:\' frontiers
in Oncology

CASE REPORT
published: 19 January 2022
doi: 10.3389/fonc.2021.778296

OPEN ACCESS

Edited by:
Laura Sterian Ward,
State University of Campinas, Brazil

Reviewed by:

Jean-Yves Scoazec,

Institut Gustave Roussy, France
Chien-Feng Li,

National Health Research Institutes,
Taiwan

*Correspondence:

Hui Zhang
zhanghuifree@163.com
Zhiyan Liu
zhiyanliu@shsmu.edu.cn

"These authors have contributed
equally to this work

Specialty section:

This article was submitted to
Head and Neck Cancer,

a section of the journal
Frontiers in Oncology

Received: 16 September 2021
Accepted: 23 December 2021
Published: 19 January 2022

Citation:

Zhou J, Duan M, Jiao Q,

Chen C, Xing A, Su P, Tang J,
Zhang H and Liu Z (2022) Primary
Thyroid NUT Carcinoma With
High PD-L1 Expression and Novel
Massive IGKV Gene Fusions:

A Case Report With Treatment
Implications and Literature Review.
Front. Oncol. 11:778296.

doi: 10.3389/fonc.2021.778296

Check for
updates

Primary Thyroid NUT Carcinoma With
High PD-L1 Expression and Novel
Massive IGKV Gene Fusions: A Case
Report With Treatment Implications
and Literature Review

Juan Zhou'?, Miao Duan?', Qiong Jiao’, Chunyan Chen’, Aiyan Xing®, Peng Su?,
Juan Tang', Hui Zhang®" and Zhiyan Liu™*

" Department of Pathology, Shanghai Jiao Tong University Affiliated Sixth People’s Hospital, Shanghai, China, 2 Department of
Pathology, School of Basic Medical Sciences, Cheeloo College of Medicine, Shandong University, Jinan, China, 3 Department
of Pathology, Qilu Hospital of Shandong University, Jinan, China

Background: Nuclear protein in testis (NUT) carcinoma (NC) is a rare and aggressive
undifferentiated carcinoma that typically arises from midline supradiaphragmatic
structures. It is uniquely driven by a NUT gene rearrangement on chromosome 15q14.
Few thyroid NCs have been reported and there are no established treatment guidelines for
NUT carcinoma.

Method: Ultrasound-guided fine needle aspiration smear was performed for the
preoperative diagnosis of thyroid lesions. Cytopathology, histology, and
immunochemical staining all indicated NC. Fluorescence in situ hybridization (FISH),
gRT-PCR, and next-generation sequencing (NGS) were used to analyze the genetic
characteristics of NC.

Results: We describe a rare case of thyrogenic NC in a 38-year-old male with cytological,
histological, immunohistochemical, and genetic features. Cytological smears and
histopathological specimens showed typical features of NC. Immunohistochemistry
confirmed strong immunoreactivity with NUT, EMA, P63, TTF-1, and c-myc. CK19 was
positive exclusively in sudden keratosis. No immunoreactivity was found for
neuroendocrine markers. FISH was applied to isolate the NUT gene on chromosome
15q14. The NGS results revealed a BRD4-NUT gene fusion, which was further confirmed
by RT-gPCR. Structural variation (SV) of NUTM1 occurred in the exon region, and the
mutation site was 15q14. Moreover, BRD4 single-nucleotide variation (SNV) occurs in the
3" UTR at mutation site 19p13.12. The PD-L1 combined predictive score was over 30%.
The patient received chemotherapy, followed by programmed cell death 1 (PD-1)
inhibition with camrelizumab, and died 10 months after surgery.

Conclusion: Thyroid NC is an extremely rare and fatal malignant tumor. It is necessary to
consider NC when squamous differentiation is observed cytologically or histologically.
NGS is an effective tool for obtaining the final diagnosis and obtaining a better
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understanding of tumor pathogenesis. A large number of IGKV gene fusions in addition
to the BRD4-NUT fusion may play a role in the pathogenesis and immunotherapy
response of NC. Immunotherapy for NC remains to be explored due to the rarity of

this aggressive malignancy.

Keywords: NUT carcinoma, thyroid, cytopathology, IGKV gene fusions, BRD4-NUT fusion, PD-L1

INTRODUCTION

Nuclear protein in testis (NUT) carcinoma (NC) is an extremely
aggressive carcinoma with a high fatality rate and a median
overall survival of 6.7 to 9.5 months (1-5). NC mainly occurs in
the head and neck (especially the sinus tract) and the thorax
(especially the mediastinum). It is important to recognize NC for
therapeutic and prognostic reasons (4, 6). Approximately 70% of
NCs occur due to NUT gene rearrangement (also known as the
NUTM]1 gene) on chromosome 15q14, which is attributed to
NUT gene fusion with BRD4 on chr19p13.1, resulting in (15;19)
(q14;p13.1) (7). Meanwhile, the fusion mode of the other 30% of
NCs are BRD3-NUT, NSD3-NUT, ZNF532-NUT, or ZNF592-
NUT (7). Ectopic histone hyperacetylation is induced by the
association of NUT, BET protein, and p300, resulting from the
NUT fusion, leading to different NC genotypes (8). These fusion
genes promote gene inactivation, which leads to the
dedifferentiation and rapid proliferation of squamous cells.

Here, we first report the cytological, pathological, and
molecular features of thyroid NC and the response to
combined chemotherapy and PD-1 inhibition in NUT
carcinoma. To the best of our knowledge, this is a rare case of
a thyroid NC patient who achieved a prolonged response from a
combination treatment regimen consisting of chemotherapy
and immunotherapy.

MATERIALS AND METHODS

Cell Smear and Tissue Sections
Ultrasound-guided fine needle aspiration biopsy was applied as a
preoperative diagnosis of thyroid nodules. Direct cell smears of
inhaled specimens were fixed with 95% ethyl alcohol, and
surgical samples were fixed in neutral formalin. Cell smears
and paraffin-embedded tissue sections were stained with
hematoxylin—eosin. These slides were reviewed by HZ and ZL.

Immunostaining

Cell smear and paraffin section specimens were immunostained.
Testicular tissue was used as a positive control for the NUT
antibody, and skin tissue was used as a positive control for P63.
Phosphate-buffered saline was used instead of the antibodies as a
negative control. Detailed antibody data are summarized in
Table S1 of the Appendix.

