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Abstract We present two cases of meningeal solitary fibrous
tumor (SFT)/hemangiopericytoma (HPC) with immunohisto-
chemistry of STAT6 and analysis of NAB2-STAT6 fusion
genes. Case 1 was a 37-year-old male with a left middle fossa
tumor; case 2 was a 68-year-old female with a cerebellar tumor.
They showed late metastasis to the lung or bone 8 or 13 years,
respectively, after the first surgery. Histology of both primary
and metastatic tumors showed a cellular hemangiopericy-
tomatous pattern with nuclear atypia. The primary tumors
showed nuclear staining of STAT6, but both metastatic tumors
showed nuclear and cytoplasmic STAT6. DNA sequencing
revealed two kinds of NAB2-STAT6 fusion genes. One con-
sisted of exon 6 of NAB2, intron 6 of NAB2, and the middle of
exon 17 of STAT6 (observed in the primary and metastatic
tumors of case 1); the other consisted of exon 6 of NAB2 and the
beginning of exon 17 of STAT6 (observed in the metastatic
tumor of case 2). The primary tumor of case 2 had both fusion
genes. To the best of our knowledge, we are the first to report
NAB2-STATS® fusion gene analysis in primary and metastatic
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meningeal SFT/HPCs and a case showed different fusion gene
status in the metastatic tumor.
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Introduction

Solitary fibrous tumor (SFT) and hemangiopericytoma (HPC)
are rare soft tissue and meningeal tumors. In soft tissue tumor
pathology, “HPC” has been omitted from the WHO blue book
since 2013 [1]. Because both HPC and SFT have been asso-
ciated with the same NAB2-STAT6 fusion gene, they are
regarded as tumors of the same entity, but different grade.
HPC was included in the 2007 WHO classification of the
central nervous system [2], but recently several reports re-
vealed that HPC and SFT in the meninges are also associated
with the same NAB2-STAT6 fusion gene [3] and nuclear
STAT6 immunoreactivity both in meningeal SFT and HPC [3,
4].Recently, different variants of NAB2-STAT®6 fusion genes
have been reported in SFT of the soft tissue and are associated
with different histology and biological behavior [5]. Here, we
report two cases of meningeal SFT/HPC with extracranial
metastases as well as NAB2-STAT6 fusion gene status in
each primary and metastatic tumor.

Clinical summary
Case 1

A 37-year-old male complained of left hearing impairment
and left facial anesthesia. Cranial computed tomography
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(CT) revealed a mass at the left middle fossa. After em-
bolization of the feeder artery, the meningeal tumor in the
left middle fossa was partially resected, and supplementary
radiation therapy was prescribed. The tumor recurred lo-
cally six times after the first operation, each of which was
treated with radiation or surgery. Eight years after the first
operation, he complained of chest pain; chest CT showed a
20-cm metastatic tumor in the lower lobe of the right lung.
Right lower lobectomy was performed. Another local re-
currence and a subcutaneous metastasis in the right buttock
were resected. After a 9-year history, he died with gener-
alized multiple metastases. Autopsy was performed with
the informed consent of his family.

Case 2

An 81-year-old female complained of left ischial pain.
Pelvic CT showed a destructive 4.5-cm tumor on the left
ischial bone. Pathology of the resected tumor and medical
history revealed that she had a 2-cm meningeal tumor in
the left cerebellar tentorium 13 years previously. The is-
chial tumor recurred 10 months after resection, but re-
gressed after radiotherapy.

Pathological findings
Case 1

Primary, recurrent, and metastatic tumors had a similar
macroscopic and microscopic appearance. Gross observa-
tion showed the tumors were whitish-gray to brown and
solid. The primary tumor of the middle fossa consisted of
polygonal or short spindle cells with a cellular heman-
giopericytomatous pattern, nuclear atypia, and geographic
necrosis (Fig. 1a, b). Embolized materials were occasion-
ally seen in the vessels. Mitotic count was four per high-
power field (/HPF). Recurrent and metastatic tumors also
showed a hemangiopericytomatous pattern, but cellularity
was higher and necroses were more abundant (Fig. 1d, e).
Mitotic count of the right buttock tumor was 17/HPF. At
autopsy, a recurrent tumor was found in the left middle
fossa. The tumor directly invaded the temporal, frontal, and
posterior lobes of the brain and the posterior region of the
ear. Multiple metastatic nodules were found in the liver,
lungs, chest wall, pancreas, kidneys, esophagus, and heart.
Immunohistochemistry showed the primary tumor was
positive for Bcl-2 (clone 124, Dako, Carpinteria, CA),
LEU7 (clone HNK-1, Becton—Dickinson, San Jose, CA),
and keratin (clone AEI/AE3, Leica Biosystems, New-
castle, UK), and the metastatic tumor of the right buttock
was focally positive for CD34 (clone NU-4A1, Nichirei,

