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Abstract
NUTM1 gene rearrangements were originally identified in NUT carcinoma. Recently, NUTM1 has been discovered to
rearrange with a variety of gene partners in malignancies of diverse location and type. Only one NUTM1-rearranged tumor
occurring in the colon has been reported. Herein we report five such tumors. The five tumors occurred in four females and one
male, ranging from 38 to 67 years of age (median 51 years). The masses occurred in the colon (cecum, descending, sigmoid)
and ileocecal valve region, measuring 2.5–20 cm in size (median 7 cm). Four patients had metastases at presentation (liver,
n= 4; lymph nodes, n= 3). Histologically, the lesions arose in the submucosa, infiltrating into the mucosa and muscularis
propria, and grew in fibrosarcoma-like fascicles and sheets of epithelioid or rhabdoid cells, with foci of hyalinized to vaguely
osteoid-like matrix. The tumors were composed of relatively monomorphic, spindled to epithelioid cells with focal rhabdoid
morphology, hyperchromatic nuclei, and small nucleoli. Mitotic activity was usually low (range 1–14/10 HPF; median 5/10
HPF); necrosis was present in two cases. Variable keratin expression and uniform nuclear NUT expression was present; KIT/
DOG1 were negative and SMARCB1/SMARCA4 were retained. Next-generation sequencing identified MXD4-NUTM1
rearrangement in all cases (breakpoints:MXD4 exon 5, NUTM1 exons 2 or 3). Follow-up showed one of the four patients who
presented with metastases to be dead of disease at 30 months; the other three patients were alive with metastatic disease. The
final patient is disease-free, 5 months after diagnosis. NUTM1-rearranged colorectal sarcomas have characteristic
morphologic, immunohistochemical, and molecular genetic features, suggesting that they represent a distinct entity within
the family of NUTM1-rearranged neoplasia. A NUTM1-rearranged tumor should be considered for any difficult-to-classify
submucosal spindle cell neoplasm of the gastrointestinal tract, in particular keratin-positive tumors showing an unusual
combination of fibrosarcomatous, epithelioid to rhabdoid and hyalinized morphologies. Recognition of MXD4-NUTM1
rearranged sarcomas may be therapeutically important, even though best treatment is currently elusive/unknown.

Introduction

Involvement of the NUTM1 gene in human neoplasia
was first reported by Kubonishi and co-workers in 1991
in an aggressive thymic carcinoma harboring a t(15;19)This study was presented in part, in poster form, at the 2021 United

States and Canadian Academy of Pathology Annual Meeting.
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translocation [1]. In 2003, French and colleagues identi-
fied the BRD4-NUTM1 fusion gene resulting from this
translocation [2], and in 2004 this same group of inves-
tigators codified NUTM1-rearranged carcinoma as a dis-
tinct entity, typically occurring in midline location in
children and young adults, and having a very poor
prognosis [3]. NUT carcinoma is characterized histolo-
gically by primitive epithelioid cells showing foci of
“abrupt” keratinization and is considered a variant of
squamous cell carcinoma [4].

Subsequently, it has become apparent that rearrange-
ments of the NUTM1 gene are not limited to NUT carci-
noma and may also be seen in poroma/porocarcinoma,
B-lymphoblastic leukemia/lymphoma, central nervous sys-
tem embryonal tumor, myeloid neoplasm with eosinophilia
and rearrangement of PDGFRA, and a variety of apparently
undifferentiated sarcomas [5–9]. In contrast to NUT carci-
nomas, which typically show rearrangements of NUTM1
with BRD4 or BRD3 [4], these less common types of
NUTM1-rearranged neoplasia have more diverse fusion
partners, including the MGA, MXD1, MXI1, CIC, and
MXD4 genes [9–18]. Fusion of NUTM1 to any of these
partners results in overexpression of NUTM1 protein,
detectable by immunohistochemistry [19].

NUTM1-rearranged sarcomas have been reported in a
variety of different somatic soft tissue locations, with
isolated cases also reported in visceral locations,
including the stomach, kidney, brain, ovary, and colon
[9, 11, 20, 21]. Prompted by a recent case of NUTM1-
rearranged sarcoma occurring in the colon, and
mimicking other colorectal spindle cell tumors, we
reviewed our collective experience with five well-
characterized examples of NUTM1-rearranged color-
ectal sarcoma.

