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Analysis of DNA methylation and microRNA expression in NUT
(nuclear protein in testis) midline carcinoma of the sinonasal tract:
a clinicopathological, immunohistochemical and molecular genetic study
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The aim of this study was a detailed clinicopathological investigation of sinonasal NUT midline carcinoma (NMC),
including analysis of DNA methylation and microRNA (miRNA) expression. Three (5%) cases of NMC were detected
among 56 sinonasal carcinomas using immunohistochemical screening and confirmed by fluorescence in situ hybridiza-
tion. The series comprised 2 males and 1 female, aged 46, 60, and 65 years. Two tumors arose in the nasal cavity and one in
the maxillary sinus. The neoplasms were staged pT1, pT3, and pT4a (all cNOMO). All patients were treated by radical resec-
tion with adjuvant radiotherapy. Two patients died 3 and 8 months after operation, but one patient (pT1 stage; RO resection)
experienced no evidence of disease at 108 months. Microscopically, all tumors consisted of infiltrating nests of polygonal
cells with vesicular nuclei, prominent nucleoli and basophilic cytoplasm. Abrupt keratinization was present in only one case.
Immunohistochemically, there was a diffuse expression of cytokeratin (CK) cocktail, CK7, p40, p63, and SMARCB1/INT1.
All NMC:s tested negative for EBV and HPV infection. Two NMCs showed methylation of RASSFI gene. All other genes
(APC, ATM, BRCA1, BRCA2, CADM1, CASP8, CD44, CDH13, CDKNI1B, CDKN2A, CDKN2B, CHFR, DAPK1, ESRI, FHIT,
GSTP1, HICI, KLLN, MLHI1a, MLH1b, RARB, TIMP3, and VHL) were unmethylated. All NMCs showed upregulation of
miR-9 and downregulation of miR-99a and miR-145 and two cases featured also upregulation of miR-21, miR-143, and
miR-484. In summary, we described three cases of sinonasal NMCs with novel findings on DNA methylation and miRNA
expression, which might be important for new therapeutic strategies in the future.
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NUT midline carcinoma (NMC) is defined as any malig-
nant epithelial tumor with rearrangement of the NUT
(nuclear protein in testis) gene (also known as NUTMI (NUT
midline carcinoma family member 1)) on chromosome
15q14 [1]. In approximately two thirds of cases, the transloca-
tion partner is the BRD4 (bromodomain containing 4) gene
on chromosome 19p13.1, creating a new BRD4-NUT fusion
oncogene that markedly disrupts squamous differentiation
and promotes tumorigenesis. In the remaining one third of

cases, the NUT gene is fused to another member of the BET
(bromodomain and extra-terminal motif) family, the BRD3
gene on chromosome 9q34.2, or to other yet uncharacterized
genes [2, 3].

NMC is thought to be a very rare neoplasm but its exact
prevalence remains unknown and it is generally presumed
that it is almost certainly underdiagnosed. However, with a
new highly sensitive and specific monoclonal antibody to the
NUT protein that has recently become commercially avail-
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able, the recognition of NMC is greatly simplified [4]. Regard-
less of improved diagnostics, NMC will probably remain an
uncommon neoplasm. For example, it constituted only 7%
of 98 poorly differentiated carcinomas, occurring in patients
under the age of 40 [5]. Similarly, Bishop and Westra found
only 3 (2%) NMCs among 151 primary sinonasal carcinomas
from their archives [6]. NMC has been documented in both
males and females of all ages, from newborns to those aged
over 80 years [1, 7, 8]. In most cases, NMC occurs in the
midline anatomic areas, such as the sinonasal tract and the
mediastinum [1]. NMC is a particularly aggressive neoplasm
that is almost invariably fatal - the median overall survival is
only 9-10 months despite multimodal treatment [9].

Apart from the defined NUT gene rearrangement,
other molecular genetic characteristics of NMC are largely
unknown. Because of its poor prognosis, an intensive search
for new therapeutic strategies based on better understanding
of genetic alterations occurring in this malignancy is there-
fore critical. Epigenetic changes, the most common of which
being methylation of CpG islands in the promoter gene
region, significantly contribute to malignant transformation
and progression [10, 11]. Similarly, microRNAs (miRNAs)
which are short non-coding RNA molecules primarily
functioning as negative regulators of translation may target
several oncogenes and tumor suppressor genes and thereby
play important role in the tumorigenesis [12]. In sinonasal
tumors and in NMC in particular, however, that kind of
research has drawn little attention of investigators so far
[13-15].

Table 1. List of primary antibodies.

