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Abstract. Nuclear protein of the testis (NUT) midline carcinomas (NMC) are malignant
epithelial tumours that have chromosomal rearrangements of the gene encoding NUT
at 15q14. NMC is typically an aggressive fatal cancer, clinically overlaps with other
carcinomas, and differential diagnosis is difficult. The purpose of this study was to
investigate NMC inpoorly differentiated oral squamouscell carcinoma (OSCC) with a
retrospective analysis based on anti-C52B1 immunohistochemical staining. An anti-
C52B1 antibody was used for immunohistochemical staining in all 27 primary
tumours, and the prevalence and pathological features of NMC in the oral cavity were
examined. Only two of 27 cases (7.4%) were C52B1 immunopositive. Both positive
patients were women aged 38 and 43 years — younger than the other C52B1-negative
patients, whose average age was 65.6 years (range 41–83). The primary sites were the
right side of the floor of the mouth and the left side of the tongue. They had a poor
prognosis and died within 8 months postoperation compared with the median overall
survival time of 60.2 months for patients with other poorly differentiated squamous
cell carcinoma. The pathological findings of their primary tumours were similar to
typical poorly differentiated OSCC.
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Nuclear protein of the testis (NUT) mid-
line carcinoma (NMC) is a malignant
epithelial tumour caused by mutation of
the NUT gene (BRD4-fusion) on chromo-
some 15q14 of normal cells. NMC arises
in epithelial tissue on the midline of the
body including the trachea, thymus, me-
diastinum, and bladder. NMC has aggres-
sive malignancy with high mortality and
poor prognosis and arises preferentially in
young people of both sexes1,2. There were
49 cases of NMC reported in the head and
neck region according to the International
NMC Registry3–7, but only two cases in
the Japanese population7. Because the
clinical features of NMC resemble those
of poorly differentiated oral squamous cell
carcinoma (OSCC), differential diagnosis
is difficult1,2. However, immunohisto-
chemical staining with anti-C52B1 anti-
body is useful to diagnose NMC with high
sensitivity8.
The reported sites of NMC were in the

nasal cavity, nasopharynx in three, oro-
pharynx in one, hypopharynx in one, lar-
ynx in one, salivary gland in two,
unknown in five, and none in the oral
cavity. Therefore, the purpose of this study
was to investigate NMC in poorly differ-
entiated oral squamous cell carcinoma
with a retrospective analysis based on
anti-C52B1 immunohistochemical stain-
ing.

Materials and methods

The study protocol was approved by the
Ethics Committee of Shinshu University
School of Medicine (No. 3231). The med-
ical records of all patients treated at the
Department of Oral and Maxillofacial Sur-
gery, Shinshu University Hospital for
poorly differentiated OSCC treated be-
tween April 2003 and May 2015 were
retrospectively reviewed and investigated.
To diagnose NMC among poorly dif-

ferentiated OSCC, immunohistochemical
staining of surgical specimens was per-
formed with anti-C52B1 antibody. Serial
4-mm-thick sections were sliced from tis-
sue blocks. Sections were deparaffinized
in xylene, soaked in target retrieval solu-
tion buffer (Dako, Glostrup, Denmark),
and placed in an autoclave at 121 �C for
5 min for antigen retrieval. Endogenous
peroxidase was blocked by incubating
sections with 0.3% H2O2 in methanol
for 30 min. Immunohistochemical stain-
ing was performed using the Envision
system (Envision+, Dako, Carpinteria,
CA). The primary antibody was anti-
C52B1 (#3625, Cell Signaling Technolo-
gy, Danvers, MA, USA, dilution 1:50).
Sections were incubated with the primary
antibody overnight at 4 �C. Reaction pro-
ducts were visualized by immersing the
sections in diaminobenzidine (DAB) so-
lution, and the samples were counter-
stained with Meyer’s hematoxylin and
mounted. Negative controls were prepared
by replacing the primary antibody with
phosphate-buffered saline. The immuno-
reactivity of C52B1 was scored based on
immunoreactive cells over 50% positive9.
For statistical analysis, a Kaplan–Meier

method was used to examine overall sur-
vival curves. Statistical analyses were per-
formed using StatMate IV (Atms Co.,
Tokyo, Japan).