Methods

Case procurement

Following Institutional Review Board approval, we
searched our institutional and consultation archives
for NUTM1-rearranged neoplasms arising in the gastro-
intestinal tract, identifying five cases. All available
routinely stained and immunohistochemical slides were
re-reviewed. Clinical information including follow-up
was obtained from contributing pathologists and clin-
icians. Some details of one of these cases (Case 3) have
previously been reported [9]; additional morphologic,
immunohistochemical, and clinical information was
obtained for this case.

Immunohistochemistry

Selected immunohistochemical studies were performed at
Mayo Clinic utilizing formalin-fixed, paraffin-embedded tis-
sue sectioned at 4 μm. After deparaffinization, the sections
were processed on the Ventana BenchMarkXT (Ventana,
Roche Diagnostics, Indianapolis, Indiana, USA) using anti-
bodies against the following antigens: pankeratins (clone
OSCAR, dilution 1:100, Biolegend, San Diego, California,
USA), pankeratins (AE1/AE3 cocktail, dilution 1:100, Dako,
Santa Clara, California, USA), high-molecular-weight kera-
tins (clone 34betaE12, 1:100, Dako, Santa Clara, California,
USA), NUT (clone C52B1, 1:45, Cell Signaling Technology,
Danvers, Massachusetts, USA), S100 protein (polyclonal,
1:200, Leica/Novocastra, Buffalo Grove, Illinois, USA), KIT
(clone YR145, 1:100, Cell Marque, Rocklin, California,
USA), DOG1 (clone K9, 1:100, Leica/Novocastra, Buffalo
Grove, Illinois, USA), SMARCB1/INI1 (clone 25/BAF47,
dilution 1:800, BD transduction laboratories, San Jose,
California, USA), and SMARCA4/BRG1 (clone EPR3912,
1:100, Abcam, Cambridge, Massachusetts, USA). All sec-
tions were then counterstained with hematoxylin.

Genetic analyses

RNA extracted from formalin-fixed, paraffin-embedded
tissue was the source for gene fusion analysis for all
cases. The three cases from Mayo Clinic were analyzed for
gene fusions using a Mayo Clinic developed gene translo-
cation assay available through Mayo Clinic Labs (Roche-
ster, Minnesota, USA, mayocliniclabs.com). This assay
utilizes PCR-based next-generation sequencing to detect
translocations of 138 gene targets including NUTM1. One
case was analyzed at Caris Life Sciences (Irving, Texas,
USA) using similar technology and previously described
methods [9]. The last case was studied at University
Hospital, Basel, Switzerland using the Custom ArcherTM
Fusion Plex Panel (Boulder, Colorado, USA), targeting
translocations involving 51 gene targets.

Results

Clinical features

Table 1 summarizes the clinicopathologic features of the
reported cases. The tumors occurred in four women and
one man, ranging from 38–67 years of age (median 44
years). The tumors occurred in the ileocecal valve region,
cecum, descending colon and sigmoid colon, and mea-
sured 2.5–20 cm (median 3.5 cm).
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Clinical follow-up information was obtained for all
patients, with a median follow-up duration of 12.5 months
(range 5–30 months). Metastatic disease at presentation
occurred in four patients, with three having lymph node and
liver involvement, and one having only lymph node
involvement (Fig. 1). The latter patient developed liver
metastases shortly after surgical resection of the primary
tumor. Of these three patients, one died from disease
30 months after presentation; the others are alive with
disease 10 and 15 months after diagnosis, respectively.
Case 2 was alive without metastatic disease 5 months after
surgery. Case 5 is too recent for follow-up, but had liver,
lymph nodes and extensive mesenteric, omental, and
intraabdominal visceral involvement at presentation.

