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Abstract

With the widespread application of next generation sequencing, the genetic landscape of uterine 

mesenchymal neoplasms has been evolving rapidly to include several recently identified fusion 

genes. Although chromosomal rearrangements involving the 10q22 and 17q21.31 loci have been 

reported in occasional uterine leiomyomas decades ago, the corresponding KAT6B::KANSL1 
fusion has been only recently identified in two uterine tumors diagnosed as leiomyoma and 

leiomyosarcoma. We herein describe 13 uterine stromal neoplasms carrying a KAT6B::KANSL1 
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(n=11) and KAT6A::KANSL1 (n=2) fusion. Patient ages ranged from 33 to 81 years (median, 49). 

Tumor size was 2.6 – 23.5 cm (median, 8.2). Nine tumors were myometrium-centered and three 

had an intracavitary component. Original diagnoses were mostly low-grade endometrial stromal 

sarcoma (LG-ESS; 10 cases) with atypical features (limited CD10 expression, sex cord-like 

features, pericytic vasculature, and frequent myxoid changes). Treatment was hysterectomy +/− 

bilateral salpingo-oophorectomy (10), myomectomy (1) and curettage (2). Five patients were 

disease-free at 6 to 34 months, 3 (27%) died of disease at 2 to 47 months, and three were 

alive with disease at 2, 17 and 17 years. Histologically, most tumors showed variable overlap 

with LG-ESS, but they were generally well circumscribed lacking the extensive permeative and 

angioinvasive growth typical of LG-ESS. They were composed of monotonous medium-sized oval 

and spindle cells arranged into diffuse sheets with prominent spiral-type arterioles and frequent 

pericytoma-like vascular pattern. Variable myxoid stromal changes were frequent. Mitotic activity 

ranged from 1 to >20 in 10 HPFs. Immunohistochemistry showed variable expression of CD10 

(12/13), ER (8/11), PR (8/11), smooth muscle actin (9/11), desmin (4/12), h-caldesmon (2/10), 

calretinin (3/8), inhibin (1/7), WT1 (4/7), cyclinD1 (5/11; diffuse in only one case) and pankeratin 

(5/10).

This series characterizes a KAT6B/A::KANSL1-fusion positive uterine stromal neoplasm within 

the morphological spectrum of LG-ESS but with atypical features. The relationship of these 

neoplasms to genuine LG-ESS remains unclear. This molecular subtype of uterine ESS has 

the potential for an unfavorable clinical course despite absence of widely invasive growth; 

nevertheless, analysis of more cases is necessary to delineate the phenotypic spectrum and 

biological potential of this tumor.
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INTRODUCTION

During the last two decades, significant progress has been made in elucidating the 

genetic landscape of uterine mesenchymal neoplasms, with delineation of novel entities 

and characterization of the molecular drivers in the spectrum of established neoplasms. 

Most of these recent advances concern identification of fusion genes.1–3 In smooth 

muscle neoplasms, PLAG1 and PGR fusions have been recognized as genetic drivers in 

subsets of leiomyosarcomas characterized by prominent myxoid and epithelioid/rhabdoid 

features, respectively.4–6 ALK fusions have been confirmed in inflammatory myofibroblastic 

tumors.7–9 In the spectrum of fibrosarcoma-like malignancies, a variety of recurrent fusions 

have allowed identification of distinct entities, including NTRK, COL1A1::PDGFB, and 

RET fusions.10,11 Uterine tumors resembling ovarian sex cord stromal tumors (UTROSCT) 

represent another tumor with recently characterized recurrent fusion genes involving ESR1, 
GREB1, NCOA1–3, and others.12–14

The molecular landscape of uterine endometrial stromal neoplasms has emerged as well 

to include recurrent gene fusions in low-grade (LG-) and high-grade (HG-) endometrial 
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stromal sarcoma (ESS).2 The JAZF1::SUZ12 fusion characterizes the majority of LG-ESS, 

but many other variants (JAZF1::BCORL1, MEAF6::SUZ12, EPC1::SUZ12, EPC1::BCOR 
and others) have been reported recently.2,15–17 On the other hand, the HG-ESS variant 

frequently harbors YWHAE::NUTM2A/B, ZC3H7B::BCOR, LPP::BCOR fusions or BCOR 
internal tandem duplications.18–20

