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Abstract
Giant cell tumor of bone (GCTB) is a locally aggressive and rarely metastasizing tumor. GCTB is characterized by the 
presence of unique giant cells and a recurrent mutation in the histone tail of the histone variant H3.3, which is encoded by 
H3F3A on chromosome 1. GCTB accounts for ~ 5% of primary bone tumors. Although GCTB exhibits an indolent course, it 
has the potential to develop aggressive behaviors associated with local recurrence and distant metastasis. Currently, complete 
surgical resection is the only curative treatment, and novel therapeutic strategies are required. Patient-derived cancer cell 
lines are critical tools for basic and pre-clinical research. However, only a few GCTB cell lines have been reported, and none 
of them are available from public cell banks. Therefore, we aimed to establish novel GCTB cell lines in the present study. 
Using curetted tumor tissues of GCTB, we established two cell lines and named them NCC-GCTB2-C1 and NCC-GCTB3-
C1. These cells harbored a typical mutation in histones and exhibited slow but constant growth, formed spheroids, and had 
invasive capabilities. We demonstrated the utility of these cell lines for high-throughput drug screening using 214 anticancer 
agents. We concluded that NCC-GCTB2-C1 and NCC-GCTB3-C1 cell lines were useful for the in vitro study of GCTB.
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Introduction

Giant cell tumor of bone (GCTB) is a locally aggressive and 
rarely metastasizing tumor. GCTB is histologically charac-
terized by the presence of reactive multi-nuclear osteoclast-
like giant cells and neoplastic mononuclear stromal cells 
[1]. It is genetically characterized by a mutation in the his-
tone tail of the histone variant H3.3, which is encoded by 
H3F3A on chromosome 1, leading to G34W substitutions 
[2–4]. GCTB accounts for ~ 5% of all primary bone tumors 
[5, 6] and occurs in young adults between the ages of 20 

and 40 years [7]. GCTB has a slightly higher prevalence 
in females than in males, and certain studies have reported 
a female-to-male ratio of 1.3–1.5:1.0 [8, 9]. The standard 
treatment for GCTB consists of surgical tumor removal, 
which includes extensive curettage with or without local 
adjuvants for en bloc resection and amputation [10]. GCTB 
has the potential to develop aggressive behaviors; local 
recurrence is often observed, ranging from 27 to 65% for 
isolated curettage, 12–27% for curettage with local adju-
vants, and 0–12% for en bloc resection [10–14]. Moreover, 
pulmonary metastases occur in 2.1–6.6% of patients with 
advanced or recurrent GCTB [15–17]. The receptor activa-
tor of the NF-κB ligand (RANKL) pathway plays a key role 
in the pathogenesis of GCTB [18, 19], and a human mono-
clonal antibody against RANKL, denosumab, inhibits the 
activation and differentiation of osteoclast-like giant cells, 
causing osteolytic damage [20, 21]. The US Food and Drug 
Administration and European Medicines Agency approved 
denosumab in 2013 and 2014, respectively, as a neoadjuvant 
drug therapy for advanced GCTB, based on the results of 
two phase II trials [22, 23]. Preoperative denosumab treat-
ment with curettage may be a risk factor for recurrence of 
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GCTB [24–26]. Although radiotherapy used to be recom-
mended when complete excision or curettage is impractical, 
a close association of secondary sarcomatous transformation 
in the region of GCTB following radiotherapy were reported 
[27], and its application is restricted to the case where the 
treatments with RANKL inhibitor is difficult for a long term. 
Altogether, the most appropriate use for denosumab is cur-
rently the subject of discussion [28], and the development 
of novel therapeutic strategies based on the understating of 
molecular biology of features of GCTB has been required.

Patient-derived cancer cells, which recapitulate the geno-
type and phenotype of original tumor cells, have consider-
able potential to accelerate the understanding of mechanisms 
underlying the etiology and progression of diseases and 
have contributed to the progress of cancer research since its 
inception [29]. These cell lines have enabled the study of the 
functional significance of genetic mutations, and recurrent 
mutations in the histone tail of the histone variant H3.3, 
encoded by H3F3A, have been addressed using GCTB cell 
lines [30, 31]. The cell lines are also useful for screening 
the antitumor effects of compounds toward the novel dis-
covery of oncology drugs. Additionally, the integration of 
drug response and genetic data has led to the discovery of 
predictive biomarkers in multiple cancers [32–40]. However, 
due to the scarcity of patients with GCTB, only 11 cell lines 
have been established according to Cellosaurus [41]. GCTB 
is a clinically complex disease, and additional cell lines are 
required to develop novel therapies for this disease.

