-val  Significance pathway_
count
(TOP12)
H3C2  2.854888236 0.648595 4.401651 0.000101 3.995636 12
H3C7 2232229628 0.530473 4.207999 0.000178 3.750315 12
H3CI3  2.157442542 0.490556 4.397952 0.000102 3.990929 12
H3C15  2.104124362 0.508755 4.135834 0.000219 3.659526 12
H3CI10  2.008093593 0.471222 4.261463 0.000152 3.817807 12
H2BCI1 1990715727 0.470389 4.232061 0.000166 3.780667 11
H2ACI11  1.880055791 0.43 4372227 0.00011 3.958214 5
H2BCY 1.87531293  0.518397 3.617522 0.000954 3.020283 11
H24CI2  1.843989603 0.453905 4.062498 0.000271 3.567655 5
H2BCI0 1.839533645  0.4391  4.189327 0.000188 3.726789 11
H2ACI17  1.754064515 0.450281 3.895489 0.000436 3.360055 5
H24C21  1.638865153  0.388597 4.217393 0.000173  3.76216 5
H2BCI3  1.586954299 0.282253  5.62245 2.67E-06 5.574163 11
EZH2  1.557840722 0.258618 6.023719 8.02E-07 6.095652 3
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Figure 4. Wilcoxon-signed rank test images of gene expression status regarding

carcinogenesis

Among several genes significantly upregulated and significantly

4 normal

Tumor

downregulated in SNUC, the histone family gene, H3C2 (H3 clustered histone

2) as well as EZH?2 were specifically upregulated in SNUC (fold change >1.5

times, p <0.05, Table 4, Figure 4) when compared to normal epithelial cells. In

GSEA (gene set enrichment analysis), activated pathways were noted in

HDAC (histone deacetylase) signaling pathway, HAT (histone
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acetyltransferase) pathway, and PRC2 (polycomb repressive complex 2)
pathway (Figure 5).

For downregulated genes and pathways in SNUC, downregulation of mucin
family of proteins genes (MUCS5B, MUC4, MUC1, MUC5AC), and keratin
protein gene (KRT7) was noted (fold change < -1.5times, p <0.05) as well as
mucin glycosylation pathway (Table 5 and Figure 5).

Pathway Gene ranks NES pval padj
HDACs deacetylate histones ™' - 0 362 2.3e-41 14e-39
HATs acetylate histones Ll R + 356 1.2e-41 7.9e-40
Defective pyroplosis - v 349 1.0e-36 3.6e-35
HCMV Late Events ™"~ . : too 346 1.0e-35 3.2e-34
— PRC2 methylates histones and DNA ™ v 345 1.2e-34 3.2e-33
c DNA Replication M= = ’ ‘ sro 345 6.1e-44 4.6e-42
3 DNA methylation ™ * + 345 82035 2333
0 HCMV Early Events W oo oo w344 1.4e-36 4.7e-35
- DNA Replication Pre-Initiation ~ M=ses veee sewm 343 29e-39 1.4e-37
Assembly of the pre-replicative complex M i aemm = s J srw 343 5.3e-37 24e-35
RMTs methylate histone arginines ™+ = - K 340 2.8e-32 5.5e-31
B-WICH complex positively regulates rRNA expression ™' . v 340 1.1e-31 1.9e-30
Diseases associated with O-glycosylation of proteins o o Come n -168 4.2e-03 7.0e-03
inorganic cations/anions and amino acids/oligopeptides Lo - s eviemm 172 1.3e-03 2.4e-03
Z SLC-mediated transmembrane transport T e e s evnemay -1.74 1.6e-04 3.3e-04
o) luclear Events (kinase and transcription factor activation) e seeme w174 1.9e-03 3.4e-03
= Formation of the cornified envelope L e = g -1,80 3.0e-04 6.0e-04
3 Intraflagellar transport o wowomn -1.86 2.2e-04 4.5e-04
Di ilts and organic acids, metal ions and amine compounds e - v -1.87 3.3e-04 6.5e-04
O-linked glycosylation e ey ey 1,96 1.5e-05 34e-05
Biological oxidations """t e -2.04 8.2e-08 2.3e-07
Phase I - Functionalization of compounds e s w219 6.8e-08 2.0e-07
O-linked glycosylation of mucins = vy <222 6.5e-07 1.7e-06

Antimicrobial peptides 2.9e-09 9.0e-09

5000 10000 15000

Figure 5. In GSEA (gene set enrichment analysis) image, compared with tumor and

normal epithelial cells.
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Table 5. Results of DEG analysis for genes downregulated in SNUC carcinoma cells.

