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Abstract
Giant cell tumor of bone (GCTB) is a rare bone tumor with osteolytic features, composed of stromal cells with a monoto-
nous appearance, macrophages, and osteoclast-like giant cells. GCTB is commonly associated with a pathogenic mutation 
in the H3-3A gene. While complete surgical resection is the standard cure for GCTB, it often results in local recurrence 
and, rarely, metastasis. Thus, an effective multidisciplinary treatment approach is necessary. Although patient-derived cell 
lines is an essential tool for investigating novel treatment strategies, there are only four GCTB cell lines available in public 
cell banks. Therefore, this study aimed to establish novel GCTB cell lines and successfully created NCC-GCTB6-C1 and 
NCC-GCTB7-C1 cell lines from two patients' surgically removed tumor tissues. These cell lines exhibited H3-3A gene muta-
tions, consistent proliferation, and invasive properties. After characterizing their behaviors, we performed high-throughput 
screening of 214 anti-cancer drugs for NCC-GCTB6-C1 and NCC-GCTB7-C1 and integrated their screening data with 
those of NCC-GCTB1-C1, NCC-GCTB2-C1, NCC-GCTB3-C1, NCC-GCTB4-C1, and NCC-GCTB5-C1 that we previ-
ously established. We identified histone deacetylase inhibitor romidepsin as a possible treatment for GCTB. These findings 
suggest that NCC-GCTB6-C1 and NCC-GCTB7-C1 could be valuable tools for preclinical and basic research on GCTB.

Keywords Sarcoma · Bone tumor · Giant cell tumor of bone · Patient-derived model · Cell line · Anti-cancer drug 
screening

Introduction

Giant cell tumor of bone (GCTB) is an intermediate-malig-
nant tumor composed of mononuclear stromal cells with 
a monotonous appearance admixed with macrophages and 
osteoclast-like giant cells [1]. Genetically, at least 92% of 
GCTB harbor pathogenic H3-3A gene mutations [1, 2]. Epi-
demiologically, GCTB is classified as a rare tumor as a study 
encompassing 10 countries indicated that approximately one 
person per million per year is affected [3]. GCTB affects the 
working-age population; approximately 80% of cases occur 
between 20 and 40 years of age [4, 5].

Clinically, GCTB is locally aggressive, destructive, and 
grows rapidly, typically around the knee, proximal humerus, 
distal radius bone, spine, and pelvis [6]. If it is resected sur-
gically, there is a probability of recurrence, which is greater 
in some locations associated with more difficult treatment, 
such as the distal radius and proximal femur [7, 8]. There-
fore, semi-permanent treatment with denosumab, a recep-
tor activator of nuclear factor kappa-Β ligand (RANKL) 
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inhibitor approved for the treatment of osteoporosis, is cur-
rently being discussed as a treatment for GCTB [6, 9, 10]. 
Although denosumab therapy for GCTB causes dramatic 
changes in the number of osteoclasts in the tumor tissue, 
it does not eradicate tumor cells [11, 12]. In addition, jaw 
necrosis is a principal complication (11%) of denosumab 
treatment. Thus, there is a need to develop novel therapeutic 
strategies for treating GCTB.

Using patient-derived cell lines for basic research has 
been crucial in cancer research and has aided in the develop-
ment of novel anti-cancer therapies [13–15]. However, it has 
been challenging to use GCTB cell lines for research pur-
poses. According to the Cellosaurus cell line database [16] 
(https:// web. expasy. org/ cello saurus/), although 14 GCTB 
cell lines (NCI Thesaurus: C4304) have been reported (Sup-
plementary Table 1), only four GCTB cell lines deposited 
in cell banks are currently available for research. Addition-
ally, a recent study screening 1001 cancer cell lines with 
265 compounds to assess the effect of genomic alterations 
on drug response found that a 50% reduction in the number 
of cell lines resulted in an 80% loss of significant associa-
tions between molecular features and drug response [17, 
18]. Given these findings, establishing more cell lines from 
GCTB patients is crucial.