Here, we report two novel GCTB cell lines: NCC-
GCTB2-C1 and NCC-GCTB3-C1. These cell lines were 
established from curetted tumor tissues from two patients 
with GCTB. To demonstrate the utility of these cell lines, 
we characterized their proliferation, spheroid formation, and 
invasion capabilities. Additionally, to demonstrated the util-
ity of these cell lines in drug screening, we examined the 
anti-proliferative effects of anticancer agents.

Materials and methods

Patient history

The ethical committee of the National Cancer Center 
approved the use of clinical materials for this study, and 
written informed consent was obtained from the patient 
donors in this study.

Case 1

The patient was a 70-year-old man with GCTB. The patient 
complained of discomfort in the left knee and had visited 
another hospital previously. X-ray, computed tomography 
(CT), and magnetic resonance imaging (MRI) detected the 

bone tumor at the proximal tibia (Fig. 1A–D); thus, the 
patient was referred to the National Cancer Center Hospi-
tal (NCC, Tokyo, Japan). Based on needle biopsy results, 
GCTB was diagnosed. As there was no evidence of metas-
tasis, the tumor was curetted. A part of the curetted tumor 
was used to establish the cell line described in this study. 
The tumor showed conventional GCTB histology, including 
uniform, non-atypical short spindle cell proliferation, and 
evenly distributed osteoclast-like giant cells. There was no 
evidence of malignancy (Fig. 1E). Together with the immu-
nostaining findings that were positive for anti-histone H3.3 
G34W in the needle biopsy specimen (Fig. 1F), the tumor 
was confirmed to be GCTB. 2 years after surgery, there was 
no evidence of local recurrence or distant metastasis.

Case 2

The patient was a 20-year-old woman with GCTB. The 
patient complained of pain in the left knee and had visited 
another hospital previously. X-ray and CT scans showed 
a bone tumor at the proximal tibia (Fig. 2A, B); thus, the 
patient was referred to the NCC. MRI detected a bone tumor, 
and its contrast was enhanced using gadolinium (Fig. 2C, 
D). During open biopsy, the bone tumor was identified as 
GCTB. As there was no evidence of metastasis, the tumor 
was curetted. A part of the curetted tumor was used to estab-
lish the cell line described in this study. Histologically, the 
curetted specimen largely showed necrosis, with only a small 
amount having viable fibroxanthomatous tissue. There was 
no evidence of malignancy in this specimen or in a previous 
biopsy specimen that showed conventional GCTB histol-
ogy (Fig. 2E). Together with the immunostaining findings 
that were positive for anti-histone H3.3 G34W in the open 
biopsy specimen (Fig. 2F), the tumor was confirmed as 
GCTB. 1 year after surgery, there was no evidence of local 
recurrence or distant metastasis.

Histological analysis

Histological examination was performed on 4 μm-thick sec-
tions from a representative paraffin-embedded tumor sample. 
Sections were deparaffinized and stained with hematoxylin 
and eosin (HE).

Immunohistochemistry

Immunohistochemistry was performed using deparaffinized 
tumor samples. The slides were exposed to 3% hydrogen 
peroxide for 20 min to block endogenous peroxidase activity. 
Preparations were pretreated to obtain heat-induced epitope 
retrieval. The primary antibody used was anti-histone H3.3 
G34W (RM263, dilution 1:1000, RevMab Bioscience, South 
San Francisco, CA, USA). The slides were incubated for 
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1 h at room temperature and subsequently labeled with the 
Envision system (Dako).

