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Abstract: Nuclear protein in testis (NUT) carcinoma (NC) is a poorly differentiated 
malignant tumor with a poor prognosis, which is caused by the NUTM1 gene rearrangement. 
Positive staining of NUT using immunohistochemistry (IHC) or gene rearrangement of 
NUTM1 revealed by genetic analysis, such as fluorescence in situ hybridization (FISH) or 
next-generation sequencing (NGS), are important strategies used for accurate diagnosis. In 
the current study, we present a case of NC in an 18-year-old man who had a chief complaint 
of nasal congestion, nasal bleeding, and anosmia. Magnetic resonance imaging revealed 
a mass in the nasal cavity and nasal septum. The initial pathological diagnosis was basaloid 
squamous cell carcinoma. Based on the tumor location and abrupt keratinization, further 
genetic tests were performed, and NC was diagnosed using FISH, which was further verified 
by IHC. However, neither DNA-based NGS nor RNA-based NGS revealed the NUTM1 gene 
rearrangement. Using this case as a basis, we have reviewed the related literature, compared 
the common diagnostic methods of NC, and discussed the advantages and limitations of 
current tools employed for molecular analysis of the gene fusion. 
Keywords: NUTM1, NUT midline carcinoma, FISH, next-generation sequencing, gene 
rearrangement

Introduction
Nuclear protein in testis (NUT) carcinoma (NC) is defined by the rearrangement of 
the chromosomal region 15q14 harboring the NUTM1 gene. As a clinically aggres-
sive neoplasm with poor differentiation, NC was previously believed to occur 
primarily in children and young adolescents. However, with an increasing number 
of reports, middle-aged or elderly patients have been diagnosed subsequently. NC 
mainly arises from midline anatomical sites, such as the mediastinum and head. 
Cases of primary pulmonary NC have recently been recognized. Because of the 
extremely poor prognosis and short survival time, timely diagnosis is of great 
significance for clinical treatment and management. NC presented in different 
regions has different clinical symptoms, and the morphological and immunohisto-
chemical features are not specific. Therefore, the diagnosis of NC is mainly based 
on squamous differentiation and evidence of gene rearrangement of NUTM1, which 
leads to the ectopic expression of NUT protein outside the testis. The most common 
partner gene is BRD4,1 and other related genes, such as BRD3, NSD3, ZNF532, 
WHSC1L1, and NAP1L4 have also been identified.2–6 The gene rearrangement of 
NUTM1 can be identified by fluorescence in situ hybridization (FISH), reverse 
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transcription-polymerase chain reaction (RT-PCR), Sanger 
DNA sequencing, and next-generation sequencing 
(NGS).7,8

Herein, we present a special case of NC that was 
diagnosed using FISH and confirmed by immunohisto-
chemistry (IHC). However, the gene rearrangement of 
NUTM1 was not revealed by either DNA-based NGS or 
RNA-based NGS. In this case report, we review and dis-
cuss the advantages and disadvantages of NGS in the 
diagnosis of rare entities.

Materials and Methods
Histopathologic and 
Immunohistochemical Examination
Tissues were fixed in 10% neutral-buffered formalin and 
embedded in paraffin blocks. Tissue blocks were sectioned 
into 4-μm sections, affixed onto slides, deparaffinized in 
xylene, rehydrated with graded alcohols, and immunos-
tained with the following antibodies: cytokeratin (CK), 
vimentin, p40, p63, S-100, chromogranin A, synaptophy-
sin, and Ki-67 (MaiXin, Fuzhou, China). All samples were 
counterstained with hematoxylin, dehydrated, and 
mounted for microscopy observation. After the diagnosis 
of NC with FISH, it was further confirmed by staining the 
tissue slide with NUT antibody (clone C52B1, 1:200, Cell 
Signal Technology, BU, USA).