GSEA
Gene  Fold change Std..Error  t.value Pval  Significance pathway_
count

(TOP12)
BPIFAI ~ -4.89333  0.78097  -6.26572 3.90E-07 6.408961 1
BPIFBI 43636  0.685944 -6.36145 2.93E-07 6.532544 1
LCN2 -3.95908  0.590786 -6.70138  1.07E-07 6.969271 1
FOS -2.83266  0.776643  -3.64732  0.000878  3.056321 1
CLU -2.60435  0.593541 -4.38782  0.000105 3.978042 1
MUC5B  -2.54074 0.655163 -3.87802 0.000459 3.338485 3
KRT7 -2.50543  0.718719 -3.48596 0.001373  2.86237 1
EGRI -2.17603  0.702242  -3.09868  0.003886  2.410479 1
CpP -2.15953  0.510782  -4.22789  0.000168  3.775404 2
CYP4Bl  -2.14791 0.532214  -4.0358  0.000292 3.534318 2
F3 -2.1393  0.462318  -4.62734  5.20E-05 4.284165 1
RRAD -2.13255  0.477049 44703  8.26E-05 4.083125 1
MUC4  -2.01112 0.425844 -4.72266 3.92E-05 4.406716 3
ALDHIAI -1.83849 0.609454 -3.01661 0.004814 2.317518 2
HTN3 -1.81424  0.821127 -2.20945  0.03398  1.468776 1
SLC4444  -1.78751 0.386299 -4.62728  5.20E-05  4.284083 2
Muct -1.76002 0.4738 -3.71469  0.000728 3.138159 3
CES1 -1.67024  0.45108  -3.70276  0.000752  3.123636 2
IDI -1.66439  0.570341 -2.91824  0.006201  2.207537 1
MUC54AC -1.61959 0.481108 -3.36639 0.001903 2.720671 3
ALDH3A1 -1.60814 0.485718 -3.31085 0.002211 2.655488 2
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B. Spatial transcriptome features regarding tumor immunity
In overall, CD45-positive immune cells signals were weak in tumor area in
GeoMx multiplex digital spatial profiling (DSP) analysis (such as ROI
labeling 03, 10, 21, 23, 26, 40, and 47, Figure 6A). The high signal intensity
of CD45-positive immune cells was mostly noted in tumor-free normal tissue
areas (such as ROI labeling 14, 17, and 35, Figure 6B). When matching with
H&E-stained microscopic features, tumor areas of SNUC revealed generally

sparse immune cell infiltration.

003 CD45+ 010 CD45+ S '8 023CD45+

026 CD45+ + 040 CD45+ 047 CD45+

Xy LR RS

.+ 014 CD45+ Fo PR, 035.CD45+

Figure 6. Immunofluorescence images of CD45 positive immune cells in intratumoral

ROIs (A) and tumor-free area ROIs (B).
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When comparing tumor-infiltrating immune cells to those of tumor-free
normal tissue areas, only a few genes were significantly upregulated or
downregulated (p-value <0.05 and fold change >1.5 or <-1.5). Although LTF
and TUBA3D were noted as significantly downregulated genes, the role of
these gene has not been well-known in cancers. Individual analysis of genes
related to the TIME revealed no significant changes in the expression, except
for the relative overexpression of LAG3 in tumor-infiltrating immune cells
and a relative decreased expression of IL21 (Figure 7).

In estimated immune and stromal cell profile using SpatialDecon library with
SafeTME matrix, displaying the fold change of immune cell profiles (Figure
8), an increase in the signatures of naive B cell, macrophage, CD8 memory T

cell, and Tregs was frequently noted across all 48 ROIs.