Fluorescence In Situ Hybridization
Fluorescence in situ hybridization (FISH) was used to analyze the
5-um tissue sections fixed with formalin and embedded with

paraffin. Dual-color probes for the 15q14 breakpoint flanking
NUT included the telomeric bacterial artificial chromosome
clone SHGC-110339 (211 bp, green) and the centromeric clone
RH54191 (306 bp, red). A fluorescent probe (F.01264, LBP,
Guangzhou China) was hybridized with nucleic acids in the
tissue sections to observe the precise location of nucleic acids in
the sequence under a fluorescence microscope.

Quantitative Real-Time PCR

Detection System

DNA was extracted from cancer and non-cancer tissues using
DNA extraction kits (8.0223501X036G, AmoyDx, Xiamen,
China). Quantitative real-time PCR (qRT-PCR) was carried
out in a 10-ul mixture of 5 ul of SYBR Green, 0.1 ul of F
primer, 0.1 pl of R primer, 1 pg of cDNA, and nuclease-free
water. The primer design was based on BRD4-NUT fusion
information and consisted of the BRD4-NUT-F sequence (5'-
AGTCATCCAGCACCACCATTC-3") and BRD4-NUT-R
sequence (5-GGTCTGGTGGGTCAGAAGTT-3'). To compare
the difference in gene content between normal and cancerous
tissues, the following formula was applied: 27**“T is applied,
where AACT = (CT% — CT"°Y cancer — (CT™t —
CT"Y) normal.

Next-Generation Sequencing

Genomic DNA (thyroid tumor tissue and blood) and total RNA
(thyroid tumor tissue) were isolated using an AllPure total DNA/
RNA micro kit (Magen, China) according to the instructions of
the manufacturer.

Whole-genome sequencing (WGS) libraries were generated
using the TruSeq DNA LT Sample Prep Kit v2 (Illumina).
RNAseq sequencing was performed on c¢cDNA libraries
prepared from PolyA+ RNA extracted using the Illumina
TruSeq protocol for mRNA, and libraries were constructed
using the Illumina 3000 platform (2 x 150 bp). The average
coverage of tumor tissue and non-tumor tissue samples was 30x.

The raw WGS sequence reads were clipped using Skewer
(v0.2.2), and reads were aligned with GRCh37 by BWA-MEM.
We used Control-free C (v9.1) for copy number variation (CNV)
detection and Manta (0.29.6) for structural variant (SV) calling.

RNAseq raw sequence reads were trimmed using Skewer
(v0.2.2). FastQC (v0.11.2) was used for quality control of RNA
sequencing data. Then, mapping to the GRCh38 was performed
using STAR 2.5. Fusion genes were called with STAR-Fusion.

Fusion visualization was created from scripts using Integrated
Genome Viewer version 2.1.30 (Broad Institute, Cambridge, MA,
USA), which allows visualization of supported reads along the
alignment of the composite reference fusion.
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RESULTS

Clinical Features

A 38-year-old man was evaluated by a doctor at Qilu Hospital of
Shandong University (Shandong, China) for a hard and painless
neck nodule that had persisted for approximately 3 months.
Ultrasound examination revealed a 3.8 x 2.7-cm irregular
heterogeneous nodule in the left lobe of the thyroid gland with
multiple point-like strong echoes (Figure 1A), which was further
confirmed by CT (Figure 1B).

Cytopathologic and Immunochemical
Features

Direct cell smears revealed an abundance of diftuse, small- to
medium-sized, atypical dispersed monolayers of primitive cells
with a few lymphocytes in the background (Figures 1C-E). The
neoplastic cells had round to elliptic nuclei with sparsely exposed
cytoplasm and indistinct nucleoli. The chromatin of the nucleus
varied from mostly light, open chromatin to hyperchromatin
(Figure 1E). Mitosis was rare, and atypical mitosis was not seen.
Sudden keratosis was observed (Figures 1C, E). A positive
immunoreaction with the NUT antibody was found in the
nuclei of the carcinoma cells (Figure 1F).

The corresponding surgical sections showed the typical
appearance of NC. Nests and sheets of primitive cells with a high
nuclear/cytoplasmic ratio infiltrate surrounding normal thyroid
tissue were present (Figure 2A). There was squamous
differentiation with prominent red medium-sized nuclei,
suggestive of NC (Figure 2B). Coagulative necrosis and lymphatic
vascular involvement were frequently observed, with mitotic rates as
high as 3-6/5 high visual fields (Figures 2C, D). The carcinoma cells
were typically undifferentiated with a relatively uniform nucleus
size, irregular nuclear membrane, and uneven chromatin.

Positive immunoreaction with EMA and the NUT protein
was observed in the carcinoma cells but not in the sudden
keratoses (Figures 2E, F). A positive TTF-1 immune response
was observed in approximately 60% of the carcinoma cells,
suggesting that the tumor originated from follicular thyroid
cells (Figure 2G), whereas only a few carcinoma cells were
PAX-8 positive. A positive c-myc immunoreaction was found
in approximately 80% of the carcinoma cells (Figure 2H).
The CK19-positive immune response in the cytoplasm was
mainly observed in cells with squamous differentiation
(Figure 2I). The Ki-67 labeling index was approximately
60% (Figure 2J). The PD-L1 combined proportion score was
30% (Figure 2K). No immunoreactivity with P53, TG, CD30,
CD5, or ALK was observed.

Complex Chromosomal Rearrangements
Involving BRD-NUT Oncogenes
Dual-color FISH was further applied to confirm the split-apart
translocated NUTM1, as shown in Figure 2L. However, although
split-apart signals were confirmed, the genes fused with NUTM1
remained unknown, and WGS was performed.

Large structural variations (SVs) and DNA copy number
alterations were investigated using WGS. Based on Manta 0.29.6

bioinformatics analyses and visual inspection, 318 genes with
genetic SVs were screened out, including 211 in exon segments,
75 in intergenic regions, and 25 in introns. Six SVs were located
in the intron region of UTR3 and ncRNA, and the last SV was
located in UTR5. Structural variation of NUTM1 occurred in the
exon region at 15q14, while BRD4 SV occurred in the UTR3
region at 19p13.12 (Figures 3A, B).