FISH
Paraffin-embedded tissue blocks were serially sectioned at 
4-μm intervals. Hematoxylin eosin-staining of the sections 
was used to determine the area of the tissue to be targeted 
for analysis. The slides were deparaffinized in xylene 
twice for 10 min, dehydrated twice with 100% ethanol, 
and then pretreated using the ZytoLight FISH-Tissue 
Implementation Kit (Z-2028-20, ZytoVision, 
Bremerhaven, Germany). Slides were digested for 36 
min in protease solution (0.5 mg/mL) at 37°C and exam-
ined with NUT (15q14) Break Apart Rearrangement Probe 
(LBP Medicine Science & Technology, Guangzhou, 
China) according to the manufacturer’s instructions. The 
slides were observed under a ×100 objective magnification 
using a fluorescence microscope (Leica DM6000, Wetzlar, 
Germany) equipped with Applied Imaging software (ver-
sion 4.0; Genetix, England, UK). The samples were con-
sidered positive if more than 15% of the 100 scored tumor 
cells showed split signals. The slides were evaluated 

independently by two pathologists who were blinded to 
the case profiles.

NGS
NGS was performed on the Illumina HiSeq/MiSec platform 
(Illumina, CA, USA). This platform covers 1.28 Mb base 
sites such as exons, fusion-related introns, variable splicing 
regions, and microsatellite sites, accounting for 425 genes. 
The gene panel was shown in Supplementary Table 1. At 
least 50 ng of DNA was extracted from formalin-fixed 
paraffin-embedded (FFPE) tumor tissue from unstained 
slides, and peripheral blood was used as a control. The 
mean exon coverage depth of sequencing was >1000× and 
>200× for tissue and blood controls, respectively. RNA- 
NGS was performed on the HiSeq 2000 System (Illumina, 
CA, USA) using the TruSeq paired-end (PE) 100 bp Kit 
(Illumina, CA, USA).The detection results included point 
mutations, insertion/deletion mutations, gene fusion, gene 
copy number abnormalities, microsatellite status, and tumor 
mutation burden (TMB).

Clinical Summary
An 18-year-old man presented with nasal bleeding, anos-
mia, and bilateral nasal congestion for 5 months. 
Magnetic resonance imaging (MRI) revealed a mass 
measuring 20 mm in the nasal cavity, affecting the eth-
moid sinus, sphenoid sinus, and hard palate bone 
(Figure 1). A biopsy was performed in the local hospital, 
and a diagnosis of basaloid squamous cell carcinoma was 
made. The patient was referred to our hospital for surgi-
cal treatment. During the surgery, a small tumor was 
identified and removed. An intraoperative frozen section 
was examined and diagnosed as basaloid squamous cell 
carcinoma. Postoperative pathological assessment of the 
specimens revealed a malignant epithelial tumor consist-
ing of sheets and nests of atypia basaloid squamous cells. 
The periphery of the tumor nests was arranged in 
a palisade pattern. Abundant cytoplasm, frequent mitotic 
figures, and focal abrupt keratinization with few keratin 
pearls were evident (Figure 2). The results of IHC stain-
ing showed that tumor cells were positive for CK, p40, 
p63, and negative for vimentin, S-100, chromogranin A, 
and synaptophysin. The Ki-67 index was >60% 
(Figure 3).

Before the diagnosis of basaloid squamous cell carci-
noma was signed out, for such a young patient with a lesion 
in the midline, NC needed to be ruled out, especially when 
focal abrupt keratinization was present. Therefore, a FISH 
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test for NUTM1 has been suggested. After providing 
detailed information, the patient requested genetic analysis 
by NGS in a third-party inspection institution. Without 
professional medical consultation, the patient’s guardian 
ordered the unsuitable DNA-based NGS for this case 
which might be harboring gene fusions. The NGS result 
showed a missense mutation of RAD50 (c.2293A > G [p. 
K765E]) in exon 14 with only 0.7% abundance. The TMB 
was 1.1 mutations/Mb. No NUTM1 gene translocation or 
microsatellite instability was identified. To avoid exon- 
skipping events and better cover gene fusions, we suggested 
that the patient undergoes a FISH test or an additional 
RNA-based NGS. The patient requested an RNA-based 
NGS in the same third-party inspection institution. The 
RNA-NGS results revealed no other mutations. Finally, 
the patient requested a FISH test in our hospital, which 
demonstrated that the proportion of 1 red 1 green 1 fusion 
signal was 23%, the proportion of 1 red 1 green signal was 
10%, and that of 1 red 1 fusion signal was 5% (Figure 4). 