Pathologic findings

Grossly, the masses were described as generally circum-
scribed, with a white-tan to gray, whorled appearance on
sectioning. Histologically, the five lesions were centered in
the submucosa but showed diffuse infiltration of the lamina
propria and muscularis propria. Their morphologic features
were quite similar, and displayed three distinctive patterns,
including (1) intersecting fascicles of relatively mono-
morphic spindled cells (fibrosarcomatous pattern) (Fig. 2),
(2) a sheet-like proliferation of primitive epithelioid to
rhabdoid cells (epithelioid/rhabdoid pattern) (Fig. 3), and
(3) nests and cords of tumor cells within abundant hyali-
nized collagen (hyalinized/nested pattern), reminiscent of
areas that might be seen in sclerosing epithelioid fibro-
sarcoma or a malignant myoepithelial lesion (Fig. 4).
As noted in Table 1, the relative percentage of these three
patterns varied from case to case, with predominance of the
fibrosarcomatous pattern in two cases, relatively equal
percentages of the fibrosarcomatous and epithelioid/
rhabdoid patterns in two cases, and of the rhabdoid pattern
in one. The hyalinized/nested pattern appeared to represent
an intermediate stage in cases showing modulation from
fibrosarcomatous to epithelioid/rhabdoid features.

The fibrosarcomatous areas displayed a “herringbone”
pattern and were composed of intersecting fascicles of
uniform spindled cells with a modest amount of eosino-
philic cytoplasm and irregular nuclear contours, with small
nucleoli. Mild to at most nuclear pleomorphism was
present. Similarly, the epithelioid areas in these tumors
displayed minimal pleomorphism, although nuclear irregu-
larity tended to be more pronounced and nucleoli more
prominent. Subsets of tumor cells had a rhabdoid appear-
ance, with eosinophilic cytoplasmic inclusions that dis-
placed the nucleus. In three cases, nests of epithelioid to
rhabdoid tumor cells were separated into small nests and
strands of cells by hyalinized collagen, sometimes with an
“amianthoid fiber-like” appearance. The tumor vasculatureTa
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was well-developed, ranging from thick-walled, hyalinized
vessels, to arcades of smaller vessels cuffed by tumor cells.
Mitotic activity was generally low, ranging from 1 to 14
mitoses per 10 high power fields (median: 5 mitoses per 10
high power fields). Geographic necrosis was present in two
cases and absent in the others. Metastatic lesions showed
similar morphology (Fig. 5).

Immunohistochemical features

The immunohistochemical data are summarized in Table 2.
As expected, all tumors expressed NUT protein in >75% of
cells in a “speckled” nuclear pattern, although the intensity
of staining varied within and between tumors (Fig. 6).
Keratin expression was seen in four of five cases, with two
cases showing relatively diffuse staining (>50% of cells)
and two containing only rare keratin-positive cells. Impor-
tantly, the neoplastic cells were entirely negative for mar-
kers of gastrointestinal stromal tumor (KIT and DOG1) and
showed retained expression of SMARCB1 and SMARCA4,
despite having rhabdoid morphology and expressing

keratins. A wide variety of other tested markers was nega-
tive or non-contributory.

Genetic findings

Next-generation sequencing demonstrated MDX4-NUTM1
gene fusions in all cases, with MDX4 exon 5-NUTM1 exon
3 in two cases, andMDX exon 5-NUTM1 exon 2 in the others
(Fig. 7). Genomic breakpoints for the three Mayo Clinic cases
were MXD4 exon 5 Chr4:g.2252811 (three cases), NUTM1
exon 2 Chr15:g.3464017 (two cases), and NUTM1 exon 3
Chr15:g.34640170 (one case).

Discussion

Although rearrangements of the NUTM1 gene were ori-
ginally associated with carcinomas, it is now clear that gene
fusions involving this locus also characterize a variety
of essentially undifferentiated spindle cell, round cell, and
epithelioid malignancies, best regarded as sarcomas.

