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processed after obtaining the patient informed consent to par-
ticipate in this study.

Immunostaining

For immunohistochemical analysis, TMA blocks were pre-
pared and then deparaffinized, rehydrated, and boiled for
30 min in Tris-EDTA buffer (pH 9.0) for CDC6 or 10 mm
sodium citrate buffer (pH 6.0) for cyclin D1 and YB-1 as
antigen retrieval (Igarashi et al. 1994; Sugimura 2008). Endog-
enous peroxidase activity was blocked by incubation in a
hydrogen perozxide solution for 30 min. The sections were
then incubated with a rabbit anti-YB-1 polyclonal antibody
(Abcam, 1 : 7500), a rabbit anti-cyclin D1 monoclonal anti-
body (Nichirei, Tokyo, Japan, 1:25) and a rabbit anti-
CDC6 polyclonal antibody (ProteinTech Group Inc,
1 : 100). The antigen-antibody complex was visualized using
Histofine Simple Stain Max Po (Multi; Nichirei, Tokyo,
Japan) and 3, 3’-diaminobenzidine tetrahydrochloride. Count-
erstaining was carried out using hematoxylin. For the evalua-
tion of YB-1, cyclin D1, and CDC6 expression, the number
of stained cells was counted, and at least five high-power
fields were chosen randomly for scoring of the percentage of
cells with positive staining among 1000 cells examined per
section. '

Expression of YB-1, cyclin D1, and CDC6 was classified
into three categories: score 0, no staining at all or expression
in <10% of cancer cells; score 1+, expression >10% and <50%;
score 2+, expression >50%. The expressions of YB-1, cyclin
D1, and CDC6 were defined as follows: scores 1+ and 2+
were regarded positive, and score 0 was regarded negative
(Fig. S1 in Supporting Information).

Statistical analysis

Data are presented as mean &= SD. Data were analyzed by
Student’s t-test or Fisher’s exact test, where P < 0.05 was con-
sidered to be statistically significant. All data analysis was car-
red out using a statistical software package MP® software
(version 10, SAS Institute Inc., Cary, NC, USA).
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Background: NUT (nuclear protein in testis) midline carcinoma (NMC) is a recently described aggressive
malignancy that is genetically defined by rearrangements of the NUT locus at 15q14. In approximately
two-thirds of cases, the characteristict(15;19) results in the fusion oncogene BRD4-NUT. Only 10 sinonasal
NMCs have been documented, none of which were Japanese cases.

Case presentation: An 18-year-old woman was admitted because of a rapidly progressing tumor in the
nasal cavity. A biopsy revealed an undifferentiated neoplasm without squamous differentiation. The
tumor cells had round to oval nuclei with vesicular chromatin, prominent nucleoli, and scant cytoplasm.
Immunohistochemical staining demonstrated a strong positivity for vimentin and NUT, with focal CD138
and only spotty EMA and cytokeratin AE1/AE3 staining. Cytogenetic and fluorescence in situ hybridization
analyses revealed a t(15;19) and BRD4-NUT gene rearrangement. Direct sequencing identified the in-
frame fusion of exon11 of BRD4 with exon2 of NUT. The patient was transferred to another hospital for
chemoradiotherapy.

Conclusion: We herein describe the first Japanese case with an NMC of the sinonasal cavity, providing
detailed and unambiguous cyto- and molecular genetic information on BRD4-NUT-rearrangement. The
accumulation of cases with well-documented genetic data should provide clues to the treatment of this

tumor entity.

© 2014 Elsevier GmbH. All rights reserved.

Introduction

Several malignant tumors of the sinonasal tract may present
with an undifferentiated morphology [6,20]. Overall, these tumors
pose significant diagnostic challenges to attending surgical pathol-
ogists, especially in cases in which a limited amount of biopsy
material is available [6] and in cases that do not exhibit the typical
immunohistochemical results [3]. Among these sinonasal malig-
nant neoplasms, nuclear protein in testis (NUT) midline carcinoma
(NMC) is a recently recognized entity that is characterized by a poor
prognosis [1,20].