In this study, we report two novel GCTB cell lines, NCC-
GCTB6-C1 and NCC-GCTB7-C1, established from tumor 
tissues resected from different GCTB patients. We inves-
tigated cell characteristics, such as proliferation, spheroid 
formation, and invasion, to demonstrate the usefulness 
of these cell lines. We also integrated drug response data 
from GCTB cell lines in the NCC sarcoma cell line panel 
(https:// web. expasy. org/ cgi- bin/ cello saurus/ search? input=% 
22NCC% 20sar coma% 20cell% 20line% 20pan el% 22), which 
includes NCC-GCTB1-C1 [19], NCC-GCTB2-C1 [20], 
NCC-GCTB3-C1 [20], NCC-GCTB4-C1 [21], and NCC-
GCTB5-C1 [22], to reveal the potential of these cell lines 
in drug screening.

Materials and methods

Patient history of two cases

Case 1

The donor patient was a 38-year-old male with GCTB. The 
patient had no relevant medical history. He had experienced 
pain in his right knee without any onset and visited a hos-
pital. X-ray inspection and computed tomography (CT) 
revealed an osteolytic lesion with subtle cortical destruc-
tion in the distal femur (Fig. 1a, b). Magnetic Resonance 
Imaging (MRI) detected the lesion as homogeneously low-
intensity on both T1 and T2 weighted image (Fig. 1c, d). He 

underwent needle biopsy and GCTB was suspected. The 
patient was referred to the National Cancer Center Hospi-
tal (Tokyo, Japan) for further treatment. No metastasis was 
detected on the whole-body CT scan. The patient underwent 
aggressive curettage of the lesion with reinforcement using 
autologous bone graft implantation and plate fixation. Tumor 
tissues obtained at the time of surgery were used to establish 
cell lines. Histologically, the tumor consisted of multinucle-
ated osteoclast-like giant cells and spindle-shaped mononu-
clear cells. The latter cells were diffusely immunopositive 
for H3-3A G35W (Fig. 1e, f). The postoperative course was 
good, and no local recurrence was reported without adju-
vant therapy. The use of clinical materials for this study was 
approved by the ethical committee of the National Cancer 
Center (Tokyo, Japan) and written informed consent was 
obtained from the donor patient.

Fig. 1  Clinical and pathological data for case 1. X-ray and CT 
revealed an osteolytic lesion inside the femur delineated by yellow 
arrows (a: A-P view), with subtle cortical destruction on CT (b: cor-
onal view). MRI detected a mass inside the distal femur and exhib-
ited homogeneously low intensity on T2 (c: coronal view) and T1 
weighted image (d: coronal view). H&E staining showed multinucle-
ated osteoclast-like giant cells and spindle-shaped mononuclear cells, 
where the latter are diffusely immunopositive for H3-3A G35W (e, f)

https://web.expasy.org/cellosaurus/
https://web.expasy.org/cgi-bin/cellosaurus/search?input=%22NCC%20sarcoma%20cell%20line%20panel%22
https://web.expasy.org/cgi-bin/cellosaurus/search?input=%22NCC%20sarcoma%20cell%20line%20panel%22
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Case 2

The donor patient was a 31-year-old male with GCTB. The 
patient had no relevant medical history. He experienced 
pain in his left wrist and left it for two years. The pain 
was exacerbated acutely, and he visited the hospital. X-ray 
inspection and CT revealed an osteolytic lesion at the distal 
radius entailing the undisposed fracture (Fig. 2a, b). The 
patient was referred to the National Cancer Center Hospital 
(Tokyo, Japan) for further treatment. MRI revealed a neo-
plastic lesion within the radius (Fig. 2c, d). After conserva-
tive treatment of the fracture, the patient underwent aggres-
sive curettage of the lesion and was diagnosed with GCTB. 
Tumor tissues obtained at the time of surgery were used to 

establish cell lines. Histologically, the tumor consisted of 
uniform mononuclear neoplastic cells and scattered osteo-
clast-like giant cells with fresh hemorrhage (Fig. 2e). The 
neoplastic cells were immunohistochemically diffusely posi-
tive for H3-3A G35W (Fig. 2f). Postoperative progression 
was favorable, and no local recurrence was reported without 
adjuvant therapy. The use of clinical materials for this study 
was approved by the ethical committee of the National Can-
cer Center (Tokyo, Japan) and written informed consent was 
obtained from the donor patient.