LAG3 expression(FC=1.341, Pval=0.01748) IL21 expression(FC=-0.985, Pval=0.039)

CD45+ CD45+
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Figure 7. Wilcoxon-signed rank test images of gene expression status regarding tumor
immunity.
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Figure 8. Estimated immune and stromal cell profile using SpatialDecon library SafeTME
matrix in all 48 ROIs.
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4. Investigating for genetic alterations

To identify the underlying causes for the activation of chromatin remodeling
and histone modification pathways, Next-Generation Sequencing (NGS) test
was performed to detect any relevant genetic alteration. The NGS study was
conducted in 8 cases. The remaining 15 cases could not undergo NGS testing
due to quality control (QC) failure, while 8 cases that passed the QC test were
successfully tested. All 8 cases were found to be tumor mutation burden
(TMB)-low, and they also showed no microsatellite instability (MSI) status.
No mutation associated with the histone modification pathway of HDACs
(histone deacetylases) and HAT (histone acetyltransferases), or Polycomb
Repressive Complex 2 (PRC2) chromatin remodeling pathway (EZH2,
SUZ12, EED) were observed. Alterations in the BMI1 gene, which is included
in the PRC 1, could not be confirmed as it was not included in the NGS panel.
Among 8 cases, mutations of IDH2 R172S, SMO, PTPN11, CTNNBI,
ARIDI1A, and PMSI1 genes were noted as Variants of Clinical Significance
(VCS) in 4 cases. Details of detected VCS are summarized in Figure 9.

NGS_3 | NGS4 | NGS5 | NGS_6 | NGS_7 | NGS_8

PTPN11

ARID1A

CTNNB1

PMS1
Case Gene Consequence AA Change VAF HGVSc HGVSp
NGS_1 SMo Missense mutation p.K575M 50 NM_005631.4:c.1724A>T NP_005622.1:p.Lys575Met
NGS 1 IDH2 Missense mutation p.R172S 10.34 NM 002168.2:c.516G>C NP 002159.2:p.Argl72Ser
NGS 2 PTPN11 Missense mutation p.T507K 17.11 NM_002834.3:c.1520C>A NP_002825.3:p.Thr507Lys
NGS_3 ARID1A Nonsense mutation p.Q479* 25.4 NM_006015.4:c.1435C>T NP_006006.3:p.GIn479Ter
NGS_3 CTNNBI Missense mutation p.S37A 16.56  NM_001904.3:c.109T>G NP_001895.1:p.Ser37Ala
NGS 4 PMS1 Frameshift mutation p.T216Lfs*4 40.4 NM_000534.4:c.645del NP _000525.1:p.Thr216LeufsTerd

Figure 9. Detailed VCS information for the 8 cases. Missense mutations are marked in

red, nonsense mutations in green, and frameshift mutations in yellow.
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5. In vitro validation analysis
A. In vitro validation analysis of gene expression
We validated above results through in vitro study using five cell lines. FaDu,
SNU1066, SNU1076, and YD10B cell lines were used as differentiated
squamous cell carcinoma of head and neck, and CCL30 cell line was used as
undifferentiated carcinoma of head and neck. We quantified mRNA
expression of PRC2-related genes, EZH2, EED, SUZI2, and PRC1-related
genes, BMI1 (Figure 10A). In CCL30, the expression of EZH2 was the
highest among five cell lines and the difference was statistically significant.
The expression of EED and SUZI2 in CCL30 was also the highest among
five cells with statistically significance. Increase of BMII was not noted in
CCL30 (Figure 10A). These findings indicate that CCL30, undifferentiated
head and neck carcinoma, exhibited activation of PRC2 rather than PRCI1.
In other cell lines of FaDu, SNU1076, and SNU1066, increased expression
of EZH2, SUZ12, EED, and BMI1 was also observed. However, multiple
relevant expressions, as observed in CCL30, were not found in these
differentiated squamous cell carcinomas of the head and neck (Figure 10A).
Furthermore, we examined the mRNA expression of squamous
differentiation-related genes p63, p40, KRT5 (CK5) and KRT6 (CK6)
(Figure 10B). Interestingly, these genes exhibited contrasting results
compared to the previously mentioned PRC-2 -related complex genes. In the
CCL30 cell line, the expression of p40 was significantly low, and the
expression of CK5 and CK6 were also observed to be significantly low
(Figure 10B), being compatible with the undifferentiated carcinoma
characteristics. In case of SNU1076, significantly low expression of p63,
p40, KRTS5, and KRT6 was noted (Figure 10B). The moderately increased
expression of EZH2 and SUZ12 may be related to the downregulation of
squamous differentiation-related genes in SNU1076. This suggests that
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SNU1076 may be a poorly differentiated squamous cell carcinoma.
Conversely, the YD10B cell lines consistently showed no increase in PRC2
and PRC1 related genes and consistently exhibited higher expression of
squamous differentiation-related genes (Figure 10B). This suggests that the