Antibody Clone Dilution Source
CD34 QBEnd10 1:50 Dako
CD56 MRQ-42 1:2000 Cell Marque
Chromogranin Polyclonal 1:200 Novocastra
CK AE1/AE3 1:100 Dako
CK5/6 D5/16 B4 1:100 Dako
CK7 OV-TL 12/30 1:100 Dako
EMA E29 1:400 Dako
Ki-67 30-9 Pre-diluted Ventana
NUT C52B1 1:50 Cell Signaling
pl6 E6H4 Pre-diluted Ventana
p40 Polyclonal 1:250 Zytomed
po3 4A4 Pre-diluted Ventana
$100 Polyclonal 1:5000 Dako
SMARCBI1(INT1) MRQ-27 1:250 Cell Marque
Synaptophysin SP11 Pre-diluted Ventana
Vimentin V9 1:400 Dako

Abbreviations: CK = cytokeratin; EMA = epithelial membrane antigen;
NUT = nuclear protein in testis; SMARCB1/INI1 = SWI/SNF-related
matrix-associated actin-dependent regulator of chromatin subfamily B
member 1/integrase interactor 1

Sources: Cell Marque/Sigma-Aldrich (Rocklin, CA, USA); Cell Signaling
Technology (Danvers, MA, USA), Dako (Glostrup, Denmark); Novocas-
tra/Leica Biosystems (Newcastle upon Tyne, UK); Ventana/Roche (Basel,
Switzerland); Zytomed Systems GmBH (Berlin, Germany)

The aim of this study was to investigate NUT protein
expression in a large cohort of sinonasal carcinomas
diagnosed over a long period at three university depart-
ments of pathology and to expand the clinicopathologic and
molecular genetic characteristics of sinonasal NMC. For
this purpose, we performed promoter gene DNA methyla-
tion analysis of selected tumor suppressor genes by means
of methylation-specific multiplex ligation-dependent probe
amplification (MS-MLPA) and of methylation-specific
polymerase chain reaction (MSP) and expression analysis
of selected miRNAs using quantitative real-time polymerase
chain reaction (qQRT-PCR). To the best of our knowledge,
such investigation has not been performed in NMC so far.

Patients and methods

Clinicopathological data. A review of the surgical
pathology files at The Fingerland Department of Pathology
(University Hospital, Hradec Kralove, Czech Republic),
Department of Pathology (General University Hospital,
Prague, Czech Republic), and Department of Pathology
(University Hospital, Olomouc, Czech Republic) identi-
fied all malignant epithelial tumors of the sinonasal tract
consecutively diagnosed between August 1995 and August
2014. As no neoplasms arose in the frontal and sphenoid
sinuses, only tumors primarily originating from the nasal
cavity, maxillary sinuses and ethmoid complex were
included [16]. Among the total of 73 cases diagnosed
during the period, 17 tumors were classified as adenocarci-
nomas (7x adenoid cystic, 5x intestinal-type, 5x low-grade
non-intestinal-type) and excluded from the series, because
none of these tumor types were found to be NUT-positive
in a previous study [6]. Thus, the study sample comprised
56 tumors. Paraffin blocks for further analysis were avail-
able in all cases. Ethical approval was obtained from the
Ethics Committee, University Hospital, Hradec Kralove
(Reference No. 201602 1118P).

For every patient, gender, age at the time of diagnosis,
smoking history (non-smoker vs. ex-smoker vs. current
smoker), occupation (risky vs. non-risky), tumor localiza-
tion, and pathological TNM staging were recorded [16].
In cases with radical surgery not performed, clinical TNM
staging was used. During the follow-up period (until August
2016), local recurrence, regional recurrence, distant recur-
rence, death, and tumor-related death were recorded. Treat-
ment modalities included radical surgery, radiotherapy, and
chemotherapy in various combinations.

As controls, we examined 10 mucosal specimens from
the nasal cavity and maxillary sinus with features of chronic
rhinitis and sinusitis, obtained from 5 males and 5 females
aged 24-62 years (median 45 years; mean 44+15 years).

Immunohistochemical examination (IHC). All tumors
were first tested for NUT protein expression. As previously
described, only cases showing diffuse strong nuclear expres-
sion in more than 50% of tumor cells were regarded positive
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[4, 6]. Additional THC using antibodies listed in Table 1 was
performed on NUT-positive cases only.

Two mm-thick sections were cut from full section paraffin
blocks, mounted on slides coated with 3-aminopropyl-
triethoxy-silane, deparaffinized in xylene and rehydrated in
descending grades (100% to 70%) of ethanol. The staining of
all antibodies was performed using immunostainer Bench-
Mark ULTRA (Ventana/Roche, Basel, Switzerland), with
ultraView Universal DAB Detection Kit, Bluing Reagent and
Hematoxylin II (all Ventana/Roche) as visualization reagent
and chromogen. Appropriate positive and negative controls
were used. In particular, normal testis served as both positive
(germ cells) and negative (non-germ cells) control for NUT.

Fluorescence in situ hybridization (FISH). All
NUT-positive tumors detected by IHC were further tested
for NUT gene rearrangement. FISH was performed as previ-
ously described [17, 18]. Briefly, 4-um-thick section was
routinely deparaflinized, incubated in the Heat Pretreat-
ment Solution Citric (pH 6.0) (ZytoVision GmbH, Bremer-
haven, Germany) for 15 min at 98 °C and digested in protease
solution with Pepsin Solution (ZytoVision) at 37°C for 5
min. After dehydration, a volume of 10 pL of the ZytoLight®
SPEC NUTM1 Dual Color Break Apart Probe (ZytoVi-
sion) was applied. The slide was than incubated in the Dako
Hybridizer (Dako) with co-denaturation parameters 75°C
for 10 min and hybridization parameters 37 °C for 16 h. Post-
hybridization wash was performed in the 25x Wash Buffer A
(ZytoVision) at 37°C twice for 5 min. Then, the slides were
dehydrated, counterstained with DAPI/Dura Tect™-Solution
(ZytoVision), cover-slipped and immediately examined.