Histological analysis of tumor tissue

Histological examination was performed on 4-μm-thick sec-
tions of a representative paraffin-embedded tumor sample. 
The sections were deparaffinized and stained with hematoxy-
lin and eosin (H&E). They were also stained with an H3-3A 
G35W antibody (1:1000, RM263; RevMAb Biosciences 
USA, South San Francisco, CA, USA) to investigate H3-3A 
G35W expression.

Primary cell isolation and culture

Primary tumor cells of GCTB were collected from surgi-
cally resected tumor tissues that were dissected into small 
pieces with scissors. Using the gentleMACS™ Octo Dis-
sociator with Heaters (Miltenyi Biotec, Bergisch Gladbach, 
Germany), the dissected tissues in the gentleMACS™ C 
Tube (Miltenyi Biotec) were digested and homogenized 
using the Tumor Cell Dissociation Kit, human (Miltenyi 
Biotec) for 30 min at 37 °C. The obtained cells were seeded 
on 60 mm collagen type I-coated culture plates (Sumitomo 
Bakelite Co. Ltd., Tokyo, Japan). To maintain the cells, 
we used DMEM/F-12 medium (Thermo Fisher Scientific 
Inc., Waltham, MA, USA) supplemented with GlutaMAX 
(Thermo Fisher Scientific Inc.), 5% heat-inactivated fetal 
bovine serum (FBS) (Thermo Fisher Scientific Inc.), 10 µM 
Y-27632 (ROCK inhibitor; Selleck Chemicals, Houston, 
TX, USA), 10 ng/mL basic fibroblast growth factor (bFGF; 
Sigma-Aldrich Co. LLC, St. Louis, MO, USA), 5 ng/mL epi-
dermal growth factor (EGF; Sigma-Aldrich Co. LLC), 5 µg/
mL insulin (Sigma-Aldrich Co. LLC), 0.4 µg/mL hydrocor-
tisone (Sigma-Aldrich Co. LLC), 100 μg/mL penicillin, 
and 100 µg/mL streptomycin (Nacalai Tesque Inc., Kyoto, 
Japan). The culture medium was changed every 2–3 days. 
Cell confluence was observed using a microscope (Carl 
Zeiss AG, Land Baden-Württemberg, Germany). When the 
cultured cells reached sub-confluency, they were washed 
with PBS (–) (Nacalai Tesque Inc.), followed by dissocia-
tion with Trypsin–EDTA solution (Nacalai Tesque Inc.). 
The cells were then transferred to tissue culture plates and 
maintained at 37 °C in a humidified atmosphere containing 
5%  CO2.

Fig. 2  Clinical and pathological data for case 2. Radiography 
revealed the fracture, indicated by the red arrow (a: lateral view). 
CT shows an osteolytic lesion inside the radius, delineated by yel-
low arrows (b: coronal view). MRI revealed a mass inside the dis-
tal radius and detected homogeneously high intensity by short tau 
inversion recovery image (c: coronal view) as well as gadolinium 
enhanced T1 weighted image (d: axial view) delineated by yellow 
arrows. H&E staining shows uniform mononuclear neoplastic cells 
and scattered osteoclast-like giant cells with fresh hemorrhages (e). 
The neoplastic cells are immunohistochemically positive for H3-3A 
G35W (f)
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Authentication and quality control

For authentication and quality control of the established cell 
lines, DNA was extracted from the tumor tissues and estab-
lished cell lines. The  Wizard® Genomic DNA Purification 
Kit (Promega Co., Madison, WI, USA) and Qiagen DNeasy 
Blood and Tissue Kit (QIAGEN N.V., Hilden, Germany) 
were used to extract DNA, and the DNA concentration was 
measured using the NanoDrop 8000 (Thermo Fisher Scien-
tific Inc.). Authentication of the established cell lines was 
conducted by short tandem repeat (STR) analysis for 10 loci 
using the GenePrint 10 system (Promega Co.) and a 3500xL 
Genetic Analyzer (Thermo Fisher Scientific Inc.).