Tokyo, Japan), EMA (clone E29, Nichirei), Bcl-2, and
keratin. Both tumors were negative for S-100 protein
(clone 2A10, IBL, Takasaki, Japan), GFAP (polyclonal,
Nichirei), CD99 (clone 12E7, Dako), and progesterone
receptor (PgR) (clone PgR636, Dako). The primary tumor
showed mostly nuclear staining of STAT6 (polyclonal,
Santa Cruz, CA), and the metastatic tumor showed nuclear
and more cytoplasmic staining of STAT6 (Fig. lc, f, 1, 1).

Case 2

In gross appearance, the ischial tumor was 4.8 cm in size,
tan-white in color, and solid. The ischial tumor was com-
posed of small round cells or short spindle cells with dif-
fuse or hemangiopericytomatous pattern and high
cellularity. Tumor cells were monotonous and showed a
high nuclear—cytoplasmic ratio with mild to moderate nu-
clear atypia (Fig. 1g, h, j, k). Mitotic count was 6/HPF.
Immunohistochemistry showed that the ischial tumor was
positive for vimentin (clone V9, Dako) and CD99, but
negative for keratin (clone AE1/AE3, Dako), EMA (clone
E29, Dako), aSMA (clone 1A4, Dako), S-100 protein
(polyclonal, Dako), CD34 (clone QBEnd 10, Dako), CD31
(clone JC70A, Dako), Bcl-2, LCA (clone 2B11+PD7/26,
Dako), and CD138 (clone MI15, Dako). Ki-67 (clone SP6,
Lab Vision Corporation, Fremont, CA, USA) was inde-
terminate because of artificial effects, probably due to de-
calcification. Histopathological differential diagnosis
included a borderline or low-grade fibrous histiocytic tu-
mor, a giant cell tumor of the tendon sheath, and a
metastatic tumor. Based on the patient’s history of cere-
bellar meningeal tumor, metastasis from the cerebellar
meningeal hemangiopericytoma was diagnosed. As with
case 1, the primary tumor of case 2 showed mostly nuclear
STAT6 staining and the metastatic ischial tumor showed
nuclear and more cytoplasmic STAT6 staining (Fig. 1c, g,
i, 1).

NAB2-STAT6 fusion gene analysis

NAB2-STAT6 fusion genes were analyzed in formalin-
fixed, paraffin-embedded tissues (FFPE) of each primary
and metastatic tumor, except for a frozen tissue specimen
of the metastatic tumor in case 2. Reverse-transcriptase
polymerase chain reaction (RT-PCR) and cDNA sequenc-
ing of the NAB2-STAT6 fusion gene were performed.
Total RNA was isolated from FFPE or frozen tumor
samples. For FFPE samples, tissue were deparaffinized and
treated with proteinase K in 1 % SDS HMW buffer at
55 °C. RNA was extracted using ISOGEN (Nippon Gene,
Tokyo, Japan). cDNA was synthesized from 500 ng RNA

@ Springer



270

Brain Tumor Pathol (2015) 32:268-274

Fig. 1 Histology (a, b of a primary meningeal tumor, and d, e of a
metastatic tumor of thigh of case 1, g, h of a primary meningeal tumor
and j, k of a metastatic tumor of bone of case 2) and immunohis-
tochemistry for STAT6 (c of the primary tumor and f of the metastatic
tumor of case 1, i of the primary tumor and 1 of the metastatic tumor
of case 2). The tumors of case 1 show polygonal or short spindle cells
with a cellular hemangiopericytomatous pattern with nuclear atypia

by AMV (TAKARA BIO, Otsu, Japan). Primers were de-
signed based on the cDNA sequences of NAB2
(NM_005967.3) and STAT6 (NM_001178078.1) and are
listed in Table 1. PCR was performed at 94 °C for 2 min,

