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Abstract

Herein we described the clinical, radiological, histological and molecular characteristics of seven
soft tissue aneurysmal bone cyst (STABC) diagnosed and managed at a tertiary cancer center and
to elucidate its relationship with myositis ossificans (MO). All cases had established imaging and
histopathological diagnosis of STABC and were subject to fluorescent /n situ hybridization (FISH)
for USP6 rearrangement and Archer® FusionPlex® targeted RNA sequencing analysis (RNASeq)
to identify the fusion partner. A thorough literature review of STABC and MO was conducted. The
patients presented with painful masses unpreceded by trauma, occurring most commonly in the
deep soft tissue of the thigh/gluteus (4/7), and also in the supraclavicular region, the axilla, and the
hand. On imaging, the lesions were frequently associated with peripheral calcification on
conventional radiographs and CT (6/7), cystic components on ultrasound and MRI, as well as
perilesional edema (7/7) and fluid levels (3/7) on MRI. Bone scan (1/1) showed intense radiotracer
uptake. Histologically, 6/7 cases demonstrated zonal arrangements reminiscent of MO. USP6
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rearrangement was found in all seven cases by FISH and/or RNASeq. RNASeq further detected
COL1A1-USP6fusion in six cases and a novel ANGPTL2-USP6 fusion in one case. Four patients
underwent resection of the tumors and were disease-free at their last follow-up. Three patients
who underwent incisional or needle biopsies had no evidence of disease progression on imaging
studies. In conclusion, the clinical, radiological and pathological overlap between STABC and MO
suggests that they are closely related entities. A novel fusion ANGPTL2-USP6 is associated with
distinct clinical and pathological presentation.

Myositis Ossificans-like Soft Tissue Aneurysmal Bone Cyst (MO-like STABC); USP6, COL1A1,
ANGPTLZ, CT; MRI; Radiograph

Introduction

Although primary aneurysmal bone cyst (ABC) of bone was originally thought to be reactive
when the entity was recognized by Jaffe and Lichtenstein in 19421, evidence suggesting its
neoplastic nature was established when Panoutsakopoulos and colleagues? discovered a
recurrent chromosome aberration, t(16;17)(q22;p13). This was subsequently proven by
Oliveira and colleagues to result in a fusion gene in which the promoter region of the
osteoblast cadherin 11 gene (CDH11) at 16922 is fused to the entire ubiquitin-specific
protease 6 (USPE, alias Tre2) coding sequence at 17p13, transcriptionally upregulating the
latter34. Alternative 5° fusion partners to USP6 gene— THRAPS3 (1p34.3), FOSL2 (2p23.2),
CTNNBI (3p22.1), CNBP (3921.3), SEC31A (4921.22), SPARC (5033.1), OMD (9922.31),
PAFAHI1BI (17p13.3), COL1A1 (17921.33), E/F1 (17921.2), STAT3(17921.2) and USPIX
(Xp11)—have been subsequently described®9, whereas CDH11 remains the most common
fusion partner in primary ABCs of bone.

Oliveira and colleagues tested for USP6 rearrangements in morphological mimickers of
primary ABCs such as secondary ABCs, myositis ossificans (MO), brown tumor, and
cherubism, and found USP6 rearrangements in 2 of 12 cases with classic radiological and
histological features of MO0, Recently, MO-like lesions with (/SP6 rearrangement were
reported under both terms of MO1.12 and STABC13. The discordance in nomenclature in
part reflects the overlapping radiological and pathological features of these newly defined
USP6 rearranged lesions with MO and primary bone ABC. Our cases herein referred to as
MO-like STABCs emphasize this diagnostic challenge with detailed case examples and the
value of molecular analysis for diagnostic confirmation. The objective of this study is two-
fold — (1) to describe the clinical course, radiological characteristics, and histological
features of MO-like STABC; (2) and to identify the fusion partners for USP6 by targeted
RNA sequencing (RNASeq).

Material and Methods

The study was conducted at a tertiary cancer center with approval by the Institutional
Review Board (protocol# 18-215).
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Eight patients with MO-like STABCs diagnosed between 2009 and 2018 were identified by
searching the pathology laboratory information system. Hematoxylin and Eosin (H&E)
stained slides from archival formalin-fixed paraffin-embedded (FFPE) blocks were reviewed
and radio-pathological correlation was performed. Specimens with sufficient tumor content
(>10%) that were not subjected to acid decalcification were submitted for molecular studies.

Fluorescence in Situ Hybridization (FISH) Analysis for USP6 Rearrangement

FFPE tissue samples were tested for USP6 rearrangements by a break-apart fluorescence /in
situhybridization (FISH) assay using a commercial USP6 break-apart FISH probe
(Zytovision 27572 Bremerhaven Germany). FFPE tissue sections (4 mm thick) generated
from FFPE blocks of tumor specimens were pretreated by deparaffinization in xylene and
dehydration in ethanol. Dual-color FISH assay was conducted according to the protocol for
FFPE sections from Vysis/Abbott Molecular with a few modifications. FISH analysis and
signal capture were conducted on a fluorescence microscope (Zeiss, Jena, Germany) coupled
with ISIS FISH Imaging System (Metasystems, Altlussheim, Germany). We analyzed 100
interphase nuclei from each tumor specimen, except for case 7, in which 50 interphase
nuclei were analyzed due to regional suboptimal signal quality.