Although chromosomal rearrangements involving the 10q22 and 17q21.31 loci have been 

reported in occasional uterine smooth muscle tumors decades ago21–23, the corresponding 

KAT6B::KANSL1 fusion has been only recently identified in two uterine tumors diagnosed 

as leiomyoma24 and leiomyosarcoma.25 In the current study, we expand the morphologic 

and genotypic spectrum of a novel uterine stromal neoplasm characterized by recurrent 

KAT6B/A::KANSL1 fusions. Given the evolving entity-specific guidelines for treatment 

and follow-up of patients with uterine sarcomas, it seems justified to correctly identify and 

precisely subtype these emerging tumors so that they can be better stratified for optimized 

therapy and follow-up strategies.26

MATERIALS AND METHODS

Cases were identified in the consultation files of the authors (n=11) and in the routine 

files of the Pathology Department, Erlangen, Germany. The tissue specimens were fixed in 

formalin and processed routinely for histopathology. Due to the consultation nature of most 

of the cases, immunohistochemistry (IHC) was performed in different laboratories and the 

stains varied from case to case, based on tissue availability (details of the staining protocols 

and antibody sources are available upon request). Results of cyclin D1 immunostaining were 

assessed in a binary fashion as either diffuse or homogeneous (>70% of nuclei stained) or 

non-diffuse (variable or heterogeneous nuclear staining in <70% of cells).27

Next generation sequencing

For Cases 1, 2, 3 and 13 (Table 1), RNA was isolated from formalin-fixed paraffin 

embedded (FFPE) tissue sections using RNeasy FFPE Kit of Qiagen (Hilden, Germany) 

and quantified spectrophotometrically using NanoDrop-1000 (Waltham, United States). 

Molecular analysis was performed using the TruSight RNA Fusion panel (Illumina, Inc., 

San Diego, CA, USA) with 500 ng RNA as input according to the manufacturer`s protocol. 

Libraries were sequenced on a MiSeq (Illumina, Inc., San Diego, CA, USA) with > 

3 million reads per case, and sequences were analyzed using the RNA-Seq Alignment 

workflow, version 2.0.1 (Illumina, Inc., San Diego, CA, USA). The Integrative Genomics 

Viewer (IGV), version 2.2.13 (Broad Institute, REF) was used for data visualization.28

Cases 4 to 9 were subjected to targeted RNA sequencing using Illumina RNA-Fusion assay 

as described previously.12 The RNA from the FFPE tissue in Cases 10 and 12 was subjected 

to transcriptomic sequencing using the TruSeq RNA Exome kit (Illumina, San Diego, CA, 

USA) as previously reported.29

Fluorescence in-situ hybridization (FISH) was performed on Case 1, 2 and 3 

on formalin-fixed paraffin-embedded 4 μm tissue sections using custom bacterial 

artificial chromosomes (BAC) flanking KAT6A, KAT6B and KANSL1 using the 
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methods described previously [30] (supplementary table). For case 10, reverse 

transcription polymerase chain reaction (RT-PCR) was conducted as previously 

described, using primer sets as follows: 5’-GAAAGACGGACCGCAGTACA-3’ 

(forward primer, set 1), 5’-TGCAGCAACAGACATTGGGA-3’ (reverse primer, 

set 1), 5’-TGGGAGCTTAGATGGCAAAGG-3’ (forward primer, set 2), and 5’- 

TTCTCTACGCGAGTTGTTGC-3’ (reverse primer, set 2).30

RESULTS

Clinical features

The main clinicopathological and demographic features are summarized in Table 1. 