@ Springer

(a—f). Necrosis was more abundant in the metastatic tumor (d, €). In
case 2, the primary and metastatic tumors show a similar histology
with case 1, but their nuclear atypia is somewhat milder (g-1).
Immunohistochemistry of STAT6 showed nuclear positivity in all
tumors and predominant cytoplasmic positivity in metastatic tumors
(c, £, i, 1). (original magnifications of a, d, g and j are x20, and those
of b, ¢, e, f, h, i, k, and 1 are x400)

followed by 40 cycles of denaturation at 94 °C for 1 min,
annealing at 60 °C for 1 min, extension at 72 °C for 1 min,
and a final extension at 72 °C for 10 min. After elec-
trophoresis in 1.5 % agarose gels, the subjective bands
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Table 1 Primers used for RT-PCR and PCR product size

Primer name Primer sequence

NAB2-exon 4 S1 GCACCTACTTGTCCTCCTTG
NAB2-exon 4 S2 CCTTGAAGGGCTCCAGGCTT
NAB2-exon 6 S1 TATGGAGCCGACACATCCTG
NAB2-exon 6 S2 CACATCCTGCAGCAGACACT
STAT6-exon 2 AS1 GAAGATGCCGCAGGTGTTGG
STAT6-exon 2 AS2 AGCCAAGTTGCAGCAGAAGG
STAT6-exon 16 AS1 GCTGAGCAAGATCCCGGATT
STAT6-exon 16 AS2 AGCCTCATCCTTGGGCTTCT

Primer set PCR product size (bp)

NAB2-exon 4 S2 and STAT6-exon 2 AS1 177
NAB2-exon 4 S1 and STAT6-exon 2 AS2 263
NAB2-exon 6 S2 and STAT6-exon 16 AS1 202
NAB2-exon 6 S1 and STAT6-exon 16 AS1 251

were excised and DNA was extracted with a gel extraction
kit (QIAGEN K .K., Tokyo, Japan). Direct sequencing was
performed on an ABI PRISM 310 Genetic Analyzer (Ap-
plied Biosystems, Life Technologies, Tokyo, Japan).

RT-PCR yielded 163-bp products in the primary and
metastatic tumors of case 1, 163-bp and 202-bp bands in
the primary tumor of case 2, and a 202-bp band in the
metastatic tumor of case 2 (Fig. 2a). Fusion products were
confirmed by direct sequencing. The genomic breakpoint
of the 202-bp band was located at the end of exon 6 of
NAB2 and the beginning of exon 17 of STAT6. In contrast,
the breakpoint of the 163-bp band was located at the end of
exon 6 of NAB2, intron 6 of NAB2, and the middle of exon
17 of STATG6 (Fig. 2b). The size of NAB2 intron 6 in the
163-bp band was 15 bp and that of exon 17 of STAT6 was
36 bp; thus, exon 17 was 54 bp shorter than in the 202-bp
band. Both fusion genes were in-frame fusions (data not
shown).

Discussion

We report two cases of malignant SFT/HPC including
STAT6 immunohistochemistry and NAB2-STAT6 fusion
gene analysis in primary and metastatic tumors. The pri-
mary tumors showed nuclear staining of STAT6 and the
metastatic tumors exhibited nuclear and cytoplasmic
staining in both cases. We analyzed the NAB2-STAT6
fusion genes in the primary and metastatic meningeal SFT/
HPCs and showed that one SFT/HPC had two kinds of
NAB2-STAT6 fusion genes (case 2). In this case, the
primary tumor expressed two NAB2-STAT6 fusion genes
and the metastatic tumor expressed only one.

Meningeal SFT/HPC is frequently associated with local
recurrence and late metastasis to extracranial sites. Ex-
tracranial metastatic rates at 5, 10, and 15 years are about
10, 31, and 77 %, respectively [6], with a mean period of
8 years after initial therapy [7]. They metastasize to vir-
tually any organ including bone, liver, lung, abdominal
cavity, lymph node, skeletal muscle, kidney, pancreas,
skin, subcutaneous tissue, breast, adrenal gland, gallblad-
der, diaphragm, retroperitoneum, and heart [7]. Bony
metastases are most frequently reported, especially in the
pelvis, spine, and scapula [6]. In case 1, the pulmonary
metastasis was found 8 years after resection of the primary
tumor; in case 2, ischial bone metastasis was documented
13 years after the first brain tumor resection. If a heman-
giopericytomatous pattern is seen in tumors of the bones,
liver, or lungs, confirmation of the history of a brain tumor
is essential to avoid misdiagnosis.