* Corresponding author at: Division of Pathology, Iwata City Hospital, 512-3
Ookubo, Iwata, Shizuoka 438-8550, Japan. Tel.: +81 538 38 5000;
fax: +81 538 38 5047.
E-mail address: shiosuzuki-path@umin.net (S. Suzuki).

http://dx.doi.org/10.1016/j.prp.2014.01.013
0344-0338/© 2014 Elsevier GmbH. All rights reserved.

The current recognition of the NMC entity is genetically defined
by rearrangements of the NUT locus at 15q14, resulting in a fusion
transcript with a member of the bromodomain-containing pro-
tein (BRD) family, usually BRD4 located on chromosome 19p13.1
[7,10]. As NMC is a recently described tumor entity, it is still unfa-
miliar to most pathologists [14,16,20]. The histological features of
tumors that have been reported as NMCs range from entirely undif-
ferentiated carcinomas to carcinomas with prominent squamous
differentiation [2-4,10,19]. Thus, the diagnosis of NMC simply
based on morphology is difficult. Until recently, only one molecular
method within the realm of diagnostic pathology, i.e., fluorescence
in situ hybridization (FISH), was available for the robust demon-
stration of a rearrangement of the NUT gene [3,8,19]. Consequently,
this entity has been commonly undiagnosed or misdiagnosed in
clinical pathology practice, and comprehensive information, such
as the correlation between the molecular features and the biolog-
ical behaviors of this cancer, is limited. Since the identification of
a somatic rearrangement involving the NUT gene in NMC [7], only

Please cite this article in press as: S. Suzuki, et al., A rare Japanese case with a NUT midline carcinoma in the nasal cavity: A case report
with immunohistochemical and genetic analyses, Pathol. — Res. Pract (2014), http://dx.doi.org/10.1016/j.prp.2014.01.013
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Fig.1. CT scan of head obtained upon admission. The tumor occupies the right nasal
cavity and maxillary and ethmoidal sinus, involving the ethmoid bone (arrow).

a few reports have determined the fusion gene in clinical speci-
mens using a direct sequencing method [7,9,12,23]. NMCs are rare
[1,10,20], and the geographic distribution of reported cases has
been concentrated in the United States [1]. NMCs most often occur
in the midline, including the head and neck, and the thorax [10,20].
Although the sinonasal tract is considered a preferential site in the
head and neck region, only 10 sinonasal NMCs have been docu-
mented [2,3,8,13,19], none of which were Japanese cases.

In this article, we describe a new Japanese case with NMC in
the nasal cavity; the NMC was diagnosed using immunohistochem-
istry with a highly sensitive and specific NUT monoclonal antibody
[11]. In addition, a BRD4-NUT fusion gene, as the mechanism of NUT
overexpression, was defined by karyotyping as well as molecular
methods, including FISH and RT-PCR direct sequencing.

Clinical summary

An 18-year-old woman sought medical advice because of nasal
discharge containing blood accompanied by pain with a 1-month
duration. A computed tomography scan performed at the time of
hospitalization revealed a mass in the right nasal cavity, and max-
illary and ethmoidal sinus (Fig. 1). The mass involved the ethmoid
bone (Fig. 1, arrow). A biopsy was performed.

Material and methods
Histopathologic and immunohistochemical examination

All the tissues were fixed in 10% buffered formalin and
were embedded in paraffin after routine processing, followed
by sectioning and staining with hematoxylin and eosin (H&E).
Immunostaining was performed using antibodies for the follow-
ing antigens: CD34 class II (DAKO, Glostrup, Denmark), CD45
(DAKO), CD56 (Leica Biosystems, Newcastle, United Kingdom),
CD99 (DAKO), CD138/Syndecan-1 (DAKO), c-kit (DAKO), cytokera-
tin AE1/AE3 (DAKO), desmin (DAKO), epithelial membrane antigen
(EMA, DAKO), hCG (DAKO), myogenin (DAKO), neuron-specific
enolase (Nichirei, Tokyo, Japan), NUT (Cell Signaling Technologies
Inc., Danvers, MA), PLAP (Leica Biosystems), S-100 (DAKO), and
synaptophysin (DAKO).

