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Abstract
Endometrial stromal sarcoma (ESS) is a rare mesenchymal neoplasm. Herein, we report a low-grade ESS with a novelMEAF6-
SUZ12 fusion gene. A 40-year-old woman presented with a 9.0-cm abdominal wall mass juxtaposed to the postoperative scar of
surgeries for uterine Bleiomyomas^ and cesarean section. Histologically, mostly hypocellular and myxoid nodules were com-
prised of uniform spindle cells and exhibited tongue-like infiltration. Immunohistochemically, the tumor cells were positive for
CD10, estrogen receptor, and CD34 (focal). There were occasional h-caldesmon-positive cohesive nests. RNA sequencing along
with reverse transcriptase-polymerase chain reaction and Sanger sequencing identified an in-frame fusion of MEAF6 (exon 4)
and SUZ12 (exon 2). Upon review of the previous Bleiomyomas,^ we revised their diagnoses as low-grade ESS. The patient is
alive without disease 2 years after the surgery. In addition to expanding the molecular landscape of low-grade ESS, this case
highlights the challenge of diagnosing low-grade ESS in an uncommon clinicopathological setting.
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Introduction

Low-grade endometrial stromal sarcoma (ESS) is a rare mes-
enchymal tumor accounting for approximately 20% of sarco-
ma of the uterine corpus. Tumor cells of low-grade ESS re-
semble endometrial stromal cells in the proliferative phase,
with occasional differentiation toward smooth muscle, sex
cord, or epithelium [1]. A specific gene rearrangement

t(7;17)(p15;q11) and the resulting fusion transcript JAZF1-
SUZ12 (also known as JAZF1-JJAZ1) are observed in approx-
imately 50% of low-grade ESS [2, 3]. Less common fusions
include JAZF1-PHF1, EPC1-PHF1, MBTD1-CXorf67,
MEAF6-PHF1, JAZF1-BCORL1, and BRD8-PHF1. Here,
we report a case of low-grade ESS with a novel MEAF6-
SUZ12 fusion, which was successfully diagnosed only after
careful clinicopathological correlation.

Case report

A 40-year-old woman presented with an 8-cm mass in the
abdominal wall. She had a history of osteosarcoma in her
childhood, which was successfully treated with chemotherapy
and above knee amputation. She also reported surgeries for
Bleiomyomas^ at an outside institution, including two Bmyo-
mectomy^ at age 29, and total hysterectomy, left salpingo-
oophorectomy, and right salpingectomy at age 39. She also
had a delivery via caesarian section at the age of 37.

An open biopsy of the mass showed spindle cell prolifera-
tion within fibromyxoid stroma. The tumor cells harbored
uniform slightly hyperchromatic nuclei and scant cytoplasm,
and they were immunohistochemically positive for estrogen
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receptor, CD34 (focal), and smooth muscle actin (focal), while
negative for AE1/AE3, epithelial membrane antigen, S100
protein, desmin, h-caldesmon, myogenin, MUC4, β-catenin,
and STAT6. No definitive diagnosis was rendered, but benign
tumor such as cellular angiofibroma was favored. The patient
was closely followed up for 1 year, during which time the
tumor enlarged to 9 cm. Re-biopsy obtaining a larger volume
of tissue demonstrated a prominent tongue-like infiltrative
border of tumor tissue and arteriole-like vessels that were
swirled around by tumor cells. Prompted by this histology,
clinical information was further obtained, which revealed that
the mass was located near the postoperative scar. Due to the
combination of the past surgical history of uterine tumors, the
anatomical relationship to the scar, and the histological find-
ings, a diagnosis of low-grade ESS was suspected. The tumor
was widely resected.

Grossly, the 9.0-cm well-circumscribed intramuscular tu-
mor was juxtaposed to the postoperative scar. A cut section
showed aggregates of multiple soft tan nodules within a scle-
rotic background, each measuring 1 to 15 mm (Fig. 1a).

Histologically, a variably cellular tumor formed numerous
nodules within a sclerotic background and exhibited promi-
nent tongue-like projections into the surrounding tissue (Fig.
1b).Many tumor nodules were hypocellular andmyxoid, pop-
ulated by loose fascicles of uniform oval to fusiform tumor
cells with slightly hyperchromatic nuclei and scant cytoplasm
(Fig. 1c). The tumor cells occasionally swirled around arteri-
oles (Fig. 1d). Other tumor nodules exhibited hypercellular
fascicular growth (Fig. 1e). Some tumor cells assumed cohe-
sive structures, forming cords, trabeculae, or nests (Fig. 1f).
Vascular invasionwas present, and surgical margins were neg-
ative. Less than onemitotic figure was seen per 10 high-power
fields (2.37 mm2). Necrosis was absent.