Cell culture preparation

Primary cells were established using curetted tumor tissues 
obtained at the time of surgery [42]. In brief, the tumor tis-
sue was dissected into small pieces using scissors and incu-
bated with 1 mg/mL collagenase type II (Worthington Bio-
chemical Corporation, Lakewood, NJ, USA). The status of 
cell proliferation was monitored via microscopy, and when 
the cells reached sub-confluence, they were washed with PBS 
(-) (Gibco, Grand Island, NY, USA) and treated with 0.25% 

Trypsin–EDTA solution. The cells were then detached and 
transferred to a tissue culture plate. The cells were maintained 
in DMEM/F12 supplemented with GlutaMAX (both Thermo 
Fisher Scientific, Waltham, MA, USA) supplemented with 
10% heat-inactivated fetal bovine serum (FBS; Gibco), 100 U 
penicillin G, and 100 µg/mL streptomycin (Gibco) at 37 °C in 
a humidified atmosphere with 5% CO2.

Authentication and quality control 
of the established cell line

Authentication and quality control of the established cell 
lines was performed as reported previously [42]. In brief, 

Fig. 1   Clinical and pathologi-
cal data for case 1. X-ray and 
computed tomography show 
an osteolytic and expansive 
lesion in the proximal tibia 
(A, B). Magnetic resonance 
imaging indicates the mass that 
showed low intensity in the 
T1-weighted image (C) and a 
mix of low and high intensity 
in the T2-weighted image (D). 
HE staining shows the typical 
appearance of giant cell tumor 
of bone (GCTB) (e). The tumor 
cells were diffusely positive for 
anti-histone H3.3 G34W (F)
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DNA from the tumor tissue and established cell lines was 
extracted using AllPrep DNA/RNA Mini kits (Qiagen, 
Hilden, Germany). Short tandem repeat (STR) analysis 
was performed for 10 loci using the GenePrint 10 system 
(Promega, Madison, WI, USA) and a 3500xL Genetic Ana-
lyzer (Thermo Fisher Scientific, Waltham, MA, USA). The 
STR pattern was analyzed using the GeneMapper software 
(Thermo Fisher Scientific) and matched to the data in the 
public cell banks using a function of Cellosaurus [41] with 
a standard match threshold of 80% [43]. Mycoplasma con-
tamination was examined via the DNA fragmentation of 
mycoplasma using the e-Myco Mycoplasma PCR Detec-
tion Kit (Intron Biotechnology, Gyeonggi-do, Korea). The 
amplified DNA fragments were separated by agarose gel 

electrophoresis and stained with Midori Green Advanced 
Stain (Nippon Genetics, Tokyo, Japan).

Mutation analysis

Genomic DNA was extracted from tumor tissue or cul-
tured cells using the DNeasy Blood and Tissue kit (Qiagen, 
Venlo, Netherlands). Genomic DNA (50 ng) was used for 
PCR amplification of H3F3A, performed with the forward 
primer, H3F3A_F (5′-TAA​AGC​ACC​CAG​GAA​GCA​AC-3′), 
and reverse primer, H3F3A_R (5′-CAA​GAG​AGA​CTT​TGT​
CCC​ATT​TTT​-3′), using KOD-Plus-Neo DNA polymerase 
(TOYOBO, Osaka, JAPAN). The PCR cycling conditions 
were: hot-start denaturation at 95 °C for 5 min, followed 

Fig. 2   Clinical and patho-
logical data of case 2. X-ray and 
computed tomography show an 
osteolytic and expansive lesion 
in the proximal tibia (A, B). 
Magnetic resonance imag-
ing indicates a homogeneous 
mass with low intensity in the 
T1-weighted image (C), which 
was enhanced by the use of 
gadolinium (D). HE staining 
shows predominantly fibrohis-
tiocytic tissue, compatible with 
GCTB with secondary change 
(E). The tumor cells were dif-
fusely positive for anti-histone 
H3.3 G34W (F)
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by 35 cycles of denaturation at 95 °C for 30 s, annealing at 
55 °C for 30 s, polymerization at 72 °C for 45 s, and a final 
incubation for 10 min at 72 °C. The PCR products were 
purified with ExoSAP-IT (Affymetrix, Santa Clara, CA) and 
direct sequencing was performed using a BigDye v3.1 Cycle 
Sequencing Kit (Applied Biosystems) on the Applied Bio-
systems 3130xL instrument using the GENEWIZ platform 
(South Plainfield, NJ, USA).

