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Abstract
Fibroma of tendon sheath (FTS) is an uncommon benign fibroblastic/myofibroblastic neoplasm that typically arises in the
tenosynovial tissue of the distal extremities. Histologically, it is a well-circumscribed proliferation of spindle cells within
collagenous stroma with peripheral slit-like vessels. Most examples are relatively hypocellular and more densely collagenous
than nodular fasciitis; however, a cellular variant has been described, which has considerable morphologic overlap with
nodular fasciitis and has been shown to harbor USP6 translocations in a subset of cases. The incidence of these
rearrangements and the identity of the USP6 fusion partners have not been described in detail. In this study we evaluate 13
cases of cellular fibroma of tendon sheath by anchored multiplex PCR/next generation sequencing in order to detect potential
gene fusions. Nucleic acids of adequate quality were obtained in 11 cases, demonstrating gene fusions in 7/11 (64%), all of
which involve USP6 with a variety of partners, including PKM, RCC1, ASPN, COL1A1, COL3A1, and MYH9. Some
unusual histomorphologic findings were present in a subset of cases including palisading growth pattern, epithelioid cells,
and osteoclast-like multinucleated giant cells, particularly in the tumors with PKM and ASPN gene partners. Overall, the
findings support a biologic relationship between cellular fibroma of tendon sheath and other lesions within the spectrum of
USP6-rearranged neoplasms, particularly nodular fasciitis.

Introduction

Geschickter and Copeland first coined the term fibroma of
tendon sheath (FTS) in 1936. They characterized these
lesions as encapsulated, easily excised masses, which rarely
attained a size larger than that of a hen’s egg [1]. They
demonstrated a low risk of recurrence, male predominance,
and association with tenosynovial tissues, most commonly
in the hands and wrists [2–4]. Histologically, FTS appears

as a well-circumscribed, often lobulated, paucicellular
neoplasm composed of cytologically bland fibroblasts/
myofibroblasts within a variably collagenous matrix con-
taining slit-like clefts and vascular spaces [2–4]. More than
four decades after the initial description of these neoplasms,
Chung and Enzinger noted a subset of examples showing
morphologic overlap with nodular fasciitis including
increased cellularity, vaguely fascicular architecture, and a
prominent myxoid matrix with extravasation of red blood
cells. The terminology “cellular fibroma of tendon sheath”
(CFTS) was used to refer to such examples [3].

Fusions involving the USP6 gene with various partner
genes have been described in a variety of neoplasms of bone
and soft tissue, nearly all of which behave in an indolent
manner, with rare exception. These include nodular fasciitis
[5–7], cranial fasciitis [5], fibro-osseous pseudotumor of
digits [6, 7], myositis ossificans [6, 8], and aneurysmal bone
cyst [9, 10]. In addition, Carter et al. recently reported the
presence of USP6 rearrangements in 6 of 9 cases of CFTS
using fluorescent in-situ hybridization technique; however,
fusion partners were not identified in that study [11].

In this study, we aim to better characterize the molecular
features of CFTS and explore the relationship between these
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lesions and other neoplasms harboring USP6 gene rear-
rangements. Using an anchored multiplex PCR/next gen-
eration sequencing platform (Archer® FusionPlex), we
describe the presence of multiple gene fusions involving
USP6 in 7 of 13 (64%) cases of CFTS, as well as the
morphologic features associated with these lesions.

Materials and methods

Case selection

With prior Institutional Review Board (IRB) approval, we
searched our surgical pathology archives for lesions
diagnosed as “FTS” or “CFTS” between 2000 and 2018.
All available histologic slides were reviewed by three
pathologists (JGM, BLH, RWR) in order to confirm
appropriate tumor classification and further evaluate for any
distinguishing histologic features. CFTS was defined as a
tumor having identifiable histologic features of classic FTS,
specifically areas of low cellularity with spindled to stellate
cells, densely collagenous stroma, and slit-like vessels or
clefts, but also having regions of increased cellularity and
often a nodular fasciitis-like growth pattern, including a
tissue culture-like growth pattern of fibroblasts/myofibro-
blasts, collagenous and myxoedematous stroma, and extra-
vasation of red blood cells. Cases fulfilling histologic
criteria for CFTS were selected for anchored PCR/Next
generation sequencing studies, as described below. Demo-
graphic, clinical and pathologic characteristics, as well as
pertinent clinical follow-up, were recorded.