NUT
15q14

RP11-1084A12 RP11-1HS8

BRD4
19p13

o
RP11-622A12 (for fusion)

Fig. 2. Chromosomal positions of FISH probes flanking or including the genes of
interest (NUT and BRD4).

FISH

The FISH procedure was performed as previously reported
[21,22]. FISH probes were prepared from the Bacterial Artificial
Chromosome (BAC) library. BAC probes flanking NUT (RP11-
1084A12 and RP11-1H8) and a BAC probe containing BRD4
(RP11-622A12) were purchased from Advanced GenoTechs Co.
(Tsukuba, Japan) (Fig. 2). All the probes were confirmed to be correct
by hybridizing them to a metaphase human chromosome spread
(data not shown). To detect the break apart of NUT, the RP11-
1084A12 probe was nick-translated using Green dUTP (2N32-50;
Abbot, IL, USA) and the RP11-1H8 probe was nick-translated
using Orange dUTP (2N33-50; Abbot). The combinations of RP11-
1084A12, RP11-1H8, and RP11-622A12 were used to detect the
fusion of BRD4 and NUT. To detect the fusion, the RP11-622A12
probe was nick-translated using Orange dUTP (2N33-50), while
both the RP11-1084A12 and the RP11-1H8 probes were nick-
translated using Green dUTP (2N32-50). The nuclei were stained
with 4,6-diamino-2-phenyl indole dihydrochloride (DAPI, Abbot).
The slides were reviewed manually with at least 50 tumor nuclei
evaluated for each case, and a cutoff of >30% nuclei showing a split
or fused signal was considered positive for the rearrangement of
the genes.

Direct sequencing

BRD4-NUT fusion cDNA was amplified using PCR with
Phusion (New England Biolabs, Beverly, MA, USA); direct
sequencing was then performed as described previously [7].
The primers BR2276F (AAGTTGATGTGATTGCCGGCTCCTC) and
NUT1194R (GAGGTCTCTGGGCTTTACGCTGACG) were used [7]. Gel-
purified PCR products were cycle-sequenced by the incorporation
of ABI PRISM Big Dye Terminators (Perkin-Elmer, Inc., Wellesley,
MA) and analyzed using an ABI 3130 sequencer (Life Science Tech-
nologies, Carlsbad, CA, USA).

Pathological findings

The small amount of biopsy material that was obtained revealed
an undifferentiated neoplasm with necrosis (Fig. 3a). The tumor
cells had round to oval nuclei with vesicular chromatin, prominent
nucleoli, and scant cytoplasm (Fig. 3b). Frequent mitotic figures
(10/5 hpf) were observed (Fig. 3b, arrow). Squamous differentiation
was not identified.

Immunohistochemical staining demonstrated a strong vimentin
positivity (Fig. 4a) with focal CD138 (Fig. 4b) and only spotty
EMA (Fig. 4c) and cytokeratin AE1/AE3 positivity. Negative staining

Ple_‘e@se cite this article in press as: S. Suzuki, et al., Arare Japanese case with a NUT midline carcinqma in the nasal cavity: A case report
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Fig. 3. Representative histologic images. (a) Sheets of undifferentiated malignant cells with focal necrosis are visible. (b) The tumor cells had round to oval nuclei with
vesicular chromatin, prominent nucleoli, and scant cytoplasm. Frequent mitotic figures are visible (arrow).

Fig. 4. Immunohistochemical findings of the NUT midline carcinoma. (a) Tumor cells show strong vimentin immunoreactivity. (b) The tumor cells are focally positive for
CD138. (c) Positive staining for EMA was observed in a few tumor cells. (d) Immunohistochemistry shows a nuclear staining pattern for NUT.

results were obtained for S-100, CD34, CD99, neuron-specific eno-
lase, CD56, synaptophysin, myogenin, desmin, PLAP, c-kit, hCG,
and CD45. A diagnosis of “malignant tumor with necrosis” was
made. Because of the strong vimentin positivity and focal posi-
tivity for CD138, additional immunohistochemical analyses, in situ
hybridization (ISH), and a chromosome analysis were performed
to enable a differential diagnosis of poorly differentiated carci-
noma and plasmacytoma. ISH showed no staining for Epstein-Barr
virus (EBV)-encoded RNA or the kappa and lambda light chains of
immunoglobulins. These findings suggested a diagnosis of poorly
differentiated carcinoma, rather than plasmacytoma. In addition,
immunohistochemistry showed a nuclear staining pattern for NUT
(Fig. 4d) and focal positivity for p63. A chromosome analysis iden-
tified a 46, XX, t(15;19)(q14;p13) pattern in all 9 cells (Fig. 5). These
results strongly suggested a NUT midline carcinoma.