Single nucleotide polymorphism (SNP) array

Chromosomal aberrations were examined using SNP array 
genotyping, which was conducted using the Infinium Omni-
ExpressExome-8 v1.4 BeadChip (Illumina, San Diego, CA, 
USA) following the manufacturer’s instructions. Genomic 
DNA was extracted from tumor cells and normal white 
blood cells and amplified. The amplified DNA was reacted 
with the array slides in an iScan system (Illumina). Log 
R ratios and B allele frequencies were calculated using 
Genome Studio 2011.1 + cnvPartition v3.2.0 (Illumina) and 
KaryoStudio Data Analysis Software version 1.0 (Illumina), 
respectively. Log R ratios and B allele frequencies indicate 
the normalized signal intensity and normalized ratio of the 
B allele to the total of both A and B alleles, respectively. 
Copy number analysis was performed using ASCAT (ver-
sion 2.1), taking into account non-neoplastic cell infiltration 
and tumor aneuploidy, and its results showed integral allele-
specific copy number profiles for the tumor cells. Amplifi-
cation was defined as copy number ≥ 5 (for diploid tumors, 
with ASCAT ploidy, 2.7n) or ≥ 9 (for tumors with evidence 
of whole-genome duplication, with ASCAT ploidy ≥ 2.7n). 
Homozygous deletions were considered if there were zero 
copies in the tumor cells.

Real‑time cell analyzer (RTCA) growth assay

The RTCA (xCELLigence, Agilent Technologies, Santa 
Clara, CA, USA) instrument was used to assess the poten-
tial for proliferation of the established cells according to 
the manufacturer’s instructions. Briefly, background meas-
urements were obtained from the wells by adding 100 μL 
of DMEM/F12 supplemented with 10% FBS to the E-16 
plates (Agilent Technologies). Subsequently, RTCA Soft-
ware Package 2.0 was used to calibrate the plates. Cells were 
plated at a density of 10,000 cells/well using DMEM/F12 
supplemented with 10% FBS to a final volume of 100 μL 
and incubated at 37 °C and 5% CO2 in the RTCA cradle. The 
impedance signals were recorded every 15 min for 72 h and 
plotted as a function of time after cell seeding. The popu-
lation doubling time was calculated based on the growth 
curve. All measurements were performed in duplicate.

Spheroid formation assay

The spheroid formation capability was assessed as described 
in a previous study [42]. In brief, the tumor cells were plated 
onto round-bottomed low-attachment 96-well plates (96-
well Clear Round Bottom Ultra Low Attachment Micro-
plate; Corning, Inc., Corning, NY, USA) at a concentration 
of 1.0 × 104 cells/well. After 72 h, spheroid formation was 
microscopically confirmed and subjected to paraffin sec-
tioning using iPGell (Genostaff, Tokyo, Japan). The sec-
tioned spheroids were stained with HE and analyzed via 
microscopy.

RTCA invasion assay

To examine the potential for invasion, we used an RTCA 
according to the manufacturer’s instructions, and the pro-
cedure is described in our previous study [29]. Briefly, 
Matrigel at a concentration of 9.3 mg/mL (BD Biosciences, 
Franklin Lakes, NJ, USA) was layered onto the membrane 
in the upper chamber, and 4 × 104 cells were seeded onto 
it. MG63 osteosarcoma cells (JCRB; Ibaraki Osaka, Japan) 
were used as controls [30]. The medium used to maintain the 
cells was added to the lower chamber. Next, the cells on the 
Matrigel-coated membrane migrated to the bottom chamber 
and adhered to the electronic sensors on the underside of 
the membrane. The attached cells influenced the electrical 
impedance of the electronic sensors. The invasion capability 
of the cells was estimated based on the positive correlation 
between the impedance and number of cells. The impedance 
was monitored every 15 min for 72 h and plotted as a func-
tion of time after seeding.

Alkaline phosphatase (ALP) activity

ALP activity in the cell lysate was assayed using an ALP 
assay kit (Takara Bio Inc Cat# MK301, Shiga, JAPAN) fol-
lowing the instruction. After removing the culture medium, 
the cell layers were washed twice with physiological salt 
solution and lysed in 500 μL of Tris base buffer.