Anchored PCR/NGS

Unstained slides or tissue curls were obtained from
formalin-fixed paraffin-embedded tissue blocks from all
cases, from which total nucleic acid was extracted using
AllPrep DNA/RNA FFPE Kit according to the manu-
facturer’s recommended protocol (Qiagen, Valencia, CA).
First- and second-strand complementary DNA (cDNA)
synthesis was performed. A library of DNA fragments was
constructed for targeted capture of cDNA from gene tran-
scripts using Archer® FusionPlex® sarcoma kit according to
the manufacturer’s recommended protocol (ArcherDx,
Boulder, CO). The targeted 26-gene panel included ALK,
EPC1, GLI1, MKL2, PLAG1, TAF15, USP6, CAMTA1,
EWSR1, HMGA2, NCOA2, ROS1, TCF12, YWHAE,
CCNB3, FOXO1, JAZF1, NTRK3, SS18, TFE3, CIC, FUS,
MEAF6, PDGFB, STAT6, and TFG. A library of DNA
fragments was constructed for targeted capture of cDNA
from fusion genes using Archer® FusionPlex® Sarcoma kit
(ArcherDX, Boulder, CO). The library was quantitated
using quantitative PCR and normalized for next generation

sequencing. Paired-end sequencing of the enriched library
was performed using Mid Output v2 (Illumina) chemistry
on a NextSeq sequencer according to the manufacturer’s
recommended protocol (Illumina, Inc. San Diego, CA).
FASTQ files with base call and quality information of
minimum 1.5 million paired-end sequence reads were pro-
cessed using ArcherDx Analysis software to annotate gene
fusions and variants found within these genes (http://a
rcherdx.com/). Human Genome build GRCh37 (hg19) was
used. The pre-sequencing quality control (QC) threshold of
29 cycles of quantitative PCR assay was used. Four main
QC parameters used after sequencing included on target
deduplication ratio (>3:1), minimum average number
unique start sites per control gsp2 (>10), minimal number of
breakpoint-spanning reads supporting the fusion (>5), and
minimum percentage of reads per GSP2 supporting the
fusion (>10%).

Results

Patient characteristics

Our archive search identified a total of 40 lesions for which
the diagnosis was either FTS or CFTS. After histologic
review, 13 tumors fulfilled histologic criteria for classifi-
cation as CFTS. The affected patients included 10 men and
3 women, with an average age of 40.6 years (range 28–63
years). Tumor locations included the fingers/hand (n= 10),
wrist (n= 1), ankle (n= 1) and lower leg (n= 1), with a
mean tumor size of 1.6 cm (range 1.0–2.3 cm). All tumors
were surgically excised, with local recurrence in a single
case 1 year after the initial procedure and subsequent repeat
excision. The detailed clinicopathologic features for each
tumor are provided in Table 1.

Anchored PCR/NGS

Of the 13 examples of CFTS, 11 yielded nucleic acids of
adequate quality for testing. A fusion gene was detected in 7
(64%) of the 11 tumors tested. All fusion genes involved
USP6 with various gene fusion partners including PKM (n=
1), RCC1 (n= 1) ASPN (n= 1), COL1A1 (n= 1), COL3A1
(n= 1), andMYH9 (n= 2). In all cases, theUSP6 breakpoints
were located within the 5′ UTR with preservation of the entire
USP6 coding sequence and fusion to the promoter region of
each corresponding fusion gene partner (see Fig. 1).

Histologic features and correlation with fusion
genes

All 13 examples of CFTS fulfilled the histologic features
described above in “Materials and methods” section. In
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addition, a subset of tumors displayed some unusual his-
tologic findings. A palisading growth pattern was evident in
the tumors harboring PKM, ASPN, and RCC1 gene fusion
partners. This growth pattern was not a diffuse finding
throughout any tumor but was most prominent in the tumor
with PKM-USP6 and only focal and less well-developed in
the tumor with RCC1-USP6. Scattered cells with increased
eosinophilic cytoplasm and a somewhat epithelioid
appearance were present in the tumor with PKM-USP6 (see

Fig. 2). These epithelioid cells were also focally present in
one tumor that tested negative for gene fusion. Osteoclast-
like multinucleated giant cells were present in four tumors
but were most prominent in the tumor with PKM-USP6.
Enlarged fibroblasts with multiple nuclei resembling so
called floret cells were present in the tumor harboring a
COL3A1-USP6 fusion gene. Mitotic activity was variable,
ranging from inconspicuous to up to seven figures per ten
high-power fields. Tumors with PKM, MYH9, and ASPN

Table 1 Clinicopathologic features and fusion genes in cellular fibroma of tendon sheath.