Next, FISH and RT-PCR were performed to confirm the:

rearrangement of BRD4 and NUT. A FISH analysis revealed the break
apart of NUT and the fusion of BRD4 and NUT (Fig. 6). Direct sequenc-
ing of the 1152-bp fragments (Fig. 7a) showed that nt 2380 of
BRD4 (accession number AF386649) was fused with nt 172 of NUT

B0 om e

4

B$ 83 85 o0 B8 22 @5

g2
17

13 14 15 16 18
g "3 . ea A 38
19 20 21 22 X Y

Fig. 5. Karyotype demonstrating the t(15;19)(q14;p13). The derivative chromo-
somes formed from the translocation are indicated by the arrows.
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Fig. 6. Representative finding of FISH. A dual-color FISH analysis shows the fusion
gene as a single yellow (overlapping) signal (arrow), including an orange (BRD4) and
green (NUT) signal.

(accession number AF482429) in frame (Fig. 7b). These results con-
firmed the rearrangement of BRD4 and NUT.

Treatment and follow up

The patient was transferred to another hospital to undergo
chemoradiotherapy (the details of which are unknown), which
resulted in the almost complete disappearance of the tumor. The
patient is alive and well at 12 months after her diagnosis.

Discussion

The histologic features of NMC are, unfortunately, not pathog-
nomonic, since the morphology is that of a poorly differentiated
carcinoma with or without squamous differentiation [2~4,10,19].
Several malignant tumors occurring in the sinonasal tract may
exhibit an undifferentiated morphology [3,6,20]. The differential
diagnosis of these tumors includes hemato-lymphoid malig-
nancies, melanomas, Ewing sarcoma/primitive neuroectodermal

a
1200 bp 1500 bp
1000 b 1000 bp
750 bp
500 bptEad
b BRD4 exonll——1—— NUT exon2
TG FCAGCGAZG FCTCCG BAICAGCATCTGCATTGCC GGG ZCCG G2

Fig. 7. Detection of BRD4-NUT. (a) PCR amplification (1152 bp) with BR2276F and
NUT1194R primers. (b) Partial sequence chromogram showing the in-frame fusion
of BRD4 exon11 with NUT exon2.

tumors, rhabdomyosarcoma, olfactory neuroblastoma, and germ
cell tumors as well as poorly differentiated carcinomas, including
NMC [3,6,20]. Overall, these lesions pose significant diagnostic dif-
ficulties for the surgical pathologist, especially when only a limited
amount of biopsy material is available [3].

Based on recent advances in immunohistochemistry and
molecular diagnostics, the current diagnostic strategy for undif-
ferentiated tumors of the nasal cavities has been proposed [6].
Through careful microscopic examination of hematoxylin and
eosin-stained sections, and in view of clinical information and
imaging data, a list of differential diagnoses can be made and an
appropriate panel of antibodies can be chosen to further categorize
the tumor. An initial panel including cytokeratins, synaptophysin,
S-100 protein, desmin, and CD45 may allow the classification of
most lesions or may help to narrow the list of differential diag-
noses [6]. Further refinement can be obtained through second-line
markers, including ISH for EBV, other neuroendocrine markers,
melanocytic markers, myogenin, CD99, other lymphocyte markers,
CD138, and light chains [6]. Finally, immunohistochemistry with
NUT antibodies [11] can differentiate NMC from other tumors, and
molecular analysis can further assist in the recognition of a NUT
rearrangement, which is specific for NMC [3,7-9,12,19,23].