RNA Extraction and Targeted Sequencing

Results

A minimum of 10 unstained slides were subject to deparaffinization. RNA extraction was
then performed using RNeasy FFPE Kit according to the manufacturer’s protocol (Qiagen,
Catalog #73504). cDNA libraries were constructed according to the Archer FusionPlex™
protocol (previously described by Zheng et al.14) with manufacturer supplied reagents
including Archer® Universal RNA Reagent Kit for Illumina® (Catalog #AK-0040-8),
Archer MBC adapters (Catalog #SA0040-45) and custom designed Gene Specific Primer
(GSP) Pool kit. A total 346 fusion unidirectional GSPs, ranging in length from 18 to 39 base
pairs, have been designed to target specific exons in 62 genes known to undergo
rearrangement in tumorigenesis based on current literature®. GSPs are hybridized in either
5’-t0-3” or 3’-to-5’ direction to the relevant exons of each gene in order to enrich the cDNA
libraries for known and novel fusion transcripts in combination with adapter-specific
primers. The enriched amplicons were sequenced on an Illumina MiSeq instrument. A high
confidence fusion event was reported when supported by a minimum of 5 breakpoint-
spanning unique reads and 3 breakpoint-spanning reads with unique start sites.

Clinical, radiological and pathological features

Of the 8 MO-like STABCSs, one case showed USP6 rearrangement by FISH but was
excluded from the study due to insufficient material for RNASeq.

The remaining 7 patients included 5 females and 2 males with a median age of 32 years (14
to 51 years). All patients presented with a painful mass without antecedent trauma. Two
patients (cases 3 and 5) had symptoms for more than 6 months. These lesions ranged from
2.4 cmto 6.0 cm in greatest dimension and were located in the thigh/gluteus (4),
supraclavicular region (1), axilla (1), and hand (1). Two lesions were juxtacortical (cases 2
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and 6). All patients underwent imaging studies. Four lesions were solid (4/7), while others
were partially cystic with fluid levels (3/7) on ultrasound and/or MRI. Peripheral
calcifications were typically seen on plain radiograph and CT (5/7) at initial presentation,
which increased over the course. On MRI, the lesions exhibited perilesional edema (7/7)
with enhancement. Bone scan (1/1) showed intense radiotracer uptake, which markedly
decreased at a follow-up bone scan. Histologically, 6/7 cases (except for case 3) had zonal
growth pattern seen in classic MO, composed of (myo)fibroblastic spindle cells,
multinucleated giant cells and blood-filled sinusoids in the center, in most cases confined by
reactive woven bone at the periphery, while the lesion in case 3 was infiltrative with
clustered calcification. FISH study in 6/7 cases showed rearrangement of USP6 with either
split of the 5” and 3’ signals or a single 3’ signal. Subsequent RNASeq detected USP6
rearrangement in all 7 cases. In 6/7 cases RNASeq showed a COL 1A1-USPé6 fusion. Case 3
had a novel ANGPTL2-USPé6 fusion. In all cases, the breakpoints were located in exon 1 of
USP6, placing the entire coding sequence of USP6 under the influence of the promoter
region of COL1A1 and most likely promoter region of ANGPTLZin case 3. (see Figure 1).
Six patients (except for patient 4) were followed for a median of 26.5 months. Patient 3
underwent resection after having persistent symptoms for about 3.5 years. The remaining
patients had resolved symptoms following resection or biopsy. The clinical, radiological, and
pathological findings of all cases are summarized in detail in Table 1.

A 32-year-old woman presented with an enlarging, painful mass in her left proximal thigh
for 2 months (Figure 2). Imaging studies showed a partially cystic mass without
calcification. Although the clinical and imaging presentations were suggestive of a nodular
fasciitis, the clinical course was not typical. A wide resection of the mass was performed.
Grossly, the mass had a thick, ossified wall and a central cystic space with hemorrhge.
Microscopic examination showed a lesion with zonal phenomenon. The inner cystic areas
were lined by fibroblast-like spindle cells and occasional osteoclast-like giant cells and
background inflammatory cells, reminiscent of ABC. In the middle zone, osteoid was being
laid down by the proliferating spindle cells, which gradually merged into the outer zone of
trabeculated, osteoblast-rimmed woven bone, focally containing cartilage. The patient
remained disease-free 3.5 years postoperatively.

A 17-year-old young man noted a painful, palpable mass in his left clavicle for 6 weeks. The
radiological differential diagnoses included infection, intracortical osteoid osteoma,
periosteal osteoblastoma, and STABC. The lesion was resected along with the periosteum.
The macro-and microscopic findings were similar to those in case 1. There was no
recurrence five months after the resection.

