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Abstract

Background Tenosynovial giant cell tumor (TSGCT) is a benign fibrohistiocytic tumor that affects the synovium

of joints, bursa, and tendon sheaths and is categorized into localized TSGCT (LTSGCT) and diffuse TSGCT (DTSGCT).
LTSGCT and DTSGCT are characterized by recurrent fusions involving the colony-stimulating factor 1 (CSF7) gene and
its translocation partner collagen type VI alpha 3 chain. The fusion gene induces intratumoral overexpression of CSF1
mRNA and CSF1 protein. CSF1 expression is a characteristic finding of TSGCT and detection of CSFT mRNA and CSF1
protein may be useful for the pathological diagnosis. Although there have been no effective anti-CSF1 antibodies to
date, in situ hybridization (ISH) for CSF7 mRNA has been performed to detect CSFT expression in TSGCT. We performed
CSF1 immunohistochemistry (IHC) using anti-CSF1 antibody (clone 2D10) in cases of TSGCT, giant cell-rich tumor
(GCRT), and GCRT-like lesion and verified its utility for the pathological diagnosis of TSGCT.

Methods We performed CSF1 IHC in 110 cases including 44 LTSGCTs, 20 DTSGCTs, 1 malignant TSGCT (MTSGCT),
10 giant cell tumors of bone, 2 giant cell reparative granulomas, 3 aneurysmal bone cysts, 10 undifferentiated
pleomorphic sarcomas, 10 leiomyosarcomas, and 10 myxofibrosarcomas. We performed fluorescence ISH (FISH)
for CSF1 rearrangement to confirm CSF1 expression on IHC in TSGCTs. We considered the specimens to have CSF1
rearrangement if a split signal was observed in greater than 2% of the tumor cells.

Results Overall, 50 of 65 TSGCT cases, including 35 of the 44 LTSGCTs and 15 of the 20 DTSGCTs, showed distinct
scattered expression of CSF1 in the majority of mononuclear tumor cells. MTSGCT showed no CSF1 expression.
Non-TSGCT cases were negative for CSF1. FISH revealed CSFT rearrangement in 6 of 7 CSF1-positive cases on IHC.
On the other hand, FISH detected no CSFT rearrangement in all CSF1-negative cases on IHC. Thus, the results of IHC
corresponded to those of FISH.
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Conclusion We revealed characteristic CSF1 expression on IHC in cases of TSGCT, whereas the cases of non-TSGCT
exhibited no CSF1 expression. CSF1 IHC may be useful for differentiating TSGCTs from histologically mimicking GCRTs

and GCRT-like lesions.

Keywords Tenosynovial giant cell tumor, Localized type, Diffuse type, CSF1, Immunohistochemistry, Fluorescence in

situ hybridization

Introduction

The current World Health Organization classification of
soft tissue and bone tumors defines tenosynovial giant
cell tumor (TSGCT) as a benign fibrohistiocytic tumor
that affects the synovium of joints, bursa, and tendon
sheaths [1]. TSGCT is divided into two main types: local-
ized TSGCT (LTSGCT) and diffuse TSGCT (DTSGCT).
In addition to these, malignant TSGCT (MTSGCT) has
rarely been reported. LTSGCT arises predominantly
in the digits of the hand and foot. DTSGCT commonly
affects the intra-auricular region of the large joints
including knee, hip, ankle, elbow, and shoulder joints.
On the other hand, MTSGCTs are highly aggressive sar-
comas with metastases to the lymph nodes and lung and
have a poor prognosis [2, 3].