This indicated that gene rearrangement occurred in 
NUTM1. Accordingly, the diagnosis of NC was confirmed. 
Because of the negativity derived from NGS, immunostain-
ing of NUT was performed with the NUT antibody (a 
generous gift from Dr. Shundong Dai, Department of 
Pathology, Shanghai Ninth People’s Hospital), and the dif-
fuse strong staining of NUT was consistent with the FISH 
data (Figure 3D). The patient was treated with conventional 
radiotherapy and chemotherapy for 4 months after the 
operation. At present, the patient has no disease progression 
or recurrence for 12 months.

Discussion and Literature Review
NC is largely distributed in sheets and nest patterns, which 
are composed of round cells of the same size. It is similar 
to small round cell tumors, such as poorly differentiated 
squamous cell carcinoma, basaloid squamous cell carci-
noma, and olfactory neuroblastoma.9 Markers of squa-
mous epithelial differentiation are often expressed. It can 

Figure 1 MRI coronal view showed a mass in the nasal cavity (A) and MRI sagittal view showed a heterogeneously enhanced mass (red arrow) at nasal cavity affecting 
ethmoid sinus, sphenoid sinus and hard palate bone (B).

Figure 2 Histomorphological details of NC. Tumor was composed of basaloid squamous cells. The periphery of the tumor nests was arranged in a palisade pattern. Focal 
abrupt keratinization could be seen (A ×100; B ×400).

OncoTargets and Therapy 2021:14                                                                                                 https://doi.org/10.2147/OTT.S327722                                                                                                                                                                                                                       

DovePress                                                                                                                       
4623

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


be distinguished from other non-epithelial malignant 
tumors by CK, p63, and p40. Focal abrupt keratinization 
is an important diagnostic tool. In the current case, the 
tumor cells were distributed in round nests with an inva-
sive growth pattern, similar to basaloid squamous cell 
carcinoma. IHC showed positive staining for CK, p40, 
and p63, making it difficult to differentiate them from 
basaloid squamous cell carcinoma. In 2020, Kohei et al 
found that p40, an isoform of p63, could only be focal or 

patchy positive in NC, and in certain cases completely 
negative.10 Therefore, even though p40 is recommended 
for identifying squamous cell carcinoma in clinical prac-
tice due to its better specificity, it is not suitable for 
identifying NC alone. In addition, some NCs showed no 
squamous differentiation, as reported by Prall et al.11 

Immunostaining with the NUT antibody is particularly 
important. When NUT staining is diffusely positive 
(≥50), the diagnosis of NC can be rendered even in the 
absence of FISH results. When NUT staining signals are 
focally positive (<50%) or negative, and the diagnosis of 
NC is still highly suspected, FISH or other molecular tests 
should be performed to further confirm the rearrangement 
of NUTM1. However, since NUT antibody is far less 
commonly adopted in clinical detection, this method is 
not the usual strategy to diagnose NC. IHC targets the 
protein expression level, which is an indirect result of 
fusion mutations. In particular, false-positive or non- 
specific staining in IHC can lead to inaccurate evaluations. 
Therefore, FISH and NGS serve as better backup methods 
to reveal the molecular profiles in NC diagnosis. We have 
summarized different methods of diagnosis of NC in the 
last 20 years. Among the 68 patients, the presenting loca-
tions included the lung and trachea (22 cases), thorax and 

Figure 3 Immunohistochemistry staining of tumor cells that were positive for CK (A ×200), p40 (B ×200) and NUT (D ×40; inset ×400). Ki-67 index of tumor cells was 
>60% (C ×200).