A 46-year-old woman noticed a mass in her left gluteus/thigh that caused soreness (Figure
3). On imaging studies, the mass continued to grow over 6 months from 5.1 cm to 6.0 cm.
Clinical and radiological differential diagnoses included deep fibromatosis (desmoid tumor),
nodular fasciitis, and MO. Biopsy showed fibroblastic spindle cell proliferation in a
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collagenized stroma. The cellularity was variable but in general low. Osteoclast-like giant
cells were focally scattered around osteoid. No blood-filled cysts or reactive bone trabeculae
were seen. The mass was resected 3.5 years after the initial presentation given the patient’s
persistent symptoms. Gross examination showed a 7.5 x 4.2 x 2.9 cm predominantly solid,
ill-defined, and lobulated mass with multifocal ossification involving the deep adipose tissue
and skeletal muscle. Histologic sections showed fibroblastic proliferation that was
previously seen on the biopsy infiltrating into adipose tissue with multiple haphazard foci of
reactive woven bone.

A 51-year-old woman suddenly noticed a tender lump in the hypothenar region of the left
hand. A needle biopsy showed a solid fibroblastic proliferation in a loose stroma alternating
with dense collagen bundles (osteoid), reminiscent of an early MO. After 3 months, the mass
was extricated displaying a vague zonal pattern with markedly decreased cellularity in the
center and mineralized collagen matrix at the periphery. The patient was lost to follow-up.

A 22-year-old woman presented with left shoulder pain for 6 months. Although the main
consideration radiologically was a MO, the anatomic site and protracted clinical course were
rather unusual.

An open biopsy showed elements reminiscent of a MO, including fibroblastic spindle cell
proliferation, osteoclast-like giant cells centered around blood-filled sinusoids, and
osteoblast-rimmed woven bone maturing into lamellar bone. A resection was not performed
given the proximity of the lesion to the brachial plexus and axillary vessels. The patient
reported significantly improved range of motion after the open biopsy, and her axillary mass
had decreased in size and residual dense calcification and remained stable at 4.5-year post-
operative follow-up.

A 14-year-old girl, an avid dancer, developed sudden pain in her right thigh 3 weeks prior to
presentation (Figure 4). The pain limited her mobility and was inadequately relieved by anti-
inflammatory medication. Imaging studies showed a solid, calcified lesion in the vastus
intermedius muscle, with associated right femoral diaphyseal periosteal reaction and intense
radiotracer uptake, raising concern for a surface osteosarcoma. No intracortical lesion was
identified. Radiological differential diagnoses were broad, including solid ABC, bizarre
parosteal osteochondromatous proliferation, and MO. Bone tumors such as Ewing sarcoma,
osteosarcoma, or osteoblastoma were also considered. An incisional biopsy showed a solid
lesion with exuberant interconnecting woven bone, favoring a benign etiology. The bony
matrix was embedded within a collagnied to myxoid stroma with variably cellular
fibroblastic spindle cells and thick-walled vessels. Occasional osteoclast-like giant cells
were also identified, however, without associated blood-filled sinusoids. The patient was
asymptomatic at the last follow-up.
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Case 7
A 42-year-old man developed subacute right thigh pain and swelling. Main differential
diagnoses based on imaging findings included MO and solid ABC. A needle biopsy
demonstrated similar findings as those in case 5. In 3 months, the mass decreased in size and
the patient’s associated pain resolved.
Discussion

Historically, “myositis ossificans”, also known as myositis ossificans circumscripta and
myositis ossificans traumatica, is localized and self-limiting. The condition affects
individuals of any age with a male predominance but is most commonly documented in
adolescents and athletically active young adults. It is commonly agreed that trauma (e.g. stab
wound, blunt trauma) or repetitive mechanical stress (e.g. “rider’s bone,” “fencer’s bone”) is
the initiating event in most cases, while arthroplasty, fractures, spinal cord damage and
thermal injury are also risk factors'6:17. It usually presents as a localized mass, but
occasionally can be infiltrative. Within a few days of trauma, radiographs show a rounded
discrete soft tissue swelling. It takes about six weeks before ossifications at the periphery
becomes apparent on radiography. In about two months, MO reaches its maximal size and
definitive outline, then continues to mature and ossify in 5 to 6 months. Although the
condition is not rare, the pathogenesis of MO has not been well elucidated. Earlier authors
placed MO in a middle ground between inflammatory process and a neoplasm, while some
pathologists favor it to be a true neoplasm16:18:19, Undoubtedly MO is a benign process and
may involute over time, therefore can be conservatively managed. But it may present to the
pathologist as a pseudosarcomatous soft tissue tumor, particularly during its rapidly
developing phase and when it arises in the juxta-cortical location, radiographically
mimicking osteochondroma or osteosarcoma (as in case 6). If biopsied, the histology may
display a highly cellular osteoblastic proliferation with osteoid or woven bone formation.
However, MO has a characteristic “zonal phenomenon,” composed of a well-delimited outer
rim of bony spicules, a central area of proliferating fibroblastic spindle cells with
multinuclear giant cells, and a transition zone of osteoblasts with islands of immature bone.
The circumscription with zonation usually separates MO from the more ominous infiltrating
surface osteosarcomas however deceptively benign the cytology the latter may show.