Fig. 1 Representative imaging
findings from one patient
(Case 4) with colorectal
NUTM1-rearrranged
sarcoma. A Coronal image of
an abdominal CT scan with
intravenous and oral contrast,
showing a colo-colic
intussusception with the tumor
as the lead point (arrow) and
adjacent lymph node metastases
(asterixis). B Axial image of the
abdominal follow up CT scan,
demonstrating multiple
hypodense liver lesions,
suspicious for metastases
(arrows). C Axial MRI images
of the liver with a hepatocyte
specific contrast agent verifying
multiple metastases (arrow on
largest lesion) with high signal
on T2 weighted images (a), lack
of contrast enhancement during
the hepatobiliary phase (b) and
restricted diffusion ((c), high b
value image; (d) apparent
diffusion coefficient).
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Fig. 2 Colonic NUTM1-
rearranged sarcoma. A
NUTM1-rearranged sarcoma of
the colon, presenting as a
submucosal mass, and
B displaying chiefly the spindle
cell, “fibrosarcomatous” pattern
of growth. C Higher power view
of relatively monotonous,
hyperchromatic spindled cells
with a modest amount of
eosinophilic cytoplasm. D Area
of transition from
fibrosarcomatous to
“hyalinized/nested” pattern.

Fig. 3 Colonic NUTM1-
rearranged sarcoma.
A Colonic NUTM1-rearrranged
sarcoma, displaying
predominantly the hyalinized/
nested pattern. B “Amianthoid
fiber-like” collagen was
occasionally present. C In
hyalinized areas, the cells could
sometimes assume a more
epithelioid and rhabdoid
appearance, shown at higher
power in D.

NUTM1-rearranged colorectal sarcoma: a clinicopathologically and genetically distinctive malignant. . . 1551



Inclusive of the five tumors that comprise the present report,
we are aware of 28 reported NUTM1-rearranged sarcomas.
The clinicopathologic features of our 5 cases and of 24
previously reported cases are detailed in Tables 1 and 3,
respectively. One patient (Table 1, Case 3; Table 3,
Case 13) is included in both tables.

The NUT midline carcinoma family member 1 (NUTM1)
gene, located on the long arm of chromosome 15, is nor-
mally expressed in the testis and participates in spermato-
genesis by altering histone acetylation [9, 22]. In NUT
carcinoma, NUTM1 is most often rearranged with one of
two Bromodomain and Extra-Terminal family genes, BRD4
(66% of cases) or BRD3 (25% of cases), and less commonly
with other genes. Fusion of NUTM1 with BRD3/BRD4
leads to abnormal proliferation and arrest of cellular dif-
ferentiation, mediated by binding of the BRD3/4-NUTM1
fusion protein product to acetylated lysine moieties on

histones, followed by recruitment of p300, a histone acet-
yltransferase [23]. Aberrant p300-mediated histone acet-
ylation results in overexpression of a variety of oncogenes,
including MYC and TP63 [4, 24].

Although BRD3/4-containing fusions may be seen in
NUTM1-rearranged sarcomas, such molecular events are
present in only a small minority of cases (5 of 28, 18%),
with MAX family genes (e.g., MXD4, MGA, MXD1)
comprising the largest group of NUTM1 partners (12 of 28,
43%) and CIC-containing tumors forming the next largest
subset (8 of 28, 29%). This is in obvious contrast to NUTM1
carcinoma, in which BRD3/4-rearranged tumors are far and
away most common [4]. The MAX dimerization protein 4
(MXD4) gene is a member of the MAX-interacting tran-
scription factor network, also involved in the regulation of
MYC. MXD4/MAX heterodimers bind to E-box DNA
sequences in target promoters, leading to repression of

Fig. 4 Colonic NUTM1-
rearranged sarcoma. A In
some tumors, such as this one,
the “epithelioid/rhabdoid”
pattern predominated. B Higher
power view of ovoid tumor cells
with eccentrically placed nuclei
and eosinophilic cytoplasm.
C Rhabdoid foci often displayed
diminished cellular cohesion,
somewhat mimicking a
hematolymphoid neoplasm.
D More spindled foci of tumor
could also show rhabdoid
cytology. E Necrosis was an
uncommon finding.
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MYC-induced transcription [25]. As illustrated in the pre-
sent study, the MXD4-NUTM1 fusion also results in nuclear
localization of NUT protein, presumably with downstream
signaling effects similar to those of BRD3/4-NUTM1
fusions [9].