YDI10B cell line may be a well-differentiated squamous cell carcinoma.
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Figure 10. mRNA expression levels of PRC1/2 related genes (A) and squamous
differentiated related genes (B).
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B. In vitro validation analysis of protein expression

When examining protein levels through Western blot analysis, the results
generally correlated with the mRNA gene expression, mentioned earlier. The
CCL30 cell line exhibited relatively high expression of EZH2 and SUZ12
proteins, along with moderate expression of EED protein. In contrast, p63
and KRT 5/6 (mixture) protein expression in CCL30 was found to be
extremely low (Figure 11), indicating undifferentiated carcinoma
characteristics. In the case of SNU1076, this cell line exhibited relatively
high expression of EZH2 and EED proteins, along with relatively low/weak
expression of p63 and KRT 5/6 (mixture) proteins (Figure 11). These
observations suggest characteristics of poorly differentiated squamous cell
carcinoma. Conversely, YD10B cell line showed low expression of EZH2,
SUZ12, and EED proteins, while displaying high expression of p63 and
KRT 5/6 (mixture) proteins, indicating properties of well-differentiated
squamous cell carcinoma. Furthermore, in other cell lines, we consistently
observed a correlation between mRNA and protein level results, confirming

the consistency of these findings.
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Figurell. Western blot analysis image (A) and statistical analysis (B) about PRC1/2-

related proteins and squamous differentiation-related proteins.

C. Invitro validation analysis of cell morphology

We evaluated the microscopic features of the five cell lines on culture dishes
and liquid-based cytology preparation (LBP) slides after harvesting and
staining with Papani-colau (PAP). CCL30 showed as small round cells with
scant cytoplasm and less cohesiveness, compatible with the undifferentiated
tumor cell morphology. In the case of SNU1076 cell line, the cells also
displayed relatively small cell size and fewer cytoplasmic processes,
compared to YD10B cells. However, these cells retained cohesiveness and
intercellular connections indicating a morphology consistent with poorly
differentiated carcinoma. On the other hand, YD10B cells exhibited well-
developed cytoplasmic processes, intercellular connections, a large cellular
size, and plumb cytoplasm, indicating features consistent with well-
differentiated squamous cell carcinoma. Regarding SNU1066 cells, they
retained features consistent with differentiated carcinoma cells. As for FaDu

cells, they appeared as large, polygonal cells with plump cytoplasm. Despite
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the relatively low but retained expression of p63, KRTS5, and KRT6, along

with a moderate increase of EZH2, these characteristics suggest that FaDu

cells may represent a large cell type of squamous cell carcinoma within the
progression spectrum towards poorly differentiated or undifferentiated

carcinoma. Additional visual details are listed in figure 12.

SNU_1066 SNU_1076 YD_108 ccl_so

P e @ i l F
Figure 12. Microscopic features of the five cell lines. The top row shows images taken

at 20x magnification on culture dish, while the bottom row shows images taken at 400x
magnification after harvesting cells and staining with Papani-colau (PAP) method on
liquid-based cytology preparation (LBP) slides. During the process of LBP, cells are
usually dissociated into single cells, stressed, and disturbed; however, detailed cellular

morphology could be additively examined under the light microscopy.