Each specimen was examined with a Nikon Eclipse 80i
fluorescence microscope using a 100" objective and triple
or single bandpass filter sets (ZyBlue/ZyGreen/ZytoOr-
ange; ZyGreen; ZyOrange). Scoring was done by counting
the number of fluorescent signals in 100 randomly selected
non-overlapping tumor cell nuclei. Normal NUT gene
status was defined as presence of two orange/green fusion
signals representing two non-arranged 15q14 loci in a single
nucleus. NUT gene rearrangement was indicated by presence
of one non-arranged orange/green fusion signal, one separate
orange and one separate green signal in a single nucleus. The
case was considered FISH positive when more than 20% of
tumor cells showed NUT rearrangement [4].

Methylation-specific multiplex ligation-dependent
probe amplification (MS-MLPA). All NUT-positive tumors
detected by IHC were further tested by the MS-MLPA probe
set ME0O1 (MRC-Holland, Amsterdam, The Netherlands),
which can simultaneously check for aberrant methylation
in 24 tumor suppressor genes (APC, ATM, BRCAI, BRCA2,
CADM]1, CASP8, CD44, CDHI13, CDKNIB, CDKN2A,
CDKN2B, CHFR, DAPK1, ESR1, FHIT, GSTP1, HICI, KLLN,
MLH1a, MLH1b, RARB, RASSF1a, RASSF1b, TIMP3, TP73,
VHL). Probe sequences, gene loci and chromosome locations
can be found at http://www.mlpa.com. Individual genes were
evaluated by two probes which recognized different Hhal

restriction sites in their regions. The experimental procedure
was carried out according to the manufacturer’s instructions,
with minor modifications as previously described [14].

In brief, DNA (100 ng) was dissolved in 5 pL TE-buffer
(10mM TriseCl; 0.5 mM EDTA; pH 9.0), denatured and
subsequently cooled down to 25°C. After adding the probe
mix, the probes were allowed to hybridize overnight at 60°C.
Subsequently, the samples were divided into two: in one half,
the samples were directly ligated, while for the other half
ligation was combined with the Hhal digestion enzyme. This
digestion resulted in ligation of the methylated sequences
only. PCR was performed on all the samples using a standard
thermal cycler GeneAmp 9700 (Applied Biosystems, Foster
City, CA, USA), with 35 cycles of denaturation at 95 °C for 30's,
annealing at 60°C for 30 s and extension at 72°C for 1 min,
with a final extension of 20 min at 72°C. Aliquots of 0.6 pL
of the PCR reaction were combined with 0.2 uL LIZ-labeled
internal size standard (Applied Biosystems), and 9.0 pL
deionized formamide. After denaturation, fragments were
separated and quantified by electrophoresis on an ABI 3130
capillary sequencer and analyzed using GeneMapper4.0 (both
Applied Biosystems). Peak identification and values corre-
sponding to peak size in base pairs (bp), and peak areas were
used for further data processing. Methylation dosage ratio was
obtained by the following calculation: Dm = (Px/Pctrl)Dig/
(Px/Pctrl)Undig, where Dm is the methylation dosage ratio,
Px is the peak area of a given probe, Pctrl is the sum of the
peak areas of all control probes, Dig stands for Hhal digested
sample and Undig for undigested sample. Dm can vary
between 0 and 1.0 (corresponding to 0-100% of methylated
DNA). Based on previous experiments, promoter was consid-
ered to be methylated if the dosage ratio was >0.20, which
corresponds to 20% of methylated DNA [19]. CpG universal
methylated and unmethylated DNA (Zymo Research Corpo-
ration, Irvine, CA, USA) was used in every run as controls.

Methylation-specific polymerase chain reaction (MSP).
All genes showing methylation using MS-MLPA (i.e.
RASSFla, RASSF1b, and TP73 - see Results) were further
tested by means of MSP for confirmation. MSP requires
bisulfite treatment of genomic DNA. It is used for conversion
of all unmethylated cytosines to uracils, leaving methylated
cytosines unaffected.

A total of 500 ng of genomic DNA was treated with bisul-
fite using the EZ DNA Methylation-Gold™ Kit according
to the manufacturer’s protocol (Zymo Research Corpora-
tion). MSP was performed on the Rotor-Gene Q (Qiagen,
Hilden, Germany) in two types of reaction mixture within
one run, for amplifying methylated and unmethylated DNA,
respectively. Primers were designed using MethPrimer
with consideration of the MS-MLPA probe locations and
the FFPE DNA fragmentation. Primer sequences with
annealing temperatures and amplicon lengths are listed in
Table 2. MSP reaction mixture contained 10x PCR Buffer,
MgCl, (25 mM), dNTPs solution Takara (2.5 mM), primers
(10 uM), Platinum® Taq DNA Polymerase (Invitrogen by
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Table 2. Methylation-specific PCR primer sequences.