Patient age ranged from 33 to 81 years (median, 49). All patients presented with 

non-specific symptoms indistinguishable from uterine fibroids. Nine patients received 

hysterectomy (three after initial enucleation/ myomectomy) with or without bilateral 

salpingo-oophorectomy. Two patients underwent curettage only. One patient received 

myomectomy for her primary tumor and total abdominal hysterectomy with bilateral 

salpingo-oophorectomy and debulking surgery for extensive local pelvic and peritoneal 

recurrence (7 years after diagnosis), followed by further surgeries for additional recurrences 

(1.5 and 8 years after 1st recurrence). She also received palliative chemoradiation and 

hormone therapy. Follow-up was available for 11 patients ranging 2 to 204 months (median, 

23). Three patients (27%) died of disease at 2, 10, and 47 months after diagnosis; three were 

alive with persistent disease at 24, 204 and 204 months. One of the patient with long-term 

follow-up had persistent disease verified by curetting 17 years after initial curetting but exact 

status of her disease was unknown. The other patient developed multiple recurrences at 7, 

8.5 and 17 years. Lung metastases were diagnosed synchronously in one patient and at 46 

months in another. Five patients were alive without disease recurrence or metastases at 6, 9, 

10, 17 and 34 months.

Pathological findings

The major findings are summarized in (Table 2). Tumor size ranged from 2.6 – 23.5 cm 

(median, 8.2) when this information was available. All tumors but one were solitary. Nine 

tumors were myometrium-centered, while three had a variable intracavitary component and 

one had an exophytic component projecting from the uterine serosa (Case 13). One patient 

presented with a 7.5 cm myometrial nodule and another larger nodule (15 cm) within the 

broad ligament. Eight of 11 tumors were well circumscribed but non-encapsulated, lacking 

the permeative growth of LG-ESS (Fig. 1A, B). Four tumors had infiltrative borders with 

variable entrapment of myometrium (Fig. 1C, D), but only one (Case 13) showed classical 

permeative pattern of LG-ESS. Their histology was largely similar with minor variations 

from case to case. The tumor cells were small to medium-sized monomorphic rounded to 

ovoid or spindled with a small rim of pale-eosinophilic to clear cytoplasm with indistinctive 

cell borders (Fig. 2A–D). Spiral-like arterioles were seen at least focally in all cases and 

were most prominent near the myometrial border (Fig. 2A). Focal to diffuse myxoid 

stroma was also noted in 9 cases, frequently with abrupt transition between non-myxoid 

and myxoid areas (Fig. 3A, B). In the background of myxoid areas, prominent thin-walled 

vessels were seen with communicating (Fig. 3C) or hemangiopericytoma-like (Fig. 3D) 
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pattern. Six cases showed foci with prominent sex cord-like branching corded and trabecular 

arrangements (Fig. 4A, B). Brightly eosinophilic collagenous deposits of variable shape and 

amount were present within the background stroma of 8 cases (Fig. 4C, D). Lymphovascular 

invasion was present in two cases, one of which exhibited frankly pleomorphic sarcomatous 

features (Fig. 1C, D; Fig. 4E). Foci with moderately eosinophilic stained cells resembling 

smooth muscle cells were seen focally in 6 cases (Fig. 4F). The mitotic counts ranged 1 to 

>20 (median, 3) per 10 high-power fields (Fig. 2C, D). Areas of necrosis were present in 9 

tumors and were extensive in one. In Case 5, the uterine nodule showed similar histology as 

other cases, while the larger broad ligament nodule was less differentiated suggesting tumor 

progression (both nodules showed same fusion indicating common origin, see molecular 

results below).

Immunohistochemistry (Table 3) showed expression of CD10 (12/13; Fig. 5A, B), ER (8/11; 

Fig. 5C), PR (8/11), and variably mostly limited smooth muscle actin (9/11; Fig. 5D), 

desmin (4/12), h-caldesmon (2/10), calretinin (3/8), inhibin (1/7), WT1 (nuclear; 4/7), and 

pankeratin (5/10). While variable heterogeneous expression of cyclin D1 was seen in 5/11 

cases, diffuse expression (≥70% of cells) was noted in only one case.

Molecular results

RNA sequencing revealed KAT6B::KANSL1 fusion in 11 cases and a novel 

KAT6A::KANSL1 fusion in two tumors (Table 4; Fig. 6). Eight KAT6B-rearranged tumors 

contained an exon 3 (of 18) fusion and two contained an exon 4 (of 18) fusion to KANSL1 
(exon 11 of 15). In Case 5, the two tumor nodules were tested separately; both showed same 

KAT6B::KANSL1 fusion. Two tumors had a KAT6A::KANSL1 fusion between exon 2 of 

KAT6A to exon 11 of KANSL1. Case 1, 2 and 3 were tested also by FISH, which confirmed 

the presence of KAT6A, KAT6B and KANSL1 rearrangements (Fig. 7A, B). The fusion 

junction in Case 10 was validated with RT-PCR (Fig. 7C).