In 1992, Amir et al.20 reported a MO that spontaneously occurred in a 15-year-old girl,
which contained a central radiolucent area made up of multiple blood-filled, cyst-like
spaces. This lesion was interpreted as MO with ABC changes. Following this report,
Rodriguez-Peralto et al.2! first used the term “primary aneurysmal cyst of soft tissues” in
describing a MO-like lesion with histological features identical to those found in ABC of
bone. More STABCs were described in the literature and almost all of them had overlapping
clinical and radiological features of MQ10.12.13.22-31(Taple 2). As with MO, STABC affects
patients with a wide age distribution (6-62, mean age 30 years) without gender prediliction
and presents as a painful, rapidly enlarging mass. The thigh, gluteus, upper arm, shoulder
and axilla are most commonly affected regions. Although in previous reports cystic
components were common on imaging studies325, fluid-fluid levels on MRI were only
present in 3/7 (43%) of our cases, which may be explained by different temporal stages. In
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the current standard care for MO-like lesions, a biopsy is only performed when the clinical
presentation deviates from a classic MO, making watchful waiting clinically untenable. Thus
there is a selection bias in STABC and therefore, suggested clinical and radiological features
to differentiate STABC from MO such as lack of perceived trauma and protracted clinical
course are not entirely specific.

FISH and RNASeq studies for USP6 (chromosome 17p13.2) rearrangement in
STABC®10.13.27.28.31 have proved to be objective tools for diagnosis. The lesions in our
series encompassed a variety of anatomic sites (e.g. axilla, tendon insertion site), beyond the
intramuscular locations of classic MO. Still, the overlapping clinical, radiological and
pathological features between STABCs and MOs suggest that they are closely related
entities. Indeed, Bekers et al. stated that MO is another “transient neoplasm” characterized
by recurrent rearrangement of USP6, a promiscuous fusion partner identified in primary
ABC of bone, nodular fasciitis32:33, cellular fibroma of tendon sheath34, giant cell rich
lesions of the small bones3® and more recently in cranial fasciitis3®:37 and fibro-osseous
pseudotumor of digits12:38 (Table 3).

While primary ABC of bone demonstrates variant translocations with multiple partners, the
fusion partners for STABC has remained relatively consistent with COL1A7°1331 col 1A1
encodes for the collagen alpha 1 polypeptide chain and mutations in the gene are associated
with many inherited disorders such as osteogenesis imperfecta, Ehlers-Danlos syndrome,
infantile cortical hyperostosis, and idiopathic osteoporosis3®. In the neoplastic setting, this
gene is well known for this diagnostic fusion with the platelet-derived growth factor B-chain
(PDGFB) gene in dermatofibrosarcoma protuberans and giant cell fibroblastoma driving the
constitutive activation of PDGFB gene®. COL1A1 is mapped to 17q21-17¢22, with
opposite orientation with USP6at 17p13. Previous cytogenetic with subsequent RNA
sequencing studies?>3! in two STABCs showed COL1A1-USPé6 fusion involving exon 1 of
COL 1A1 and a splicing variant of USP6exon 1 or exon 2. The RNASeq results in 6 of our
cases showed consistent breakpoints in exon 1 of COL1A1and USP6exon 1.

Case 3 was unique for the lack of zonal growth pattern and a novel ANGPTL2-USP6 fusion.
ANGPTLZ2 (angiopoietin related protein-2) at 9933 is a member of vascular endothelial
growth factor family, known not only for its angiogenic and antiapoptotic properties but also
for its pro-inflammatory properties*2. In our case, the fusion involved exon 1 of ANGPTLZ2
and the entire coding sequence of USP6. It is likely that ANGPTL2also contributes with its
promoter. It is unknown how these fusions recapitulate similar pathological processes within
bone and soft tissue.

Oliveira and colleagues®? studied the molecular pathogenesis underlying the role of USP6in
ABCs and showed that USP6 residing in the fibrous stromal component of ABC induces
transcription of matrix metalloproteinase (MMP) through activation of the nuclear factor xB
(NFxB), which seems to play a role in matrix degradation, angiogenesis, and inflammatory
response. More recently, an essential mediator of USP6’s pathogenic mechanism has been
recognized as the Jak1-STAT3 pathway*4, which act in concert with NFxB. This biological
effect explains the histological features of the lesion mimicking a reparative/reactive
hemorrhagic process and thus the long-term assumption that ABC was non-neoplastic albeit
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this was a destructive lesion of the bone. While the cell line of differentiation remains
elusive, most of the reported fusion partners of ABC of bone are expressed during
osteoblastic differentiation and it is suggested that the neoplastic cell could be derived from
osteoblasts®. A common breakpoint is in exon 1 or 2 of the 5’ partner gene , which fuses
with the first coding exon of USPE; the expected functional consequence being upregulated
expression of an intact USP6 protein under the influence of the highly active promoter of the
partner gene®4%,

In conclusion, MO-like STABC is a benign neoplasm with USP6 rearrangement,
characterized with overlapping histological features with MO and primary bone ABC.
Thigh, upper arm, and shoulder are common locations. Peripheral calcification on plain
radiograph and CT, perilesional edema, and fluid-fluid levels on MRI are frequently
observed radiological features. En-bloc excision is curative when the lesions cause
symptoms. Majority of cases show COL1A1-USPé6 fusion and herein we have described an
additional case with ANGPTLZ2 gene as a novel fusion partner with USPE.
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FIGURE 1.
(A) Fluorescence /n situ hybridization (FISH) analysis with break-apart probes flanking the