Gene Primer sequence 5'-3" Amplicon size (bp) Annealing temperature (°C)

RASSELa* methylated DNA o’ 0 G IO GCTAAGETTAAACG 138 60
snmethyated DNA. A\ CTTCACTAACT TTAAACACT o 57

o oot : :
anmethyaed DNA A CCCAANTTTCCATTACAC 5 57

.
unmethylated DNA Fw: TTTTTTGTGTTTATATAATTTGTTTA 116 57

Rv: CAAACCCCAATTTCACTAC

*Primers designed with consideration of the MS-MLPA probe location. **Primers designed to the neighboring CpG sites of the MS-MLPA probe location.
Abbreviations: MS-MLPA = methylation-specific multiplex ligation-dependent probe amplification; PCR = polymerase chain reaction

Life Technologies - Thermo Fisher Scientific, USA), SYTO9
Dye (0.05 mM), bisulfite converted DNA and water. Each
run included a bisulfite-converted universal methylated and
unmethylated DNA (Qiagen) and a no-template control.
Fluorescence data were analyzed using Rotor-Gene Q
software. Amplicon was considered as methylated when
there was amplification in reaction mixture with methylated
primers of both types of reaction mixture. When there was
amplification only in mixture with primer pair for unmeth-
ylated DNA, the amplicon was considered as unmethylated.

Detection of miRNA expression. The selection rule of
miRNA analyzed was based on results of previous studies
investigating miRNA expression in head and neck carci-
nomas, as reviewed in a recent article by Kovarikova etal. [12].

Five-um-thick sections were cut from formalin fixed,
paraffin embedded (FFPE) tissue samples and deparaffinized
using xylene and ethanol. Total RNA, including miRNAs, was
isolated using RNeasy FFPE Kit (Qiagen, Valencia, CA, USA)
according to the manufacturer’s protocol. The extracted RNA
was eluted in 30 uL of RNase-free water. The concentration
and purity of the isolated RNA was determined by NanoDrop
ND 1000 spectrophotometer (Thermo Fisher Scientific,
Wilmington, DE, USA) by measuring the optical density at
260 nm and 280 nm (A260/280 ratio). After the isolation, the
samples were immediately processed or stored at -70°C.

The synthesis of cDNA was done using TagMan® Advanced
miRNA cDNA SynthesisKitwithuniversalreversetranscription
primers (Applied Biosystems, Foster City, CA, USA) according
to the manufacturer’s protocol with 8-10 ng of total RNA into
the reaction. Real-time PCR was performed using TagMan®
Fast Advanced Master Mix (Applied Biosystems) and specific
TagMan® Advanced miRNA Assays (Applied Biosystems)
on Rotor-Gene Q (Qiagen). Assays hsa-miR-9, hsa-miR-21,
hsa-miR-99a, hsa-miR-143, hsa-miR-145, hsa-miR-484,
and hsa-miR-361 (endogenous control) were used. All steps
were performed by following the manufacturer’s protocol.

All reactions were performed in triplicates; the reaction
volume was 10 pL with 2.5 uL of the sample. The reaction

conditions were set according to the manufacturer’s protocol
as follows: enzyme activation at 95 °C for 20 s, followed by 40
cycles of denaturation at 95 °C for 3 s and annealing/extension
at60 °Cfor 30s. Data obtained from the reaction were analyzed
using the Rotor-Gene Q Series Software. Relative expres-
sion of each miRNA was determined by the 244 method;
expression levels of miR-361 served for data normalization
[20]. This method was chosen based on literature review and
manufacturer’s recommendation for endogenous controls
listed in the user guide for TagMan® Advanced miRNA Assays.

Epstein-Barr virus (EBV) and human papillomavirus
(HPV) detection. All NUT-positive tumors detected by IHC
were further tested for presence of EBV and HPV infection.

For detection of EBV, CISH using the EBER 1 DNP Probe
(Ventana/Roche) was performed in the immunostainer
BenchMark ULTRA (Ventana/Roche), with ISH iVIEW Blue
Plus Detection Kit as a visualization reagent and chromogen.
HPV DNA detection was performed by real-time PCR with
the AmoyDx Human Papillomavirus Genotyping Detection
Kit (Amoy Diagnostics Co., Xiamen, Fujian, China) according
to the manufacturer s protocol as previously described [21].
The test is designed for detection and genotyping of 19 high-
risk HPV types (HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53,
56, 58, 59, 66, 68, 70, 73, and 82) and 2 low-risk HPV types
(HPV6 and 11).

Statistical analysis. Basic descriptive statistics were
adopted for the analysis: median, mean, and 95% confi-
dence interval for continuous data, and absolute and relative
frequencies for categorical data. All statistical analyses were
performed using the NCSS 8 statistical software program
(NCSS, Kaysville, Utah, USA).