Although NUTM1-rearranged sarcomas may occur in
patients of any age (median 38 years of age; range 3–71
years) and are equally common in males and females

(15 males; 12 females), tumors harboring MAX family
rearrangements appear to have a predilection for visceral
locations, including the gastrointestinal tract and lung.
Oddly, MXD4-NUTM1 fusions are to date exclusively seen
in colorectal tumors.

Morphologically, NUTM1-rearranged sarcomas share cer-
tain features regardless of fusion type, consisting of mono-
morphic, relatively bland round, epithelioid to rhabdoid and

Fig. 5 Colonic NUTM1-
rearranged sarcoma.
Metastases at presentation were
common, to sites such as the
liver (A), lymph nodes (B), and
serosal surfaces, here involving
the appendix (C).

Table 2 Immunohistochemical results.

Case Keratins KIT/DOG1 SMARCB1/
SMARCA4

NUT Other positive markers Other negative markers

1 Rare cells AE1/AE3-
positive; OSCAR and
34βE12-negative

Negative Both retained Uniformly
positive; speckled
nuclear pattern

CD34 smooth muscle
actin (<25% of cells)

Desmin, S100 protein, SDHB (normal),
MUC4, STAT6

2 Uniformly AE1/AE3-
positive; rare cells
OSCAR-positive.
34βE12-negative

Negative Both retained Uniformly
positive; speckled
nuclear pattern

Smooth muscle actin
(<25% of cells, weak)
ERG protein (<25% of
cells, weak)

HMB45, desmin, S100 protein, CD34,
synaptophysin, Chromogranin, CD56, K5, K7,
K20, STAT6, smooth muscle myosin, calponin,
ALK, myogenin, CD31, calretinin, MyoD1, TRK

3 >50% of cells AE1/
AE3-positive

Negative Both retained Uniformly
positive; speckled
nuclear pattern

Synaptophysin (<25%
of cells, weak)

Chromogranin, CD45, S100 protein, desmin, WT1,
calretinin, K7, K20, PAX8, DOG1, CD34, ERG,
OCT4, CD68, smooth muscle actin,
myeloperoxidase, MDM2, HMB45, MelanA

4 Rare cells AE1/AE3-
positive; OSCAR and
34βE12-negative

Negative Both retained Uniformly
positive; speckled
nuclear pattern

CD99 (<25% of
cells, weak)

STAT6, CD34, HMB-45, BCL-2, S100 protein,
SOX10, CD45, CD56, CD21, D2–40, ALK, CD10,
calretinin, smooth muscle actin, desmin, caldesmon,
ERG, inhibin, WT1, PAX5, PAX8, TdT,
BRAFv600E, MDM2,TRK

5 Rare cells AE1/AE3-
positive; OSCAR and
34βE12-negative

Negative Both retained Uniformly
positive; speckled
nuclear pattern

CD99 (perinuclear
dot like)

CD34, desmin, smooth muscle actin, S100 protein,
SOX-10, WT1, K8/18, K6/6, CD45, MelanA,
HMB-45, Alk-1, Calretinin, TDT, Inhibin, PAX-8,
ER, p40, CD56, synaptophysin
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spindled cells, frequently in association with hyalinized or
amianthoid fiber-like collagen. Certain trends are suggested
here as well, with fibrosarcomatous and hyalinized/nested
morphology seemingly most often present in MAX family-
rearranged tumors, and CIC-rearranged tumors typically

consisting of round to rhabdoid cells. Unlike BRD3/4-rear-
ranged NUTM1 carcinomas, keratin expression is rare in
NUTM1-rearranged sarcomas, but when present seems chiefly
a feature of MAX family-rearranged lesions, especially those
harboringMXD4-NUTM1. Obviously, keratin expression may

Fig. 6 Colonic NUTM1-
rearranged sarcoma. A All
tumors expressed NUT protein
in a nuclear pattern. B Keratin
expression, here with the AE1/
AE3 antibody cocktail, was
present in all tumors but variable
in extent. C Despite showing
rhabdoid morphology and
keratin expression, all tumors
displayed retained expression of
SMARCB1 (shown) and
SMARCA4 (not shown). D A
variety of other markers,
including KIT and DOG1, was
negative. Here a negative
desmin immunostain highlights
diffuse infiltration of the
muscularis propria by
tumor cells.

