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Ewing sarcoma shows considerable histologic overlap with other round cell tumors. NKX2-2, a homeodomain
transcription factor involved in neuroendocrine/glial differentiation and a downstream target of EWSR1-FLI1, has
been reported as an immunohistochemical marker for Ewing sarcoma. We assessed the specificity of NKX2-2 for
Ewing sarcoma compared with other round cell malignant neoplasms and other soft tissue tumors with EWSR1
translocations. We evaluated whole-tissue sections from 270 cases: 40 Ewing sarcomas (4 with atypical/large cell
features), 20 CIC-DUX4 sarcomas, 5 BCOR-CCNB3 sarcomas, 9 unclassified round cell sarcomas, 10 poorly
differentiated synovial sarcomas, 10 lymphoblastic lymphomas, 10 alveolar rhabdomyosarcomas, 10 embryonal
rhabdomyosarcomas, 10 Merkel cell carcinomas, 10 small cell carcinomas, 20 melanomas, 5 NUT midline
carcinomas, 10 Wilms tumors, 10 neuroblastomas, 10 olfactory neuroblastomas, 12 mesenchymal
chondrosarcomas, 10 angiomatoid fibrous histiocytomas, 10 clear cell sarcomas, 5 gastrointestinal clear cell
sarcoma-like tumors, 5 desmoplastic small round cell tumors, 10 extraskeletal myxoid chondrosarcomas, 10 soft
tissue and cutaneous myoepitheliomas, and 19 myoepithelial carcinomas. NKX2-2 positivity was defined as
moderate-to-strong nuclear immunoreactivity in at least 5% of cells. NKX2-2 was positive in 37/40 (93%) Ewing
sarcomas, including all atypical Ewing sarcomas and cases with known EWSR1-FLI1 or EWSR1-ERG fusion; 85%
of Ewing sarcomas showed diffuse (450%) staining. NKX2-2 was positive in 9 (75%) mesenchymal
chondrosarcomas, 8 (80%) olfactory neuroblastomas, 1 CIC-DUX4 sarcoma, 1 poorly differentiated synovial
sarcoma, 1 neuroblastoma, 2 unclassified round cell sarcomas, and 3 small cell carcinomas; all other
EWSR1-associated tumors were negative for NKX2-2, apart from 1 desmoplastic small round cell tumor,
1 myoepithelioma, and 1 myoepithelial carcinoma. In summary, NKX2-2 is a sensitive but imperfectly specific
marker for Ewing sarcoma. Nonetheless, NKX2-2 may be helpful to distinguish Ewing sarcoma from some
histologic mimics including CIC-DUX4 and BCOR-CCNB3 sarcomas. Most other EWSR1-associated soft tissue
tumors are negative for NKX2-2.
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Diagnosing Ewing sarcoma can be difficult and often
requires immunohistochemical and molecular
techniques. Morphologically, Ewing sarcoma
belongs to the family of ‘small round blue cell
tumors’ with a broad differential diagnosis,
including other sarcomas (rhabdomyosarcomas,
synovial sarcoma, and desmoplastic small round
cell tumor), carcinomas (small cell and Merkel cell),

lymphoblastic lymphomas, melanoma, and pediatric
tumors (neuroblastoma and Wilms tumor). Unlike
other round cell sarcomas, Ewing sarcoma is highly
sensitive to specialized chemotherapy regimens;1
accurate diagnosis is therefore critical. In the context
of appropriate histomorphology, the gold standard for
diagnosing Ewing sarcoma involves demonstrating
the presence of a specific fusion gene via
reverse-transcription PCR (RT-PCR) or fluorescence
in situ hybridization (FISH), using break-apart probes
for EWSR1. However, EWSR1 rearrangements with
fusion to other partners are common in mesenchymal
neoplasms, such as EWSR1-NR4A3 in extraskeletal
myxoid chondrosarcoma, EWSR1-DDIT3 in myxoid
liposarcoma, EWSR1-WT1 in desmoplastic small
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round cell tumor, EWSR1-ATF1 or EWSR1-CREB1
in clear cell sarcoma, angiomatoid fibrous
histiocytoma, and clear cell sarcoma-like tumor of the
gastrointestinal tract (also known as gastrointestinal
neuroectodermal tumor), and EWSR1-POU5F1,
EWSR1-ZNF444, or EWSR1-PBX1 in a subset of
myoepithelial neoplasms.2,3 A positive FISH result
for EWSR1 rearrangement is thus not specific for
Ewing sarcoma.