Results

Clinical data. Among 56 sinonasal carcinomas diagnosed
over a 19 year period, three (5%) cases were diagnosed as
NMC using THC. The patients” clinical data are listed in
Table 3. The tumors occurred in 2 males and 1 female, aged
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Table 3 Clinical data of patients with NUT midline carcinomas.

No i;::l;;/ Smoking Location TNM Treatment izs:gcit:s)n fl(r)nl(l)?n‘:l;:)P f:slll:l):v-up Original diagnosis
1 F/60 Smoker Nasal cavity T4aNOMO  Surgery + RT  Positive 3 DOD NK-SCC

2 M/65 Non-smoker  Nasal cavity TINOMO Surgery + RT  Negative 108 NED NK-SCC

3 M/46 Smoker Maxillary sinus ~ T3NOMO Surgery + RT  Positive 8 DOD Basaloid SCC

Abbreviations: DOD = died of disease; F = female; M = male; NED = no evidence of disease; NK = nonkeratinizing; NUT = nuclear protein in testis; RT =

radiotherapy; SCC = squamous cell carcinoma

Table 4. Immunohistochemical characteristics of NUT midline carcinomas.

No CK CK5/6 CK7 EMA pl6 p40/p63 SMARCBI1(INI1)  Vimentin
(%) (%) (%) (%) (%) (%) (%) (%)

1 100 100 100 0 70 100/100 100 2

2 100 5 70 10 40 70/90 100 5

3 100 90 0 20 10 100/100 100 5

Abbreviations: CK = cytokeratin; EMA = epithelial membrane antigen; NUT = nuclear protein in testis; SMARCB1/INI1 = SWI/SNF-related matrix-associ-
ated actin-dependent regulator of chromatin subfamily B member 1/integrase interactor 1; % - percentage of positive tumor cells

46, 60, and 65 years (mean 57+10 years). Two patients were
smokers and one non-smoker. None of the patients experi-
enced occupational exposure to risky chemical substances.
Two tumors arose in the nasal cavity (1x right, 1x left)
and one in the right maxillary sinus. The neoplasms were
diagnosed in stage pT1, pT3, and pT4a. None of the patients
had regional or distant metastases at the time of diagnosis
(cNOcMO). All patients were treated by radical surgical
resection (2x positive and 1x negative resection margins)
with adjuvant radiotherapy. None of the patients developed
regional or distant metastases during the follow-up period
ranging 3-108 months (median 8 months; mean 40+59
months). Ultimately, two patients died due to the tumor 3 and
8 months after the operation, but one patient (pT1cN0OcMO
with negative resection margins) featured no evidence of
disease on the last follow-up control at 108 months.
Microscopic findings. Two NMCs were originally
diagnosed as non-keratinizing conventional squamous cell
carcinoma (NK-SCC) and one as basaloid SCC. The tumors
consisted of infiltrating nests, cords or sheets of polygonal
cells with round to oval, frequently vesicular nuclei with
prominent one or more nucleoli, and with moderate amount
of basophilic cytoplasm (Figure la, 1b). Spindling of the
tumor cells was not seen. Rhabdoid cells were absent. Mitotic
activity was extremely high, reaching up to 85 mitotic figures
(mf) per 10 HPFs. Apoptotic bodies were also frequently
present. Despite these high grade features, however, the
tumor cells lacked significant pleomorphism. In all cases,
central comedo-type necrosis was easily found. Abrupt
keratinization, i.e. presence of keratinizing cells with eosino-
philic cytoplasm immediately adjacent to the undifferenti-
ated cells, was observed in only one tumor (No. 1), occupying
about 30% of the neoplasm (Figure 1c). Formation of glands
or rosettes was not seen. Vascular invasion was obvious in all

cases, whereas perineural spread was absent. Infiltration of
the bone was evident in two cases (Nos 1, 3). The stroma was
composed of unremarkable fibrous tissue without significant
inflammatory infiltrate. Spread of tumor cells into mucosal
epithelium, or, alternatively, pre-existing in situ lesion — was
observed in only one case (No. 1) (Figure 1d).

e N s S o B T e A
Figure 1. Microscopic features of NUT midline carcinomas. a) Tumor
cells grow in larger nests with central comedo-type necrosis (hema-
toxylin-eosin (HE), original magnification 200x). b) Tumor cells have
enlarged vesicular nuclei with prominent nucleoli and basophilic cyto-
plasm. Numerous mitotic figures and apoptotic bodies are evident (HE,
original magnification 400x). ¢) Abrupt keratinization - larger cells with
eosinophilic cytoplasm are surrounded by undifferentiated cells. Notice
small keratin pearls in upper and lower right corner (HE, original magni-
fication 300x). d) Sharp transition between normal mucosal epithelium
(lower right) and dysplastic epithelium in continuity with invasive tu-
mor - pre-existing in situ lesion or secondary involvement? (HE, original
magnification 200x)
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Figure 2. Immunohistochemical characteristics of NUT midline carcino-
mas. a) Diffuse speckled nuclear expression of NUT in tumor cells. b)
Dysplastic epithelium and invasive carcinoma are diffusely NUT posi-
tive, while normal surface epithelium is negative (upper right). c) Diffuse
expression of cytokeratin (CK) cocktail. d) Diffuse nuclear expression of
P63 in tumor cells. Expression pattern of p40 was similar. e) Focal expres-
sion of CK5/6 in tumor cells. f) Diffuse expression of CK7 in tumor cells.
(Original magnification (a-f) 400x)