Histologically, LTSGCT shows a well-demarcated
lobulated mass that consists of various proportions of
mononuclear cells, osteoclast-like giant cells, foamy
cells, and inflammatory infiltrates. The stroma shows
hemosiderin deposits and various degrees of hyaliniza-
tion. By contrast, DTSGCT usually exhibits an infiltra-
tive growth pattern with diffuse and expansile sheets of
various tumor components and commonly shows a cleft-
like space with severe hemosiderin deposits. Therefore,
LTSGCT and DTSGCT differ in clinical presentation and
histology, although the pathogenesis of these tumors is
characterized by fusion of the colony-stimulating factor
1 (CSFI) and collagen type VI alpha 3 chain (COL6A3)
genes derived from translocation of t(1p13; 2q35) [4].
The fusion gene induces overexpression of CSFI mRNA
and CSF1 protein (also called macrophage colony stimu-
lation factor) in the tumor. Therefore, CSF1 expression is
a characteristic finding of TSGCT, and CSF1 expression
leads to the recruitment of macrophages to the tumor tis-
sue of osteoclast-like giant cells. The characteristic histol-
ogy of TSGCT is the intermingling of mononuclear cells
with many inflammatory cells and osteoclast-like giant
cells [4, 5]. Because CSF1 expression is characteristic in
TSGCT, detecting CSFI mRNA and CSF1 protein may be
useful for the pathological diagnosis of TSGCT. Although
there are no effective anti-CSF1 antibodies to date, CSF1
mRNA in situ hybridization (ISH) has been performed to
detect CSF1 expression in TSGCT [5, 6].

In this study, we performed CSF1 immunohistochem-
istry (IHC) using anti-CSF1 antibody (clone 2D10) in the
pathological specimens of TSGCT patients and verified
its utility for the pathological diagnosis of TSGCT. In

addition, we evaluated CSFI rearrangement in TSGCT
by fluorescence ISH (FISH) using a dual-color break-
apart probe. We also investigated CSF1 IHC in giant cell-
rich tumor (GCRT) and GCRT-like lesion, which occur
in the bone and characteristically show the presence of
osteoclast-like giant cell including giant cell tumor of
bone, giant cell reparative granuloma, and aneurysmal
bone cyst. Moreover, we performed CSF1 IHC in undif-
ferentiated pleomorphic sarcoma, leiomyosarcoma, and
myxofibrosarcoma (MFS) as these tumors may contain
osteoclast-like giant cells.

Materials and methods

Sample selection

This study was performed with approval of the Institu-
tional Review Board (IRB) of Sapporo Medical University
Hospital (No. 342—-33). We selected a total of 110 cases
from our pathological archives including 44 LTSGCTs,
20 DTSGCTs, 1 MTSGCT, 10 giant cell tumors of bone,
2 giant cell reparative granulomas, 3 aneurysmal bone
cysts, 10 undifferentiated pleomorphic sarcomas, 10 leio-
myosarcomas, and 10 myxofibrosarcomas. We performed
hematoxylin and eosin (H&E) staining using 3-pum-thick
sections. We reviewed all H&E-stained slides and previ-
ously stained IHC slides and confirmed the pathological
diagnosis in individual cases.

Immunohistochemistry

We performed IHC for CSF1 using representative sec-
tions from formalin-fixed and paraffin-embedded tis-
sues from individual cases. These tissues were sliced into
3-pum-thick sections and examined with an automated
IHC system at Sapporo Medical University Hospital.
All slides were loaded into a PT Link Module (Agilent
Technologies, Santa Clara, CA) and subjected to a heat-
induced antigen-retrieval protocol with the EnVision
FLEX Target Retrieval Solution (Agilent Technologies)
before being transferred to Autostainer Link 48 (Agilent
Technologies). We used commercially available antibod-
ies against CSF1 (clone 2D10, 1:500 dilution; Millipore
Corporation, Temecula, CA). CSF1 expression was con-
sidered positive if foci of scattered CSF1-positive cells
with discernible cytoplasmic expression were diffusely or
at least focally observed.
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Table 1 Clinical findings of the 110 cases examined

Histological type Mean age  Sex Site
(years)
47 (9-78)

Localized tenosynovial giant cell M (21)

tumor (44)

Digit (32)
F(23) Hand (6)
Foot (5)

Knee (1)
36 (17-58) (12)

Diffuse tenosynovial giant cell Knee

tumor (20)

Hip (2)

Foot (2)
Shoulder (1)
Elbow (1)
Digit (1)
Vertebra (1)
Malignant tenosynovial giant cell 22 Digit (1)
tumor (1)

Giant cell tumor of bone (10) 43 (26-60) Femur (5)
F(9) Tibia (3)
Humerus (1)
Radius (1)
Fibula (1)
F(2) llium (1)

Sacrum (1)

Aneurysmal bone cyst (3) 15(13-16)

1) Cranium (1)
) Jaw (1)
5  Lowerex-
tremity (5)
F(5) Trunk (3)
Upper ex-
tremity (1)
Shoulder (1)
Lower ex-
tremity (6)
F (6) Upper ex-
tremity (2)
Trunk (2)
Upper ex-
tremity (6)
F(3) Lower ex-
tremity (4)