USP6 gene (5’ — green, 3’ — orange) showed a split of the green and orange signals,
indicating disruption of USP6. (B) Two normal signals and a single 3’ (arrow) signal
indicative of USP6 gene rearrangement was seen in case 3. (C) This schematic diagram
represents the most common fusion pattern in our series of MO-like ABCs (6/7 cases), with
breakpoints within exon 1 of COL1A1 (17921-1722) and exon 1 of USP6(17p13). (D) A
novel fusion between ANGPTL2(9q33) and USP6was found in case 3. (E) The COL1A1-
USP6and ANGPTL 2-USP6 fusion products included the promoter region of the COL1A1
and ANGPTLZ and the entire coding sequence of USP6.
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FIGURE 2.
Case 1 - (A) A longitudinal ultrasound image of the anterior thigh showed a partially cystic

subcutaneous mass with irregular rim and peripheral vascular flow. (B) On axial T2
weighted MR image, the mass had high signal with thickened rim and fluid level
(arrowhead). It compressed on and infiltrated the adjacent fascia (arrows). (C) The excised
mass had a tan-white, glistening and firm cut surface with a central cystic space with
hemorrhage. (D) The lesion displayed a MO-like zonal pattern composed of an outer shell of
reactive woven bone with a hypocellular stroma (E) and central blood-filled cysts lined by
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fibroblast-like spindle cells, osteoclast-like giant cells and background inflammatory cells,
resembling primary ABC of bone.
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VORTRT o v i O

FIGURE 3.
Case 3 - (A) A lateral radiograph showed a mass with clustered peripheral calcification

(arrows) in the left proximal posterior thigh. (B) Axial T1-weighted and (C) T2-weighted
MR image showed a mass infiltrating the gluteus maximus and hamstring muscles. The
mass consisted of an ossified component (arrow) and a non-ossified soft tissue component
(curved arrows). (D) A needle biopsy showed solid fibroblastic spindle cell proliferation in a
collagenized stroma. (E) Gross examination showed an ill-defined and lobulated mass with
multifocal ossification involving the deep adipose tissue and skeletal muscle. (F) Both
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ossified and non-ossified components were present on histologic examination. In contrast to
other cases with a zonal pattern, the non-ossified component composed of spindle cells
infiltrated the adipose tissue with multiple haphazard foci of woven bone.
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FIGURE 4.
Case 6 — (A) A radiograph showed a juxta-cortical mass with calcifications (arrowheads)

and periosteal reaction (arrows). (B) On axial MRI STIR image, the mass (T) was
surrounded by edema (arrowheads) and thickened soft tissue in the vastus intermedius
muscle. No fluid level was identified. (C) Axial T2-weighted fat-suppressed image of the
follow-up MRI 10 months after the open biopsy showed unchanged thick periosteal reaction
along the femoral cortex with almost complete resolution of the previously identified high
T2 signal, consistent with continued internal healing. (D) An incisional biopsy showed
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exuberant interconnecting woven bone formation and (E) neighboring areas of fibroblastic
proliferation with small foci of osteoid matrix.

Mod Pathol. Author manuscript; available in PMC 2021 July 21.



Page 18

Zhang et al.