Immunohistochemical findings. All NMCs showed
diffuse nuclear expression of this marker in more than 90% of
tumor cells (Figure 2a), with some signal weakening in areas
with abrupt keratinization. The “in situ” component seen in
one case displayed NUT expression as well (Figure 2b). All
NUT-negative tumors completely lacked any staining. The
results of IHC analysis regarding NMC are listed in Table 4.
In all cases, there was (nearly) diffuse expression of cytoker-
atin (CK) cocktail (Figure 2c), p40, p63 (Figure 2d), and
SMARCBI1 (INI1) and variably focal expression of CK5/6
(Figure 2e), epithelial membrane antigen (EMA), pl6,
and vimentin. In two tumors, we observed nearly diffuse

Table 5. DNA methylation characteristics of NUT midline carcinomas.

Figure 3. Fluorescence in situ hybridization shows one non-arranged
orange/green fusion signal, one separate orange and one separate green
signal within tumor cell nuclei, indicating rearrangement of NUT gene.
(Original magnification 1000x)

expression of CK7 (Figure 2f), whereas it was absent in the
remaining case. Proliferation index Ki-67 was higher than
95%. Expression of all other tested antibodies (CD34, CD56,
chromogranin, S100, and synaptophysin) was absent.

Molecular genetic findings and results of EBV and
HPV detection. The results are summarized in Tables 5 and
6. FISH revealed rearrangement of NUT gene in all three
NMCs, each case showing split signals in more than 90/100
tumor cells (Figure 3).

Results of methylation analysis of 24 selected tumor
suppressor genes using MS-MLPA were as follows. Two
NMCs (Nos. 2, 3) showed methylation of RASSFla and
RASSF1b gene, and one of them (No. 2) also of TP73 gene.
By means of MSP, methylation of RASSFla and RASSF1b
gene was found in both cases, while methylation of TP73
gene was absent. All other examined genes (APC, ATM,

No DNA methylation (MS-MLPA) DNA methylation (MSP)

RASSFla RASSF1b TP73 RASSFla RASSF1b TP73
1 unmethylated unmethylated unmethylated unmethylated unmethylated unmethylated
2 methylated methylated methylated methylated methylated unmethylated
3 methylated methylated unmethylated methylated methylated unmethylated

Abbreviations: MS-MLPA = methylation-specific multiplex ligation-dependent probe amplification; MSP = methylation-specific polymerase chain reaction;

NUT = nuclear protein in testis
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BRCAI, BRCA2, CADM1, CASPS, CD44, CDH13, CDKNIB,
CDKN2A, CDKN2B, CHFR, DAPK1, ESRI, FHIT, GSTPI,
HIC1, KLLN, MLHIa, MLHI1b, RARB, TIMP3, and VHL)
were unmethylated. The remaining NMC (No. 1) and all
control cases of sinonasal mucosa did not feature methyla-
tion of any of the abovementioned genes.

Regarding miRNA expression, all NMCs showed upregu-
lation of miR-9 and downregulation of both miR-99a and
miR-145, when compared with control cases. In addition, two
cases (Nos. 2, 3) showed upregulation of miR-21, miR-143,
and miR-484, whereas all these miRNAs were downregulated
in the remaining case (No. 1). Neither EBER nor HPV DNA
was detected in any of the NMCs.

Discussion

Sinonasal malignant tumors encompass a heterogeneous
group of rarely occurring neoplasms, arising from sinonasal
mucosa or seromucinous glands [22]. Their etiopathogenesis
remains largely unknown. They are only weakly associated
with cigarette smoking but for some subtypes, particularly
the intestinal-type adenocarcinoma, occupational exposure
to wood dust and various chemical substances, such as
nickel, may be a risk factor [23]. Only recently, it has been
shown that a significant subset of sinonasal carcinomas,
namely squamous cell carcinomas (SCCs), harbor transcrip-
tionally active high-risk human papillomavirus (HPV)
infection which was detected in approximately 20-30% of
the cases [21, 24-28]. This finding likely indicates an active
role of HPV during carcinogenesis and puts sinonasal carci-
nomas into the group of HPV-driven neoplasms, which
already include cervical, vaginal, vulvar, penile, anal, and
oropharyngeal cancers [29-37]. Although the number of
types of sinonasal malignancies is already quite high, yet
another new tumor entities have been recently described,
making the microscopic diagnostics even more challenging
[38]. These include NUT midline carcinoma (NMC) [1, 6, 8],
SMARCBI1/INI1-deficient carcinoma [39-42], HPV-related
carcinoma with adenoid cystic-like features [43], renal
cell-like adenocarcinoma [44], and biphenotypic sinonasal
sarcoma [45].