Sequence of mutation

Using the QIAzol Lysis Reagent (QIAGEN) and miRNeasy 
Mini Kit (QIAGEN), total RNA was extracted from GCTB 
cells to detect gene mutations. The extracted RNA was 
reverse-transcribed to complementary DNA using Super-
Script III reverse transcriptase (Invitrogen) according to the 
manufacturer’s instructions. The H3-3A gene was amplified 
by PCR using the H3-3A forward primer H3-3A_F (5′-TAA 
AGC ACC CAG GAA GCA AC-3′), H3-3A reverse primer 
H3-3A_R (5′-CAA GAG AGA CTT TGT CCC ATT TTT -3′), 
and Platinum Taq DNA Polymerase High Fidelity (Life 
Technologies Co., Carlsbad, CA, USA). PCR products were 
purified using the Wizard SV Gel and PCR Clean-Up Sys-
tem (Promega Co.), and direct sequencing was performed 
using the BigDye Terminator v3.1 Cycle Sequencing Kit 
(Applied Biosystems, Waltham, MA, USA) and Applied 
Biosystems 3130xL Genetic Analyzer (Thermo Fisher Sci-
entific Inc.) by GENEWIZ. Plasmid Editor v2.0.61 was used 
to analyze the sequence results.

Spheroid formation assay

The spheroid formation ability was assessed as previously 
described [21]. The established cells were seeded at a den-
sity of 1 ×  105 cells/well in a 96-well Clear Round Bottom 
Ultra-Low Attachment Microplate (Corning Inc., NY, USA), 
and spheroid formation was confirmed by microscopic 
observation (KEYENCE Co., Osaka, Japan). After 3 days 
of culture, the spheroids picked from the plate were covered 
in gel using iPGell (GenoStaff Co. Ltd., Bunkyo-ku, Tokyo, 
Japan) and fixed with 10% formalin neutral buffer solution. 
To prepare paraffin sections of the fabricated spheroids, 
gel-covered spheroids were embedded in paraffin and sliced 
into 4 μm-thick paraffin sections. The sectioned spheroids 
were subjected H&E staining, followed by microscopic 
observation.

Tumor cell proliferation assay

The proliferative ability of the cells was measured using 
the Cell Counting Kit-8 (Agilent Technologies Inc., CA, 
USA). The cells (2.5 ×  104) were placed in DMEM/F12 
supplemented with GlutaMAX, 5% FBS, 10 µM Y-27632, 
10 ng/mL bFGF, 5 ng/mL EGF, 5 µg/mL insulin, 0.4 µg/
mL hydrocortisone, 100 µg/mL penicillin, and 100 µg/mL 
streptomycin.

Tumor cell invasion assay

The invasive ability of the GCTB cell lines NCC-GCTB1-
C1 [19], NCC-GCTB2-C1 [20], NCC-GCTB3-C1 [20], 
NCC-GCTB4-C1 [21], NCC-GCTB5-C1 [22], NCC-
GCTB6-C1, and NCC-GCTB7-C1 was measured using a 
real-time cell analyzer, xCELLigence (Agilent Technologies 
Inc.). DMEM/F12 supplemented with GlutaMAX, 5% FBS, 
10 µM Y-27632, 10 ng/mL bFGF, 5 ng/mL EGF, 5 µg/mL 
insulin, 0.4 µg/mL hydrocortisone, 100 µg/mL penicillin, 
and 100 µg/mL streptomycin was added to the lower cham-
ber. The membrane in the upper chamber was coated with 
Matrigel basement membrane matrix (Corning Inc.) and the 
chamber was filled with 4 ×  104 cells suspended in DMEM/
F12 without any supplements. The cells invaded the bot-
tom chamber from the upper chamber through a membrane 
and were attached to the electronic sensors on the under-
side of the membrane. The real-time cell analyzer moni-
tored the electrical impedance of the electronic sensors that 
were influenced by the invading cells every 15 min for 72 h. 
The MG-63 osteosarcoma cell line (Japanese Collection of 
Research Bioresources Cell Bank, Osaka, Japan) [23] was 
used as a control.