Immunohistochemically, the tumor cells were diffusely
positive for estrogen receptor (Fig. 1g), progesterone receptor,
WT1 (nucleus), INI1 (retained), and focally positive for CD10
(Fig. 1h), Rb (retained), and CD34 (Fig. 1i), whereas it was
negative for AE1/AE3, epithelial membrane antigen,
myogenin, MDM2, MUC4, STAT6, HMB45, cyclin D1,
BCOR, and inhibin α. Ki-67 was positive in 5–10% of the
tumor cells. Some cohesive tumor cell nests suggested sex
cord differentiation; however, they were positive for desmin
and h-caldesmon (Fig. 1f inset) while negative for inhibin α,
consistent with focal smooth muscle differentiation. However,
that was a focal phenomenon and the overwhelming majority
of the tumor lacked myogenic differentiation. Based on char-
acteristic histology (e.g., tongue-like infiltration and swirling
growth around arterioles) and immunoprofile, a final diagno-
sis of low-grade ESS was made.

By break-apart fluorescence in situ hybridization, the tu-
mor showed no evidence of rearrangements of JAZF1 or
PHF1 genes. The formalin-fixed paraffin-embedded tumor
tissue was then submitted to RNA sequencing (RNA-Seq).

Total RNA was extracted using an RNeasy FFPE Kit
(Qiagen, Hilden, Germany). The sequencing library was pre-
pared from 0.2 μg of total RNA using a TruSight RNA Pan-
Cancer Panel (Illumina, San Diego, CA, USA), and paired-
end sequencing (2 × 75 bases) was performed on a NextSeq
sequencer (Illumina). Fusion genes were searched using the
STAR-Fusion version 1.2.0 and the FusionCatcher version
1.00 algorithms. RNA-Seq identified an in-frame fusion of
MEAF6 (exon 4) and SUZ12 (exon 2), which was validated
by reverse transcriptase-polymerase chain reaction (RT-PCR)
and Sanger sequencing (Fig. 2) by using a pair of primers (5′-
TGATCGAAGGAACCGGAAGT-3 ′ and 5 ′-TGGT
GCTATGAGATTCCGAGT-3′, predicted product size of
166 bp). Another variant fusion transcript, joining MEAF6
(exon 4) to SUZ12 (exon 5), was also detected by RNA-Seq;
however, it was not confirmed by RT-PCR. Additional immu-
nohistochemistry showed retained expression of H3K27me3
and SUZ12.

We retrieved and reviewed previous pathology materials,
which were originally diagnosed as Bleiomyomas^ elsewhere,
and we found that they all demonstrated histology identical to
that of the abdominal wall tumor and revised their diagnoses
as low-grade ESS. The patient is alive with no evidence of
sarcoma, 2 years after the surgery of the abdominal wall mass
and 12 years after the first surgery for the primary uterine
tumor.

Discussion

Low-grade ESS is characterized by specific fusion genes, with
JAZF1-SUZ12 being the most common [2]. Other less com-
mon types include JAZF1-PHF1, EPC1-PHF1, MBTD1-
CXorf67, MEAF6-PHF1, JAZF1-BCORL1, and BRD8-
PHF1. Notably, these fusions nearly always involve genes
that encode members of histone modification complexes, es-
pecially polycomb-group proteins. SUZ12, PHF1, and
MBTD1 encode polycomb-group proteins that are associated
with histone methylation and transcriptional repression [2, 4,
5]. BCOR [6] and BCORL1 [7] encode transcriptional co-re-
pressors, which are reported to interact with histone
deacetylases.

Here, we reported the first case of low-grade ESS with a
novel fusion that combines MEAF6 (located on 1p34) and
SUZ12 (located on 17q12), although both partner genes are
known to be involved in the creation of fusions in low-grade
ESS, namely JAZF1-SUZ12 and MEAF6-PHF1. Because
there are no reports documenting a karyotype with a 1;17-
rearrangement in low-grade ESSs, to our knowledge [3, 8],
the prevalence of this fusion is estimated to be low (< 5%).