6. Validation analysis of PRC activation in clinical samples
In clinical tissue samples of SNUC, immunohistochemical expression was
evaluated for EZH2, SUZ12, EED, BMI1, and H3K27me3. Expression status
of representative images are presented in Figure 13. EZH2 was highly
expressed in most cases with the median value 210 by H-score (160 to 300).

Generally increased expression was also noted for EED (200, 30 to 300),
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H-score

300

200

100 -

BMI1 (200, 50 to 300), and SUZ12 (160, 40 to 300). H3K27me3 expression
(90, 30 to 300) was found to be relatively lower when compared to other
PRC1/2 complexes. The increased expression of PRC2 and PRC1 complexes,
as confirmed through mRNA and Western blot analyses, was consistent with

the results obtained from immunohistochemistry conducted on the paraffin-

embedded formalin-fixed tissue.
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Figure 13A. Representative immunohistochemical stain image of PRC1/2 related
expression. EZH2 (A), BMI1 (B), EED (C), SUZ12 (D), and H3K27me3 (E).

Figure 13B. Boxplot image of H-score results about PRC1/2 related complexes expression.

30



IV. DISCUSSION

This study was aimed to determine the molecular characteristics of SNUC, an extremely
aggressive tumor, from the perspectives of tumorigenesis and tumor immunity. The
clinical and pathological features of our SNUC cohort also exhibited aggressive
carcinoma characteristics, with more than half of the cases showing advanced tumor stage
at the time of diagnosis and frequent distant metastasis.

The spatial transcriptome analysis offers a notable advantage by improving the purity of
the cells under study compared to conventional bulk sequencing methods. Traditional
bulk sequencing struggles with the mixture of various cell types, not easy to making the
isolation of specific cells of interest. In contrast, the recent spatial transcriptome analysis
allowed us to precisely categorize and scrutinize four distinct cell types: tumor cells,
normal epithelial cells, tumor-infiltrating immune cells, and immune cells in tumor-free
areas. This capability facilitated a more comprehensive and detailed investigation.

(Figure 14)

Tumor ———_|

— Tumor infiltrating lymphocyte

Normal epithelial cell —— I— Lymphocyte of tumor free area

Conventional method Spatial analysis
Bulk seq —

CK+ CK+ CD45+ Tumor CD45+ Tumor
Tumor cell Epithelial Cells infiltrating lumphocyte free area

Figure 14. A schematic diagram illustrating the advantages of spatial transcriptome
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analysis

In the spatial transcriptome analyses, we observed activated pathways in the PRC2
(polycomb repressive complex 2) pathway, the HDAC (Histone deacetylase) signaling
pathway, and the HAT (Histone acetyltransferase) pathway including upregulation of
EZH2 and histone proteins like H3C2 (H3 clustered histone 2). These results suggest that
chromatin remodeling and histone modification pathways may be the dominant modes in
SNUC carcinogenesis. For the downregulated genes and pathways in SNUC, we observed
a decrease in mucin proteins (MUCS5B, MUC4, MUC1, and MUCS5AC), and the keratin
protein (KRT7), as well as a reduction in the mucin glycosylation pathway. These findings
might indicate the alteration of the typical cellular characteristics of normal mucosal
epithelium in the sinonasal tract as the tumor progresses into undifferentiated carcinoma'®-
21.

In NGS (next-generation sequencing) analyses in order to identify the underlying causes
for the activation of chromatin remodeling and histone modification pathways, we could
not detect genetic mutations associated with the histone modification pathway of HDACs
(histone deacetylases) and HAT (histone acetyltransferases), or PRC chromatin
remodeling pathway (EZH2, SUZ12, EED of PRC2). Our NGS results in SNUC suggest
that activation of chromatin remodeling and histone modification pathways may occur
through other signaling rather than genetic alterations. In fact, actionable/druggable gene
mutations in EZH2, SUZ12, or EED are mostly observed in hematologic malignancies,
and actionable mutations of HDAC or HAT have not been well elucidated yet in both

solid and non-solid cancers 2>2*

. Due to a lack of tissues, however, the NGS study was
performed only in eight of 23 cases. There is a limitation in our study to conclude any
possible roles of genetic mutation to induce chromatin remodeling and histone
modification pathway alteration in our study, thus, further study should be followed with

more tissue samples.
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Interestingly, we noted mutations of IDH2 R172S, SMO, PTPN11, CTNNBI, ARIDIA,
and PMS1 genes as variants of clinical significance (VCS) in 4 cases. IDH2 hotspot
mutations are recently known in SNUC with the frequency of 33-85% with IDH2 R172S
mutation being the most common * 52526,