In conjunction with histomorphology and molecular
techniques, immunohistochemical markers such as
CD99 and FLI-1 have been used for the diagnosis of
Ewing sarcoma,4–6 albeit with suboptimal specificities.
CD99 (MIC2 gene product, recognized by the
monoclonal antibody O13) is a surface glycoprotein
in normal thymic T lymphocytes and an extremely
sensitive marker for Ewing sarcoma; however, its
expression is also observed in neuroendocrine
carcinoma, lymphoma, synovial sarcoma, rhabdomyo-
sarcoma, and mesenchymal chondrosarcoma.4–6 A
member of the ETS family and a marker of endothelial
differentiation, FLI-1 appears less sensitive for Ewing
sarcoma than CD99 and is also expressed in various
other round cell tumors including neuroblastoma,
lymphoma, synovial sarcoma, rhabdomyosarcoma,
desmoplastic small round cell tumor, Merkel cell
carcinoma, and small cell carcinoma.7 NKX2-2, a
homeodomain-containing transcription factor involved
in neuronal development and glial/neuroendocrine
differentiation,8,9 is a downstream target of
EWSR1-FLI1 oncogenic signaling in Ewing sarcoma.10
In recent times, NKX2-2 has been reported as a
diagnostically useful immunohistochemical marker
for Ewing sarcoma.11

In published studies on NKX2-2 expression in
Ewing sarcoma,11,12 only classic Ewing sarcomas
with EWSR1-FLI1 rearrangement have been
evaluated. It thus remains unclear whether NKX2-2
can be diagnostically useful in atypical Ewing
sarcomas, Ewing sarcomas with other gene
rearrangements such as EWSR1-ERG, and other
Ewing sarcoma-like round cell sarcomas including
those with CIC-DUX4 or BCOR-CCNB3 fusion.
Although gene expression studies suggest that
CIC-DUX4 and BCOR-CCNB3 round cell sarcomas
do not express typical EWSR1-ETS target genes such
as NKX2-2, data on protein expression of NKX2-2 in
these tumors are lacking. Furthermore, it is unknown
whether NKX2-2 is expressed in soft tissue tumors
with EWSR1 fusion to other partners. This study
aimed to evaluate the specificity of NKX2-2 as an
immunohistochemical marker for Ewing sarcoma
versus other round cell sarcomas, including those
with CIC-DUX4 or BCOR-CCNB3 fusion, and other
soft tissue tumors with EWSR1 rearrangement.

Materials and methods

Cases were retrieved from the surgical pathology and
consultation files of Brigham and Women’s Hospital,

Boston, MA, and from the consultation files of two of
the authors (CDMF and JLH). Representative
hematoxylin-and-eosin-stained slides were reviewed,
with whole-tissue sections evaluated for NKX2-2
expression in 270 cases: 40 Ewing sarcomas, 20
CIC-DUX4 round cell sarcomas, 5 BCOR-CCNB3
round cell sarcomas, 10 poorly differentiated synovial
sarcomas, 10 lymphoblastic lymphomas, 10 alveolar
rhabdomyosarcomas, 10 embryonal rhabdomyosarco-
mas, 10 Merkel cell carcinomas, 10 small cell
carcinomas, 20 melanomas, 5 NUT midline
carcinomas, 10 Wilms tumors, 10 neuroblastomas,
10 olfactory neuroblastomas, 12 mesenchymal
chondrosarcomas, 10 angiomatoid fibrous histiocyto-
mas, 10 clear cell sarcomas, 5 gastrointestinal clear
cell sarcoma-like tumors, 5 desmoplastic small round
cell tumors, 10 extraskeletal myxoid chondrosarco-
mas, 10 myoepitheliomas (6 soft tissue and 4
cutaneous syncytial), 19 soft tissue myoepithelial
carcinomas, and 9 unclassified round cell sarcomas.
Unclassified round cell sarcomas were defined as
those with no identifiable line of differentiation by
immunohistochemistry and no EWSR1 or CIC gene
rearrangements (see Results). Immunohistochemistry
for CD99 was previously performed on 39 Ewing
sarcomas, 18 CIC-DUX4 sarcomas, 4 BCOR-CCNB3
sarcomas, and 8 unclassified round cell sarcomas.
Immunohistochemistry for WT-1 was previously
performed in 18 CIC-DUX4 sarcomas.

