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Summary

The AFF2 gene encodes a protein involved in transcriptional regulation and chroma-
tin remodeling. While primarily associated with Fragile X syndrome, AFF2 fusions have
recently been identified in certain malignancies, mostly sinonasal squamous cell carci-
noma. Recently it has been implicated in an intra-abdominal sarcoma linked to endome-
triosis. We present the case of a 71-year-old woman with a 19 cm ovarian mass arising in
cystic endometriosis. Histological examination revealed high-grade undifferentiated sar-
coma with spindle to epithelioid morphology, high nuclear atypia, a high mitotic index, and
extensive necrosis. Immunohistochemistry demonstrated positivity for Vimentin, ER, PR,
CD10, focal WT1, Desmin, and NTRK, with aberrant p53 expression in 75% of tumor cells.
RNA sequencing identified a novel ZDHHC9::AFF2 fusion. The patient underwent chemo-
therapy with epirubicin and ifosfamide but experienced recurrence with lymph node and
peritoneal involvement and succumbed to the disease after 9 months.

In conclusion, this case expands the morphological spectrum of AFF2-related sarcomas,
providing further evidence of their pathological heterogeneity. Moreover, it identifies a novel
fusion, which may have implications for tumor classification and diagnostic refinement. The
morphological findings also suggest a possible association with poor clinical outcomes.

Key words: Sarcoma, undifferentiated gynecologic sarcoma, ZDHHC9::AFF2 sarcoma,
cystic endometriosis

Introduction

The AFF2 gene, located on the X chromosome and initially recognized
for its association with Fragile X syndrome, encodes a protein crucial for
transcriptional regulation and chromatin remodeling. It is part of the AF4/
FMR2 protein family, which interacts with RNA and chromatin to regulate
gene expression .

Emerging research has increasingly linked AFF2 to cancer biology.
It has been identified in a subset of nonkeratinizing squamous cell
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carcinomas in the sinonasal region and skull base,
typically featuring papilloma-like growths with transi-
tional cells exhibiting eosinophilic to amphophilic cyto-
plasm and uniform nuclei. Minimal keratinization is ob-
served, and keratin pearls are rare. The tumor stroma
is characterized by an abundance of tumor-infiltrating
neutrophils or stromal lymphocytes 2.

In the gynecologic context, AFF2 has been reported
in a case of WWTR1::AFF2 fusion intra-abdominal
sarcoma linked to endometriosis. Histologically, the
tumor consisted of spindle to epithelioid cells in long
fascicles, with a hypocellular, myxoid stroma, and a
notable lymphocytic infiltrate as in the sinonasal tract.
The lesion exhibited low mitotic activity and absence
of necrosis 3.

In order to expand the morphological and clinical fea-
tures of AFF2-sarcomas, herein we present a case
of ovarian high-grade undifferentiated sarcoma aris-
ing in cystic endometriosis characterized by a novel
ZDHHCO9::AFF2 fusion.

Materials and methods

IMMUNOHISTOCHEMISTRY

The following immunostains were performed accord-
ing to the manufacturer’s protocol: CAM5.2, CKAE1/
AE3, EMA, BerEP4, Vimentin, Calretinin, Caldes-
mon, Desmin, DOG1, CD117, MelanA, HMB45, S100,
CD10, PAX8, BCOR, CyclinD1, CD99, WT1, MDM2,
MyoD1, MIFT, NTRK, Estrogen and Progesterone Re-
ceptor (ER, PR).

RNA SEQUENCING

RNA was extracted from formalin-fixed paraffin-em-
bedded (FFPE) tumor tissue using Maxwell CSC
instrument (Promega, Madison, USA) with the Max-
well RSC RNA FFPE kit (Promega, Madison, USA)
according to the manufacturer’s protocol.

To identify genomic rearrangements, 300 ng of total
RNA were used for a targeted RNA-Seq with Sure-
SelectXT HS2 RNA system with Human All Exon
V6 + COSMIC Probe (Agilent Technologies, Santa
Clara, CA, USA) used according to the manufactur-
er’s instructions (version A1, September 2020). The
sequencing run was performed in paired-end mode
(2 X 151-bp reads) using the lllumina NextSeQ 550
platform and generating at least 30 million reads per
sample.

The resulting alignment files were then used by the
STAR-Fusion and Arriba pipelines to identify any can-
didate fusion transcripts.