Giant cell reparative granuloma (2) 53 (31-75)

Undifferentiated pleomorphic 71 (62-87)

sarcoma (10)

Leiomyosarcoma (10) 81 (58-92)

Myxofibrsarcoma (10) 70 (47-88)

M, male; F, female

Fluorescence in situ hybridization

We performed FISH for CSFI rearrangement to confirm
CSF1 expression detected by IHC in 7 CSF1-positive
and 5 CSFl-negative cases. We also performed FISH
for MTGCT. We used the commercially available CSF1
dual-color break-apart probe (CSF1 Split Dual Color
FISH Probe; GSP Lab., Inc., Hyogo, Japan). FISH was
performed as previously described [7]. Briefly, the speci-
mens were tumor tissues in 4-pm-thick slices on glass
slides. We first selected an area showing representative
histology and marked a 5-mm circle with a marker pen
on the glass slide. We used the PathVysion HER-2 DNA
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Probe Kit (Abbott Laboratories, Chicago, IL) accord-
ing to the manufacturer’s instructions with the following
modifications: baking (60 °C for 1 h), deparaffinization,
target gene activation (20 min with 0.2 M HCI followed
by 80 °C for 30 min with pretreatment solution), enzyme
treatment (37 °C for 60 min with protease solution), re-
fixation (10 min with 10% formalin neutral buffer solu-
tion), denaturation (72 °C for 5 min with denaturation
solution), washing and dehydration (1 min each in 70%,
85%, and 100% ethanol), hybridization with 10 mL DNA
probe solution (90 °C for 5 min, followed by 37 °C for
48 h), and washing with post-hybridization wash buf-
fer (72 °C for 2 min). For counterstaining, 10 pL of
4,6-diamidino-2-phenylindole was added. The slides were
coverslipped for viewing under a fluorescence micro-
scope. We counted 50 nuclei and defined the signals as
split when the distance between the red and green signals
was at least twice the estimated signal diameter. We con-
sidered the specimens to have CSFI rearrangement if a
split signal was observed in greater than 2% of the tumor
cells [6].

Results

Clinical features

The clinical findings of the 110 cases examined are sum-
marized in Table 1. Patients with LTSGCT included 21
males and 23 females (mean age 47, range 9-78 years). A
digit of the hand or foot was the most affected anatomical
site (n=32). Patients with DTSGCT included 5 males and
15 females (mean age 36, range 17-58 years). The knee
was the most affected anatomical site (n=12). Rare ana-
tomical sites included vertebra (n=1). The patient with
MTSGCT was a 22-year-old man who had an affected
digit. He underwent the local recurrence 3 times and the
last recurrent tumor showed malignant transformation.
Details of clinical features of the non-TSGCT cases were
also demonstrated in Table 1.

Histological findings

Histologically, LTSGCT showed a well-circumscribed
mass consisting of admixture of mononuclear cells,
osteoclast-like giant cells, foamy cells, and inflammatory
infiltrates with various degrees of collagenous stroma
(Fig. 1a). DTSGCT was also composed of various cells
similar to LTSGCT that exhibited sheet proliferation
with often cleft-like structures and marked hemosiderin
deposits (Figs. 1c and 2c). MTSGCT consisted of diffuse
proliferation of round to ovoid mononuclear tumor cells
with coarse chromatin and conspicuous nucleoli (Fig. 2a).
Mitotic figures were frequently observed. The initial and
secondary recurrent tumors showed the histology of con-
ventional TSGCT. The morphologic features of the non-
TSGCT cases were demonstrated in Figs. 3 and 4.
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Fig. 1 Histology and CSF1 IHC of TSGCTs.
a. LTSGCT showed a well-circumscribed mass that consisted of admixture of mononuclear cells, osteoclast-like giant cells, and inflammatory infiltrates
with various degrees of collagenous stroma

b. CSF1-positive mononuclear tumor cells were scattered in the tumor
c. DTSGCT was composed of various cells similar to LTSGCT that exhibited sheet proliferation with often cleft-like structures and marked hemosiderin
deposits