|1ews Buipnjoul pai1oed Ajjelaydiiad :ydeaboipea ureld
syuow Asdoiq (T uoxa) 945 -(T (pazAjeue sj[99 ‘Asdoiq uo O ‘e1osey [eroisadns ayy Jeinasnuwi
€ 1e o1rewoldwAsy 3|pasN uoxa) w1700 | panwiy) aniefaN | 21sse|d Jo suawis|3 Y1eauaq ssew p1jos 210Y280dAH :punosesyn -equt ‘ybiy L N/ZY l
$1pn1s dn-mo||0} UO PAAJOSaI
‘aeldn JadeJjolpes asuaiu| (ueds auog
S[ans] pInis-pingy (-) ‘Apusnbasgns panjosal
‘ewapa [euolsajuad (+) ‘8josnw snipawLdul
snjseA au} ul uoiss| Buroueyuz 1IN
‘sa1pnis Asdoig-1sod uo pasealoul ‘uoioeal
pijos [ea)solIad Pajeldosse Yim ‘Uoiiedlyiofes
syjuow 9T Asdoiq | (T uoxe) 945 -(T ‘Asdoiq uo O snoyd.iowe [eusaiul pue |essyduiad (6'2) reonio2
Te onrewoldwAsy [euoisiou| uoxa) Y1709 anISod | o1sse)o Jo sjuswis|3 (+) ynm uoisa : 1D pue ydeaBoiped ureld -exnl ‘ybiy L AT 9
S|aA3| pIN|-pINnyy (+) ‘ewapa Jeuoiss)iad (+)
splosnuis ‘UOITRI}|1JUI SAIIULBP INOUNM S|asSan Alejjixe
pajju-poojq | pue snxa|d felyoeiq ayy Buioe|dsip sse|n :JHIN
Buipnjour ‘Asdoiq ‘saipnis Asdolq
syuow GG Asdoiq (T uoxd) 945N -(1 uo OIN 91ssejo | -1sod uo pasealoul ‘ssew paiy1ojed Ajjessydiuad (,'v) anssn
1e onrewoldwAsy Jeuoisiou| uoxa) 7090 AA1ISOd © JO Ssluswa|3 (+) yum ssey : 1D pue ydeaBoipea ureld yos daap e||IxXy 4/22 S
19A3] pIny-piniy (=) ‘Butusxoiy
anssI) 1J0S pue ewapa BuIpuNo.INS aAISU3IXd
pijos (+) ‘Juswadueyua ISeUOI pUE Sjeubls
‘uolreuoz snbea ¢1 pue T1 MOJ 8SNHIP YUM UoIsaT TTdIN
uoistoxa | (T uoxe) 945 -(1 UM uolIsa] a1 ‘SYjUOW Z Ul pawiIoy Ing au1jaseq (¥°2) anssni
dn-moj|o} 0115077 20|g-ug uoxs) IvI709 -OIN Buinjons uy Je (=) suoneayioed :ydeaboipea ured 1J0s JeuaylodAH 4/15 ¥
NEVE]]
pIny-pinyy (=) ‘ewapa [euoisajuiad (+) JIHN
uoI99sal SUOITRIIHISSO ‘salpnis
0} Jond syyuow [edojiNW Asdoig-1sod uo pasealoul ‘SUOILINIded
8¢ Jo} pajsisiad YIIM S)Se|qouqLy paJaisn|o ajdnniA :ydeaboipea ureld (5°2)
swoidwAs pue azis uo1109sal (T uoxa) 9451 -(1 Burrenjiul SuoIeI119[ed Jejnasnwi-esul
Ul pasealoul sse|N 3pIM Uoxs) Z7LdONY 3A1ISOd -Je} ‘paulyap-|iI [B04}{NW (+) YHM SSEW PI|OS :puUNOSeLd|N ‘uoiBal eain|o 4/9v €
saoeds NELE]
213549 [eJuad piny-pings (+) ‘ewapa [euoisajdd (+) 19N
pue Wi payIsso ‘UOI1IasUI PIOISBWIOPI_|I0UIR)S (€'2) 1eo1lod
sypuow uondssas | (T uoxe)94sn-(t Ue Y)IM uoljeuoz 3y} Je uonoeal [earsorsad yym snonbuod -eixn[ ‘anssi] Jos
G Je 931)-95easIq aPIM uoxs) IvI709 3AINISOd MI-OIN 21SSe|D uolyealyoed fesayduad (+) Yum sseiy 110 Jejnainejoesdng N/LT 2z
s|anal piny-pinyy (+) ‘ewspa
saoeds Jeuoisajiiad (+) ‘erosey ayy Bunedijiyul pue
21142 [enusd Buissaidwod wid pausydIyl yum ssein :JdIN
pue W paiyIsso ‘uoneayiofed (-) :ydeaBoipeds ureld (0'y) anssn
sypuow uonoasal | (T uoxe) 94s-(1 Ue Ylm Uoljeuoz ‘moyy Jejnasen [esaydiad pjiw SNoauUrINIQNS
O Je dal4-sseasig 3PIM uoxe) Iv1700 3ANISOd MI-ON J1sse|D Uum ssew onsAa Ajjeied ‘[eaQ :punosesyn ‘ybiyL 4/ze T
Burouanbas X3
VNY pa1sbael Aq JuswabuelIeal S/ (s1eak)
aWwo021NQO [edIulD Juswieal] Jauyred uoisn4 9dSN 40y HSI4 | sbuipuy ABojoyred sbuipuly buibew| (wo ui 8z1s) a)Is aby | juaned

Mod Pathol. Author manuscript; available in PMC 2021 July 21.

154D suog [ewsSAINauUY anssi] 1JOS a1]-SuBdILISSO SIISOAN J0 sainiead [eda1fojoyled pue ‘[ealbojoipey ‘[edalul)d syl Jo Arewwns

‘Tal1qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 19

Zhang et al.

splosnuis
pajly-pooiq

S|9A3] pInjy

-piny} (=) pue Ajpuanbasgns panjosal ‘ewapa
Jeuoisajiiad (+) ‘JUBWIBAJOAUI JBINISBAOINAU
ou yim ssew Buroueyua Ajpsnyia 14N
‘sydesBoipe. Asdoig-1sod uo pasealoul ‘ssew

aWo2NQ [eAUID

juswiead |

Buiouanbas
WVNY parebael Aq
Jauyaed uoisn4

JuswabuelIeal
9dSN 10} HS1d

sbuipuiy ABojoyred

sBuipuly Buibew|

(wo ur 8z1s) aus

X9
S/ (saesk)
aby

juslled

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Mod Pathol. Author manuscript; available in PMC 2021 July 21.