Meningeal SFT/HPCs are typically positive for CD34
(100 % of SFT and 33 % of HPC), Bcl-2 (85 % of HPC),
and CD99 (95 % of HPC); focally positive for EMA (0 %
of SFT and 4-37 % of HPC), cytokeratin (0 % of SFT and
20 % of HPC), claudin-1 (13 % of HPC), and desmin
(13 % of SFT and 20 % of HPC); and negative for S100
protein [8, 9]. The combination of these antibodies yields
high sensitivity, but the specificity is relatively poor be-
cause many soft tissue tumors are positive for CD34, Bcl-2,
or CD99. Since the recent discovery of the NAB2-STAT6
fusion gene in SFT/HPC [10, 11], several reports have
suggested that nuclear expression of STAT6 is highly
specific and quite useful for the diagnosis of SFT/HPC [3—
5, 12, 13].

STAT6 is a member of the STAT family of transcription
factors; induced by interleukin-4 and phosphorylated by
JAK, STAT6 forms homo- or heterodimers that translocate
to the nucleus where they act as transcription activators
[14]. The NAB2 gene encodes NGFI-A-binding protein 2
(NAB?2), also known as early growth response-1 (EGR-1)-
binding protein 2 or melanoma-associated delayed early
response protein (MADER). Both the human STAT6 and
NAB?2 genes have been localized to chromosome 12q13, a
region that is rearranged in several solid tumors, such as
lipomas, uterine leiomyomas, and liposarcomas [15]. The
normal NAB2 protein functions in the nucleus to repress
transcription induced by EGR-1 in a negative feedback
loop; in contrast, the NAB2-STAT6 fusion gene turns into
a potent transcriptional activator of EGR-1, thus activating
EGR-1 target genes and driving neoplastic progression [10,
16]. Robinson reported that EGR1 target genes, such as
FGFRI, NABI, IGF2, FGF2, PDGFD, and receptor ty-
rosine kinases such as FGFR1 and NTRK1, are most highly
enriched in SFT versus non-SFT sarcomas [10]. It is pos-
sible that strong expression of the NAB2-STAT6 fusion
gene increases proliferation and expression of EGR-1
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NAB2(4)-STAT6(2) NAB2(6)-STAT6(17)

Case 1 Case 2 Case 1 Case 2

JoNep

P M P M P M P M

163 bp:
NAB2 exon 6-NAB2 intron 6-STAT6 exon 17

[CACATCCTGCAGCAGACACTGATGGACGAG
GGACTGCGGCTCGCCCGCCTCGTCTCCCAC
GACCGCGTGGGCCGCCTCAGCCCCTGTGTG
CCTGCGAAGCCACCTATCGCAGCCAGTCAC
CCTGCAAGCTCACTGGGGGACC‘G

|GATCTTGCTCAGC]

: STAT6
SXOT 6 NAB?2 intron 6 exon 17
T CGCZG|C CAGTCAC CCTG CAZG CT CACT GGGGG ACC
93 97 101 105 109 113 117 121 125

NAB2

el n AN A MAAAA A

202 bp:
NAB2 exon 6-STAT6 exon 17

|CACATCCTGCAGCAGACACTGA]TGGACGAG
GGGCTGCGGCTCGCCCGCCTCGTCTCCCAC
GACCGCGTGGGCCGCCTCAGCCCCTGTGTG
CCT%-}CGAAGCCACCTCTCGCAGGCTCTCCA
CAGATAGAGAA'CATCCAGCCATTCTCTGCC
AAAGACCTGTCCATTCGCTCACTGGGGGAC

CGAATCCGGGATCTTGCTCAGC]

NAB2 STAT6
exon 6 exon 17

GCGRAAGTC CAC CT CT CGCAGIG C TCTCCACAG ATA GAGAA
81 85 89 93 97 101 105 10¢ 113 1

Fig. 2 NAB2-STAT6 fusion gene analysis. a An electrophoresis of
RT-PCR for NAB2-STAT6 fusion gene shows bands of PCR
products by only a primer set for exon 6 of NAB2 and exon 17 of
STAT6. 163-bp PCR products were detected in both primary and
metastatic tumors of case 1. There were 163- and 202-bp bands in
primary tumor and only a 202-bp band for a metastatic tumor of case

target genes, thus leading to tumorigenesis and tumor
progression of SFT [10].