d. CSF1-positive mononuclear tumor cells were scattered in the tumor

Immunohistochemistry

The results of IHC are summarized in Table 2. The
majority of TSGCT cases were positive for CSF1 on IHC.
A total of 50 of 65 (77%) TSGCTs, including 35 of 44
(79.5%) LTSGCTs (Fig. 1b) and 15 of 20 (75%) DTSGCTs
(Figs. 1d and 2d), were positive for CSF1. In the CSF1-
positive cases, many CSF1-positive cells were scattered in
the tumor and discernable cytoplasmic staining was seen
regardless of its intensity. One case of MTSGCT showed
no expression of CSF1 (Fig. 2b) although the initial and
secondary recurrent tumors showed weak CSF1 expres-
sion. On the other hand, no cases of giant cell tumor of
bone (Fig. 3b), aneurysmal bone cyst (Fig. 3d), or giant
cell reparative granuloma (Fig. 3f) exhibited CSF1 expres-
sion. All cases of undifferentiated pleomorphic sarcoma

(Fig. 4b), leiomyosarcoma (Fig. 4d), and myxofibrosar-
coma (Fig. 4f) were negative for CSF1.

Fluorescence in situ hybridization

FISH revealed CSF1 split signals in 0%, 4%, 6%, 6%, 10%,
10%, and 26% of tumor cells in 7 TSGCTs (4 LTSGCTs
and 3 DTSGCTs) that were positive for CSF1 on IHC
(Fig. 5a, b). In the CSF1-positive cases on IHC, 6 of 7
(86%) were positive for CSFI rearrangement by FISH.
On the other hand, FISH detected CSFI split signals
in 0%, 0%, 2%, 2%, and 2% in 5 TSGCTs (4 LTSGCTs
and 1 DTSGCT) that were negative for CSF1 on IHC.
In the CSFl-negative cases on IHC, no case showed
CSF1 rearrangement by FISH. Thus, the results of IHC
corresponded to those of FISH. MTSGCT showed
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Fig. 2 Pathological findings of MTSGCT and DTSGCT originated in the intervertebral joint of thoracic vertebra
a. MTSGCT consisted of diffuse proliferation of round to ovoid mononuclear tumor cells with coarse chromatin and conspicuous nucleoli. Mitotic figures

were observed
b. The mononuclear tumor cells were negative for CSF1.

c. DTSGCT arose in the intervertebral joint of thoracic vertebra that consists of admixture of mononuclear cells, osteoclast-like giant cells, and inflamma-

tory infiltrates with various degrees of collagenous stroma

d. CSF1-positive mononuclear tumor cells were scattered in the tumor. This case was initially diagnosed as giant cell reparative granuloma but finally

determined to be DTSGCT involving the vertebra by CSF1 IHC.

CSF1 split signals in 2% of tumor cells and so no CSFI
rearrangement.

Discussion

Because GCRTs including TSGCTs and GCRT-like
lesions arising in the bone and soft tissue often exhibit
similar morphology that consists of sheet-like prolifera-
tion of histiocytic mononuclear cells with characteris-
tic osteoblast-like giant cells, inflammatory cells, and
aggregation of foam cells, their differential diagnosis
requires clinical information including age, sex, loca-
tion, and radiological findings in addition to histologi-
cal examination. Therefore, a precise diagnosis may be
difficult if clinical and radiological findings are not typi-
cal. In this study, we found specific CSF1 expression in

both LTSGCT and DTSGCT cases. Conversely, no CSF1
expression was observed in any case of giant cell tumor
of bone, aneurysmal bone cyst, or giant cell reparative
granuloma. Therefore, we conclude that CSF1 IHC is
a useful diagnostic tool for the differential diagnosis of
TSGCTs. We experienced a challenging case of vertebral
TSGCT as illustrated in Fig. 2c and d. Our first impres-
sion of the case was aneurysmal bone cyst although FISH
detected no USP6 split signal in the tumor cells. There-
fore, we initially diagnosed the case as GCRT-like lesion
with suspected giant cell reparative granuloma. However,
as this case showed distinct CSF1 expression on IHC,
we finally diagnosed the patient with DTSGCT arising
from the intervertebral joint of the spine involving the
vertebral bone combined with careful examination of the
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Fig. 3 Histology and CSF1 immunohistochemistry of giant cell tumor of bone, aneurysmal bone cyst, and giant cell reparative granuloma

a. Giant cell tumor of bone consisted of solid proliferation of histiocyte-like mononuclear cells with many osteoclast-like giant cells

b. The mononuclear tumor cells were negative for CSF1.