Tumorigenicity assay in nude mice

Tumorigenesis of established cell lines in nude mice was 
assessed as previously described [21]. Cells (1 ×  106) sus-
pended in 50 µL of PBS (–) were mixed with an equal vol-
ume of Matrigel (21.2 mg/mL). The cell suspension was 
subcutaneously injected into BALB/c nude mice (CLEA 
Japan Inc., Tokyo, Japan) using a 5 mL syringe (Terumo 
Corp., Tokyo, Japan) and a 26 G needle (Terumo Corp.). 
Tumor size was measured weekly. Animal experiments were 
conducted in compliance with the guidelines of the Institute 
for Laboratory Animal Research, National Cancer Center 
Research Institute.

Screening for anti‑cancer drugs

Drug screening tests were performed as previously described 
[21]. In this experiment, the anti-cancer effects of 214 
drugs, including Food and Drug Administration-approved 
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anti-cancer agents (Selleck Chemicals, Houston, TX, USA; 
Supplementary Table 2), were assessed. Cells (5 ×  103) were 
seeded in a 384-well plate and incubated for 1 day (n = 2). 
On the second day, 10 µM of each drug was added to the 
wells. On the fifth day, cell proliferation was measured 
based on the absorbance at 450 nm after treatment with Cell 
Counting Kit-8. Cell viability was calculated by comparison 
with the DMSO control. The obtained data were analyzed 
using the results for NCC-GCTB1-C1 [19], NCC-GCTB2-
C1 [20], NCC-GCTB3-C1 [20], NCC-GCTB4-C1 [21], 
and NCC-GCTB5-C1 [22], which we previously reported. 
Quantile normalization was performed using R (version 
4.0.3, limma package version 3.46.0, Bioconductor) and 
unsupervised hierarchical clustering was performed using 
the ‘gplots’ package (version 3.1.0, CRAN, https:// cran.r- 
proje ct. org).

The half-maximal inhibitory concentration  (IC50) value 
was calculated for drugs that were identified in the preceding 
screening study and standard treatment drugs, as previously 
reported. The drugs were added to similarly seeded cells at 
10 different concentrations from 0.1 nM to 100 µM. Based 
on the cell viability calculated similarly,  IC50 values were 
calculated using GraphPad Prism 9.1.1 (GraphPad Software, 
San Diego, CA, USA).

Results

Establishment and authentication of GCTB cell lines

GCTB cell lines were established from the patients in cases 
1 and 2 and named NCC-GCTB6-C1 and NCC-GCTB7-C1, 
respectively. These two cell lines were maintained for over 
25 passages for 5 months. To authenticate the established 
cell lines, we examined 10 microsatellite sites (STRs) and 
found that these STRs were identical in the original tumor 
tissues and the established cell lines (Table 1, Supplemen-
tary Fig. 1). A database search revealed that the STR pat-
terns of NCC-GCTB6-C1 and NCC-GCTB7-C1 cells did 
not match those of the existing cell lines deposited in public 
cell banks. These results indicate that NCC-GCTB6-C1 and 
NCC-GCTB7-C1 are novel cell lines. NCC-GCTB6-C1 and 
NCC-GCTB7-C1 cells were negative for mycoplasma con-
tamination as no mycoplasma-specific DNA was found in 
the cell-conditioned medium (data not shown).