DISCUSSION

Lysine Acetyltransferase 6B (KAT6B; earlier named the monocytic leukemia zinc 

finger protein-related factor or MORF) is a member of the MYST family of histone 

acetyltransferase, and maps to chromosomal region 10q22.31. KAT6A is another member 

of the histone acetyltransferase family, mapping to 8p11.21.32 These proteins influence the 

accessibility of DNA to transcription factors and are hence involved in the regulation of 

transcription and the cell cycle control.33 Rearrangements involving KAT6B and KAT6A 
have been reported in a subset of acute leukemia, but they are very rare in solid tumors.34–36

KAT8 Regulatory non-specific lethal Complex Subunit 1 (KANSL1) maps to 17q21.31 

and is an evolutionarily highly conserved protein.37 Mutations in KANSL1 have been 

established as responsible for the 17q21.31 microdeletion syndrome.37 Gene fusions of 

KANSL1 have been reported in hematological malignancies, but involvement in solid 

tumors is exceptionally rare.38,39

Until recently, the role of the histone acetyltransferase family members KAT6B (10q22) 

and KAT6A (8p11.21), and the KANSL1 gene (17q21.31), in the pathogenesis of uterine 
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mesenchymal neoplasms remained poorly understood. In 1988, Dal Cin et al. reported a 

t(10;17)(q22.1;p13) translocation in a cellular highly mitotically active uterine neoplasm 

with focal epithelioid features in a 39-year-old female.21 Morphologically, this neoplasm 

showed fascicles of spindle cells along with whorls of cells surrounding prominent small 

vessels; moreover, the report described distinct epithelial areas. A few years later, in 1993, 

Ozisik et al. detected 10q22 rearrangements in eight conventional and one cellular uterine 

leiomyoma but no recurrent translocation partner was detected.22 The 10q22-rearranged 

tumors represented 5% of all chromosomally abnormal leiomyomas in that study22; 

regrettably, this report did not include clinical or pathologic descriptions of these tumors.

In a cytogenetic study in 2004, Moore et al. reported recurrent chromosomal rearrangements 

involving 10q22 in four tumors described as uterine leiomyomas, two of which were 

cellular.23 The authors identified KAT6B (MORF) as corresponding to the 10q22 

rearrangement, but the fusion partner remained elusive.23 They found that the KAT6B 
breakpoints in uterine tumors were distinct from those reported in acute myeloid 

leukemia.23,32 Although three of their four cases showed recurrent involvement of 17q21 

– in retrospect compatible with a KAT6B::KANSL1 fusion – the partner gene remained 

unknown at that time.23

Aside from these early cytogenetic studies, which lacked detailed histopathologic 

descriptions, the KAT6B::KANSL1 fusion has only recently been reported in three 

neoplasms: a retroperitoneal leiomyoma40, a cellular uterine leiomyoma24 and a uterine 

leiomyosarcoma.25 The tumor reported by Panagopoulos et al. in a 45 year-old woman was a 

large retroperitoneal mass. Morphologically unusual, this was a hypocellular spindle-stellate 

cell neoplasm with prominent loose fibromyxoid stroma.40 The tumor cells expressed 

desmin, smooth muscle actin, estrogen receptor, and progesterone receptor. However, h-

caldesmon and CD10 were not reported. The patient remained disease-free 4 years later. 

The second case, reported by Ainsworth et al., comprised a rapidly growing uterine mass 

carrying the same fusion.24 Morphologically striking, and bearing overlap with some of 

the cases in our cohort, this tumor was cellular and composed of fascicles of spindle cells 

interrupted by thick-walled vessels or fibrous regions. The tumor expressed desmin and 

h-caldesmon, along with strong patchy immunoreactivity to CD10. The patient was disease-

free six month after hysterectomy [24]. The third case was a uterine “leiomyosarcoma” 

harboring a KAT6B::KANSL1 fusion included in the TCGA cohort (TCGA-HS-A5N8).25 

KAT6A has been only very rarely reported as a fusion partner in cancer; reported in a 

case of acute myeloid leukemia carrying a KAT6A::CREBBP fusion35 and in a renal cell 

carcinoma carrying a KAT6A::TFE3 fusion.36 The KAT6A::KANSL1 fusion detected in two 

of our cases is novel.