Results

Twenty-seven patients (14 males and 13
females) who were diagnosed and treated
for poorly differentiated OSCC were in-
cluded (Table 1). The median age was 66
years (range: 38–84 years). The most fre-
quent site was the tongue in 10 cases
(37.0%), lower gingiva in five (18.5%),
upper gingiva in four (14.8%), and buccal
mucosa in three (11.1%), floor of mouth in
three (11.1%), and palate in two (7.4%).
The follow-up period was
31.9 � 17.1 months. The 5-year overall
survival rate of poorly differentiated
OSCC was 37.2%. Immunoreactivity of
C52B1 was detected in the nuclei of tu-
mour cells. Among 27 cases, NMC was
diagnosed in two cases (7.4%). A Kaplan–
Meyer curve of overall survival between
NMC and other poorly differentiated
OSCC is shown in Fig. 1. NMC had a
poor prognosis, and patients died within 8
months postoperation compared with the
median overall survival time of 60.2
months for patients with other poorly dif-
ferentiated squamous cell carcinoma.

Case 1 (No. 26)

A 38-year-old female was referred to our
hospital with progression of ulceration on
the right side of the tongue in April 2014.
There were no past medical or family
histories. Physical examination revealed
a poorly defined 42 � 15 mm mass with
induration and ulceration in the right side
of the oral floor to the lower surface of the
tongue (Fig. 2A). The right submandibu-
lar, upper cervical, and peri-clavicular
lymph nodes were palpable with tender-
ness. Enhanced T1-weighted magnetic
resonance imaging (MRI) revealed a
35 � 32 � 16 mm, heterogeneous, mod-
erate enhanced mass lesion with poorly
defined margins in the right side of the oral
floor to the lower surface of the tongue
(Fig. 3A). Enhanced T2-weighted MRI
also revealed the same mass lesion with
high-signal enhanced margins (Fig. 3B).
Positron emission tomography-computed
tomography (PET-CT) revealed an accu-
mulation of F-18 deoxyglucose (FDG) in
the right submandibular, upper cervical,
and peri-clavicular lymph nodes (Fig. 3C).
No metastases to the lung or liver were
detected by CT and PET-CT examina-
tions. Laboratory data were normal.
A biopsy was performed, and a patho-

logical diagnosis of poorly differentiated
OSCC was obtained. The clinical diagno-
sis of oral floor carcinoma (cT3N2bM0,
stage IVA) was made according to the
American Joint Committee on Cancer sys-
tem 7th edition10. Induction chemotherapy
with nedaplatin (CDGP) 40 mg/m2 and
docetaxel (TXT) 30 mg/m2 was adminis-
tered through one cycle, and treatment
resulted in a partial response with 61.3%
reduction, according to RECIST guideline
(version1.1)11. A wide local resection con-
comitant with right radical neck dissection
(levels I–V), left supra-omohyoid neck
dissection (levels I–III), and reconstruc-
tion with anterolateral thigh flap were
performed under general anaesthesia.
The pathological findings of the surgical
specimen revealed an invasive prolifera-
tion of atypical epithelial cells with eosin-
ophil cytoplasm under the oral floor
mucosa (Fig. 2B). Tumour cells had dif-
fuse invasion and growth without cancer
nests and cancer pearls. The pathological
diagnosis of the surgical specimen was
also poorly differentiated squamous cell
carcinoma and the surgical margin was
free of the tumour. Among 29 extirpated
lymph nodes from right side and 18 from
left side, 18 lymph node metastases were
in the right levels IB, IIA, III, IV and V.
An extracapsular spread (ECS) was
detected in the right level III lymph node
metastasis. Because of the diagnosis of
pT2N2bM0, stage IVA (UICC, 7th), post-
operative concurrent chemoradiotherapy
(CCRT) with high-dose cisplatin (CDDP)
was administered (total 63 Gy and CDDP
100 mg/m2, triweekly) and finished. After
discharge, seven courses of chemotherapy
with CDGP 40 mg/m2 and TXT 30 mg/m2