The IDH gene plays a crucial role in the Krebs cycle and in maintaining cellular

27

homeostasis “/. /DH mutation is well known as alleged roles to induce DNA

28, 29

hypermethylation in several types of malignancies such as glioma , acute myeloid

30.31 " chondrosarcoma *2, cholangiocarcinoma *, and angioimmunoblastic T cell

leukemia
lymphoma **. SNUC with /DH2 mutation is known to show hypermethylation phenotype,
and studies based on DNA methylation profiling indicate that /DH-mutant sinonasal
malignancies form a separate category from tumor types without /DH mutation °.

SWI/SNF complex-deficient sinonasal carcinoma is a recently defined entity by WHO
classification !. Analogous to SNUC, this tumor is defined as a poorly differentiated to
undifferentiated carcinoma that exhibits the loss of one SWI/SNF complex subunit
(SMARCBI/INI1 or SMARCA4/BRG1) without histologic differentiation, leading to its
classification as a specific entity. The SWI/SNF complex genes are also known to be
related to chromatin remodeling 337,

Regarding the epigenetic roles of DNA methylation ®, chromatin remodeling-related
SWI/SNF alteration ¥, and considering our findings of activated chromatin remodeling
and histone modification pathways as well as rarity of genetic alteration, SNUC and its
analogies of undifferentiated carcinoma arising in sinonasal tracts seem to mainly use
epigenetic methods in carcinogenesis.

Other altered genes in our study may also play a role in carcinogenesis of SNUC
regarding their well-known roles as oncogenes or tumor suppressor genes: a gain-of-
function mutation in the SMO gene, implicated in the Sonic hedgehog pathway; a gain-
of-function mutation in the PTPN11 gene, involved in the PIK3K/AKT and RAS signaling
pathways; a gain-of-function mutation in the CTNNBI gene, associated with the WNT

signaling pathway; a truncating mutation in the tumor suppressor gene ARI/D14, linked to
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the SWI/SNF chromatin-remodeling complex; and lastly, a truncating mutation in the
PMS]1 gene, a participant in DNA mismatch repair.

In vitro validation analyses of undifferentiated and poorly differentiated carcinoma cell
lines of the head and neck showed overexpression of EZH2 and related PRC2-related
molecules (SUZ12 and EED) at the mRNA and protein levels. Furthermore, the activation
of PRC-related molecules was related to the contrasting downregulation of squamous cell
differentiation-related molecules, such as p63, p40, KRTS, and KRT6. Integrating the
results of RNA gene and protein expression, reveals an inverse relationship between PRC-
related molecules and differentiation-related molecules, along with the cell line
morphology of undifferentiated/poorly differentiated/well-differentiated type. This
suggests that PRC-related chromatin remodeling pathway may play a crucial role in the
progression of tumors into undifferentiated carcinoma. Clinical tissues of SNUC also
generally demonstrated high immunoexpression of PRC-related proteins including EZH2
and supported the above results of spatial transcriptome profiles and in vitro analyses.
Considering the spatial transcriptome profiles of SNUC tumor tissues, it appears that
EZH2 may take a leading role in the activation of the PRC-related chromatin remodeling
process, since other PRC-related genes such as SUZ12, EED, and BMI1 were not
upregulated in SNUC tumor tissue. Regarding histone modification, it may either follow
EZH2-led PRC activation or occur in parallel. Notably, our spatial transcriptome analysis
data did not show direct activation of HDAC or HAT. Therefore, it is plausible that EZH2
serves as an initiating factor, leading to subsequent signaling in chromatin remodeling and
histone modification during the development of SNUC.