Characterization of GCTB cell lines

Sanger sequencing revealed the presence of the H3-3A 
G35W mutation, the most typical mutation in GCTB, in 
NCC-GCTB6-C1 (Fig.  3a) and NCC-GCTB7-C1 cells 
(Fig.  3b). NCC-GCTB6-C1 and NCC-GCTB7-C1 cells 
exhibited adherent characteristics with a spindle and 

polygonal appearance (Fig. 4a, b). The cells were able to 
form spheroids when seeded on low-attachment plates. 
H&E-stained spheroid sections showed spindle and round 
cell morphologies. There were no giant cells in the sphe-
roid (Fig. 4c, d). Based on the growth curve, the population 
doubling times of NCC-GCTB6-C1 and NCC-GCTB7-C1 
were 21 and 28 h, respectively (Fig. 4e). NCC-GCTB6-C1 

Table 1  Short tandem repeat analysis

Passage number of NCC-GCTB6-C1 and NCC-GCTB7-C1 were 
both 20

Microsatellite (chro-
mosome)

NCC-GCTB6-C1 NCC-GCTB7-C1

Cell line Tumor tis-
sue (Case 
1)

Cell line Tumor 
tissue 
(Case 2)

Amelogenin (X Y) X, Y X, Y X, Y X, Y
TH01 (3) 6, 7 6, 7 6, 9.3 6, 9.3
D21S11 (21) 30, 31.2 30, 31.2 29, 31 29, 31
D5S818 (5) 10, 13 10, 13 10, 12 10, 12
D13S317 (13) 10 10 12 12
D7S820 (7) 11, 12 11, 12 11 11
D16S539 (16) 9, 10 9, 10 10, 13 10, 13
CSF1PO (5) 11, 13 11, 13 10, 11 10, 11
vWA (12) 16, 17 16, 17 17 17
TPOX (2) 8 8 9 9

Fig. 3  Mutation in GCTB cell lines. Sequencing data for H3-3A 
showing a mutation peak in a NCC-GCTB6-C1 (passage 5) and b 
NCC-GCTB7-C1 (passage 6) cells

https://cran.r-project.org
https://cran.r-project.org
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and NCC-GCTB7-C1 cells demonstrated a stronger invasion 
than the MG63 osteosarcoma cell line (Fig. 4f). After sub-
cutaneous injection of NCC-GCTB6-C1 (passage 20) and 
NCC-GCTB7-C1 (passage 20), tumorigenesis in nude mice 
was not observed for 2 months (data not shown).

Sensitivity to anti‑cancer drugs

The anti-cancer effects of 214 drugs on NCC-GCTB6-C1 
and NCC-GCTB7-C1 cells were evaluated. The cell viabil-
ity of NCC-GCTB6-C1 and NCC-GCTB7-C1 after drug 
treatment is summarized in Supplementary Table 3 along 
with the five previously established GCTB cell lines in our 
laboratory. The 214 drugs were classified into three catego-
ries depending on their anti-cancer effects: cluster A was 
the effective group, cluster B was the intermediate effect 
group, and cluster C was the poor effect group (Fig. 5a). 

Fig. 4  Characterization of GCTB cell lines. a, b Microscopic appear-
ance of a NCC-GCTB6-C1 (passage 21) and b NCC-GCTB7-
C1 (passage 20) cells under 2D culture conditions. c, d The H&E 
stained spheroid sections of c NCC-GCTB6-C1 (passage 22) and d 
NCC-GCTB7-C1 (passage 21) fabricated in 96-well low-attachment 
round bottom plates. e Growth curve of NCC-GCTB6-C1 (passage 
23) and NCC-GCTB7-C1 (passage 21) cell lines. Each point repre-
sents the mean ± standard deviation (n = 3). f Invasion capability 
of NCC-GCTB1-C1 (passage 32), NCC-GCTB2-C1 (passage 14), 
NCC-GCTB3-C1 (passage 29), NCC-GCTB4-C1 (passage 16), NCC-
GCTB5-C1 (passage 28), NCC-GCTB6-C1 (passage 22), and NCC-
GCTB7-C1 (passage 21) cells was observed using a Real-Time Cell 
Analyzer. MG63 osteosarcoma cell line (passage 25) was used as 
control