DNA MeTHYLATION PROFILING AND CoPY NUMBER
ANALYSIS

Tumor samples were obtained from formalin-fixed,
paraffin-embedded (FFPE) tissue blocks, specifically
using ten 10 um scrolls. Areas with tumor cell content
above 70% were selected to ensure sample integrity.
Genomic DNA was extracted via the MagPurix FFPE
DNA Extraction Kit (Zinexts, Life Science Corporation,
New Taipei City, Taiwan) using automated procedures.
DNA methylation analysis was conducted using the
Infinium Methylation EPIC (850k) BeadChip (lllumi-
na, San Diego, CA, USA), following the recommend-
ed protocol. Quality control assessments confirmed
adequate DNA quality, effective bisulfite conversion,
and sufficient tumor purity. The raw methylation data
(IDAT files) were analyzed using the version 12.2 of
the Sarcoma Classifier (https://www.molecularneuro-
pathology.org), following established methodologies.
Copy number variation (CNV) plots were generated
based on methylation data, and structural rearrange-
ments were visualized using the Integrative Genomic
Viewer (IGV) software.

Case report

The patient, a 71-year-old woman, was admitted to
our hospital with abdominal pain caused by a 19 cm
right ovarian mass. She presented with ascites, and
the neoplastic markers tested were negative except
for Ca125 (1943 U/ml) and Ca19.9 (2018 U/ml). The
patient underwent total hysterectomy with bilateral
salpingo-oophorectomy. Grossly, the right-adnexa
was replaced by a solid-cystic neoplasia with necrosis
and hemorrhage.

Histologically, the lesion exhibited a proliferation of
spindle cells with high-grade atypia, occasional cells
with multinucleated and bizarre features were present.
The cells were arranged in a fascicular pattern with
occasional whirling, transitioning to vaguely epithelioid
appearance. The vasculature was fine and delicate,
featuring arciform vessels. Inflammatory infiltrate was
present. The mitotic count was high, approximately 36
mitoses per 10 high-power fields (HPF). Necrosis was
abundant (Fig. 1).

Immunohistochemistry revealed that the lesion was
positive for Vimentin, ER, PR, CD10, focal positivity
for WT1, Desmin, and NTRK. p53 showed a nuclear
positive staining in 75% of cells. It was negative for
all other markers tested, including CAM5.2, CKAE1/
AE3, EMA, BerEP4, Calretinin, Caldesmon, DOGH,
CD117, MelanA, HMB45, S100, PAX8, BCOR, Cyclin
D1, CD99, WT1, MDM2, MyoD1, and MIFT (Fig. 2).
There were also columnar to flat cells with reactive
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Figure 1. Histological examination showed a spindle cell proliferation with high-grade atypia (A), occasional bizarre cells (B),
arranged in fascicular and whirling patterns, transitioning to a vaguely epithelioid appearance (C). Fine, arciform vasculature
(D), inflammatory infiltrates (E) and mitosis (F) were observed.

Figure 2. Immunohistochemistry analysis showed a diffuse positivity for CD10, ER/PR, p53 was positive in 75% of the cells,
focal positivity was detected for WT1, Desmin and NTRK. The cystic area and the periphery of the lesion were lined by benign
epithelium composed
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Figure 3. Histological features of the cystic endometriosis associated to the sarcoma with ER (D), PR (E) and PAX8 (F) positivity.
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Figure 4. lllustrative representation of the chimeric transcript between the exon 3 of ZDHHC9 gene and the exon 2 of AFF2

gene, found by next-generation sequencing.

atypia, which were positive for ER, PR, and PAXS,
consistent with endometriosis (Fig. 3).

RNA sequencing identified a novel ZDHHC9 (exon
3)::AFF2(exon 2) fusion (Fig. 4).

According to the DNAm, it classified with low calibrat-
ed score (CS = 0.6) as well/dedifferentiated liposarco-
ma and the CNVs found were: deletion of Chr2q and
Chr3p, 4p gain (TERT amplification), Chr7q loss, and
gain of CCND2.

The patient underwent 6 cycles of chemotherapy with
epirubicin and ifosfamide. After 9 months, she expe-
rienced a recurrence involving lymph nodes and the
peritoneum and died of disease.