Fig. 7 Representative RNA-seq sarcoma fusion panel result (Case
2). Spanning reads identified by the targeted RNA-seq sarcoma fusion
panel support the presence of an MXD4-NUTM1 fusion. The column
in the middle of the reads and the labeling at the bottom of the figure

show where exon 5 of the MXD4 gene (transcript NM_00645) is
joined to exon 3 of the NUTM1 gene (transcript NM_001284292).
There were 124 supporting reads for the fusion, which is predicted to
be in-frame.
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be seen in sarcomas (e.g., epithelioid sarcoma, synovial sar-
coma) and does not suggest that MXD4-NUTM1 tumors are
better regarded as carcinomas. NUT protein expression is a
feature of all NUTM1-rearranged sarcomas, although in our
experience the intensity of staining is less than that seen in
NUT carcinomas. There does not seem to be an association
between fusion type and outcome and the overall prognosis is
quite poor for patients with NUTM1-rearranged sarcoma, with
metastatic disease reported in 14 of 22 (64%) patients and
only 7 of 24 (29%) patients alive without disease at last
follow-up.

The differential diagnosis for NUTM1-rearranged sarcoma
in the colorectal region is broad and includes a variety of
common and unusual tumors that may show spindle cell,
hyalinized or epithelioid morphology, and keratin expression.
Sarcomatoid carcinomas typically display greater pleo-
morphism than do NUTM1-rearranged sarcomas and will
often be associated with an adenoma and foci of conventional
adenocarcinoma. Although sarcomatoid mesotheliomas may
be relatively monomorphic and hyalinized, they typically
show more diffuse keratin expression, express markers of
mesothelial differentiation (e.g., WT1, calretinin) and lack
NUT protein expression. Aberrant keratin expression is quite
rare in gastrointestinal stromal tumors [26], which generally
do not contain abundant collagen and almost always express
KIT and DOG1. Monophasic synovial sarcoma is excep-
tionally rare in the colon [27], has somewhat different cyto-
morphology with wiry collagen and alternating zones of
hyper and hypocellularity, and displays only scattered keratin-
positive cells. In difficult cases, molecular genetic demon-
stration of SS18/SS18L1-SSX1/2/4 fusion and absent MXD4-
NUTM1 is confirmatory of synovial sarcoma. Although both
low-grade fibromyxoid sarcoma and sclerosing epithelioid
fibrosarcoma may be considered for NUTM1-rearranged
tumors dominated by the fibrosarcomatous and hyalinized/
nested patterns, expression of MUC4 and demonstration of
rearrangements of FUS/EWSR1 and CREB3L2/CREB3L1
should allow these distinctions without great difficulty [28].
Predominantly epithelioid/rhabdoid NUTM1-rearranged sar-
comas lack SMARCB1 or SMARCA4 loss, greatly assisting
in their distinction from exceptionally rare SMARCB1/
SMARCA4-deficient colonic carcinomas and epithelioid
sarcomas [29]. Expression of ALK protein in a perinuclear
pattern characterizes epithelioid inflammatory myofibroblastic
sarcoma [30]. In general, expression of NUT protein is
restricted to NUTM1-rearranged neoplasia, and this immu-
nohistochemical study may be very helpful in the differential
diagnosis of difficult-to-classify colorectal tumors.

In summary, we have described the clinicopathologic,
immunohistochemical, and molecular genetic features of 5
NUTM1-rearranged colorectal sarcomas. The distinctive
pathologic features of these tumors and the consistent pre-
sence of MXD4-NUTM1 fusions suggest that these unusual

lesions represent a distinct entity, under the overall umbrella
of NUTM1-rearranged neoplasia. Distinction of NUTM1-
rearranged colorectal sarcoma from potential morphologic
mimics is important, as there is considerable clinical interest
in the development of therapeutic agents for the treatment of
patients with often-lethal NUTM1-rearranged neoplasia,
with for example the p300 inhibitor A-485 showing some
efficacy in cell lines [31].
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