Epigenetic modifications have the capacity to control the state of chromatin and gene
expression by means of processes such as DNA methylation and demethylation, histone
modification, chromatin remodeling, and more, all without modifying the underlying
DNA sequences®® *°. Polycomb group proteins (PcGs), a crucial set of epigenetic
regulators, have a considerable role in regulating cell proliferation and are essential factors

in maintaining pluripotency and guiding the differentiation of stem cells. Additionally,
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they are implicated in the abnormal gene expression patterns observed during the

38, EZH2, a gene conserved across different species

development of malignancies
throughout evolution, displays analogous structural patterns and functional domains.
Acting as a histone methyltransferase, EZH2 acts as the catalytic component within PRC2,
tasked with the tri-methylation of histone H3 at Lys 27 (H3K27me3). This methylation
process results in gene silencing, affecting a wide range of biological functions, including
cell cycle regulation, proliferation, and differentiation *. The importance of EZH2 in
cancer progression has been highlighted, as its increased expression has been observed in
various malignancies.

EZH2 plays an oncogenic role in various cancers, both solid tumors (such as breast

cancer %!, prostate cancer **, esophageal cancer ¥, gastric cancer *, anaplastic thyroid
carcinoma *°, and endometrial carcinoma “¢) and hematologic malignancies *’ (such as
follicular lymphoma “). In malignant tumor models, EZH2 plays a crucial role in
promoting tumor growth and metastasis by mediating H3K27me3 - 3°. As stated
previously, given the numerous significant functions of EZH2 in cancer, therapeutic
approaches directed at targeting EZH2 have emerged as vital strategies in the treatment
of various cancer types 3% 3!,
The observed relationship between EZH2 and SNUC tumorigenesis suggests that EZH2
plays a significant role in SNUC development and may be a potential candidate for EZH2-
targeted therapy. In addition, combining our study results and previously known
characteristics for undifferentiated carcinoma arising in sinonasal tract, we suggest that
EZH2-activated SNUC is a molecular subset of SNUC and its analogies. (Figure 14)

Considering the relatively immune-poor microenvironment observed in the histology of

SNUC and the current spatial transcriptome results, it appears that tumor immunity may

not play a pivotal role in the development of SNUC. Alternatively, it’s possible that a

relatively immune-poor microenvironment forms as a mechanism of immune escape in

this aggressive tumor after it has developed into SNUC. It has become that the expression

of EZH?2 in cancer cells suppresses tumor immunity. In ovarian tumors, EZH2 expression
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hinders the production of CXCL9, which is vital for the infiltration of CD8+ T cells 3 33,
In the context of glioblastoma, the inhibition of EZH2 using siEZH2 leads to a reduction
in the expression of M2 markers, indicating the significant role of EZH2 in pushing
microglia towards M2 phenotype. M2-type tumor-associated macrophages contribute to
diminishing the anti-tumor response and promoting tumor growth through the release of
various cytokines **. To investigate any possible role of EZH2 in forming immune-poor
microenvironment of SNUC, additional studies using animal models capable of observing

the time-series development of tumors may be warranted.

WHO blue book 5t edition SWI/SNF complex-
» deficient sinonasal
carcinoma

EZH2 inhibitor: Potential target
treatment

Figure 15. Presentation of a new molecular subset of SNUC.
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V. CONCLUSION

SNUC presents a challenge in oncology because of its rare occurrence, aggressive
behavior, and limited treatment options. In this study, we tried to clarify the molecular
characteristics of SNUC, with a focus on tumorigenesis and tumor immunity.

Our study suggests that SNUC mainly uses epigenetic modes in tumorigenesis through
chromatin remodeling rather than genetic alteration. EZH2 activation was observed in
SNUC tumor cells and suggested EZH2 being crucial in carcinogenesis of SNUC. Thus,
targeting EZH2 using inhibitors may offer a potential avenue for improving treatment
outcomes. This study had limitations, and further research is needed to fully explore the

regulatory mechanisms underlying EZH?2 activation and its therapeutic implications.
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