The WGS results revealed multiple gene fusions, as shown in
Table 1. According to the fusion information analysis, the BRD4-
NUT fusion gene is formed by the fusion of exons 2 and 3 of the
NUT gene and exon 11 of the BRD4 gene (Figure 3A). qRT-qPCR
showed that the expression level of BRD4-NUT fusion in the
cancer tissue was 3.58 higher than that in the normal tissue, further
confirming the results of WGS (Figure 3C). Interestingly, further
analysis revealed that there were two fusion modes of BRD4-NUT
in the current patient. Although two NUT breakpoints were
identified (chr15:34640170:+; chr15:34638143:+), there was a
single BRD4 breakpoint (chr19:15364963:—) (Table 1). The
aforementioned breakpoints differ from previous findings that
both the NUT (chr15:34629526) and BRD4 (chrl19:15359244)
breakpoints occur at a single location (27). We first discovered a
large number of IGKV gene fusions through RNA sequencing
(Table 1), which mainly play a role in humoral immunity (9).

Although SNVs and CNVs were present in the NC genome,
NC-associated promoters and suppressor genes were rarely
affected, suggesting that they were primarily passenger events
(Supplementary Table 1, Data Sheet 2).

Treatment and Patient Outcome

The PD-L1 combined predictive score was over 30%. Therefore,
the patient received a combined treatment regimen consisting of
epirubicin, paclitaxel liposomes, and an engineered anti-
programmed death-ligand 1 (PD-1) antibody (camrelizumab).
However, distant metastases were confirmed gradually, as shown
in Figure 4. The patient refused further treatment due to
economic difficulties. He developed systemic symptoms and
died 10 months after surgery.

Previous Studies of NUT Midline
Carcinoma

Ninety-one cases of NC have been described in the PubMed
database, consisting of 47 females and 44 males, with a male to
female ratio close to 1:1 (2, 4, 5, 10-15). The age distribution
ranges from 0.1 to 81.7 years, which is consistent with the current
research status of all age groups, and the disease primarily affects
adolescents. BRD-NUT gene fusion plays an important role in
the pathogenesis of NC. Over 87% of fusion patterns were BRD4-
NUT, usually comprising NUT exon 3 and BRD4 exon 11. Exon
2 of the NUT gene associated with exon 14 of the BRD4 gene and
exon 2 of the NUT gene associated with exon 11 of the BRD4
gene have been reported (7, 16). There are various forms of
fusion residues, including BRD3-NUT, NSD3-NUT, ZNF532-
NUT, and ZNF592-NUT (7). The diagnosis of NC depends on
morphological observation and positive NUT protein
immunoreactivity. FISH, PCR, and whole genome sequencing
are gradually being applied to clinical diagnostics.
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with NUT protein in the nucleus of the carcinoma cells.

FIGURE 1 | (A) Ultrasound examination revealed a heterogeneous nodule in the left lobe of the thyroid. (B) CT examination revealed 4-cm low-density lesions in the
left lobe of the thyroid gland. (C, D, E) Direct cell smears show abundant cells with diffuse distribution of small- to medium-sized atypical monolayer protocells, and
the foci of sudden keratosis could be seen from low magnification in (C) and high magnification in (E). (E) Tumor cells have round to oval nuclei with bare and scanty
cytoplasm and vague to prominent nucleoli. The chromatin of the nucleus varies from mostly light open chromatin to hyperchromatic. (F) Positive immunoreaction

DISCUSSION

Few thyroid NCs have been reported in the English or Chinese
literature. Here, we report a rare case of thyroid NUT carcinoma
and its cytopathologic, immunochemical, and somatic genetic
features in a patient who received a combined treatment regimen

consisting of chemotherapy and immunotherapy and achieved a
prolonged response.

NC has a non-specific cytomorphology that is similar to that
of other primitive small round cell tumors or basaloid neoplasms
(17-22). The present case presented as a hypercellular smear
with primitive cells and only small necrotic foci. No cytoplasmic
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FIGURE 2 | (A) Nests and sheets of primitive cells with high nuclear/cytoplasmic ratios infiltrate surrounding normal thyroid tissue. (B) Sudden keratosis foci could
be seen. (C) Coagulative necrosis. (D) Lymphoid vessel involvement. (E) Immunoreaction with EMA in the cell membrane of the NUT carcinoma cells. (F)
Immunoreaction with NUT protein in the nucleus of the NUT carcinoma cells. (G) Positive immunoreaction with TTF-1 in the NUT midline carcinoma cells; internal
positive control of follicular thyroid epithelium is seen in the right part of the picture. (H) Positive immunoreaction with c-myc was found in approximately 80% of the
carcinoma cells. (I, J) Immunoreaction with CK19 in sudden keratoses and a few NUT midline carcinoma cells. (J) The Ki-67 labeling index is high. (K) Positive
immunoreaction with PD-L1 in carcinoma cells and a few inflammatory cells. (L) FISH shows splitting of the translocated NUTM1.

vacuoles or giant or multinucleated tumor cells were observed.
Interestingly, typical abrupt keratosis was observed, which has
not been described in previous reports (17-22).

NC is often diftusely positive for NUT, EMA, P63, and c-myc,
which was also confirmed in this case. We showed a positive NUT
immunoreactivity in cell smears and surgical specimens. The
immunoreactivity with TTF-1 suggests that the tumor probably

originated in the thyroid (14, 22). Curiously, the samples were
negative for PAX-8 expression despite this marker being considered
a better marker of thyroid origin than TTEF-1 (23). One previous
case of NUT carcinoma developed after thyroidectomy of
extraordinary thyroid sclerosing mucoepidermoid carcinoma with
eosinophilia. However, the negative immunoreactivity of this tumor
with TTF-1 suggested that it may be not of thyroid origin (24).
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FIGURE 3 | Genomic rearrangements of BRD-NUT gene fusion and detailed introduction. (A) Circos plot showing the genetic variants identified in a thyroid NUT
carcinoma genome. The corresponding genes are labeled inside the circus. The arc connecting the chromosomes signifies translocation detected in sequencing
data. (B) Schematic ideograms show gene fusions between BRD4 (chr.19p13.1) and NUTM1 (hr. 15g14). The arrowheads indicate the breakpoints of BRD4 (exon
11) and NUTM1 (exon 2/3). Each base in the fusion plot is drawn 5’ to 3'. (C) RT-gPCR showed that the expression level of BRD4-NUT fusion in cancer tissue was
3.58 higher than that in normal tissue, further confirming the results of WGS.