Patient Fusion gene Age
(years)/Sex

Location Recurrence Size (cm) Histologic features Mitoses/
10 HPF

1 ASPN-USP6 48/M Finger No 2.1 Palisading 5

2 MYH9-USP6 32/F Palm Yes; at 1 year 2.3 Prominent NF-like features, OGC 6

3 COL3A1-USP6 37/F Finger No 2 Enlarged floret-like multinucleated
fibroblasts

0

4 COL1A1- USP6 34/M Finger No 1.1 Prominent NF-like features 3

5 RCC1-USP6 63/F Finger No 1 Focally NF-like, vague palisading 0

6 PKM-USP6 29/M Finger No 1.8 Epithelioid cells, palisading,
prominent OGC

7

7 MYH9-USP6 47/M Finger No 1.8 Prominent NF-like features 7

8 None detected 45/M Finger No 1 NF-like features, OGC, focal
epithelioid cells

0

9 None detected 52/M Wrist No 1 Prominent NF-like features 1

10 None detected 34/M Lower leg No 1.5 Prominent NF-like features 1

11 None detected 27/M Ankle No 1.7 NF-like features, focal calcification 0

12 QC fail 41/M Finger No 1.5 Prominent NF-like features 1

13 QC fail 37/M Finger No N/A NF-like features, few OGC 6

OGC osteoclast-like multinucleated giant cells, NF nodular fasciitis.

Fig. 1 Schematic
demonstrating the breakpoints
within USP6 and their
corresponding partners in 7
cases of cellular fibroma of
tendon sheath. The coding
region of USP6 is preserved in
each case and fused to the
promoter region of each
respective partner.
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fusions partners notably showed the most prominent mitotic
activity. Even in those tumors with unusual histologic
findings, characteristic features of FTS were also present in
variable proportions, most typically identifiable near the
periphery of the tumors, allowing for classification as
CFTS. We found no significant difference in tumor size or
recurrence rate between lesions with USP6 gene rearran-
gements and those without. Examples of the histologic
findings are shown in Figs. 2 and 3.

Discussion

FTS is an uncommon fibroblastic/myofibroblastic neoplasm
that most commonly arises in the distal upper extremities of
young adults. These lesions are typically small in size and
uncommonly recur after conservative excision. A cellular
variant of this neoplasm has been described as having
morphologic overlap with nodular fasciitis, while retaining
areas with features of classic FTS [3]. There is no known
correlation between morphologic variants and different
clinical outcomes.

In our study, we utilized an anchored multiplex PCR/
next generation sequencing platform (Archer® Fusion-
Plex) to describe gene rearrangements involving USP6 in
64% of tested examples of CFTS. USP6 (Ubiquitin spe-
cific protease 6) is a primate-specific gene residing on
chromosome 17p13. It serves as a de-ubiquitinating
enzyme with a diverse set of functions including protein
turnover, intracellular trafficking, inflammatory signaling,
and cell transformation; however, its physiologic func-
tions are not fully understood [12]. Given its expression in
the fetal brain, USP6 has been postulated to participate in
neural development, and translocations in this gene have
been associated with developmental disorders [13, 14].
Although its role in tumorigenesis is not entirely clear, its
overexpression has been linked to upregulation of multi-
ple cellular functions, including activation of matrix
metalloproteinases, leading to increased angiogenesis and
changes in vascular permeability [12]. Increased expres-
sion of USP6 has also been shown to upregulate the
activity of c-Jun and its downstream targets through
deubiquitinization [15], as well as to increase the activity
of NF-κβ [16].

Fig. 2 Histomorphologic
features of CFTS with novel
fusion genes. a An example of
an area of increased cellularity
with palisading growth in CFTS
with ASPN-USP6 fusion as well
as a representative image b from
the periphery of the same lesion
showing features of classic
fibroma of tendon sheath.
c CFTS with PKM-USP6 fusion
showing palisading growth as
well as multinucleated giant
cells and d scattered enlarged
epithelioid cells with
eosinophilic cytoplasm. e CFTS
with RCC1-USP6 fusion
showing vague palisading
growth and f periphery of the
tumor showing features of
classic fibroma of tendon sheath
including hypocellularity with
abundant collagenized stroma
and long slit-like vessels.
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In all cases of CFTS in which we detected a gene fusion,
the first exon of the partner gene was fused to exons 1 or 2
of USP6, preserving the promoter of the former and coding
region of the latter in a mechanism known as promoter
swapping, which has been previously shown to lead to the
constitutional overexpression of the USP6 protein and the
development of neoplasia [17]. The fusion partners in our
cases varied and included PKM, RCC1, ASPN, COL3A1,
COL1A1, and MYH9. To our knowledge, fusions involving
PKM, RCC1, and ASPN with USP6 have not been pre-
viously reported in the literature and represent novel find-
ings. PKM (pyruvate kinase M1/2) encodes for the M
isoform of pyruvate kinase, a glycolytic enzyme that
appears to play a complex role in embryogenesis, regen-
eration and multiple types of cancer [18, 19]. The product of
RCC1 (regulator of chromosome condensation 1) partici-
pates in multiple functions in chromatin assembly and
mitotic spindle assembly [20, 21]. ASPN (asporin) encodes
for a proteoglycan involved in chondrogenesis and collagen
mineralization, which has been postulated to influence the
development of osteoarthritis [22]. Fusions of USP6 with
COL1A1 and MYH9, on the other hand, have been well
described in a wide variety of lesions [6, 8, 9, 17, 23, 24],
while those involving COL3A1 have been reported in a
subset of cranial fasciitis [5].