Genetic confirmation by FISH and/or RT-PCR was
previously obtained in all Ewing sarcomas,
CIC-DUX4 sarcomas, poorly differentiated synovial
sarcomas, and four of five BCOR-CCNB3 sarcomas
(see below and Acknowledgments). Of the 40 Ewing
sarcoma cases, 35 were confirmed by FISH for
EWSR1 rearrangement and 5 were confirmed by
RT-PCR. EWSR1-FLI1 fusion was confirmed in seven
cases: four by cytogenetics with t(11;22)(q24;q12),
two by RT-PCR, and one by OncoPanel (a massively
parallel sequencing platform using Agilent
SureSelect hybrid capture kit and Illumina HiSeq
2500 sequencer)13 and was previously published.14
EWSR1-ERG fusion was confirmed in three cases:
one by cytogenetics with t(21;22)(q22;q12), one by
RT-PCR, and one by OncoPanel. All 20 CIC-DUX4
sarcomas were confirmed by FISH and/or RT-PCR.
Of the five BCOR-CCNB3 sarcomas, four were
previously confirmed by RT-PCR, with the
remaining case confirmed by immunohistochemistry
for CCNB3.15 All 10 poorly differentiated synovial
sarcomas were confirmed by FISH for SS18
rearrangement. Genetic confirmation by FISH for
EWSR1 gene rearrangement and/or RT-PCR
was previously obtained in all angiomatoid
fibrous histiocytomas, gastrointestinal clear cell
sarcoma-like tumors, and extraskeletal myxoid
chondrosarcomas, as well as five clear cell sarcomas
and four desmoplastic small round cell tumors. Of
the 19 myoepithelial carcinomas, 7 were previously
evaluated by FISH for EWSR1 rearrangement, which
was present in 2 cases and absent in 5 cases.
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Immunohistochemistry for NKX2-2 was performed
on 4-μm-thick formalin-fixed paraffin-embedded
whole-tissue sections following pressure cooker
antigen retrieval (0.01M citrate buffer pH 6.0) using
a mouse anti-NKX2-2 monoclonal antibody
(1:25 dilution, 40min incubation, clone 74.5A5;
Developmental Studies Hybridoma Bank, Iowa City,
IA). Immunohistochemistry for CD99 was performed
using a mouse anti-CD99 antibody (1:150 dilution,
40min incubation, clone O13; BioLegend, Dedham,
MA). Immunohistochemistry for WT-1 was
performed using a mouse anti-WT1 monoclonal
antibody (1:50 dilution, 40min incubation, clone
6F-H2; Dako, Carpinteria, CA). Appropriate positive
and negative controls were used throughout the
study. The extent of immunoreactivity was graded
according to the percentage of cells with nuclear
staining (0, o5%; 1+, 5–25%; 2+, 25–50%; 3+,
50–75%; or 4+, 75–100%) and the intensity of the
staining (weak, moderate, or strong). NKX2-2
positivity was defined as moderate or strong nuclear
immunoreactivity in at least 5% of cells.