The differential diagnosis of NC includes a series of
dedifferentiated neoplasia, such as squamous cell carcinoma,
small cell carcinoma, ectopic thymic carcinoma, Ewing cell
carcinoma, and a new entity, SMARCBI1 (INI-1)-deficient
sinonasal carcinoma (25-28). Immunohistochemistry and
molecular testing are helpful for the differential diagnosis (25-
28). In the context of relatively differentiated or undifferentiated
tumor cells, sudden squamous differentiation without
transitional morphology suggests the diagnosis of NC. NC with
or without keratinization is most likely to be misdiagnosed as
squamous cell carcinoma because these tumors co-express CK5/
6 and P63. Interestingly, we found that CK19 expression was
positive in squamous keratosis but negative in the surrounding
carcinoma tissue, which could be used in the differential
diagnosis. Primitive neuroectodermal tumors (PNETs) have no
squamous differentiation, and positive immunoreactivity with

CD99 and FLI1, but not NUT, supports the diagnosis of PNET
(28). EWSRI gene translocation is helpful to distinguish PNET
from NC (28). Poorly differentiated olfactory neuroblastoma
may show marked nuclear abnormalities, sparse or absent
interstitial nerve fibers, and pseudo-chrysanthemum pattern
structures (29). Neuroendocrine markers are expressed in
tumor cells, and S-100 immune responses in the supporting
cells help to confirm the diagnosis.

Opverall, the BRD4-NUT fusion was confirmed by FISH, NGS,
and qRT-PCR. There were two fusion modes of BRD4-NUT in
the current patient. Two NUT breakpoints were demonstrated
(chr15:34640170:+; chr15:34638143:+), and a single BRD4
breakpoint was found (chr19:15364963:-). These breakpoints
differ from those identified in previous studies, in which the
single breakpoints were identified in both NUT
(chr15:34629526) and BRD4 (chr19:15359244). Wild-type
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TABLE 1 | Multiple gene fusions.

Fusion name

BRD4-NUTM1
BRD4-NUTM1
IGKV1-39-AC096579.13
IGKV1-39-AC096579.13
IGKV1-39-AC096579.13
IGKV2-28-AC096579.13
IGKV2D-28-AC096579.7
IGKV2D-28-AC096579.7
IGKV2D-28-AC096579.7
IGKV2D-28-AC096579.7
IGKV2D-28-AC096579.7
IGKV3-20-AC096579.13
IGKV3-20-AC096579.13
IGKV3-20-AC096579.7
IGKV3-20-AC096579.7
IGKV3-20-AC096579.7
IGKV3-20-AC096579.7
IGKV3-20-AC096579.7
IGKV3-20-AC096579.7
IGKV3-20-AC096579.13
IGKV3-20-AC096579.13
IGKV4-1-AC096579.7
IGKV4-1-AC096579.7
IGKV4-1-AC096579.7
IGKV4-1-AC096579.7
IGKV4-1-AC096579.7
IGKV5-2-AC096579.7
IGKV5-2-AC096579.13
TIMM23-LINC00843
TIMM23-PARGP1
RNF138-RNF125
RP4-769N13.6-GPRASP2
ARMCX5-GPRASP2
PDE6GB-PPP2R2D
AC004878.3-CCDC146
UPK3B-CCDC146
AC009245.3-ILF2
RP11-680G10.1-GSE1
CTD-2008L17.1-RP11-456019.2
AJAP1-NRIP1
CCDC91-SPSB1
CTDSP1-DNM3O0S
LRRC8B-LRRC8C
NEO1-ST20
NEO1-ST20-MTHFS
RP11-96H19.1-RP11-446N19.1
RP4-535B20.1-JAK1
SMC5-AS1-MAMDC2-AS1
SRSF4-TBPL1
ZNF827-PRKAA1
RP4-565E6.1-HYDIN
CTD-2008L17.1-RP11-456019.2
AC004878.3-CCDC146

Left breakpoint

chr19:15364963:—
chr19:15364963:—
chr2:89619384:—
chr2:89619378:—
chr2:89619382: -
chr2:89521180:-
chr2:89999557:+
chr2:89999563:+
chr2:89999559:+
chr2:89999557:+
chr2:89999557:+
chr2:89442061:-
chr2:89442052:-
chr2:89442058:—
chr2:89442058:-
chr2:89442543:—
chr2:89442058:-
chr2:89442055:-
chr2:89442060:-
chr2:89442055:—
chr2:89442055:—
chr2:89185671:+
chr2:89185668:+
chr2:89185670:+
chr2:89185136:+
chr2:89185668:+
chr2:89197299:+
chr2:89197299:+
chr10:51606988:—
chr10:51606988:—
chr18:29672849:+
chrX:101860581:+
chrX:101860581:+
chr4:619882:+
chr7:74949901:—
chr7:76648314:+
chr7:137406958:+
chr16:85391249:+
chr18:53560673:+
chr1:4772759:+
chr12:28515448:+
chr2:219267128:+
chr1:90050348:+
chr15:73558752:+
chr15:73558752:+
chr12:46781755:+
chr1:65533287:—
chr9:72831202: -
chr1:29495015:-
chr4:146791397:—
chr1:146126404:—
chr18:53560673:+
chr7:74953040:-

Right breakpoint

chr15:34640170:+
chr15:34638143:+
chr2:89161074:—
chr2:89161068:—
chr2:89161433:-
chr2:89161074:—
chr2:89160435:-
chr2:89160764:—
chr2:89160115:—
chr2:89161435:-
chr2:89161074:—
chr2:89161074:—
chr2:89161068:-
chr2:89160117:—
chr2:89161435:-
chr2:89157196:—
chr2:89160435:—
chr2:89161074:—
chr2:89160769:—
chr2:89161074:—
chr2:89161435:—
chr2:89161432:-
chr2:89161074:—
chr2:89160433:-
chr2:89157196:-
chr2:89160117:—
chr2:89161074:—
chr2:89161074:—
chr10:51732772:+
chr10:51732772:+
chr18:29648261:+
chrX:101968710:+
chrX:101968710:+
chr10:133747960:+
chr7:76866264:+
chr7:76866264:+
chr1:153634934:—
chr16:85682158:+
chr18:53717311:+
chr21:16415895:—
chr1:9427507:+
chr1:172113577:—
chr1:90152029:+
chr15:80200026:—
chr15:80200026:—
chr12:47046173:+
chr1:65352024:—
chr9:72728776:-
chr6:134301220:+
chr5:40777688:—
chr16:71196633:—
chr18:53763306:+
chr7:76871008:+

NUT is expressed only in the testes, and approximately 70% of
NCs arise due to translocations between the 3’ end of the
NUTMI gene on chromosome 15q14 and the 3’ end of BRD4
on chr19p13.1 (7, 30). NUT interacts with p300 and activates the
histone acetyltransferase activity of p300 (8). BRD4-NUT directly
regulates two key genes, MYC and TP63. The fusion protein
formed by transcription of the BRD4-NUT gene can resist cell

differentiation and promote cell proliferation with the help of the
BET protein (31). The strong immune response of c-myc and
p63 is consistent with these hypotheses (31-33).