In 1991, for the first time, two cases of mediastinal NMC
harboring translocation t(15;19) were reported [46, 47].
Since then, up to 100 cases of NMC have been described,
including approximately 40 cases arising in the sinonasal
tract [1, 2, 6, 9]. Contrary to the initial findings, occurrence
of NMC is not limited to children or young individuals but
this neoplasm may affect patients of all ages, from newborn
to those aged over 80 years, without gender predilection [1,
7-9]. This notion was also observed in the present study — all
three patients were older than 40 years. As its name indicates,
NMC usually affects midline anatomic areas and organs, such
as sinonasal tract, mediastinum, pharynx, larynx or urinary
bladder, but may occasionally arise also at other sites, e.g.
lungs and salivary glands [1, 2].

Table 6. miRNA expression characteristics of NUT midline carcinomas.

miRNA expression (QRT-PCR; 274 method)

No

miR-9 miR-21 miR-99a miR-143 miR-145 miR-484
1 1122 Uoes  Uos4 Uo.s Uo7 Uo.02
2 M2337 N300 U044 1 2.64 Uos3 148
3 1010 13.38 U 0.06 13.83 Uo.s5 f12.45

Abbreviations: miR, miRNA = microRNA; NUT = nuclear protein in testis;
gRT-PCR = quantitative real time polymerase chain reaction; ! = upregula-
tion; J = downregulation

NMC typically portends a very poor prognosis, with the
median survival less than one year [1, 2]. In the largest to
date study comprising a total of 48 patients [9], the median
overall survival was 9.7 months (range; 6.6—-15.6 months) and
the 2-year overall survival rate was 30% (95% CI; 16-46%).
Initial surgery with or without adjuvant (chemo)-radio-
therapy (p=0.04) and negative resection margins (p=0.01)
were the only significant positive prognostic factors. This
might explain the highly unusual 108 months survival seen
in one patient from the present series, who was diagnosed
at an early stage (pT1cNOMO) and treated by radical surgery
with negative resection margins and adjuvant radiotherapy.

Grossly, NMC may be well circumscribed, solid, and
yellow-tan, with areas of hemorrhage and necrosis [48]. To
make its recognition challenging, the microscopic appear-
ance of NMC is not specific. The tumor is composed of
sheets and cords of uniform cells with “high grade® features
and extremely high mitotic activity. Although diagnostically
helpful, abrupt keratinization present in a subset of cases,
is usually only a focal finding (as was seen in one our case)
and therefore may be absent in a incisional biopsy [1]. Infre-
quent findings include spindling of tumor cells and presence
of a prominent neutrophilic infiltrate [6]. In addition,
Nakamura et al. observed two types of tumor cells — small
distorted cells with a chromatin-rich nucleus and scant
cytoplasm and medium-sized cells with round nuclei, often
with prominent nucleoli [49]. On cytological smears, NMC
is mostly hypercellular and composed of dyscohesive small
to medium-sized cells with round to oval nuclei, devoid of
cytoplasm [50]. The immunohistochemical profile of NMC is
variable and also not entirely specific. Most of the tumors do
express CK5/6, p40, and p63 and therefore were in the past
usually diagnosed as poorly differentiated SCCs or sinonasal
undifferentiated carcinomas (SNUCs) [1, 6]. As expression
of neuroendocrine markers, e.g. chromogranin and synap-
tophysin, may be also focally observed, large cell neuroen-
docrine carcinoma or high grade olfactory neuroblastoma
may enter the differential diagnostics [6]. However, with the
new monoclonal antibody to the NUT protein, the diagnosis
of NMC has become greatly simplified [4]. Nuclear NUT
expression (often speckled) in more than 50% of tumor cells
is considered specific for the diagnosis of NMC [4, 6]. It is our
and others experience that the interpretation of the staining
is straightforward, the tumors being either diffusely positive
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or completely negative [4, 6]. Subsequent fluorescence in situ
hybridization may be used for confirmation if necessary.

The molecular genetic hallmark of NMC is the presence of
t(15;19) translocation, involving the NUT gene and (mostly)
the BRD4 gene [1]. As it is often the sole aberration detected
in these tumors, it is considered a very early, possibly tumor-
initiating event. Noticeably, we observed the NUT expression
also in the “in situ“ component present in one of our cases,
supporting this hypothesis. The basis for the genesis of the
translocation remains, however, unknown. There were found
no associations with the exposure to chemical substances or
smoking and all NMCs tested negative for HPV and EBV
so far [2, 6]. Interestingly, all SMARCBI/INII-deficient
sinonasal carcinomas tested also negative for NUT expres-
sion, indicating that these genetic alterations are mutually
exclusive, but the number of analyzed cases is currently too
low to draw a definite conclusion [39-42].