Figure 4 Fluorescence in situ hybridization demonstrated the gene rearrangement 
of NUTM1. Large proportion cells showing 1 red 1 green 1 fusion signal, indicating 
NUTM1 fused with partner genes.
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mediastinum (10 cases), nasal cavity and paranasal sinuses 
(12 cases), abdominal organs (9 cases), oral cavity and 
throat (6 cases), salivary glands (4 cases), orbit (2 cases), 
sellar (1 case), and lymph node (2 cases). Among these 68 
cases, twenty-four cases were diagnosed by NUT IHC 
alone, 9 cases were diagnosed by FISH alone, 1 case 
was diagnosed by NGS alone, 22 cases were verified by 
FISH and NUT IHC simultaneously, and 7 cases were 
diagnosed by FISH and NGS together. Five cases showed 
positive results for all the three methods. The details of all 
cases are summarized in Table 1.12–51

In these 68 cases, the disease occurred in all ages with 
a median age of 34.5 years (range 2–82 years), and the sex 
ratio of the incidence was 1:1. The tumor size was 10– 
100 mm, with a median of 44 mm. Follow-up data were 
available for 54 patients, of which 14 were alive during the 
follow-up period. Thirty-eight patients died with a median 
follow-up duration of 6 months (range, 1–30 months). In the 
68 cases, most of the tumor cells were spherical, ovoid, or 
spindle-shaped with prominent nucleoli and scant cytoplasm. 
The tumor cells showed proliferation of nest-like, island-like, 
or cluster distribution. Fifty-eight patients showed abrupt 
keratinization. These pathological findings were consistent 
with the morphological features observed in the current case. 
Gene rearrangement was detected in 29 cases by FISH or 
NGS. Nineteen cases were BRD4-NUT, four were NSD3- 
NUT, five were MXD4-NUT, and one was NUT-MAML2. 
One patient was initially misdiagnosed with squamous cell 
carcinoma. The patient was sent to chemotherapy and 
showed no relief.18 Although NC was confirmed by NGS 
on re-evaluation, the patient quickly died with disease pro-
gression. Early accurate diagnosis can help physicians to 
improve clinical management and avoid misjudgment.

It should be noted that in one case, the result of NUT 
IHC was positive, while the result of FISH was negative.23 

This may be related to the chromoplexy (complex chromo-
somal rearrangement in DNA). During cell proliferation, 
normal cells can be transformed into NUT cancer cells 
through NUTM1 rearrangement, which arises from multiple 
rearrangements in a single catastrophic event. Due to this 
complexity, FISH may generate a false-negative result. 
After transcription, this rearrangement can become 
a simple fusion transcript, which can be easily detected by 
IHC at the protein level.52 In addition to genetic chromo-
plexy, FISH results can also be affected by other factors, 
such as lack of adequate tumor cells on the slide, poor 
fluorescence signal caused by improper sample pre- 
treatment, signal loss, and the situation in which the labeled 

probe either does not hybridize with intended target 
sequences or hybridizes with nonspecific sequences that 
cause FISH failure.53,54 Meanwhile, when complex rearran-
gement patterns are detected, even if the nucleus shows 
atypical fusion signals, it may not meet the evaluation 
criteria in FISH and may be considered as negative.55,56 

For instance, subtle and narrow split failing to meet the 
established criteria for a positive FISH score will be inter-
preted as negative.57 This type of subtle split often occurs in 
the event of chromosome deletion and inversion.58 When 
the probe does not cover the abnormal signal area, false- 
negative results are also generated.59 Although chromo-
some breakage occurred, they did not produce functional 
fusion products or lost expression in the process of disease 
progression, producing false-positive results.60 The atypical 
rearrangement of the 5ʹ probe asymmetric division or the 
deletion of the 5ʹ (telomeric) part may also lead to false 
positives in some tumor tissues.61,62 Moreover, partial FISH 
probes are DNA fragments that easily aggregate to form 
polymers, producing false-positive results. Another limita-
tion of FISH is that it can only show whether there is gene 
fusion, but it cannot identify the fusion partner and location 
of the fracture point.60 In some cases, tumor cells were 
presented as small isolated islands in a background of 
reactive cells, leading to nuclear overlapping and crush 
artifacts.62 Thus, it is difficult to obtain accurate FISH 
results using fluorescence microscopy. In such situations, 
NGS is a better tool for genetic analysis.