Fig. 5  Drug screening tests on GCTB cell lines. a The drugs were 
categorized into three groups according to their anti-cancer effects: 
cluster A, effective group; cluster B, intermediate effect group; cluster 
C, poor effect group. b–e The proportion of each drug type belonging 
to each cluster. The graphs are depicted after the normalization of the 
number of drugs. Data concerning NCC-GCTB1-C1, NCC-GCTB2-
C1, NCC-GCTB3-C1, NCC-GCTB4-C1, and NCC-GCTB5-C1 were 
previously reported. Passage number of NCC-GCTB6-C1 and NCC-
GCTB7-C1 were 20 and 16, respectively
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The proportion of tyrosine kinase inhibitors and molecular-
targeted agents was higher in clusters A and B than in clus-
ter C (Fig. 5b). Cluster A included a higher proportion of 
topoisomerase inhibitors and anti-microtubule agents than 
the other clusters (Fig. 5c). As for tyrosine kinase inhibitors, 
ALK inhibitors occupied a high proportion of the effective 
group (Fig. 5d). Among molecular-targeted drugs, a high 
proportion of HDAC, MDM2 and PI3K inhibitors belonged 
to the effective group (Fig. 5e).

The  IC50 values were calculated, and the growth curves of 
the HDAC inhibitor romidepsin, with the lowest  IC50 values, 
are shown in Fig. 6 and Table 2, along with those of NCC-
GCTB1-C1 [18], NCC-GCTB2-C1 [19], NCC-GCTB3-C1 
[19], NCC-GCTB4-C1 [17], NCC-GCTB5-C1 [22], NCC-
GCTB6-C1, and NCC-GCTB7-C1.

Discussion

In this study, two novel cell lines from patients with GCTB, 
NCC-GCTB6-C1 and NCC-GCTB7-C1, were established 
and characterized. The current treatment strategy for GCTB 
carries the risk of recurrence after resection as well as the 
side effects of denosumab. Although denosumab therapy 
for GCTB causes dramatic changes in the number of osteo-
clasts in the tumor tissue, it does not eradicate tumor cells 
[11, 12]. Patient-derived cell lines are a promising tool for 
developing a replaceable treatment strategy. The basic study 
of GCTB is stagnant owing to the lack of well-characterized 
cell line models. We believe that the establishment of GCTB 

cell lines will accelerate in vitro preclinical research for the 
development of novel therapeutic strategies.

NCC-GCTB6-C1 and NCC-GCTB7-C1 cell lines repre-
sent typical characteristics analyzed from several aspects. 
Errani et al. reviewed 349 GCTB cases and reported that the 
most common location was the knee, followed by the distal 
radius and proximal femur [7]. The prevalence of GCTB 
is higher in females than males [24, 25]. NCC-GCTB6-C1 
and NCC-GCTB7-C1 cell lines were derived from the right 
knee and left wrist (distal radius), respectively, of males in 
their thirties. Thus, NCC-GCTB6-C1 and NCC-GCTB7-C1 
were established from a typical GCTB site with minor sex 
distribution. Original tumor tissues of NCC-GCTB6-C1 and 
NCC-GCTB7-C1 cells were diffusely immunopositive for 
H3-3A G35W. Sanger sequencing revealed a H3-3A G35W 
mutation in both NCC-GCTB6-C1 and NCC-GCTB7-C1 
cells consisted with these original tissues. Considering that 
at least 92% of GCTB harbor pathogenic H3-3A gene muta-
tions [1, 2], NCC-GCTB6-C1 and NCC-GCTB7-C1 are 
genetically representative GCTB cell lines.

These novel GCTB cell lines showed several character-
istics suitable for in vitro functional research. The constant 
proliferation and invasive capabilities of NCC-GCTB6-C1 
and NCC-GCTB7-C1 are able to utilize as indicators of the 
sensitivity to anti-cancer agents. In addition, we confirmed 
the spheroid formation abilities of NCC-GCTB6-C1 and 
NCC-GCTB7-C1 cells. Currently, tumor cell spheroids have 
attracted attention as models for evaluating chemotherapy 
[26, 27]. NCC-GCTB6-C1 and NCC-GCTB7-C1 cells have 
the potential to conduct research using their spheroids.