SUZ12 encodes a member of the polycomb repressing
complex 2 (PRC2), which catalyzes trimethylation of the
27th lysine of histone 3. One of the most critical domains of
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Fig. 2 In-frame fusion transcript
of exon 4 of MEAF6 and exon 2
of SUZ12 was detected by RT-
PCR (a) and Sanger sequencing
(b)

Fig. 1 Morphological and
immunohistochemical findings of
low-grade endometrial stromal
sarcoma with MEAF6-SUZ12
fusion. Grossly, the well-
circumscribed tumor was
comprised of aggregates of
multiple soft tan nodules within a
sclerotic background (a).
Histologically, the tumor showed
multinodular infiltration with
tongue-like projections (b). Many
tumor nodules were composed of
hypocellular myxoid tissue
populated by loose fascicles of
uniform spindle cells, similar to
the first biopsy (c), but careful
observation revealed arterioles
swirled around by tumor cells (d).
Hypercellular conventional
histology of low-grade
endometrial stromal sarcoma was
also observed (e). There were
small foci of cohesive cells
arranged in cord or nest, which
were positive for h-caldesmon (f
inset shows h-caldesmon
staining). The tumor cells were
positive for estrogen receptor (g)
and CD10 (h). CD34 was focally
positive (i)



SUZ12 is the VEFS domain near the C-terminal, which is
necessary for the integrity and catalytic activity of the PRC2
complex [9]. The predicted fusion product MEAF6-SUZ12 in
this case retained this domain, similar to JAZF1-SUZ12,
which usually contains exon 2 through 16 of SUZ12 [8].
Although the exact oncogenic role of JAZF1-SUZ12 remains
unknown, one study [10] showed that JAZF1-SUZ12 desta-
bilizes PRC2 and impairs trimethylation of histone 3, and, as a
result, the H3K27me3 is reduced as detected byWestern blot-
ting. Another study [11] reported that JAZF1-SUZ12 fusion
and concurrent knockdown of endogenous SUZ12 reduce the
level of H3K27me3, inhibit apoptosis, and accelerate prolif-
eration. MEAF6-SUZ12 fusion might similarly induce
epigenomic alteration in the development of low-grade ESS.
In the present tumor, immunohistochemical expression of
H3K27me3 and SUZ12 were both retained.

MEAF6 encodes a member of the acetyl transferase com-
plexes, which also include NuA4, HBO1, and MOZ/MORF.
NuA4 complex contains products of the EPC1, EP400, and
BRD8 genes [12].MEAF6-PHF1 fusion gene is detected in a
subset (11%) of low-grade ESS [3, 4], and in these tumors,
exon 5 of MEAF6 is fused to the partner gene, in contrast to
exon 4 in the present case. The oncogenic role of MEAF6
rearrangement is largely unknown; however, a few studies
suggested that EPC1-PHF1 and MEAF6-PHF1 fusion pro-
teins may induce abnormal histone acetylation of PHF1 target
genes, which are normally maintained in the repressed state
[4, 12].

The diagnosis of the present tumor was challenging be-
cause of two reasons. First, the tissue was mostly hypocellular
and myxoid in the initial biopsy without characteristic pat-
terns. The histological spectrum of low-grade ESS is broad,
and variations include fibromyxoid morphology and differen-
tiation into sex cord, smooth muscle, and epithelium [1].
Classic tongue-like infiltration and swirling growth around
arterioles were identified only in the re-biopsy specimen,
which supported the diagnosis of low-grade ESS. Although
the immunophenotype of low-grade ESS is relatively non-
specific, expression of ER and CD10 is highly recurrent.
Myogenic differentiation was limited to the focal areas in this
case, which was, along with the histomorphology, incompat-
ible with smoothmuscle tumor. The present tumor also did not
fit with high-grade ESS, because of long clinical course, ab-
sence of necrosis, low proliferative activity (reflected by low
Ki-67 index), and negative expression for BCOR and cyclin
D1. Focal CD34 expression in the present tumor, which partly
misdirected the initial assessment, is a rare, but documented
feature of low-grade ESS [13].

Second, the tumor was located in the abdominal wall, and
with the previous uterine tumors having been reported as
leiomyomas, low-grade ESS was not included in the initial
differential diagnosis. Low-grade ESS can metastasize to the
abdominal wall, but the close proximity of the sarcoma to the

postoperative scar in this case might not be incidental, because
abdominal scar is a known recipient of implantation of uterine
pathology [14].

Molecular testing to detect specific fusions can be helpful
in the diagnosis of low-grade ESS, given that they are absent
in other mesenchymal neoplasms occurring in the gynecolog-
ic organs [2]. However, the specificity depends on the histo-
logical context, because ossifying fibromyxoid tumor, which
usually occurs in the somatic soft tissue, shares with low-
grade ESS, some fusions involving PHF1 and BCOR [15].

In summary, we reported a case of low-grade ESS with a
novel MEAF6-SUZ12 fusion. The case also highlighted the
challenge of diagnosing low-grade ESS with an uncommon
histological pattern and the critical role of clinical information
in the histological assessment.

Acknowledgements The authors thank Sachiko Miura, Toshiko
Sakaguchi, Chizu Kina, and Sachiyo Mitani for superb technical
assistance.