The median survival for NUT carcinoma patients ranges from
4.7 to 6.7 months, and over 80% of NUT carcinoma patients die
within 1 year (1, 2). BRD4-NUT fusions have been reported to be
the most common rearrangements in NC, and small molecules
targeting BRD4 have been developed (34, 35). An oral BET
inhibitor targeting BRD2/3/4/T is currently being evaluated in
clinical trials, and two NC patients responded rapidly to it (8, 30).
Unfortunately, the patient in this case was unable to receive a
BET inhibitor, and he received chemotherapy (epirubicin and
paclitaxel liposome) combined with a PD-1 inhibitor
(camrelizumab). The disease improved after the first treatment
but not after the subsequent therapy, and distant metastases
rapidly developed. Recently, a 34-year-old NUT carcinoma
patient was reported to have a complete response to a
combined treatment regimen of chemotherapy, concurrent
external-beam radiation, and the PD-1 inhibitor with
pembrolizumab (36). However, the current patient did not
receive external radiation; he refused further treatment due to
economic difficulties and died 10 months after the surgery.
In addition to BRD-NUT gene fusions, a large number of
IGKV gene fusions were also found in addition to BRD-
NUT gene fusions, and these fusions mainly play a role in
humoral immunity. Those two cases indicated that NUT
carcinoma patient may benefit from PD-1 inhibition therapy.
However, data for more patients are needed to support
this hypothesis.

Some SNVs and CNVs were also identified by NGS; however,
the importance of those alterations in NC is still unknown. Some
reports suggest that SNVs may be related to the aggressiveness of
malignant tumors. ADGRB3 can cause cognitive impairment and
ataxia (37). HTRA2 promotes breast cancer cell growth and
invasion and pancreatic cancer cell apoptosis (38, 39). Mutations
in MUCI6 indicate poor lung cancer prognoses and contribute to
the progression of cervical cancer (40). ITIH is significantly
reduced in breast, colon, and lung cancers. Overexpression of
CASS4 promotes invasion of non-small-cell lung cancer (40).
Both HLA-A and HLA-C are involved in immune responses (41,
42). ZNF229 may play a regulatory role in transcription.
However, the relationship between the above genes and NUT
carcinoma has not been reported.

In addition, several CNVs were observed in our case. The
WASH complex acts as a regulator of LDL and HDL metabolism
(43). CACNAIB mutations have been reported to be a distinct
myoclonus-dystonia syndrome (44). MUCE6 has been reported in
Alzheimer’s disease (45). The KCNJI8 gene is associated with
recurrent thyrotoxic periodic paralysis, and RIMBP3 is involved
in spermatogenesis. Whether these SNVs and CNVs play a role
in the pathogenesis of NC needs to be investigated in more
patients, but this is difficult to achieve due to the rarity of
the disease.

In summary, NC is an extremely aggressive carcinoma that
can originate in the thyroid. It is necessary to consider NC when
poor differentiation is observed cytologically and histologically.
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NUT immunoreactivity helps confirm the diagnosis. NGS helps
to better understand the pathogenesis of tumors. Surgery and
radiotherapy are still the main treatment options for NC, and
targeted therapy and immunotherapy remain to be explored.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Qilu Hospital of Shandong
University. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

HZ and ZL: conception and design of the work; acquisition,
analysis, and interpretation of data; and revision of the
manuscript critically for important intellectual content
and scientific integrity. JZ and DM: drafting of the manuscript.
QJ, CC, HX, PS, and JT: acquisition, analysis, and interpretation
of data; and reading and revision of the manuscript critically

REFERENCES

1. Bauer DE, Mitchell CM, Strait KM, Lathan CS, Stelow EB, Liier SC, et al.
Clinicopathologic Features and Long-Term Outcomes of NUT Midline
Carcinoma. Clin Cancer Res (2012) 18(20):5773-9. doi: 10.1158/1078-
0432.Ccr-12-1153

2. Chau NG, Hurwitz S, Mitchell CM, Aserlind A, Grunfeld N, Kaplan L,
et al. Intensive Treatment and Survival Outcomes in NUT Midline
Carcinoma of the Head and Neck. Cancer (2016) 122(23):3632-40.
doi: 10.1002/cncr.30242

3. Kees UR, Mulcahy MT, Willoughby ML. Intrathoracic Carcinoma in an 11-
Year-Old Girl Showing a Translocation T(15;19). Am ] Pediatr Hematol
Oncol (1991) 13(4):459-64. doi: 10.1097/00043426-199124000-00011

4. Lemelle L, Pierron G, Fréneaux P, Huybrechts S, Spiegel A, Plantaz D, et al.
NUT Carcinoma in Children and Adults: A Multicenter Retrospective Study.
Pediatr Blood Cancer (2017) 64(12):1-9. doi: 10.1002/pbc.26693

5. French CA. Pathogenesis of NUT Midline Carcinoma. Annu Rev Pathol
(2012) 7:247-65. doi: 10.1146/annurev-pathol-011811-132438