Results

Clinicopathologic Characteristics of the Ewing
Sarcoma and Other Round Cell Sarcoma Study Groups

The Ewing sarcoma cases affected 21 males and 19
females, with a median age of 30 years (age range,
10–76 years). The anatomic distribution of primary
Ewing sarcomas was wide and included lower limb
(n=11), head and neck (n=7), upper limb (n=6),
thoracic cavity (n=6), abdominopelvic cavity
(n=6), retroperitoneum (n=2), trunk (n=1), and
paravertebral region (n=1). The Ewing sarcoma
study group typically involved soft tissue (n=18)
or bone (n=10), rarely the lung (n=4), skin (n=2),
brain (n=2), submandibular gland (n=2), oral cavity
(n=1), or the uterus (n=1). Thirty-five primary
Ewing sarcomas were included, along with two
locally recurrent Ewing sarcomas and three
metastatic tumors (in the lung or liver). Of the 40
Ewing sarcoma cases, 36 demonstrated classic
histomorphology characterized by uniform, small,

Figure 1 Ewing sarcoma with classic histomorphology composed of uniform small round cells in a solid architecture (a) showing diffuse
nuclear immunoreactivity for NKX2-2 (b). Ewing sarcoma of the uterus with EWSR1-FLI1 rearrangement (c) and diffuse nuclear staining
for NKX2-2 (d).
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round-to-ovoid, primitive-appearing cells in a solid
or vaguely lobular architecture (Figures 1a,c and 2a).
The remaining four Ewing sarcoma cases were
classified as ‘atypical,’ characterized by large-cell
cytomorphology with vesicular chromatin and
prominent nucleoli (Figure 2c). CD99 expression
was observed in all 39 cases tested: 36 cases (92%)
diffuse or multifocal and 3 cases (8%) focal and
weak. As described above, all Ewing sarcomas had
confirmed EWSR1 rearrangements.

The CIC-DUX4 sarcomas affected 12 male and 8
female patients, with a median age of 34 years
(age range: 6 months to 81 years). The anatomic
distribution of the primary tumors included
abdominopelvic cavity (n=6), head and neck
(n=4), lower limb (n=4), thoracic cavity (n=3),
paravertebral region (n=2), and upper limb (n=1).
Primary CIC-DUX4 sarcomas were typically
extraosseous (n=18) rather than osseous (n=2); 18
primary and 2 metastatic cases were included.
Histologic features of CIC-DUX4 sarcomas included
small and round-to-ovoid or focally spindled cells,

with vesicular chromatin, conspicuous nucleoli, and
palely amphophilic cytoplasm (Figure 3a and c). As
compared with Ewing sarcoma, CIC-DUX4 sarcomas
displayed more variable cytomorphology and
intratumoral heterogeneity. CD99 expression was
present in 15 of 18 cases (83%) and ranged from
patchy, mixed cytoplasmic and membranous (n=12)
to a diffuse, predominantly membranous (n=3)
staining pattern; nuclear WT-1 expression was
present in 16 of 18 cases (89%).

The BCOR-CCNB3 sarcomas affected five male
patients, with a median age of 12 years (age range:
5–44 years). Three tumors arose in the bone (sacrum,
femur, and skull base) and two in soft tissue (pelvis
and thigh). Histologic features of BCOR-CCNB3
sarcomas included small and round or ovoid to
focally spindled cells (Figure 3e), reminiscent of
Ewing sarcoma or CIC-DUX4 sarcoma. CD99 and
WT-1 expression was absent in all cases tested (five
and four cases, respectively).