The tumors reported in the current study frequently showed morphologic and 

immunophenotypic overlap with LG-ESS, a subset of which appeared to show sex cord-like 

differentiation. In addition, some of the tumors had myoid cell features. Notably, most, 

but not all, tumors had well-defined borders at their myometrial interface, while four 

tumors displayed variable (mostly subtile) myoinvasive growth including one tumor with the 

characteristic multinodular plexiform infiltrating pattern and/or the extensive intravascular 

permeation within the myometrium seen in the majority of LG-ESS.41,42 The overall 
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appearance showed variability in cell morphology (ovoid to spindle cells), architecture 

(solid sheets, variable storiforming, and/ sex cord-like patterns) and stroma (variable 

fibromyxoid features with pericytoma-like vasculature). Likewise, the immunoprofile was 

not as consistent as in conventional LG-ESS. The frequent presence of myxoid features 

in our cohort is notable as is the presence of brisk mitotic activity in many cases. One 

tumor lacked CD10 expression but otherwise had a LG-ESS-compatible morphology. The 

lack of WT1 reactivity in many of these tumors represents another unusual feature when 

compared to conventional LG-ESS. Likewise, homogeneous expression of cyclinD1, seen in 

one case, is a consistent feature of HG-ESS and is unexpected in LG-ESS.27 A subset of 

our cases showed frequent, albeit variable, immunoreactivity for smooth muscle actin and 

less frequently desmin; it is conceivable that this feature in conjunction with focal myoid 

cell appearance might be responsible for misattributing a subset of cases as leiomyoma 

or leiomyosarcoma in the past.21–25,40 Moreover, a diagnosis of leiomyoma, STUMP 

or leiomyosarcoma was considered originally in some of our cases. However, with the 

exception of variable moderate cytoplasmic eosinophilia, the tumor cells did not show 

classical cytological (larger elongated cells with fibrillary eosinophilic cytoplasm), nuclear 

(blunt-ending cigar-shaped nuclei), or architectural (compact intersecting fascicles) features 

of smooth muscle cells. While the 13 cases in our cohort share significant overlap with 

LG-ESS, it is presently unclear whether these tumors are in fact related; this is highlighted 

by a fact that most cases appeared to be myometrial based. Furthermore, given that one 

tumor reportedly in the literature arose outside of the uterus40, it remains unclear whether 

these tumors are limited to the uterus.

In view of the well-known morphologic heterogeneity in conventional LG-ESS, it is 

conceivable the current cases reflect a molecular subtype of LG-ESS. Nevertheless, the 

absence of genetic overlap to date, combined with several, albeit in part subtle, morphologic 

differences, raises the possibility these neoplasms represent potentially a distinct entity with 

morphologic and immunophenotypic overlap with LG-ESS and smooth muscle neoplasms. 

It is conceivable that with larger cohorts, and more in-depth study with gene expression and/ 

or methylation profiling studies, these issues will be resolved in the future.

Although many tumors in our series showed brisk mitotic activity and variation in cellularity 

suggesting high-grade transformation43, no recognizable transition from low-grade to high-

grade areas was noted and the mitotic activity was similarly high in those less cellular tumor 

areas with prominence of spiral and thick-walled arterioles, especially at the myometrial 

interface. The fact that 27% of patients died of their disease at a median of 10 months 

suggests a biologic potential warranting designation as sarcoma. Based on the information 

available to date, we have tentatively labelled these neoplasms, which appears to have a 

striking predilection for the gynecologic tract, ‘endometrial stromal sarcoma with KAT6B/
A::KANSL1 rearrangement’.