Oct. 30

Dec. 14 Mar. 20

—— A N

Nov. 19

FIGURE 4 | Time diagram from June 2019 to March 2020 of the patient: on June 18, 2019, thyroid nodule was identified by ultrasound and CT examination; on
June 29, 2019, thyroid fine-needle aspiration was performed, and poorly differentiated carcinoma was suggested by cytology; on July 18, 2019, total thyroidectomy
and lateral cervical lymph node dissection were performed. Thyroid NUT carcinoma was confirmed by morphology, immunohistochemistry, and genetic alterations.
The combined proportion score of PD-L1 revealed to be 30%. On October 30, 2019, the patient received combined chemotherapy and PD-1 inhibition therapy
(epirubicin 140 mg/dl, paclitaxel liposomes 240 mg/d2, and carelizumab 200 mg/dl). On November 19, 2019, CT examination revealed lateral cervical lymph node
metastasis and bone metastasis on the 8th rib and L2 vertebra. Zoledronic for anti-bone metastasis was added to the previous treatment plan. On December 14,
2019, physical examination revealed a 5-cm mass on the right subscapular corner of the patient. Core needle biopsy revealed metastatic NUT carcinoma with focal
necrosis (<10%), suggesting a poor response to the treatment. PET-CT showed multiple bone metastases. Due to the rapid progression, the chemotherapy regimen
adjusted to cisplatin 50 mg/dl, 40 mg/d2,3+, and etoposide 0.1 dI-5. The patient died on March 20, 2020.

for important intellectual content and scientific integrity.
All authors contributed to the article and approved the
submitted version.

FUNDING

This work has been supported by the National Nature Science
Foundation of China (Grant No. 81972500, and 81802914) and
the Natural Science Foundation of Shandong Province, China
(Grant No. ZR2019MH024), Grant from Innovation Program of
STCSM (Shanghai Science and technology committee)
(20Z11900304), and by research fund from Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.778296/
full#supplementary-material

6. French CA, Kutok JL, Faquin WC, Toretsky JA, Antonescu CR, Griffin CA,
et al. Midline Carcinoma of Children and Young Adults With NUT
Rearrangement. J Clin Oncol (2004) 22(20):4135-9. doi: 10.1200/
jc0.2004.02.107

. French CA. NUT Carcinoma: Clinicopathologic Features, Pathogenesis, and
Treatment. Pathol Int (2018) 68(11):583-95. doi: 10.1111/pin.12727

. Shiota H, Elya JE, Alekseyenko AA, Chou PM, Gorman SA, Barbash O, et al.
"Z4" Complex Member Fusions in NUT Carcinoma: Implications for a Novel
Oncogenic Mechanism. Mol Cancer Res (2018) 16(12):1826-33. doi: 10.1158/
1541-7786.Mcr-18-0474
9. Collins AM, Wang Y, Singh V, Yu P, Jackson K], Sewell WA. The Reported

Germline Repertoire of Human Immunoglobulin Kappa Chain Genes Is
Relatively Complete and Accurate. Immunogenetics (2008) 60(11):669-76.
doi: 10.1007/s00251-008-0325-z

10. Hellquist H, French CA, Bishop JA, Coca-Pelaz A, Propst EJ, Paiva Correia A,

et al. NUT Midline Carcinoma of the Larynx: An International Series and
Review of the Literature. Histopathology (2017) 70(6):861-8. doi: 10.1111/
his.13143

~

o

Frontiers in Oncology | www.frontiersin.org

January 2022 | Volume 11 | Article 778296


https://www.frontiersin.org/articles/10.3389/fonc.2021.778296/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.778296/full#supplementary-material
https://doi.org/10.1158/1078-0432.Ccr-12-1153
https://doi.org/10.1158/1078-0432.Ccr-12-1153
https://doi.org/10.1002/cncr.30242
https://doi.org/10.1097/00043426-199124000-00011
https://doi.org/10.1002/pbc.26693
https://doi.org/10.1146/annurev-pathol-011811-132438
https://doi.org/10.1200/jco.2004.02.107
https://doi.org/10.1200/jco.2004.02.107
https://doi.org/10.1111/pin.12727
https://doi.org/10.1158/1541-7786.Mcr-18-0474
https://doi.org/10.1158/1541-7786.Mcr-18-0474
https://doi.org/10.1007/s00251-008-0325-z
https://doi.org/10.1111/his.13143
https://doi.org/10.1111/his.13143
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Zhou et al.

Thyroid NUT Carcinoma

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Albrecht T, Harms A, Roessler S, Goeppert B. NUT Carcinoma in a Nutshell:
A Diagnosis to be Considered More Frequently. Pathol Res Pract (2019) 215
(6):152347. doi: 10.1016/j.prp.2019.01.043

Agaimy A, Fonseca I, Martins C, Thway K, Barrette R, Harrington KJ, et al.
NUT Carcinoma of the Salivary Glands: Clinicopathologic and Molecular
Analysis of 3 Cases and a Survey of NUT Expression in Salivary Gland
Carcinomas. Am ] Surg Pathol (2018) 42(7):877-84. doi: 10.1097/
Pas.0000000000001046

Andreasen S, French CA, Josiassen M, Hahn CH, Kiss K. NUT Carcinoma of
the Sublingual Gland. Head Neck Pathol (2016) 10(3):362-6. doi: 10.1007/
§12105-015-0672-7

Hung YP, Chen AL, Taylor MS, Huynh TG, Kem M, Selig MK, et al. Thoracic
Nuclear Protein in Testis (NUT) Carcinoma: Expanded Pathological
Spectrum With Expression of Thyroid Transcription Factor-1 and
Neuroendocrine Markers. Histopathology (2021) 78(6):896-904.
doi: 10.1111/his.14306

Zhang Y, Han K, Dong X, Hou Q, Li T, Li L, et al. Case Report and Literature
Review: Primary Pulmonary NUT-Midline Carcinoma. Front Oncol (2021)
11:700781. doi: 10.3389/fonc.2021.700781

Minato H, Kobayashi E, Nakada S, Kurose N, Tanaka M, Tanaka Y, et al.
Sinonasal NUT Carcinoma: Clinicopathological and Cytogenetic Analysis
With Autopsy Findings. Hum Pathol (2018) 71:157-65. doi: 10.1016/
j.humpath.2017.10.011

Policarpio-Nicolas ML, de Leon EM, Jagirdar J. Cytologic Findings of NUT
Midline Carcinoma in the Hilum of the Lung. Diagn Cytopathol (2015) 43
(9):739-42. doi: 10.1002/dc.23291

Bellizzi AM, Bruzzi C, French CA, Stelow EB. The Cytologic Features of
NUT Midline Carcinoma. Cancer (2009) 117(6):508-15. doi: 10.1002/
cncy.20044