As described above, the immunohistochemical findings in our
case, including strong vimentin positivity and focal positivity for
CD138, only spotty positivity for cytokeratin AE1/AE3 and EMA, and
negativity for other markers, shortened the list of differential diag-
noses to two: poorly differentiated carcinoma and plasmacytoma.
CD138 s highly expressed by epithelial cells, as well as plasma cells,
and CD138 expressionisassociated with the differentiation of squa-
mous cell carcinoma [15,17,18]. The BRD4-NUT fusion gene encodes
a protein that is thought to be involved in the blockage of epithelial
differentiation and squamous maturation [9]. In addition, our case
showed a poor differentiation, without squamous differentiation.
Together, these results led usto expect that the expression of CD138
would be almost absent in our case. However, our case was posi-
tive for CD138, but only spotty for other epithelial markers such as
AE1/AE3 and EMA. These results made a differential diagnosis more
difficult, although the results encouraged us to perform immuno-
histochemistry using NUT antibodies, which eventually led to a
diagnosis of NMC. The accumulation of more cases is needed to
avoid achieving a correct diagnosis in a roundabout manner based
on the histological features of NMCs.

The NUT promoter is active only in adult testis and ciliary gan-
glion [7,10,20]. As a result, only one of the two fusion genes,
e.g., BRD-NUT (where the BRD4 promoter and the bromodomains
drive the aberrant NUT expression and chromatin binding), but
not NUT-BRD, is expressed [10]. Until recently, a definitive diag-
nosis of NMC was made by demonstrating a NUT rearrangement
using dual color, split-apart FISH using probes flanking NUT or by
demonstrating a BRD4-NUT fusion transcript using RT-PCR [11]. In
approximately two-thirds of cases, NUT is fused to BRD4, forming
the BRD4-NUT fusion gene [7,10]. The remaining one-third of cases
are NUT-variants, where the partner gene is BRD3 or some other
uncharacterized gene [8,9]. Whether NUT-variant carcinomas differ
in outcome, compared with BRD4-NUT carcinomas, remains contro-
versial [1,8,10]. To demonstrate the fusion genes, FISH is preferred
from a practical perspective because it is capable of detecting all
NMCs, including all NUT-variants, whereas RT-PCR can currently
only detect BRD3- or BRD4-NUT tumors [10]. Thus, information con-
cerning the breakpoints in the BRD or NUT genes using RT-PCR
direct sequencing is scarce: only four reports have successfully
defined the breakpoints of the genes in clinical specimens using
direct sequencing [7,9,12,23]. The breakpoints occurred within
exon10 of BRD4 [7], exon11 of BRD4 [12,23], exon10b of BRD4 [9],
or exon9 of BRD3 [9], and exon2 of NUT, fusing the business end
of BRD4, encoding both acetyl-histone binding bromodomains and
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the extraterminal domain, with virtually the entire NUT gene. Our
case showed that exon11 of BRD4 was fused in-frame to exon2 of
NUT, similar to a Japanese case with pulmonary NMC [23]. It is pos-
sible that improved identification of the breakpoints of the targeted
gene might reveal an association between variations in the break-
points and the clinicopathological features, including the location
of tumors, the race of patients, the responsiveness to therapies, and
the degree of squamous differentiation.

The specific NUT monoclonal antibody has been very recently
established [11]. The immunohistochemical staining had a sensitiv-
ity of 87%, a specificity of 100%, a negative predictive value of 99%,
and a positive predictive value of 100% [11]. The commercial circu-
lation of this highly sensitive and specific NUT monoclonal antibody
[11] has facilitated the unambiguous diagnosis of NMC, making it
possible to assess the frequency and prognosis of NMC amongst
a large population of patients [1,2]. One previous report showed
that 3 (2%) of 151 primary sinonasal carcinomas were NMCs {2]. In
this previous report, most of the patients who were younger than
50 years old and were diagnosed as having sinonasal undifferenti-
ated carcinoma (3 out of 4, 75%) were found to actually have NMCs.
Thus, the inclusion of NUT immunostaining as a part of the diagnos-
tic workup for any sinonasal carcinoma with an undifferentiated
component is recommended. Another study, the largest cohort of
patients with NMC, showed that the median overall survival for
patients was 6.7 months [1]. The 2-year progression-free survival
(PFS) was 9%, and the 2-year overall survival (OS) was 19%. A mul-
tivariate analysis suggested that the extent of surgical resection
and the initial radiotherapy were independent predictors of the PFS
and OS, whereas no chemotherapeutic regimen improved the out-
come [1]. Our patient underwent chemoradiotherapy (the details
of which are unknown), which resulted in the almost complete dis-
appearance of the tumor. Careful follow up is needed to evaluate
the effectiveness of this treatment.