were administered at an outpatient clinic.
Although there was no recurrence or me-
tastasis of the tumour during the postop-
erative follow-up period, the patient died
of an unknown cause 7 months postopera-
tion. However, since the bereaved family
did not accept the pathological autopsy, it
is impossible to specify the precise cause
of death.
Immunohistochemical analysis with an-

ti-C52B1 antibody revealed characteristic
intranuclear spot-like positivity in parts of
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Table 1. Clinical characteristics between nuclear protein of the testis midline carcinoma (NMC) and poorly differentiated squamous cell carcinoma.

Case
number Age Sex

C52B1
immunoreaction Location

TNM classification
(7th edt.)

Number of
cervical lymph
node metastases Treatment

Prognosis
(months)

1 63 Male Negative Lower Gingiva T1N0M0, Stage I 0 Surgery Alive (8.1)
2 66 Male Negative Buccal mucosa T4aN0M0, Stage IVA 0 Surgery + radiotherapy + chemotherapy Death (60.1)
3 77 Female Negative Lower Gingiva T2N1M0, Stage III 1 Surgery + radiotherapy + chemotherapy Death (16.6)
4 82 Female Negative Palate T2N0M0, Stage II 0 Surgery Alive (63.3)
5 64 Female Negative Upper Gingiva T1N1M0, Stage III 1 Surgery + radiotherapy + chemotherapy Death (33.1)
6 54 Female Negative Tongue T2N0M0, Stage II 0 Surgery Alive (63.3)
7 68 Female Negative Tongue T1N0M0, Stage I 0 Surgery Alive (28.5)
8 81 Female Negative Tongue T1N0M0, Stage I 0 Surgery Death (47.6)
9 77 Male Negative Tongue T2N0M0, Stage II 0 Surgery + radiotherapy Alive (35.5)
10 75 Male Negative Palate T4aN0M0, Stage IVA 0 Surgery + radiotherapy + chemotherapy Death (45.0)
11 69 Male Negative Floor of Mouth T2N0M0, Stage II 0 Surgery + chemotherapy Alive (63.3)
12 62 Male Negative Tongue T1N0M0, Stage I 0 Surgery Alive (41.6)
13 83 Female Negative Upper Gingiva T2N0M0, Stage II 0 Surgery Alive (46.1)
14 65 Male Negative Floor of Mouth T2N0M0, Stage II 0 Surgery Alive (35.9)
15 77 Male Negative Lower Gingiva T2N2bM0, Stage IVA 3 Surgery + radiotherapy Alive (29.0)
16 66 Male Negative Upper Gingiva T2N0M0, Stage II 0 Surgery + radiotherapy + chemotherapy Death (17.0)
17 84 Female Negative Buccal mucosa T2N0M0, Stage II 0 Surgery Alive (27.4)
18 74 Male Negative Tongue T2N1M0, Stage III 1 Surgery Death (21.3)
19 61 Male Negative Buccal mucosa T2N0M0, Stage II 0 Surgery Alive (24.0)
20 50 Male Negative Tongue T1N0M0, Stage I 0 Surgery + radiotherapy + chemotherapy Alive (17.0)
21 41 Male Negative Tongue T2N0M0, Stage II 0 Surgery + radiotherapy Alive (32.3)
22 47 Female Negative Tongue T4aN1M0, Stage IVA 1 Surgery + radiotherapy + chemotherapy Alive (15.2)
23 61 Male Negative Upper Gingiva T4aN0M0, Stage IVA 0 Surgery + radiotherapy Alive (19.3)
24 75 Female Negative Lower Gingiva T4aN0M0, Stage IVA 0 Surgery + radiotherapy + chemotherapy Alive (18.1)
25 44 Female Negative Lower Gingiva T4aN2bM0, Stage IVA 3 Surgery + radiotherapy + chemotherapy Alive (32.3)
26 38 Female Positive Floor of Mouth T3N2bM0, Stage IVA 17 Surgery + radiotherapy + chemotherapy Death (8.8)
27 43 Female Positive Tongue T2N2cM0, Stage IVA 5 Surgery + radiotherapy + chemotherapy Death (10.3)
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Fig. 1. Kaplan–Meyer curves of overall survival in nuclear protein of the testis midline
carcinoma (NMC) and poorly differentiated oral squamous cell carcinoma (OSCC). NMC
had a poor prognosis and patients died within 8 months postoperation compared with the median
overall survival time of 60.2 months for other poorly differentiated squamous cell carcinomas.
the growing tumour cells (Fig. 2C). Be-
cause the positive rate of anti-C52B1 an-
tibody was over 50% of the tumour cells, a
diagnosis of NMC was confirmed retro-
spectively. The immunoreactive profile
with anti-Ki67 antibody was consistent
with that of C52B1 (Fig. 2D), and immu-
noreactivity for p53 was negative.
Fig. 2. Nuclear protein of the testis midline car
poorly defined 42 � 15 mm mass with indurati
Hematoxylin and eosin (H&E) staining of the s
cytoplasm under the oral floor mucosa. Tumour 