Kuroda S, Suzuki S, Kurita A, Muraki M, Aoshima Y, Tanioka F, et al.
Cytological Features of a Variant NUT Midline Carcinoma of the Lung
Harboring the NSD3-NUT Fusion Gene: A Case Report and Literature
Review. Case Rep Pathol (2015) 2015:572951. doi: 10.1155/2015/572951
Klijanienko J, Le Tourneau C, Rodriguez J, Caly M, Theocharis S. Cytological
Features of NUT Midline Carcinoma Arising in Sino-Nasal Tract and Parotid
Gland: Report of Two New Cases and Review of the Literature. Diagn
Cytopathol (2016) 44(9):753-6. doi: 10.1002/dc.23506

Chute DJ, Stelow EB. Cytology of Head and Neck Squamous Cell Carcinoma
Variants. Diagn Cytopathol (2010) 38(1):65-80. doi: 10.1002/dc.21134
Bishop JA, French CA, Ali SZ. Cytopathologic Features of NUT Midline
Carcinoma: A Series of 26 Specimens From 13 Patients. Cancer Cytopathol
(2016) 124(12):901-8. doi: 10.1002/cncy.21761

Agarwal S, Bychkov A, Jung CK, Hirokawa M, Lai CR, Hong S, et al. The
Prevalence and Surgical Outcomes of Hiirthle Cell Lesions in FNAs of the
Thyroid: A Multi-Institutional Study in 6 Asian Countries. Cancer Cytopathol
(2019) 127(3):181-91. doi: 10.1002/cncy.22101

Agaimy A, Togel L, Stoehr R, Meidenbauer N, Semrau S, Hartmann A,
et al. NSD3-NUTMI1-Rearranged Carcinoma of the Median Neck/
Thyroid Bed Developing After Recent Thyroidectomy for Sclerosing
Mucoepidermoid Carcinoma With Eosinophilia: Report of an Extraordinary
Case. Virchows Arch (2021) 479(6):1095-9. doi: 10.1007/s00428-021-03103-8
Shaverdashvili K, Azimi-Nekoo E, Cohen P, Akbar N, Ow TJ, Halmos B, et al.
INI-1 (SMARCBI)-Deficient Undifferentiated Sinonasal Carcinoma: Novel
Paradigm of Molecular Testing in the Diagnosis and Management of
Sinonasal Malignancies. Oncologist (2020) 25(9):738-44. doi: 10.1634/
theoncologist.2019-0830

Cheng Y, Bai Q, Wu B, Chang B, Bi R, Yang W, et al. Clinicopathologic and
Molecular Cytogenetic Analysis of 8 Cases With Uterine Cervical Ewing
Sarcoma: Case Series With Literature Review. Am J Surg Pathol (2021) 45
(4):523-30. doi: 10.1097/pas.0000000000001674

Hanamura T, Ito K, Uehara T, Fukushima T, Sasaki S, Koizumi T.
Chemosensitivity in Carcinoma Showing Thymus-Like Differentiation: A
Case Report and Review of the Literature. Thyroid (2015) 25(8):969-72.
doi: 10.1089/thy.2015.0155

Chiang S, Snuderl M, Kojiro-Sanada S, Quer Pi-Sunyer A, Daya D,
Hayashi T, et al. Primitive Neuroectodermal Tumors of the Female
Genital Tract: A Morphologic, Immunohistochemical, and Molecular

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Study of 19 Cases. Am | Surg Pathol (2017) 41(6):761-72. doi: 10.1097/
pas.0000000000000831

Poh B, Koso H, Momota H, Komori T, Suzuki Y, Yoshida N, et al. Foxr2
Promotes Formation of CNS-Embryonal Tumors in a Trp53-Deficient
Background. Neuro Oncol (2019) 21(8):993-1004. doi: 10.1093/neuonc/
noz067

Lee JK, Louzada S, An Y, Kim SY, Kim S, Youk J, et al. Complex
Chromosomal Rearrangements by Single Catastrophic Pathogenesis in
NUT Midline Carcinoma. Ann Oncol (2017) 28(4):890-7. doi: 10.1093/
annonc/mdw686

Alekseyenko AA, Walsh EM, Wang X, Grayson AR, Hsi PT, Kharchenko PV,
et al. The Oncogenic BRD4-NUT Chromatin Regulator Drives Aberrant
Transcription Within Large Topological Domains. Genes Dev (2015) 29
(14):1507-23. doi: 10.1101/gad.267583.115

Wang H, Weiss VL, Hoffman RD, Abel T, Ho RH, Borinstein SC, et al.
Salivary Gland NUT Carcinoma With Prolonged Survival in Children: Case
Illustration and Systematic Review of Literature. Head Neck Pathol (2021) 15
(1):236-43. doi: 10.1007/s12105-020-01141-3

Alekseyenko AA, Walsh EM, Zee BM, Pakozdi T, Hsi P, Lemieux ME,
et al. Ectopic Protein Interactions Within BRD4-Chromatin Complexes
Drive Oncogenic Megadomain Formation in NUT Midline Carcinoma.
Proc Natl Acad Sci U.S.A. (2017) 114(21):E4184-e4192. doi: 10.1073/
pnas.1702086114

Sahai V, Redig AJ, Collier KA, Eckerdt FD, Munshi HG. Targeting BET
Bromodomain Proteins in Solid Tumors. Oncotarget (2016) 7(33):53997—
4009. doi: 10.18632/oncotarget.9804

Cheng Z, Gong Y, Ma Y, Lu K, Lu X, Pierce LA, et al. Inhibition of BET
Bromodomain Targets Genetically Diverse Glioblastoma. Clin Cancer Res
(2013) 19(7):1748-59. doi: 10.1158/1078-0432.Ccr-12-3066

Kuo LE, Barletta J, Schoenfeld JD, White A, Nehs MA. NUT Carcinoma of the
Thyroid: An Unusual Case With a Complete Response to Treatment. Clinical
Thyroidology (2021) 33: (1):38-47. doi: 10.1089/ct.2021;33.38-47

Scuderi C, Saccuzzo L, Vinci M, Castiglia L, Galesi O, Salemi M, et al. Biallelic
Intragenic Duplication in ADGRB3 (BAI3) Gene Associated With Intellectual
Disability, Cerebellar Atrophy, and Behavioral Disorder. Eur ] Hum Genet
(2019) 27(4):594-602. doi: 10.1038/s41431-018-0321-1