Recognizing potential cases in routine clinical practice may pose true challenges in 

laboratories without access to or with only rare use of molecular profiling. Based on 

the findings in our current cases and given the potentially malignant clinical behavior 

associated with the KAT6B/A::KANSL1 fusions, we believe that circumscribed uterine 

tumors exhibiting mixed endometrial stromal (classic or fibromyxoid variant) and smooth 
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muscle features or showing prominent hemangiopericytomatous vascular pattern should be 

considered for molecular testing. In particular, large uterine stromal neoplasms showing 

features of LG-ESS but lacking invasive permeative growth of LG-ESS should be considered 

for analysis. Criteria to distinguish between these two prognostically significantly different 

entities have to be established. Moreover, in the setting of large retroperitoneal gynecologic 

type tumors, we would also recommend molecular testing for tumors exhibiting similar 

features to our current series. However, it is important to note that this recommendation 

is based on the series described herein and there may be an inherent bias towards testing 

tumors with unusual histologic features which may consequently be associated with more 

aggressive clinical behavior. Additional studies are needed to fully delineate the frequency, 

and the histologic and clinical spectrum of uterine and extrauterine tumors harboring 

KAT6B/A::KANSL1 fusions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Representative examples of the gross and low-power features of KAT6B::KANSL1 fusion 

sarcomas. A: Gross image showing homogeneously tan-colored well-circumscribed nodule 

with subtle peripheral lobulation confined to the myometrium. B: Low power of same 

case highlights well-defined non-infiltrative borders at the myometrial interphase. C: This 

case showed myoinvasive borders akin to conventional LG-ESS. D: Tongue-like vascular 

permeation in same case.
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FIGURE 2. 
Examples of the common histological features of KAT6B::KANSL1 fusion sarcomas. A: 

LG-ESS-like pattern with prominent spiral-type arterioles is seen in particular near the 

myometrium. B: Cellular areas with ovoid to spindled cells, note necrosis (upper left field). 

C: Brisk mitotic activity is seen also in the low-grade looking areas in mitotically highly 

active tumors (arrow heads). D: Fibrosarcoma-like spindle cell pattern with brisk mitotic 

activity (arrow heads).
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FIGURE 3. 
Representative images of the myxoid feature in KAT6B::KANSL1 fusion sarcomas. A: 

Abrupt transition from moderately pink (myoid) areas to myxoid area. Note gradual 

merging of the myoid area (midfield) and more dark-stained areas (lower right). B: Focal 

epithelioid areas showing abrupt transition to arteriole-rich paucicellular myxoid area. C: 

Higher magnification of fibromyxoid spindled areas showing prominent vascularization. D: 

Prominent pericytoma-like vascular pattern.

Agaimy et al. Page 14

Am J Surg Pathol. Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 4. 
Examples, of unusual features in KAT6B::KANSL1 fusion sarcomas. A+B: Prominent sex 

cord-like pattern (note transition to striking myoid features in A upper right field). C: 

Small focus of hyaline collagenous spherules entrapping rounded primitive cells amid highly 

cellular sarcomatous background. D: Brightly eosinophilic collagen fibers as major stromal 

component are seen focally. E: This single example of sarcomatous highly pleomorphic 

tumor shows transition from spindled fascicular growth to undifferentiated epithelioid small 

round cell morphology. F: This case shows alternating fascicles of dark-stained smaller cells 

and moderately eosinophilic (myoid) spindled cells.
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FIGURE 5. 
Representative images of the immunohistochemical findings in KAT6B::KANSL1 fusion 

sarcomas. A: Variable CD10 expression is noted. B: Strong and diffuse CD10 expression 

is seen in this case with sex cord like features. C: Homogenous expression of estrogen 

receptor. D: Moderate cytoplasmic expression of smooth muscle actin is seen in this case 

with KAT6A::KANSL1 fusion.
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FIGURE 6. 
Integrated Genome Viewer (IGV) split-screen view of read alignments of the identified 

KAT6A::KANSL1 (upper picture; Case 2) and KAT6B::KANSL1 (lower picture; Case 3) 

fusion event. Shown are the breakpoints in the KAT6A and KAT6B locus (left) and the 

KANSL1 locus (right), respectively. Alignments whose mate pairs are mapped to the fusion 

sequence are multi-colored (soft clips).
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FIGURE 7. 
Representative images of fluorescence in situ hybridization (FISH) in Case 1 showing 

break-apart signals (indicated by arrowheads) in both KAT6B (A) and KANSL1 (B). Red, 

centromeric; green, telomeric. C: RT-PCR confirming KAT6B::KANSL1 fusion in Case 10.
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