diagnosis of the surgical specimen was also poor
antibody revealed characteristic intranuclear spot
antibody was over 50% of the tumour cells, a diag
antibody. Magnification (B–D): 400 � .
Case 2 (No. 27)

A 43-year-old female was admitted to a
local hospital with swelling and pain on
the left side of the tongue in April 2013.
She was diagnosed with poorly differen-
tiated tongue squamous cell carcinoma
(cT2N2cM0, stage IVA, UICC 7th) and
induction chemotherapy was adminis-
cinoma (NMC): right side of the oral floor to the
on and ulceration in the right side of the oral fl
urgical specimen revealed an invasive proliferati
cells had diffuse invasion and growth without can
ly differentiated squamous cell carcinoma. (C) Im
-like positivity in parts of the growing tumour cel
nosis of NMC was confirmed retrospectively. (D)
tered with docetaxel (DOC) 60 mg/m2

and CDGP 100 mg/m2 at the hospital.
The treatment had no effect. The patient
was referred to our hospital for surgery.
There were no past medical or family
histories. Physical examination revealed
a poorly defined 30 � 22 mm mass with
induration with ulceration on the left side
of the tongue (Fig. 4A). The right sub-
mental, submandibular, and upper cervi-
cal lymph nodes and left submental
lymph nodes were palpable. Enhanced
T1-weighted MRI revealed a
31 � 26 � 16 mm, heterogeneous, mod-
erate enhanced mass lesion with poorly
defined margins on the left side of the
tongue (Fig. 5A). Enhanced T2-weighted
MRI also showed the same mass lesion
with high-signal enhanced margins
(Fig. 5B). PET-CT revealed an accumu-
lation of FDG in the right submental,
submandibular, and upper cervical lymph
nodes and left submental lymph nodes
with suspicious lymph node metastasis
(Fig. 5C). No metastases to the lung or
liver were detected by CT and PET-CT
examinations. Laboratory data were nor-
mal. A wide local resection concomitant
 tongue. (A) Physical examination revealed a
oor to the lower surface of the tongue. (B)
on of atypical epithelial cells with eosinophil
cer nests and cancer pearls. The pathological
munohistochemical analysis with anti-C52B1
ls. Because the positive rate of the anti-C52B1