Hu Q, Myers M, Fang W, Yao M, Brummer G, Hawj J, et al. Role of
ALDHIAI and HTRA2 Expression in CCL2/CCR2-Mediated Breast Cancer
Cell Growth and Invasion. Biol Open (2019) 8(7):1-17. doi: 10.1242/
bi0.040873

Wan J, Cui J, Wang L, Wu K, Hong X, Zou Y, et al. Retraction Note to:
Excessive Mitochondrial Fragmentation Triggered by Erlotinib Promotes
Pancreatic Cancer PANC-1 Cell Apoptosis via Activating the mROS
—HtrA2/Omi Pathways. Cancer Cell Int (2019) 19:286. doi: 10.1186/s12935-
019-1019-3

Hamm A, Veeck J, Bektas N, Wild PJ, Hartmann A, Heindrichs U, et al.
Frequent Expression Loss of Inter-Alpha-Trypsin Inhibitor Heavy Chain
(ITTH) Genes in Multiple Human Solid Tumors: A Systematic Expression
Analysis. BMC Cancer (2008) 8:25. doi: 10.1186/1471-2407-8-25

Siegel RJ, Bridges SLJr., Ahmed S. HLA-C: An Accomplice in Rheumatic
Diseases. ACR Open Rheumatol (2019) 1(9):571-9. doi: 10.1002/acr2.11065
Noblejas-Lopez MDM, Nieto-Jiménez C, Morcillo Garcia S, Pérez-Pena J,
Nuncia-Cantarero M, Andrés-Pretel F, et al. Expression of MHC Class I,
HLA-A and HLA-B Identifies Immune-Activated Breast Tumors With
Favorable Outcome. Oncoimmunology (2019) 8(10):e1629780. doi: 10.1080/
2162402x.2019.1629780

Wijers M, Zanoni P, Liv N, Vos DY, Jickstein MY, Smit M, et al. The
Hepatic WASH Complex is Required for Efficient Plasma LDL and HDL
Cholesterol Clearance. JCI Insight (2019) 4(11):e126462. doi: 10.1172/
jci.insight.126462

Groen JL, Andrade A, Ritz K, Jalalzadeh H, Haagmans M, Bradley
TE, et al. CACNA1B Mutation is Linked to Unique Myoclonus-
Dystonia Syndrome. Hum Mol Genet (2015) 24(4):987-93. doi: 10.1093/
hmg/ddu513

Katsumata Y, Fardo DW, Bachstetter AD, Artiushin SC, Wang WX, Wei A,
et al. Alzheimer Disease Pathology-Associated Polymorphism in a Complex
Variable Number of Tandem Repeat Region Within the MUC6 Gene, Near

Frontiers in Oncology | www.frontiersin.org

January 2022 | Volume 11 | Article 778296


https://doi.org/10.1016/j.prp.2019.01.043
https://doi.org/10.1097/pas.0000000000001046
https://doi.org/10.1097/pas.0000000000001046
https://doi.org/10.1007/s12105-015-0672-7
https://doi.org/10.1007/s12105-015-0672-7
https://doi.org/10.1111/his.14306
https://doi.org/10.3389/fonc.2021.700781
https://doi.org/10.1016/j.humpath.2017.10.011
https://doi.org/10.1016/j.humpath.2017.10.011
https://doi.org/10.1002/dc.23291
https://doi.org/10.1002/cncy.20044
https://doi.org/10.1002/cncy.20044
https://doi.org/10.1155/2015/572951
https://doi.org/10.1002/dc.23506
https://doi.org/10.1002/dc.21134
https://doi.org/10.1002/cncy.21761
https://doi.org/10.1002/cncy.22101
https://doi.org/10.1007/s00428-021-03103-8
https://doi.org/10.1634/theoncologist.2019-0830
https://doi.org/10.1634/theoncologist.2019-0830
https://doi.org/10.1097/pas.0000000000001674
https://doi.org/10.1089/thy.2015.0155
https://doi.org/10.1097/pas.0000000000000831
https://doi.org/10.1097/pas.0000000000000831
https://doi.org/10.1093/neuonc/noz067
https://doi.org/10.1093/neuonc/noz067
https://doi.org/10.1093/annonc/mdw686
https://doi.org/10.1093/annonc/mdw686
https://doi.org/10.1101/gad.267583.115
https://doi.org/10.1007/s12105-020-01141-3
https://doi.org/10.1073/pnas.1702086114
https://doi.org/10.1073/pnas.1702086114
https://doi.org/10.18632/oncotarget.9804
https://doi.org/10.1158/1078-0432.Ccr-12-3066
https://doi.org/10.1089/ct.2021;33.38-47
https://doi.org/10.1038/s41431-018-0321-1
https://doi.org/10.1242/bio.040873
https://doi.org/10.1242/bio.040873
https://doi.org/10.1186/s12935-019-1019-3
https://doi.org/10.1186/s12935-019-1019-3
https://doi.org/10.1186/1471-2407-8-25
https://doi.org/10.1002/acr2.11065
https://doi.org/10.1080/2162402x.2019.1629780
https://doi.org/10.1080/2162402x.2019.1629780
https://doi.org/10.1172/jci.insight.126462
https://doi.org/10.1172/jci.insight.126462
https://doi.org/10.1093/hmg/ddu513
https://doi.org/10.1093/hmg/ddu513
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Zhou et al.

Thyroid NUT Carcinoma

the AP2A2 Gene. ] Neuropathol Exp Neurol (2020) 79(1):3-21. doi: 10.1093/
jnen/nlz116

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhou, Moa, Jaid, Chen, Xing, Su, Tang, Zhang and Liu. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Oncology | www.frontiersin.org

January 2022 | Volume 11 | Article 778296


https://doi.org/10.1093/jnen/nlz116
https://doi.org/10.1093/jnen/nlz116
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Primary Thyroid NUT Carcinoma With High PD-L1 Expression and Novel Massive IGKV Gene Fusions: A Case Report With Treatment Implications and Literature Review
	Introduction
	Materials and Methods
	Cell Smear and Tissue Sections
	Immunostaining
	Fluorescence In Situ Hybridization
	Quantitative Real-Time PCR Detection System
	Next-Generation Sequencing

	Results
	Clinical Features
	Cytopathologic and Immunochemical Features
	Complex Chromosomal Rearrangements Involving BRD-NUT Oncogenes
	Treatment and Patient Outcome
	Previous Studies of NUT Midline Carcinoma

	Discussion
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