Page 20

Zhang et al.

dn-moj|oy = nyy ‘pawiopad 10N = dN ‘8]qe|1eAe 10N = /N :SUOIBIABIGqY

N/} 0

uoisn} 94S11-27Ld9ONY Pamoys ased /T | 10| L/T N/} UO 3]qels [ed1UI]D /e ubuy ‘I/TY JuBiuy '4/pT tellIXe '4/eg puey

‘UOISNY 9S-IV T 7O PIMOYS Sased //9 '90UB1IN23J OU YIIM PasIoxa 2/€ | ‘4/TS ‘snaniB ‘4/9f ‘anssi 14os JeinalAejoeldns ‘IN/LT ‘UubIy) ‘4/z8 / sa1Iss INO
saipnis Burouanbas Ny
pue HS|4 pajley sased 9/z ‘Juswabuelieal

9dS/1 Pamoys 8sed euonippe T snan|B ‘|N/Z€ ‘I1em
‘U0ISN} 94SN-IVITOD PAMOYS Sased 9/¢ 30U31IN23J OU YNM pastox3 | [eutwopge '4/9T (ubiyy ‘4/6T 'ubiyy ‘IN/ST (ubiu} ‘4/v€ ‘ubiy ‘4761 9 £16702 "[e 30 buos

11em [eulwopae

V/N §T/8 ‘Burousnbas ‘INJ9 we ‘N/Z9 yBIul ‘IN/09 twiie ‘472 tubBiu 4/9v ubiyy

Uo JusWabuelLIeal 9457 OU Pamoys INJTE ‘wue '4/6T ‘ubiyr ‘4/2s ‘ubiyl ‘IN/SE osu ‘N/OT ‘eindeas
GT/¢ ‘uoIsn} 9dSN-TVT10D pamous GT/§ VIN ‘IN/ES ‘uBIyl ‘4/5€ ‘snawn|b ‘IN/8z by ‘472z ‘ubiur ‘WY ST 216702 ‘2 10 13|pfeng

VIN snam|b ‘4/9

TT/2 Juswabuelieal 9457 Ou pamouys TT/T ‘ubiyy ‘IN/9G ‘eaux '4/8 tubiur ‘47z tubiyy '4/8¢ ubIuy 4/.T ‘ubiyy
‘JusWwabue.lIeal 94577 PaMmoys sased TT/8 V/N ‘IN/SZ ‘11em d19eIoy) ‘IN/PY ‘W ‘IN/8Z (Ba) ‘4/6T ‘wnauuad ‘H/yg T 118702 “[e 18 siaxeg
uoIsny 94SN-Ivr700 (TZb'etd)(LT:LTH 30U1INJ3 OU YNM Pasiox ubiur ‘4/9v T 1€ST0Z "[e 19 1onbaer
dN 90U31INJ31 OU YIIM PasIox] wie Jaddn ‘4T T 0sSTOZ "8 18 Jaxeg
dN 90U31INJ31 OU YIIM PasIox] J9pInoys ‘4/0T T 62CT0T "B 18 OeH
Juswabuelleal 9457 psmoys ylog 90U31INJ31 OU YJIM PasIox] wie Jaddn ‘A/8e ubiy) ‘4792 2z gzTT0Z “'[e 18 uuewydlald
wswabuelleal 9451 pamoys ylog VIN ubiur '4/9¢ ‘ubiy ‘W/TT 14 018002 "8 18 AOYNS
(eTd:geb)(2T:Gh 89Ua1INJ3J OU YUM Pastox3 ubiy 4/01 T 12L00¢ “1e 18 uosi|3
dN 89U814NJ3J OU YIM Pasioxg ybiyy 421 T 426002 e 19 egboily
dN 90U31INJ31 OU YJIM PasIox] snanib ‘Witz T czV00Z “'|e 18 Buep

gUoISN} 94SN-IvI7100 ybiys ‘4/0¢
(zTbieTd)(2T!2T)1- J8pInoys ‘N/8 80U814NJ3J OU YIM Pasioxg ‘wue Jaddn ‘N8z ‘we saddn ‘472 ‘uloab ‘4/6z ‘1apnoys ‘IN/8 S +2¢002 "'[e 18 US|3IN
dN 90U31INJ31 OU UYJIM PasIox] Je|N2IAR|D-0418) ‘4/62 T ¢z/66T "'[e 18 uouueys
dN 90U31INJ31 OU YJIM PasIox] wie Jaddn ‘4726 T 22G66T e 19 raleg-zadoT
127661
dN VIN Jap|noys '4/0z T “|e 13 o¥elad-zenflipoy
dN 90U31INJ31 OU YJIM PasIoxy ul046 ‘4/5T1 T 02¢66T ‘[e 18 Wy

sased

sasAeue Je[nJ3ION | UOEWLIOUI N/J PUR JUSWIIRSI | uoleao] Jown pue salydeaBbowsp Jusined 10 JsquinN Jeak pue sioyiny

Author Manuscript

Author Manuscript

154D suog |ewsAINauUY anssi] 1JOS JO MAIASY 3In]eiall]

‘¢ 9|qeL

Author Manuscript

Author Manuscript

Mod Pathol. Author manuscript; available in PMC 2021 July 21.



Page 21

Zhang et al.