The two variant fusion genes reported here have been
reported previously [5, 10, 17]. BarthelmeB et al. [5] re-
ported that the most common fusion variant (exon 4 of
NAB2 and exon 2/3 of STAT6) corresponds to classic
pleuropulmonary SFTs with mostly benign behavior and
occurs in older patients. In contrast, the second-most
common fusion variant (exon 6 of NAB2 and exon 16/17
of STAT6) is found in much younger patients and

@ Springer

2. P stands for primary and M stands for metastasis. b DNA sequences
of the 163- and 202-bp bands obtained by electrophoresis. The 163-bp
band consisted of exon 6 of NAB2, intron 6 of NAB2, and shorter
exon 17 of STAT6. The 202-bp band was formed by exon 6 of NAB2
and longer exon 17 of STAT6

represents typical HPC from deep soft tissue with a more
aggressive phenotype [5]. The present cases showed that
fusion variants correspond to the more aggressive pheno-
type, though the patient of case 2 was older. Case 2 had two
different types of fusion genes in the primary tumor, but
only one type in the metastatic tumor. To the best of our
knowledge, there have been no reports about the difference
of fusion gene variants between primary and metastatic
SFT/HPCs, even in extra-cranial non-meningeal SFT/
HPCs. Mohajeri et al. [17] reported 3 cases of extracranial
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SFTs having more than two types of fusion genes by next-
generation sequencing; however, there was no comment on
metastatic tumors in the report. The two fusion genes in
this report have not been associated with any clinico-
pathological differences. These findings may simply reflect
an instability of the splicing process of unknown sig-
nificance during transcription, or relate to subclonal evo-
lution and metastatic potential of the tumor [11]. Because
there have been no studies of the relationship between
different fusion variants and clinicopathological features of
meningeal SFT/HPC [5], accumulation of sufficient infor-
mation in larger studies is necessary to define the sig-
nificance of differences in these fusion variants.

Metastatic tumors of both cases showed nuclear and
cytoplasmic STAT6 staining, although nuclear stain was
predominant in both primary tumors. The reason for this is
not clear. STAT6 protein translocates from the cytoplasm
to the nucleus by phosphorylation [18], and most of the
phosphorylation sites, such as 641, 645, 707, and 756, are
present in variant NAB2-STATG6 fusion genes. The phos-
phorylation state of STAT6 might differ between the pri-
mary and metastatic tumors, or degradation of NAB2—-
STAT6 gene products in the cytoplasm might occur in
metastatic tumors.

Nuclear expression of STAT6 has also been detected in
some cases of dedifferentiated liposarcoma, undifferenti-
ated pleomorphic sarcoma, and nodular fasciitis [4, 13].
NAB2-STATG6 fusion genes have also been detected in
some cases of dedifferentiated liposarcoma [13, 19].
Morphological differentiation of SFT/HPC from undiffer-
entiated pleomorphic sarcoma and nodular fasciitis is
generally straightforward and the latter diseases have
shown weaker nuclear STAT6 expression in only a pro-
portion of tumor cells [4, 13]. Since SFT/HPC rarely has a
lipomatous feature [20], differentiating it from dediffer-
entiated liposarcoma may be problematic. However, ded-
ifferentiated liposarcoma can be distinguished by
immunopositivity for MDM2 and CDK4, or MDM2 am-
plification by FISH, which are negative in SFT/HPC [13].

In summary, two cases of meningeal SFT/HPC showed
late distant metastases, and both primary tumors showed
mostly nuclear staining of STAT6, but both metastatic tu-
mors showed nuclear and more cytoplasmic staining. To the
best of our knowledge, we are the first to report the presence
of two NAB2-STAT6 fusion genes in a single case of
meningeal SFT/HPC. The significance of these findings is
not clear at this time. Further studies on the association of
NAB2-STAT6 fusion gene status with clinicopathological
features of meningeal SFT/HPC are needed.
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