The nine unclassified round cell sarcomas affected
six males and three females, with a median age of 25

Figure 2 Ewing sarcoma of the lung with EWSR1-ERG rearrangement (a) and diffuse nuclear immunoreactivity for NKX2-2 (b). Cutaneous
Ewing sarcoma with atypical large-cell cytomorphology, vesicular chromatin, and prominent nucleoli (c), showing diffuse expression of
NKX2-2 (d).
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years (age range: 3–54 years), all extraosseous with
primary sites including lower limb (n=4), chest wall
(n=2), head and neck (n=1), abdominal cavity
(n=1), and paravertebral region (n=1). CD99

expression was observed in all eight cases tested
(diffuse, membranous in one, multifocal in five, and
weak, multifocal in two) and nuclear WT-1 staining
was present in five of eight cases. All nine cases were

Figure 3 CIC-DUX4 sarcoma of the perineum composed of small ovoid cells with vesicular chromatin, small nucleoli, and amphophilic
cytoplasm (a); NKX2-2 is negative (b). CIC-DUX4 sarcoma in the posterior mediastinum composed of ovoid-to-short spindle cells (c) with
focal nuclear immunoreactivity for NKX2-2 (d). BCOR-CCNB3 sarcoma consisting of round and spindle cells with scant myxoid stroma (e)
and showing an absence of NKX2-2 immunoreactivity (f).
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genetically confirmed to lack EWSR1 and CIC gene
rearrangement; BCOR and FUS gene rearrangements
were confirmed to be absent in eight and seven cases,
respectively.

NKX2-2 Expression in Ewing Sarcomas, Non-Ewing
Sarcoma Round Cell Malignant Neoplasms, and
EWSR1-Associated Soft Tissue Tumors

The results of immunohistochemistry for NKX2-2 are
summarized in Table 1. As we have noted weak
nuclear staining with a wide range of antibodies
directed against transcription factors in clinical
practice (which we interpret as a nonspecific finding
in most instances), we scored weak nuclear staining
as negative for this study. NKX2-2 was positive in 37
of 40 Ewing sarcoma cases (93%), including all
4 cases of ‘atypical’ Ewing sarcoma with large-cell
cytomorphology (Figure 2d), all 7 cases with known
EWSR1-FLI1 fusion (Figure 1d), and all 3 cases with
known EWSR1-ERG fusion (Figure 2b). Among the
40 Ewing sarcoma cases, the extent of NKX2-2
immunoreactivity was as follows: 4+ in 31, 3+ in 4,
2+ in 2, 1+ in 2, and 0 in 1 (2 of these cases showed
weak staining and were considered negative). The
intensity of staining was as follows: strong in 23,
moderate in 14, and weak in 3. Thirty-four (85%)

cases showed diffuse (450%) and moderate-to-
strong staining.

NKX2-2 was positive in 28 of 230 (12%) non-Ewing
sarcoma cases, including 9 of 12 (75%) mesenchymal
chondrosarcomas (4+ in 7, 3+ in 1, and 2+ in 1, strong
in 2 and moderate in 7), 8 of 10 (80%) olfactory
neuroblastomas (4+ in 5 and 3+ in 3, strong in 4 and
moderate in 4), 1 of 20 (5%) CIC-DUX4 sarcoma
(4+ moderate), 1 of 10 (10%) poorly differentiated
synovial sarcoma (2+ moderate), 2 of 9 (22%) unclassi-
fied round cell sarcomas (4+ moderate and 3+ strong), 1
of 10 (10%) neuroblastoma (4+ strong), 3 of 10 (30%)
small cell carcinomas (2+ strong, 1+ moderate, and
1+ moderate), 1 of 5 (20%) desmoplastic small
round cell tumors (2+ moderate), 1 of 10 (10%)
myoepitheliomas (2+ moderate), and 1 of 19 (5%)
myoepithelial carcinomas (4+ moderate). All
lymphoblastic lymphomas, alveolar rhabdomyosarco-
mas, embryonal rhabdomyosarcomas, NUT midline
carcinomas, Wilms tumors, Merkel cell carcinomas,
and melanomas were negative for NKX2-2. Of the
28 NKX2-2-positive non-Ewing sarcoma cases, 21
showed diffuse, moderate-to-strong staining, including
8 mesenchymal chondrosarcomas, 8 olfactory
neuroblastomas, 1 CIC-DUX4 sarcoma, 2 unclassified
round cell sarcomas, 1 neuroblastoma, and 1
myoepithelial carcinoma (Figures 4,5,6).