To the best of our knowledge, our study is the first
one analyzing DNA methylation and miRNA expression
in NMC. DNA methylation is one of the most common
epigenetic alterations, which significantly contributes
to carcinogenesis by silencing tumor suppressor genes
[51-54]. In the head and neck cancer, this aberration has
been studied by several investigators and compared with
HPYV status, however, frequently with contradictory results
[55-57]. As regards sinonasal tumors, more data on this
topic are missing. Only recently, a systematic analysis of
DNA methylation in a larger series of sinonasal carci-
nomas has been published [14]. Chmelarova et al. [14]
found significant differences in promoter methylation in
CDH13, ESR1, RASSF1, and TP73 genes between malignant
tumors and normal sinonasal tissue. In our previous study,
we detected methylation of APC, CDH13, RASSF1, TIMP3,
and TP73 genes in the SMARCBI1/INI1-deficient sinonasal
carcinomas [42]. Regarding the present series, two NMCs
showed methylation of RASSFI gene using both MS-MLPA
and MSP, while the remaining case was unmethylated.
Thus, RASSFI gene appears to be frequently methylated in
sinonasal carcinomas, including NMC. This gene is located
on chromosome 3p21.3 and encodes for a protein which was
identified as a tumor suppressor RAS effector implicated in
a variety of important biological processes [58]. Through
interaction with the protooncogene RAS, it is involved in
microtubule stability, apoptosis and cell cycle regulation
[58]. The methylation of RASSFI gene leads to decreased
RASSF1 expression as was documented in various cancer
types, e.g., non-small cell lung carcinoma, breast carci-
noma, and esophageal carcinoma [59-61]. Due to signifi-
cant mRNA fragmentation and damage in formalin fixed
and paraffin embedded tissue, native and/or frozen material
is generally needed for assessment of mRNA expression.
Therefore, we were not able to test the mRNA expression
of RASSFI gene in our NMC cases. As DNA methylation is
reversible, RASFFI gene may be the target for future person-
alized therapy [58]. Detailed information on analyzed tumor

suppressor genes may be found in the international database
“T'SGene: Tumor Suppressor Gene Database“ (https://
bioinfo.uth.edu/TSGene/).

The research of miRNAs, small non-coding RNAs involved
in the regulation of gene expression and carcinogenesis, has
drawn a significant attention of many investigators and is
currently a hot topic in molecular biology [12, 62]. Regarding
head and neck cancer, miRNAs may be classified into those
associated with tumor invasiveness and metastasizing, those
functioning as oncogenes, and those related to smoking and
HPYV infection [12]. A recent review identified 7 consistently
upregulated miRNAs (miR-7, miR-21, miR-34, miR-130,
miR-155, and miR-223) and 4 consistently downregulated
miRNAs (miR-99, miR-100, miR-125, and miR-375) in these
malignancies [63]. In addition, both increased expression
of miR-18, miR-19, miR-21, miR-134, miR-155, miR-181,
and miR-210 and decreased expression of miR-17, miR-34,
miR-125, miR-126, miR-153, miR-200, miR-203, mi-R-205,
miR-218, miR-363, miR-375, miR-451, and miR-491 were
found to be associated with poor prognosis in the head and
neck cancer in a meta-analysis by Jamali et al. [64].

On the contrary, the expression pattern of miRNA in
sinonasal carcinomas is largely unknown [12]. We are aware
of only one study by Ogawa et al. [15] who observed an
association between decreased miR-34 expression and a poor
disease-specific survival (p=0.002) in patients with sinonasal
SCC treated by platinum-based chemotherapy. In the present
study, all three NMCs showed upregulation of miR-9 and
downregulation of both miR-99 and miR-145. In addition,
two of the cases showed upregulation of miR-21, miR-143,
and miR-484, whereas all these miRNAs were downregulated
in the one remaining case. Among these findings, deregula-
tion of miR-9 and miR-21 expression is of particular interest
and might contribute to the dismal prognosis of NMC. For
example, upregulation of miR-9 was associated with poor
prognosis in patients with both lung carcinoma and osteosar-
coma [65] and, similarly, upregulation of miR-21 correlated
with poor prognosis in patients with both hematological
malignancies, e.g., diffuse large B cell lymphoma and chronic
lymphocytic leukemia, and solid cancers, such as carcinomas
of breast, lung, large bowel, and prostate [66]. Furthermore,
the expression of miR-21 was associated with resistance
of these cancer types to drug treatment [66]. The unusual
survival of patient No. 2 from our series may be rather due to
TINOMO stage and RO resection and not related to miRNA
expression profile. Detailed information of validated target
genes of miRNAs analyzed so far may be found in the inter-
national database “miRBase® (http://www.mirbase.org/).

In summary, we described in depth three cases of NMC
identified among a large subset of sinonasal carcinomas and
provided detailed molecular genetic analysis. To the best
of our knowledge, DNA methylation and miRNA expres-
sion was analyzed for the first time in these exceedingly rare
tumors. Concerning our results, methylation of RASSFI gene
and deregulation of miR-9, miR-21, miR-99, and miR-145
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are of particular interest and may serve as potential targets
for future individualized therapy strategies. On the other
hand, as only three NMCs were included in this series, we
are fully aware of a fact that our findings might be consid-
ered preliminary and should be confirmed by further studies.
As clinical trials with BET inhibitors, functioning as acetyl-
histone mimetics have shown encouraging results both in
vitro and in vivo, correct recognition of NMC is crucial for
both prognostic and therapeutic purposes.
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