Author’s contributions NM and AY conceived and designed the study,
and wrote, edited, and reviewed the manuscript. NM, HY, and AY did
histological assessment. MS and HI did molecular analyses. EK, TK, and
AK collected clinical samples. MF supported the study. All authors gave
final approval for publication.

Funding This work was supported in part by JSPS Grant-in-Aid for
Young Scientists (18K15108 and 18K15110), by a Grant-in-Aid for
Practical Research for Innovative Cancer Control from AMED
(17ck0106168h0003), and by a National Cancer Center Research and
Development Fund (29-A-2).

Compliance with ethical standards

The study was approved by the institutional review board (2014–089).

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Baker P, Oliva E (2007) Endometrial stromal tumours of the uterus:
a practical approach using conventional morphology and ancillary
techniques. J Clin Pathol 60:235–243

2. Chiang S, Ali R, Melnyk N, McAlpine JN, Huntsman DG, Gilks
CB, Lee CH, Oliva E (2011) Frequency of known gene rearrange-
ments in endometrial stromal tumors. Am J Surg Pathol 35:1364–
1372

3. Micci F, Gorunova L, Agostini A, Johannessen LE, Brunetti M,
Davidson B, Heim S, Panagopoulos I (2016) Cytogenetic and mo-
lecular profile of endometrial stromal sarcoma. Genes Chromosom
Cancer 55:834–846

4. Panagopoulos I, Micci F, Thorsen J, Gorunova L, Eibak AM,
Bjerkehagen B, Davidson B, Heim S (2012) Novel fusion of
MYST/Esa1-associated factor 6 and PHF1 in endometrial stromal
sarcoma. PLoS One 7:e39354

530 Virchows Arch (2019) 475:527–531



5. Eryilmaz J, Pan P, Amaya MF, Allali-Hassani A, Dong A, Adams-
Cioaba MA, MacKenzie F, Vedadi M, Min J (2009) Structural
studies of a four-MBT repeat protein MBTD1. PLoS One 4:e7274

6. Huynh KD, Fischle W, Verdin E, Bardwell VJ (2000) BCoR, a
novel corepressor involved in BCL-6 repression. Genes Dev 14:
1810–1823

7. Pagan JK, Arnold J, Hanchard KJ, Kumar R, Bruno T, Jones MJK,
Richard DJ, Forrest A, Spurdle A, Verdin E, Crossley M, Fanciulli
M, Chenevix-Trench G, Young DB, Khanna KK (2007) A novel
corepressor, BCoR-L1, represses transcription through an interac-
tion with CtBP. J Biol Chem 282:15248–15257

8. Chiang S, Oliva E (2011) Cytogenetic and molecular aberrations in
endometrial stromal tumors. Hum Pathol 42:609–617

9. Ketel CS, Andersen EF, Vargas ML, Suh J, Strome S, Simon JA
(2005) Subunit contributions to histone methyltransferase activities
of fly and worm polycomb group complexes. Mol Cell Biol 25:
6857–6868

10. Ma X, Wang J, Ma CX, Gao X, Patriub V, Sklar JL (2017) The
JAZF1-SUZ12 fusion protein disrupts PRC2 complexes and im-
pairs chromatin repression during human endometrial stromal
tumorogenesis. Oncotarget 8:4062–4078

11. Li H, Ma X, Wang J, Koontz J, Nucci M, Sklar J (2007) Effects of
rearrangement and allelic exclusion of JJAZ1/SUZ12 on cell pro-
liferation and survival. ProcNatl Acad Sci U SA 104:20001–20006

12. Avvakumov N, Cote J (2007) The MYST family of histone acetyl-
transferases and their intimate links to cancer. Oncogene 26:5395–
5407

13. He L, Li JD, Xiong Y, Huang X, Huang L, Lin JX, Zhou Y, Zheng
M (2014) Clinicopathological and molecular markers associated
with prognosis and treatment effectiveness of endometrial stromal
sarcoma: a retrospective study in China. Arch Gynecol Obstet 289:
383–391

14. Rodgers SK, Kirby CL, Smith RJ, Horrow MM (2012) Imaging
after cesarean delivery: acute and chronic complications.
Radiographics 32:1693–1712

15. Antonescu CR, Sung YS, Chen CL, Zhang L, Chen HW, Singer S,
Agaram NP, Sboner A, Fletcher CD (2014) Novel ZC3H7B-
BCOR, MEAF6-PHF1, and EPC1-PHF1 fusions in ossifying
fibromyxoid tumors–molecular characterization shows genetic
overlap with endometrial stromal sarcoma. Genes Chromosom
Cancer 53:183–193

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Virchows Arch (2019) 475:527–531 531


	Low-grade endometrial stromal sarcoma with a novel MEAF6-SUZ12 fusion
	Abstract
	Introduction
	Case report
	Discussion
	References