In the screening of 214 anti-cancer drugs, we classi-
fied them based on their anti-cancer effects. An effective 
group of cytotoxic drugs included topoisomerase inhibi-
tors and alkylating drugs, that of tyrosine kinase inhibitors 
included ALK inhibitors, and that of molecular-targeted 
drugs included HDAC, MDM2, and PI3K inhibitors. 
According to ClinicalTrials.gov (https:// www. clini caltr 
ials. gov/), none of the alkylating drugs and topoisomer-
ase, ALK, HDAC, MDM2, and PI3K inhibitors have been 
clinically investigated for use in GCTB treatment and are 
thus worth exploring further. Of these drugs, romidepsin, 
an HDAC inhibitor, approved by the US Food and Drug 
Administration (FDA) for the clinical use of peripheral 
T-cell lymphoma, showed the lowest  IC50 value for GCTB 

Fig. 6  Growth-suppressive effects of romidepsin on GCTB cell lines. 
Passage number of NCC-GCTB6-C1 and NCC-GCTB7-C1 were 21 
and 17, respectively

Table 2  Summary of half-maximal inhibitory concentration (IC50) values in the cells

Passage number of NCC-GCTB6-C1 and NCC-GCTB7-C1 were 21 and 17, respectively

CAS# Name of 
drugs

IC50 (nM)

NCC-GCTB1-
C1

NCC-GCTB2-
C1

NCC-GCTB3-
C1

NCC-GCTB4-
C1

NCC-GCTB5-
C1

NCC-GCTB6-
C1

NCC-GCTB7-
C1

128517-07-7 Romidepsin 3.778 241.1 2.058 0.1911 0.1407 0.2312 0.8705

https://www.clinicaltrials.gov/
https://www.clinicaltrials.gov/
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cell lines [28, 29]. HDAC acts as a transcription repressor, 
owing to its histone deacetylation effect, and consequently 
promotes chromatin condensation [30]. Aberrant HDAC 
expression is associated with advanced disease and poor 
clinical outcomes in several cancer types, such as prostate, 
colorectal, breast, lung, liver, and gastric cancers [31, 32]. 
The results of our drug screening with GCTB cell lines 
are concordant with those reported previously. Venneker 
et al. established four patient-derived cell lines of GCTB 
and found them to be sensitive to five HDAC inhibitors 
including romidepsin, in both 2D and 3D models [33]. 
In a patient-derived xenograft model of GCTB, the anti-
cancer effects of the novel HDAC inhibitor ITF-2357 were 
revealed via drug screening [34]. Thus, using GCTB cell 
lines, additional investigation of romidepsin is warranted 
for developing treatment strategies for GCTB.

This study had several limitations. Although NCC-
GCTB6-C1 and NCC-GCTB7-C1 cells are suitable 
for in vitro studies, tumorigenesis was not observed in 
BALB/c nude mice injected with these cells. Therefore, 
NCC-GCTB6-C1 and NCC-GCTB7-C1 cells may not be 
suitable for xenograft experiments. Severely immunosup-
pressed mice may be utilized to observe tumorigenesis 
of NCC-GCTB6-C1 and NCC-GCTB7-C1 cells. In addi-
tion, considering that the 13,117 drugs for human were 
approved as reported in the fact sheet of the US FDA, the 
number of drugs screened in this study may not be suffi-
cient. We report novel cell lines of GCTB, and the appli-
cation of these cell lines should be challenged in future 
studies.

In conclusion, we established two novel GCTB cell 
lines—NCC-GCTB6-C1 and NCC-GCTB7-C1—that 
exhibit several characteristics suitable for in vitro functional 
research. Using these cell lines, we revealed the anti-can-
cer effects of romidepsin, an HDAC inhibitor, on GCTB. 
According to the ClinicalTrials.gov, romidepsin has not been 
used in clinical trials of patients with GCTB. Further analy-
sis of the efficacy of romidepsin in GCTB is hence required. 
Together, these results indicate that patient-derived GCTB 
cell lines have potential use in preclinical and basic research 
on GCTB.
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