c. Aneurysmal bone cyst exhibited a blood-filled cystic space separated by fibrous septa. The fibrous septa consisted of mononuclear and fibroblastic
spindle cells with osteoclast-like giant cells

d. The mononuclear cells were negative for CSF1.

e. Giant cell reparative granuloma was composed of diffuse proliferation of mononuclear to spindle cells without atypia accompanying osteoclast-like
giant cells

f. The mononuclear cells were negative for CSF1.
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Fig. 4 Histology and CSF1 IHC of undifferentiated pleomorphic sarcoma, leiomyosarcoma, and myxofibrosarcoma

a. Undifferentiated pleomorphic sarcoma showed a solid proliferation of atypical spindle to pleomorphic cells with marked nuclear atypia and nuclear
pleomorphism

b. The tumor cells were negative for CSF1.

c. Leiomyosarcoma was composed of a fascicular proliferation of eosinophilic spindle cells with cigar-like elongated nuclei

d. The tumor cells were negative for CSF1.

e. Myxofibrosarcoma was composed of a fascicular proliferation of atypical spindle cells with vesicular nuclei with moderate to severe nuclear pleomor-
phism. The background was myxoid

f. The tumor cells were negative for CSF1.
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Fig. 5 CSF1IHC andCSF1split signal by FISH in TSGCT.
a. CSF1-positive mononuclear tumor cells were scattered in the tumor
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b. The tumor cells showed a split signal pattern that consisted of a pair of split (red and green) and fused signals. The split signal was observed in 10%

of tumor cells

Table 2 CSF1 expression by IHC in giant cell-rich tumors and
tumor-like lesions of the bone and soft tissue

Histological type Total  CSF1- Per-
(n) positive  cent
(n) (%)
Tenosynovial giant cell tumor 65 50 77
Localized type 44 35 795
Diffuse type 20 15 75.0
Malignant 1 0 0
Giant cell tumor of bone 10 0 0
Aneurysmal bone cyst 3 0 0
Giant cell reparative granuloma 2 0 0
Undifferentiated pleomorphic sarcoma 10 0 0
Leiomyosarcoma 10 0 0
Myxofibrosarcoma 10 0 0

radiological findings. Thus, CSF1 IHC is effective for the
confirmative diagnosis of TSGCT if the location of the
tumor is unusual.

CSF1 is a homodimeric glycoprotein that is required
for the lineage-specific growth of cells of the mono-
nuclear phagocyte series. CSF1 primarily regulates the
survival, proliferation, and differentiation of mono-
cytes/macrophages, which sustains the protumorigenic
functions of tumor-associated macrophages [8, 9]. In
TSGCTs, the tumor cells have CSFI rearrangement and
it induces CSF1 overexpression, which leads to the mobi-
lization of many inflammatory cells and osteoclast-like
giant cells into the tumor tissue [4, 5]. CSF1 expression
has been found in musculoskeletal tumors including
TSGCT and leiomyosarcoma by ISH or IHC [5, 6, 10, 11],
although no study has focused on the diagnostic utility of
CSF1 IHC for the differential diagnosis between TSGCTs
and giant cell-rich lesions including giant cell tumor of

bone, aneurysmal bone cyst, and giant cell reparative
granuloma.

Some previous studies have examined CSFI mRNA
expression by ISH and chromogenic ISH (CISH) in cases
of TSGCT and non-tumoral synovium [5, 6, 10]. They
revealed characteristic CSFI mRNA expression in almost
all TSGCT cases by ISH (96%) and CISH (100%), respec-
tively [5, 10]. CSFI mRNA expression showed a scattered
pattern throughout the tumors as shown in our CSF1
IHC study. CSF1 expression using IHC has scarcely been
examined in the musculoskeletal tumors due to the lack
of reliable CSF1 antibodies for formalin-fixed and par-
affin-embedded Sect. [6]. In a study of CSF1 IHC tested
in TSGCT cases by Cupp et al. [5], CSF1 expression was
present diffusely throughout the lesions of mononuclear
cells in 42 of 51 cases (82%). However, interpretation of
the intensity of localization was difficult because of the
high background of staining present. On the other hand,
they examined CSF1 expression in reactive synovitis and
CSF1 staining showed a linear pattern that highlighted
the synovial lining. Moreover, they analyzed CSFI mRNA
ISH in various types of soft tissue tumor including leio-
myosarcoma and undifferentiated pleomorphic sarcoma
and CSFI mRNA expression pattern was similar to the
punctate pattern seen in TSGCTs. Our study showed that
CSF1 expression was present in 50 of 65 (77%) TSGCT
cases by IHC in which many CSF1-positive cells were
scattered in the tumor and discernable cytoplasmic stain-
ing was seen regardless of its intensity. We found CSF1
expression only in cases of TSGCTs and not in GCRTs
or GCRT-like lesions. Taken together, our results suggest
that CSF1 IHC is an effective diagnostic tool for TSGCTs.