NGS, also known as high-throughput sequencing, has 
evolved from Sanger sequencing. It can read a large 
number of DNA or RNA sequences at a single time at 
a lower cost. Currently, NGS can be divided into two 
types: DNA-based and RNA-based methods. DNA-NGS 
detects the cDNA obtained directly from DNA, while 
RNA-NGS detects the cDNA that was obtained using 
RNA reverse transcription. DNA-based NGS detects 
both exons and introns, and RNA-based NGS detects 
exons only. Although this difference is very small, it 
can result in a significant difference in the diagnosis 
results. With the widespread application of these two 
methods in clinical diagnosis, their limitations have 
been gradually discovered. Rearrangement and fusion of 
genes always occur in very long and complex intron 
regions. It is difficult to design probes to cover them 
comprehensively. Some splice site mutations can also 
cause abnormal transcription, which can easily lead to 
inconsistency between the fusion information detected 
and the real fusion information in the transcriptome. 
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Song et al found that when the content of guanine and 
cytosine in the capture region of the probe was lower and 
the content of thymine and adenine repeat region was 
higher, the possibility of false negatives in DNA-NGS 
was higher.63 In addition, fusion detected at the DNA 
level may not be successfully transcripted. Some of the 
rare fusions detected by DNA-NGS fail to produce abnor-
mal transcripts and proteins. Most of the gene analysis 
based on the DNA level focuses on the genes at the break 
point within the gene; however, for gene fusion, the more 
common are “genic-intergenic” and “intergenic- inter-
genic” fusions.64 Direct detection of RNA can focus on 
coding sequences rather than on introns. Besides, 
McEvoy et al have found that some cases harboring 
MXI1-NUT fusion detected by RNA-NGS were showed 
negative results for DNA NGS. This may be due to the 
low complexity of DNA sequence in the gene 
breakpoint.65 Li et al proposed that before using targeted 
treatments for patients, in addition to the detection results 
of DNA-NGS, orthogonal analysis for validation at the 
RNA or protein level is essential to provide more accu-
rate treatment.66,67 However, the results of RNA-NGS are 
highly dependent on RNA quality. In practice, RNA can 
be degraded easier than DNA. The disadvantage of RNA- 
NGS is that, in certain cases, it is difficult to obtain 
enough RNA of the sufficient quality. These might be 
potential reasons why, for the current case, NUTM1 rear-
rangement was not identified by RNA-NGS in the third- 
party inspection institution but confirmed by FISH and 
IHC in our hospital. Unfortunately, after several rounds 
of repeat sectioning, the tissues left in the paraffin block 
was not enough for further verification by another round 
of RNA-NGS. Davies et al found that both RNA-NGS 
and DNA-NGS have the tendency of producing false- 
negative results in detecting gene fusion when validated 
with other methods.55 Therefore, to obtain an accurate 
diagnosis in rare cases, NGS results need to be verified by 
other molecular analyses tools.

Cohen et al introduced two diagnostic models combin-
ing DNA-NGS and RNA-NGS: parallel and sequential 
approaches.68 The parallel approach enables the simulta-
neous detection of DNA-NGS and RNA-NGS. In the 
sequential approach, DNA-NGS was first detected if the 
result was negative or atypical fusion, then RNA-NGS was 
essential. Through these two modes, the defects associated 
with the two detection methods can be avoided to a certain 
extent to improve the accuracy of diagnosis.

Conclusion
According to the current case, we found that even when 
combining DNA-NGS and RNA-NGS, it can still lead to 
false-negative results. This indicates that we cannot fully 
rely on one or two diagnostic methods, especially when 
facing rare cases. It is of great significance to recognize 
the advantages and disadvantages of each detection 
method and to avoid them consciously so that the accuracy 
of diagnosis can be assured.
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