Screening for the antitumor effects of anticancer 
agents

To demonstrate the utility of the established cell lines for 
drug screening, the anti-proliferative effects of 214 oncol-
ogy drugs (Supplementary Data Table 1) were examined 
using the Bravo automated liquid handling platform (Agi-
lent Technologies) as described previously [42]. In brief, 
the cells were seeded onto a 384-well plate (Thermo Fisher 
Scientific, Fair Lawn, NJ, USA) at a concentration of 1 × 104 
cells/well in DMEM/F12 supplemented with 10% FBS. The 
next day, oncology drugs (Selleck Chemicals, Houston, TX, 
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USA; Supplementary Table 1) were added at a fixed con-
centration of 10 µM, and the cells were maintained for 72 h. 
Inhibitory effects of the oncology drugs were assessed using 
the CCK-8 reagent according to the manufacturer’s protocol 
(Dojin-do, Kumamoto, Japan). The response readout was 
calculated relative to the DMSO control in terms of the per-
centage of relative growth inhibition.

The anti-proliferative effects were also examined using 
multiple concentrations to determine the IC50 value, which 
is the concentration required to inhibit cell growth by 50% 
relative to control cells. Cell suspensions (1 × 104 cells) were 
dispensed into each well, and the agents were added to the 
384-well plates at various concentrations. The plates were 
incubated for 72 h, and cell viability was assessed using the 
CCK-8 assay. The readout was plotted against the concentra-
tions of agents and examined using the GraphPad Prism 4.2 
software (GraphPad Software Inc., San Diego, CA, USA). 
The response readout was calculated as a percentage of the 
relative growth inhibition compared to the DMSO control. 
The analysis was performed in duplicate. The cells were 
incubated at 37 °C in a humidified atmosphere containing 
5% CO2.

Results

Establishment and authentication of NCC‑GCTB2‑C1 
and NCC‑GCTB3‑C1 cell lines

We established two GCTB cell lines using curetted tumor tis-
sues from two patients with GCTB and named the cell lines 
NCC-GCTB2-C1 and NCC-GCTB3-C1. The two cell lines 
were cultured for over 30 and 40 passages, respectively, for 
more than 1 year. To authenticate the established cell line, 
we examined 10 microsatellite sites (STRs) and found that 
these STRs were identical between the original tumor tissues 
and cell lines (Table 1, Supplementary Fig. 1). A database 
search revealed that the STR patterns of NCC-GCTB2-C1 

and NCC-GCTB3-C1 cells did not match those for exist-
ing cell lines deposited in public cell banks. These results 
indicated that NCC-GCTB2-C1 and NCC-GCTB3-C1 cell 
lines were novel. NCC-GCTB2-C1 and NCC-GCTB3-C1 
cells were negative for mycoplasma contamination, as no 
mycoplasma-specific DNA was found in the cell-conditioned 
medium (data not shown).

Genetic characterization of NCC‑GCTB2‑C1 
and NCC‑GCTB3‑C1 cells

The G34W mutation, which is typical of GCTB, was 
detected in NCC-GCTB2-C1 and NCC-GCTB3-C1 cells 
(Fig. 3). Both NCC-GCTB2-C1 and NCC-GCTB3-C1 cells 
were positive for staining with antibodies against histone 
H3.3 G34W (Fig. 3A, B). The G34W mutation in these two 
cell lines was confirmed by Sanger sequencing (Fig. 3C, 
D). We examined the SNPs of NCC-GCTB2-C1 and NCC-
GCTB3-C1 cells (Fig. 4). We did not detect multiple allelic 
amplifications or deletions in either NCC-GCTB2-C1 
(Fig. 4A) or NCC-GCTB3-C1 cells (Fig. 4B).

Phenotypic characteristics of NCC‑GCTB2‑C1 
and NCC‑GCTB3‑C1 cells

Both NCC-GCTB2-C1 (Fig.  5A) and NCC-GCTB3-C1 
(Fig. 5B) cells exhibited spindle-shaped morphology under 
culture conditions. NCC-GCTB2-C1 and NCC-GCTB3-
C1 cells showed the ability to form spheroids when seeded 
on low-attachment substrates (Fig. 5C, D). The spheroids 
of NCC-GCTB2-C1 cell line comprised with multinucle-
ate cells, which are not observed in the original tumor tis-
sues of GCTB. The NCC-GCTB3-C1 cell line spheroids 
also consisted of heterogenous tumor cells, while obvious 
multinucleate cells were not observed.

NCC-GCTB2-C1 and NCC-GCTB3-C1 cell lines did not 
exhibit alkaline phosphatase activity (data not shown).