 Immunohistochemical analysis with anti-Ki67
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Fig. 3. (A) Enhanced T1-weighted magnetic resonance imaging (MRI) revealed a 35 � 32 � 16 mm, heterogeneous, moderate enhanced mass
lesion with poorly defined margins in the right side of the oral floor to the lower surface of the tongue. (B) Enhanced T2-weighted MRI also
revealed the same mass lesion with high-signal enhanced margins. (C) Positron emission tomography-computed tomography (PET-CT) revealed
an accumulation of F-18 deoxyglucose (FDG) in the right submandibular, upper cervical, and peri-clavicular lymph nodes.
with bilateral radical neck dissection
(levels I–V) and reconstruction with ante-
rolateral thigh flap were performed under
general anaesthesia. The pathological
findings of the surgical specimen
revealed an infiltrating proliferation of
atypical epithelial cells with eosinophilic
cytoplasm under the submucosa. Atypical
cells did not make obvious alveolar
lesions, but diffuse infiltrating and prolif-
erating of atypical cells were observed.
No keratinized pearl formation was ob-
served.
Tumour cells were squamous epithelial-

like cells with almost no tendency to
keratinize, and irregular nuclei with clear
nucleoli were observed (Fig. 4B). A path-
ological diagnosis of surgical specimens
was also poorly differentiated squamous
cell carcinoma, and the surgical margin
was free of the tumour. Among 25 extir-
pated lymph nodes from right side and 23
from left side, lymph node metastases
were observed 1 in the right levels IA, 2
in the right IIA, 1 in the left levels IA, and
1 in the left IIA. ECS was detected in the
left level III lymph node metastasis. Be-
cause of the diagnosis of pT2N2cM0,
stage IVA, postoperative CCRT with
CDDP 90 mg/m2 and 5-Fluorouracil (5-
FU) 900 mg/m2) was administered. How-
ever, CCRT was suspended because of
severe oral mucositis and dermatitis at
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Fig. 4. Nuclear protein of the testis midline carcinoma (NMC): left side of the tongue. (A) Physical examination revealed a poorly defined
30 � 22 mm mass with induration and ulceration on the left side of the tongue. (B) Hematoxylin and eosin (H&E) staining. Tumour cells were
squamous epithelial-like cells with almost no tendency to keratinize, and irregular nuclei with clear nucleoli were observed. The pathological
diagnosis of the surgical specimen was also poorly differentiated squamous cell carcinoma. (C) Immunohistochemical analysis with anti-C52B1
antibody revealed characteristic intranuclear spot-like positivity in parts of the growing tumour cells. Because the positive rate of the anti-C52B1
antibody was over 50% of the tumour cells, a diagnosis of NMC was confirmed retrospectively. (D) Immunohistochemical analysis with anti-Ki67
antibody. Magnification (B–D): 400�.
16.2 Gy. Lung metastasis was detected 6
months postoperation. The lung metastasis
lesion grew rapidly, and the patient died of
respiratory failure caused by the lung me-
tastasis 8 months postoperation.
Immunohistochemical analysis with an-

ti-C52B1 antibody revealed characteristic
intranuclear spot-like positivity in parts of
thegrowing tumourcells (Fig. 4C). Because
the positive rate of anti-C52B1 antibody
was over 50% of the tumour cells, a diag-
nosis of NMC was confirmed retrospective-
ly. An immunoreactive profile with anti-
Ki67 antibody was partially positive con-
sistent with that of C52B1 (Fig. 4D), and
immunoreactivity for p53 was negative.

Discussion

NMC was first defined in 2004, and this
malignant epithelial tumour is caused by
mutation of the NUT gene such as a BRD-4
fusion1–4,12. Because this disease has only
been recognized recently, misdiagnoses,
such as undifferentiated carcinoma, poorly
differentiated squamous cell carcinoma,
Ewing sarcoma, sinonasal undifferentiated
carcinoma, thymic carcinoma and neuro-
blastoma, are common13. Kubonishi et al.
reported the first case of NMC in a 22-year-
old female diagnosed with thymic carcino-
ma; chemoradiotherapy was administered,
but she died from tumour growth 106 days
after the first visit14,15. Because NMC has
high proliferative potential, there is a poor
prognosis, a high mortality rate, and an
averagesurvival periodof less than1 year16.
The median overall survival time is 6–7
months4. Multiple cervical lymph node
metastases at several levels and ECS were
detected in both cases. In case 2, postoper-
ative CCRT was suspended, which might
affect the prognosis. For the two cases of
NMC in this study, one patient died of an
unknown cause, and the other died of lung
metastasis 8 months after surgery. These
cases might suggest that NMC in the oral
cavity has a possibility of high mortality.
Although postoperative radiation therapy is
an important prognostic factor for NMC4,
the standard treatment for NMC is uncer-
tain. The establishment of the treatment
strategy for NMC is needed based on large
number of NMC case series.
Because NMC is a relatively rare ma-