Discussion

Endometriosis is characterized by the abnormal
growth of endometrial-like tissue outside the uter-
us affecting 5-15% of all women*. Although typically
benign, in rare cases it presents an association with
malignant transformation*”. Studies estimate a trans-

formation rate between 0.5% and 1% “.

Several factors contribute to the risk of endometrio-
sis-related malignancy, including postmenopausal
status with elevated estrogen levels, both from exoge-
nous hormone therapies and endogenous sources in
obese individuals 8.

Sampson ° in 1927 and RB Scott °in 1953 estab-
lished criteria that require a continuum of morpho-
logical alterations from benign to malignant lesion.
Indeed, atypical endometriosis is recognized as a pre-
malignant precursor frequently associated with can-
cers, reflecting its role in the malignant transformation
process. This phenomenon has been demonstrated
after several years when sequencing studies showed
a clonal relationship between endometriosis and its
malignant counterparts, confirming that cancers can
arise from adjacent endometriotic foci. Mutations in
genes such as TP53, KRAS, PTEN, PIK3CA, and ARI-
D1A, along with the loss of mismatch repair enzyme
expression and microsatellite instability, have been im-
plicated in the development of cancer from endome-
triosis 8. Among various gynecologic cancers, clear-
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cell and endometrioid carcinomas are often linked to
endometriosis, where a direct clonal connection has
been established between endometriosis, acting as a
precursor, and the development of these cancers "2,
On the “stromal” side, in 2013, Masand et al. '3 report-
ed a series of 63 cases of extra-uterine endometrial
stromal sarcoma (EESS). They found that the majority
of EESS cases were in the pelvis, ovary, or attached
to the bowel wall, generally exhibiting classical histo-
logical features. Marked diffuse pleomorphism was
observed in three cases.

In this background and with the evolving use of mo-
lecular testing, an intra-abdominal spindle cell sarco-
ma associated to endometriosis with WWTR1::AFF2
fusion was described. The lesion was composed of a
“plump spindle to epithelioid cell” proliferation with low
mitotic activity and absence of necrosis; the patient
was free of disease after 11 months.

Herein we expanded the spectrum of endometrio-
sis-associated undifferentiated sarcoma with a new
case composed of spindle to epithelioid cells with
frequent nucleoli, high-grade atypia, necrosis, and
high mitotic index, characterized by a novel ZDHH-
C9::AFF2 fusion and a poor prognosis.

From an immunohistochemical point of view,
WWTR1::AFF2 and ZDHHC9::AFF2 share common
marker of “stromal” differentiation such as WT7, ER
and PR positivity while CD10 was positive only in the
latter. Moreover, our case exhibited aberrant NTRK
positivity, consistent with literature findings that de-
scribe non-specific NTRK expression in a subset of
undifferentiated uterine sarcomas™.

The methylation profiling analysis excluded classifi-
cation of the tumor as an HG-ESS. Furthermore, the
clustering with liposarcoma does not define an adipo-
cytic differentiation lineage, but rather reflects the fact
that this entity is not yet represented in the current
classifier.

Finally, our case seems to fall within the same spec-
trum as that previously described by Dashti at al. 3.
Although both tumors share similar morphological
features, such as spindle-to-epithelioid cells with
prominent nucleoli, our case demonstrates more ag-
gressive characteristics, including marked atypia, high
mitotic activity, and necrosis. These variations could
be attributed to differences in fusion partners between
the cases. The ZDHHC9 gene, encoding a palmito-
yltransferase enzyme that regulates protein stability
and function ', has been associated with various tu-
mors, such as acute myeloid leukemia ® and in colon
cancer . Interestingly, its overexpression correlates
with breast tumor growth 8. These morphological and
molecular distinction could lead to a poorer prognosis
in our case.

In conclusion, this case of high-grade undifferentiated
sarcoma with ZDHHC9::AFF2 fusion associated with
endometriosis broadens the spectrum of AFF2-relat-
ed malignancies and underscores the complexity of
tumorigenesis in endometriosis-associated tumors.
The role of ZDHHC9 in multiple oncogenic pathways
highlights its potential as a therapeutic target. Inhib-
iting its activity may reverse the oncogenic effects of
dysregulated palmitoylation '8, and thus further stud-
ies are needed to investigate the molecular mecha-
nisms driving this fusion and to explore its potential as
a novel therapeutic target.
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