We also describe unusual histomorphologic features
among our series including palisading growth, enlarged
eosinophilic cells, and multinucleated giant cells. These
features appeared to be most notable in, but not entirely
restricted to, tumors harboring USP6 fusions with PKM,
ASPN, and RCC1 partners. Demonstrating any definitive

correlation between fusion partners and morphologic fea-
tures, however, would require further studies.

Prior to the discovery of gene fusions involving USP6,
the biological nature of lesions such as nodular fasciitis and
primary aneurysmal bone cyst was unclear. Given their
localized nature, reported association with trauma in the
former, and co-existence with other bone lesions in the
latter, both entities were hypothesized to represent reactive
processes. However, the description of recurrent gene
rearrangements involving USP6, most often fused with
CDH11 in aneurysmal bone cyst and most often fused with
MYH9 in nodular fasciitis, allowed for their classification
as neoplasms [9, 10]. Since then, several other fusion
partners of USP6 have been described in both neoplasms
[17, 23–26]. Over time, rearrangements involving USP6
and an increasing variety of fusion partners have also been
described in a number of neoplasms including cranial fas-
ciitis [5], fibro-osseous pseudotumor of digits [6, 7], myo-
sitis ossificans [6, 8] and, most recently, CFTS [11].
Of note, the vast majority of neoplasms with USP6 rear-
rangement behave in an indolent or benign nature; however,
two examples of tumors harboring an amplified PPPRP3-
USP6 fusion gene have been described as showing nodular
fasciitis-like morphology and exhibiting malignant clinical
behavior [27, 28]. A diagram summarizing a review of
neoplasms reported as harboring USP6 rearrangements is
provided in Fig. 4.

In contrast to CFTS, few cytogenetic alterations have
been described in classic FTS, including t(2;11)(q31–32;
q12) and t(9;11)(p24;q13–14), which were detected in two
cases [29, 30]. The former rearrangement has also been

Fig. 3 Additional histomorpho-
logic features of CFTS. CFTS
with MYH9-USP6 fusion
showing histomorphologic
features of a nodular fasciitis in
a central cellular area as well as
b peripheral features a classic
fibroma of tendon sheath.
c CFTS with COL3A1-USP6
fusion showing enlarged
multinucleated fibroblasts
resembling floret cells. d CFTS
in which no fusion was detected
(Case 8) showing a cellular
region with scattered
eosinophilic cells similar to
those seen in the tumor with
PKM-USP6 fusion. Other
regions of this tumor showed
nodular-fasciitis like growth as
well as peripheral features of
classic fibroma of tendon sheath.
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described in collagenous fibroma (desmoplastic fibro-
blastoma), raising the possibility that these two lesions may
be biologically related [31, 32].

Given their significant morphologic overlap as well as
shared gene fusions, the distinction between some cases of
CFTS and nodular fasciitis can be challenging and may also
be subjective. Not only does CFTS often contain areas
resembling nodular fasciitis, but long-standing nodular
fasciitis can develop dense, hyalinized, fibrosis resembling
that seen in FTS. Furthermore, intra-articular examples of
nodular fasciitis harboring MYH9-USP6 fusions have been
reported [33, 34]. While one could consider that intra-
articular nodular fasciitis may be more appropriately clas-
sified, at least by some diagnostician’s standards, as CFTS
based on location or involvement of tendon sheath/retina-
culum, our findings also lend credence to the notion that
many USP6 rearranged neoplasms exist on a morphologic
spectrum and that definitive distinction in some cases may
not be possible.

In conclusion, the detection of USP6 gene rearrange-
ments in a subset of CFTS has provided insight into the
pathogenesis of these neoplasms and supports the notion
that these entities represent a site-specific manifestation of
the broadening family of USP6 driven neoplasms. While
there is histomorphologic overlap between CFTS and
nodular fasciitis as well as other neoplasms with USP6
rearrangement, a subset of the tumors in our series showed
distinct morphologic features and novel gene fusions, pos-
sibly representing a separate class of USP6 rearranged
neoplasms.
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