Among EWSR1-associated soft tissue tumors, all
angiomatoid fibrous histiocytomas, clear cell sarcomas,
gastrointestinal clear cell sarcoma-like tumors, and
extraskeletal myxoid chondrosarcomas were negative
for NKX2-2. Focal-to-diffuse moderate staining for
NKX2-2 was present only in 1 desmoplastic small
round cell tumor (2+ moderate), 1 myoepithelioma
(2+ moderate), and 1 myoepithelial carcinoma
(4+ moderate) (Figure 6). Thus, aside from Ewing
sarcoma, most EWSR1-associated soft tissue tumors
were negative for NKX2-2.

Discussion

Ewing sarcoma is the second most common sarcoma
in children and young adults; older adults may be
less often affected. Ewing sarcoma most often
presents in the bone, although a large subset of cases
arises primarily at extraskeletal sites. Rare histologic
variants of Ewing sarcoma include atypical
‘large-cell,’ ‘vascular-like,’ ‘adamantinoma-like,’
spindle cell and sclerosing.4,5,16 Ewing sarcoma
is characterized by reciprocal chromosomal
translocation and gene rearrangement involving the
Ewing sarcoma breakpoint region 1 (EWSR1) at
22q12 and FLI1 at 11q24 in 85–90% of cases.17 This
rearrangement creates the oncogenic transcription
factor EWSR1-FLI1, whereby the transactivation
domain of EWSR1, a ubiquitously expressed member
of unknown function in the TET family, is fused to
the DNA-binding domain of FLI1, a member in the
ETS family.18 The remainder of Ewing sarcoma cases
are characterized by alternate fusion partners, with

Table 1 Summary of immunohistochemical staining for NKX2-2

Tumor type
Total
cases

NKX2-2
positive
(%)

Ewing sarcoma 40 37 (93)

Non-Ewing small round blue cell tumors
CIC-DUX4 sarcoma 20 1 (5)
BCOR-CCNB3 sarcoma 5 0 (0)
Unclassified round cell sarcoma 9 2 (22)
Synovial sarcoma, poorly differentiated 10 1 (10)
Lymphoblastic lymphoma 10 0 (0)
Alveolar rhabdomyosarcoma 10 0 (0)
Embryonal rhabdomyosarcoma 10 0 (0)
NUT midline carcinoma 5 0 (0)
Wilms tumor 10 0 (0)
Merkel cell carcinoma 10 0 (0)
Melanoma 20 0 (0)
Small cell carcinoma 10 3 (30)
Neuroblastoma 10 1 (10)
Olfactory neuroblastoma 10 8 (80)
Mesenchymal chondrosarcoma 12 9 (75)

Other EWSR1-associated tumors
Angiomatoid fibrous histiocytoma 10 0 (0)
Clear cell sarcoma 10 0 (0)
Gastrointestinal clear cell sarcoma-like
tumor

5 0 (0)

Extraskeletal myxoid chondrosarcoma 10 0 (0)
Desmoplastic small round cell tumor 5 1 (20)
Soft tissue and cutaneous
myoepitheliomas

10 1 (10)

Myoepithelial carcinoma 19 1 (5)
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FLI1 substituted by ERG in 5–10% of cases, rarely by
other ETS members (FEV, E1AF, ETV1, and ETV4) or
non-ETS genes (POU5F1, PATZ1, and NFATc2), or
with EWSR1 substituted by FUS.2,3 Ewing sarcoma
and its histologic variants (including primitive

neuroectodermal tumor) are currently classified
by the World Health Organization as a single
histopathologic entity.19

The chimeric transcription factor EWSR1-FLI1 in
Ewing sarcoma drives oncogenic signaling of