Data from the growing number of identified cases can be used
to develop effective targeted therapies. One candidate therapy is a
bromodomain inhibitor. A study [9] using NMC cell lines showed
that the knockdown of the NUT fusions resulted in the dramatic
differentiation and growth arrest of the malignant cells. Further-
more, the bromodomain inhibitor JQ1 was shown to be capable of
displacing the BRD4-NUT fusion protein from chromatin, inducing a
rapid differentiation and arrest of proliferation in NUT midline car-
cinoma cell lines [5]. In addition, JQ1 showed an excellent efficacy
in murine xenograft models of NUT midline carcinoma, resulting in
tumor differentiation and regression and an increase in survival [5].
The clinical translation of this research requires robust, histologi-
cal outcome data, including information regarding the association
between the breakpoints of the targeted genes and the sensitivity
to new drugs.

In this article, we have described a new Japanese case with NMC
in the nasal cavity that is pertinent to the expansion of knowl-
edge regarding this rare tumor. Furthermore, the identification of
the BRD4-NUT fusion gene using direct sequencing in this tumor
has provided new insight as to its influence on clinicopathologi-
cal features, including the location of tumors, the race of patients,
the degree of squamous differentiation, and the responsiveness to
therapy.
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Our results are in line with the findings
of Schmidt et al. (2009) who conclude
that apoptosis is not required for
pemphigus acantholysis. Like us, they
found no evidence of positive cl caspase
3 and TUNEL when analyzing lesional PV
patient skin. Moreover, in cultures of
human keratinocytes treated with PV
IgG, they also found acantholysis in
absence of positive TUNEL staining as
well as caspase 3 cleavage. Lee et al.
(2009) also disagreed that apoptosis is an
upstream event in pemphigus acantho-
lysis. In PF IgG-treated mice and PV
lgG-treated keratinocyte cultures, they
found activation of cl PARP, cl caspase
3, and TUNEL, but only after acantholysis.

The belief that apoptosis is an
upstream event in acantholysis is largely
based on studies in model systems
(Schmidt and Waschke, 2009). We
question whether these model systems
are suitable for answering such
questions on pemphigus pathogenesis,
as they differ from the in vivo situation.
For instance, in cultured keratinocytes
the desmosomal makeup in terms of
molecular  composition does not
accurately reflect the in vivo situation
(van der Wier et al., 2010). As for mouse
models, the repertoire of expressed
genes involved in apoptosis in humans
and mice is different (Reed et al., 2003).
Furthermore, previous data on pem-
phigus skin are scarce and based on a
few lesional biopsies only (Wang et al.,
2004; Pacheco-Tovar et al, 2009,
Deyhimi and Tavakoli, 2012).

In conclusion, this study does not
support the hypothesis that apoptosis is
involved in pemphigus acantholysis.
However, although we studied morpho-
logical hallmarks of apoptosis, the invol-
vement of certain apoptotic caspases or
signaling pathways, which might be
involved in dissociation of (inter)desmo-
somal adhesion complexes, cannot be
excluded (Grando et al., 2009).
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TO THE EDITOR
A keloid is a fibroproliferative disorder
of the skin (Tredget, 1994) that is caused

by pathological wound-healing pro-
cesses (Gurtner et al, 2008). The
development and  progression  of

Abbreviations: Cl, confidence interval; GWAS, genome-wide association study; NEDD4, neuronal
precursor cell-expressed developmentally downregulated 4; SNP, single-nucleotide polymorphism
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keloids relate closely to genetic factors
(Marneros et al., 2004; Nakashima
et al., 2010), systemic factors such as
hypertension (Arima et al, 2012) and
pregnancy (Park and Chang 2012), and
the local microenvironment (e.g., skin
stretching forceftension, (Ogawa et al.,
2012a)). A genome-wide association
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