lignancy recognized only recently, it is
difficult to distinguish morphologically
by histological analysis from other poorly
differentiated carcinomas, and the inci-
dence of NMC is unknown. Among poorly
differentiated carcinomas arising in non-
smokers’ upper airways and upper diges-
tive tracts, the incidence of NMC was 7–
20%14,17. Although NMC is more frequent
in young people, there is no difference in
the frequency between males and females
and NMC occurs in every age group17.
Based on a small number of cases, the
incidence of NMC in this study was 7%,
which was consistent with a previous re-
port18. It is difficult to diagnose NMC
because chromosome staining by fluores-
cent in situ hybridization (FISH) or detec-
tion of amplification of the BRD4-NUT
gene by real-time polymerase chain reac-
tion is needed. However, an anti-C52B1
monoclonal antibody specific for NUT
was developed with a sensitivity of 87%
and specificity of 100% compared with
FISH8.
Histologically, the NMC was a solid or

sheet-shaped proliferation composed of
small and undifferentiated tumour cells
with a large N/C ratio or keratinization,
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Fig. 5. (A) Enhanced T1-weighted magnetic resonance imaging (MRI) revealed a 31 � 26 � 16 mm, heterogeneous, moderate enhanced mass
lesion with poorly defined margins on the left side of the tongue. (B) Enhanced T2-weighted MRI also revealed the same mass lesion with high-
signal enhanced margins. (C) Positron emission tomography-computed tomography (PET-CT) revealed an accumulation of F-18 deoxyglucose in
the right submental, submandibular and upper cervical lymph nodes and left submental lymph nodes with suspicious lymph node metastasis.
but NMC is difficult to definitively diag-
nose because of the lack of morphological
characteristics17–20. Neutrophil invasion
also occurs9,17–20. Immunoreactivity
against anti-C52B1 antibody was ob-
served as characteristic intranuclear
spot-like positivity in the tumour cells,
and some tumour cells, even in the same
tissue, have immunoreactivity against this
antibody9. In case 1, immunoreactive
evaluation of re-proliferative tumour cells
against anti-C52B1 antibody was difficult.
However, because more than 50% of tu-
mour cells were positive compared with
Ki67 immunostaining, a diagnosis of
NMC was confirmed according to criteria
reported by Bishop et al.9.
This study is the first report of NMC

diagnosed using anti-C52B1 antibody in oral
poorly differentiated squamous cell carcino-
ma. The limitation of this study was retro-
spective on a small number of cases at a
single institute. In our department, the mo-
dality of surgery alone was basically pre-
ferred for the treatment of patients with oral
cancer; however, patients who hesitated to
consent to surgical intervention or for whom
surgery was not available because of a busy
schedule were selected for neoadjuvant che-
motherapy (NAC). However, during the pe-
riod of NAC, patients were encouraged to
undergo surgery after completion of chemo-
therapy. In this study, since the NAC was
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performed in some cases, the NAC might
affect the treatment outcome. However, ad-
equate surgical resection and postoperative
radiation may improve prognosis, and fur-
ther investigation based on a larger number
of cases at multiple centres is needed.
In conclusion, the incidence of NMC in the

oral cavity was 7.4% with high malignancy
and poor prognosis. More cases of NMC are
needed to establish a treatment strategy.
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