Figure 4 Poorly differentiated synovial sarcoma consisting of sheets of round cells with vesicular chromatin and small nucleoli (a), and
showing focal weak-to-moderate immunoreactivity for NKX2-2 (b). Small cell carcinoma (c) with focal moderate-to-strong
immunoreactivity for NKX2-2 (d). Thymic neuroblastoma consisting of small round cells embedded within a fibrillary matrix (e);
immunohistochemistry for NKX2-2 shows diffuse, moderate-to-strong nuclear staining (f).
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downstream targets including NKX2-2. Since its
identification in gene expression studies,10
NKX2-2 has been described as a diagnostic
immunohistochemical marker for Ewing sarcoma,11
in a similar manner as DOG1 (ANO1) for
gastrointestinal stromal tumor,20 TLE1 for synovial
sarcoma,21 and MUC4 for low-grade fibromyxoid
sarcoma.22 Two prior studies demonstrated NKX2-2
positivity in 80–93% of Ewing sarcomas;11,12
however, only cases with classic morphology and
EWSR1-FLI1 rearrangements were evaluated. In this
study, we examined 40 genetically confirmed Ewing
sarcomas, including 4 with atypical large-cell
cytomorphology, 4 from uncommon locations
(cutaneous and uterine), and 3 with confirmed
EWSR1-ERG rearrangements. NKX2-2 was positive
in 37 (93%) Ewing sarcoma cases, including all
atypical Ewing sarcomas and tumors with known
EWSR1-FLI1 or EWSR1-ERG fusion. Moreover,
diffuse (450%) and moderate-to-strong staining
was present in 34 (85%) cases. The sensitivity of
NKX2-2 for Ewing sarcoma in this study was
thus comparable to prior studies. Although the

three Ewing sarcomas negative for NKX2-2
were confirmed to harbor EWSR1 rearrangements
by FISH, they were not tested by other
molecular methods; the fusion partners are therefore
unknown.

Distinct subsets of undifferentiated round cell
sarcomas with morphologic resemblance to Ewing
sarcoma have recently been shown to harbor
gene rearrangements leading to CIC-DUX4 or
BCOR-CCNB3 fusion. Gene fusion between CIC
(encoding a high-mobility group box transcription
factor) on 19q13 and one of the two DUX4 retrogenes
(encoding a double-homeobox transcription factor)
on 4q35 or 10q26 was reported initially in a Ewing
sarcoma-like round cell sarcoma23 and subsequently
in 19–68% of EWSR1-negative round cell
sarcomas.24,25 Highly aggressive in children and
adults, CIC-DUX4-associated round cell
sarcomas display small to intermediate-sized,
round-to-spindled cells with pale cytoplasm,
vesicular chromatin, prominent nucleoli, and more
cytologic variability as compared with Ewing
sarcoma.24–26 Despite morphologic overlap with

Figure 5 Olfactory neuroblastoma (a) showing diffuse, strong nuclear immunoreactivity for NKX2-2 (b). Mesenchymal chondrosarcoma
(c) with diffuse nuclear staining for NKX2-2 (d).
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Ewing sarcoma, CIC-DUX4 sarcomas show a distinct
immunoprofile, with variable CD99 staining25 but
consistent nuclear WT1 expression,27 and a distinct
gene expression signature, with upregulation of WT1
and ETS transcription factors including ETV4,
ETV5, and ETV1.23,27 An additional 4–12% of
EWSR1-negative round cell sarcomas harbor a
recurrent paracentric inversion of chromosome X,
leading to gene fusion between BCOR (encoding
the BCL6 co-repressor) and CCNB3 (encoding
the testis-specific cyclin B3).15,28 Predominantly
arising in the bone in young children,
BCOR-CCNB3-associated round cell sarcomas show
spindled-to-round cell morphology, with positive
immunohistochemistry for CCNB3 in most
cases.15,28,29 Despite histologic overlap with Ewing
sarcoma, BCOR-CCNB3 sarcomas do not show an
EWSR1-ETS expression signature and thus appear
biologically distinct from Ewing sarcoma.15 This is
the first study, to our knowledge, that compared
NKX2-2 expression in Ewing sarcomas to Ewing
sarcoma-like round cell sarcomas with CIC-DUX4
and BCOR-CCNB3 fusions. We observed NKX2-2

expression in only 1 of 20 CIC-DUX4 sarcomas and
none of 5 BCOR-CCNB3 sarcomas evaluated. NKX2-2
may be a useful adjunct to separate Ewing sarcoma
from CIC-DUX4 and BCOR-CCNB3 sarcomas.