SURIIISSO SINSOAW — OA ‘1542 Buoq [ewisAInaue anssi Jos — DGV.LS ‘1A auoq [ewsAInaue — DGy :SUOIRINSIGQY

pePaleanaIUN

UOIIeSeARIIX3 31A204UlAJ8 pue abueyd d11sA20101W
10 Seale YLIM SISe|qoiqIy a1e]|a1s-01-pajpulds 10 $a|919se) pawLioy Aasoo]
J0 pasodwiod ‘yresys UOPUS} JO BWOIGL JISSEI 0} paedwod AlieIn||8d pasealau]

yreays uopusy
JO BWOAqY JeIN|[8D

,6STMI9SEY [eIUBID Ul 94SN 0} Sausb Jaulied se paiyiiuapl
udaq aney I¥e 710D PUe THNIGHTS DHVHS 6HAW

ee'2e V9700

PUe ZSGHL DMVdS
‘OHZZHIN TINNLO
NIVO Tdgee 6HANW

"JUBPINS 8 Jou Aew 1o

Aew 1199 JueIB 8)1]-1S8]|2081S0 PUB UOITESBARIIXS 3142041418 ‘utaned yimoih o
-81N3|N2 aNssI1 B Y1IM ewolls paziuabe||09 01 ploxAw e ul S[jad ajpulds anse|qoiqiy
dwnyd jo pasodwod ‘anssi} SNOBUBINIGNS 8y} UI UOISS| SAITR}|LJUl IO PAGLIISWNIIID

ySlowny auog JueuBifew pue ubiuag yim uoljeldosse

u1 DGV Alepuodas ui wussald 1ou si wawabuelieal 9457
seluswabueLess 9457

JogJey (1934 pue spuey Ui ,3uoq J0 sewojnue.f anneledal

6-S

X6dSM PUe GO ZXNNY
DUVdS VI1£03S 27504
EdVHHL TITHVA VA
TVITOO €1VLS TH13

$30BdS 911SAD $9€] JUBLIEA PIOS

'S158](j081S0 AQ pawiliLI 3UOQ UBAOM dAIIIE8) PUR S||3d JUelB 8)1]-158[209)S0
‘s|199 a|pulds 211se|qo.qL) 40 UoKRIaI0Ad JeIn|j8d ureluod eidas snoiqly ayL
‘e1das snouqy Aq paresedas saoeds

182 JUBl9),,) S3UO |[BWS 3U} JO UOIS3] YOL |82 JuelD ‘TANNLD JGND ‘TIHAD a1sAd pa|y-poojq PareINGo|INW YHM UOIS3] BU0q 3]isuedxa pue onA| Arewtid auoq Jo Ogv
JUBPINS 3q 10U Aew Jo Aew S|1a2 JuelB 8X1]-15e|908)S0 pue LUOIeSeARIIXd 81A204y3AIg
‘f1ayduad

3y} Je SWLI0J 8UOQ USAOM dA1I0Ba1 Yl ‘ulalied Yimoih euoz isse|d e aney subip

(119668 0 o7 %.T)
A10301peAIU0D SI O Ul Juswabuelieal auab 94577 1o
Adouanbaly sy} uo ainyelali] 8yl ‘JSABMOY ‘SanIuB pareal

(s9580 M3Y) ger7 11 VI TOD

SUOIS3] 84NJew 8I0N "Bw0J1S pIOXAW 0} sSnouafie]|0d 8s00| € ul S][99 I11Se|qo8ISO
/onse|qolqiy ajpuids 03 [eAo J0 pasodwod ‘1ejn||ad St uoiss| (syaam 9>) Ajue3
18]9SNLL [B19]9%S aY) Ul UOIS3| PagLIISWNIID

10 Jownjopnasd
SN03sso-01q14
pue OIN 21sse|D

paliodal usaqg osfe

aneY $ased p1jos Ing ‘sadeds 211SAD 8X11-0 gV paqLIosap Ajuowiwod syodas AjJe3
‘awny Jano abueyd olwewAp

yum ‘ussied yimolb [euoz ypum sanyesy 9160j01s1Y aI-OIN aABY Sased IS0

A19s0]2 aJe Aay) 15866ns aouaping Jejnasjow Buimolb ‘e1ose) (ogvis
pue sainyes} |eaibojoyred pue [eaiuljd buiddepiano Z1LdONY ‘TVIT0D UM PaleIdosse 10 9JISNUU [B19]8)S 8yl Ul UOISa| SAITR}|1JUl 1O PagLIISWNIIID MII-ON) D9VLS
UBWIWOD 9dSn 01 sausb Jauried g sainyesy |eaibojoyred Anug

Author Manuscript

Author Manuscript

1uswabuelIeal 9457 Yim swise|dosN

‘€ 9l1qeL

Author Manuscript

Author Manuscript

Mod Pathol. Author manuscript; available in PMC 2021 July 21.



	Abstract
	Introduction
	Material and Methods
	Fluorescence in Situ Hybridization (FISH) Analysis for USP6 Rearrangement
	RNA Extraction and Targeted Sequencing

	Results
	Clinical, radiological and pathological features
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6
	Case 7

	Discussion
	References
	FIGURE 1.
	FIGURE 2.
	FIGURE 3.
	FIGURE 4.
	Table 1.
	Table 2.
	Table 3.