In our study, a case of MTSGCT exhibited no CSF1
expression on IHC. A previous study revealed non-CSF1
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fusions in cases of atypical TSGCT with increased cel-
lular atypia and mitotic activity. These atypical TSGCTs
harbored unique non-CSF1 gene fusions includ-
ing NIPBL-ERG, FNI-ROS1, and YAPI-MAML2 [12].
Although we rarely detected CSFI split signals in the
tumor cells of MTGCT, it is possible that these or new
fusion genes may exist in these cases.

Recently, Agaimy et al. have reported distinctive giant
cell-rich soft tissue neoplasm that expressed keratins and
carried a recurrent HMGA2-NCOR?2 gene fusion [13].
Histologically, the tumor consisted of bland plump epi-
thelioid or ovoid to spindled mononuclear cells mixed
with evenly distributed multinucleated osteoclast-type
giant cells. On IHC, the mononuclear cells were char-
acteristically positive for cytokeratin AE1/AE3 cocktail.
Interestingly, the tumor had a novel HMGA2-NCOR2
fusing gene and was considered to be a genetically dis-
tinct entity of giant cell tumor of soft tissue. This unique
tumor of the new entity also should be differentiated
from TSGCT and its histological mimics. Differential
diagnosis of keratin positive giant cell-rich soft tissue
neoplasm from TSGCT may be easy because the former
tumor showed the characteristic keratin expression. On
the other hand, TSGCT usually exhibited no obvious ker-
atin expression.

A limitation of this study is that TSGCTs generally
consist of a mixture of mononuclear tumor cells and
various types of non-tumor cells including inflammatory
cells, foam cells, and fibroblasts, so we often had diffi-
culty counting signal-positive cells under a fluorescence
microscope on FISH even if comparing the morphology
of H&E-stained slides. Thus, we may have underesti-
mated the positive rate of cells with split signals because
of the similarity between mononuclear tumor cells and
inflammatory cells. Mastboom et al. [6] reported a cutoff
value of CSF1I split signal of greater than 2% in their FISH
analysis. Adapting this cutoff value, they detected CSFI
rearrangement in 76% of all TSGCT cases including 77%
in LTSGCT and 75% in DTSGCT cases. However, this
cutoff value is apparently lower than that of general split
FISH in translocation-related sarcomas (10% or 20%) [7].
For example, we usually adapt 10% as a cut-off value of
split signals in tumors consisting of cytologically mono-
morphic cells such as Ewing sarcoma and synovial sar-
coma [14]. In the present study, cases positive for CSF1
on IHC showed CSFI split signals in greater than 2% of
tumor cells. By contrast, cases negative for CSF1 on IHC
exhibited no or only 2% CSF1I split signal of tumor cells.
Therefore, we should carefully interpret the CSFI split
signal as “positive” on FISH combined with the results of
CSF1IHC.
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Conclusion

We revealed characteristic CSF1 expression on IHC in
only cases of TSGCT and not in GCRTs and GCRT-like
lesions such as giant cell tumor of bone, aneurysmal bone
cyst, giant cell reparative granuloma, undifferentiated
pleomorphic sarcoma, leiomyosarcoma, and myxofibro-
sarcoma. The distinctive CSF1 expression in TSGCTs
was scattered in many tumor cells. We conclude that
CSF1 IHC may be a useful diagnostic tool to differenti-
ate TSGCTs from histologically mimicking GCRTs and
GCRT-like lesions of bone and soft tissues.
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