NKX2-2 is sensitive but imperfectly specific for
Ewing sarcoma among most histologic mimics, and
diagnostic pitfalls remain. In this study, NKX2-2
expression was absent in all lymphoblastic
lymphomas, alveolar and embryonal rhabdomyosarco-
mas, Merkel cell carcinomas, NUTmidline carcinomas,
melanomas, and Wilms tumors. Focal NKX2-2 staining
was noted in one poorly differentiated synovial
sarcoma and three small cell carcinomas. Diffuse
NKX2-2 staining was noted in 1 neuroblastoma, 8 of
10 (80%) olfactory neuroblastomas, and 9 of 12
(75%) mesenchymal chondrosarcomas. Given that
EWSR1-FLI1 promotes NKX2-2 expression by
upregulating GLI1,30 NKX2-2 positivity in olfactory
neuroblastomas may be explained by tumoral
activation of sonic hedgehog signaling.31 Mesenchymal
chondrosarcomas, characterized byHEY1-NCOA2 gene
fusion,32 demonstrated immunoreactivity for NKX2-2
in 33% of cases in a prior study11 and, in this study,

Figure 6 Desmoplastic small round cell tumor (a) showing focal immunoreactivity for NKX2-2 (b). Myoepithelial carcinoma of soft tissue,
consisting of rounded cells in a myxoid stroma with a trabecular architecture (c), and showing diffuse, moderate immunoreactivity for
NKX2-2 (d).
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75% of cases, showing diffuse moderate staining in
most cases. The mechanism underlying NKX2-2
expression in mesenchymal chondrosarcomas is
unknown. Although a combination of CD99 and
NKX2-2 has been suggested to be highly specific for
the diagnosis of Ewing sarcoma,12 this would not
exclude mesenchymal chondrosarcomas, which are
often positive for both markers.

Despite the known connection between
EWSR1-FLI1 and NKX2-2 in Ewing sarcoma, this is
the first study, to our knowledge, that evaluated
NKX2-2 expression in other neoplasms driven by
EWSR1 rearrangements, including Ewing sarcomas
with EWSR1-ERG and other soft tissue tumors with
EWSR1 fusions. The presence of NKX2-2 expression
in all three Ewing sarcomas with genetically
confirmed EWSR1-ERG rearrangements suggests that
similar to EWSR1-FLI1, rearrangements involving
other ETS members such as ERG may drive
oncogenic signaling with downstream targets
including NKX2-2. Notably, most other EWSR1
fusion-driven soft tissue tumors were negative for
NKX2-2, except one desmoplastic small round cell
tumor and two soft tissue myoepithelial tumors.
Apart from EWSR1, whether other TET members
such as FUS may drive NKX2-2 expression is
currently unknown. Interestingly, NKX2-2 positivity
was noted in two unclassified round cell sarcomas
genetically confirmed to lack EWSR1, CIC, and
BCOR gene rearrangements (one of which also lacks
FUS gene rearrangement), suggesting that NKX2-2
expression may be promoted by other as yet
unidentified gene rearrangements.

In summary, NKX2-2 is a sensitive but imperfectly
specific immunohistochemical marker for Ewing
sarcoma, as several other round cell malignant
neoplasms commonly express this transcription factor,
most notably mesenchymal chondrosarcoma and
olfactory neuroblastoma. Nonetheless, NKX2-2 may
be helpful in distinguishing Ewing sarcoma from
some histologic mimics including CIC-DUX4 and
BCOR-CCNB3 sarcomas. NKX2-2 is also positive in
atypical Ewing sarcoma and Ewing sarcoma with
EWSR1-ERG gene rearrangements. Most other
EWSR1-associated soft tissue tumors are negative for
NKX2-2.
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