Table 1   STR analysis of cell 
lines and tumors

Microsatellite (Chromosome) NCC-GCTB2-C1 NCC-GCTB3-C1

Cell line Tumor tissue Cell line Tumor tissue

Amelogenin (X Y) X, Y X, Y X X
TH01 (3) 9 9 6 6
D21S11 (21) 29, 30 29, 30 30 30, 31
D5S818 (5) 10, 13 10, 13 10, 14 10, 14
D13S317 (13) 10 10 13 13
D7S820 (7) 11 11 8, 11 8, 11
D16S539 (16) 11, 13 11, 13 9 9
CSF1PO (5) 11, 12 11, 12 12 12
vWA (12) 14, 19 14, 19 17 14, 17
TPOX (2) 8, 11 8, 11 8 8
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NCC-GCTB2-C1 and NCC-GCTB3-C1 cell lines 
showed constant proliferation, with population doubling 
times of 64 h and 26 h, respectively, based on the growth 

curves of these cells (Fig. 6A, B). Furthermore, these cells 
displayed invasive ability in vitro, which increased when a 

Fig. 3   Mutation in NCC-
GCTB2-C1 and NCC-GCTB3-
C1 cells. Immunohistochemical 
staining indicates the presence 
of a mutation in H3F3A in 
NCC-GCTB2-C1 (A) and 
NCC-GCTB3-C1 cells (B). 
Sequencing data for H3F3A 
showing the mutation peak in 
both NCC-GCTB2-C1 (C) and 
NCC-GCTB3-C1 cells (D)
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higher number of cells were seeded onto the upper cham-
ber (Fig. 6C, D).

Sensitivity to anticancer agents

The anti-proliferative effects of 214 oncology drugs on 
NCC-GCTB2-C1 and NCC-GCTB3-C1 cells were examined 
using a high-throughput screening approach. In addition to 
these cells, NCC-GCTB1-C1 cells, which we have estab-
lished previously [42], were included in the drug screening. 
First, the effects of oncology drugs at a uniform concentra-
tion of 10 μM (Supplementary Tables 1 and 2) were exam-
ined, and the drugs were ranked according to the survival 
rate after treatment. Second, the IC50 values were generated 
(Table 2), and the growth curves of eight oncology drugs 

having lower IC50 values in the top 10 commonly used cell 
lines are shown in Fig. 7.

Discussion

GCTB exhibits heterogeneous clinical behavior [44, 45], 
and curative therapy is limited to en bloc excision at the 
early stages of lesion development [46]. Because GCTB is 
a relatively rare disease and due to the paucity of adequate 
cancer models, clinical studies with a statistically significant 
number of cases and convincing pre-clinical studies that may 
drive clinical trials have not been extensively performed. We 
aimed to improve this situation by generating novel GCTB 
cell lines.

Fig. 4   Study of the single 
nucleotide polymorphism 
(SNP) array. Allele-specific 
copy number analysis revealed 
variations in the DNA copy 
number. SNP genotyping copy 
number profiles are displayed 
for NCC-GCTB2-C1 (A) and 
NCC-GCTB3-C1 cells (B). The 
upper panel shows log R and the 
lower panel B shows the allele 
frequency (BAF). The plot 
represents log R, and BAF was 
determined using the ASCAT 
algorithm
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Fig. 5   Morphology of NCC-
GCTB2-C1 and NCC-GCTB3-
C1 cells. NCC-GCTB2-C1 (A) 
and NCC-GCTB3-C1 (B) cells 
had apparently a large cyto-
plasm. NCC-GCTB2-C1 (C) 
and NCC-GCTB3-C1 (D) cells 
formed spheroids when seeded 
in 96-well low-attachment 
microplates. NCC-GCTB2-C1 
cells had multi-nuclear giant 
cells

Fig. 6   Growth and invasion of NCC-GCTB2-C1 and NCC-GCTB3-
C1 cells. RTCA growth assay of NCC-GCTB2-C1 (A) and NCC-
GCTB3-C1 (B) cells, based on which the doubling time was calcu-

lated. The results of the RTCA invasion assay of NCC-GCTB2-C1 
(C) and NCC-GCTB3-C1 (D) cells, indicated that the cells had inva-
sion capabilities
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We successfully established two novel GCTB cell lines 
and found that they were suitable for in vitro functional 
studies; they grew constantly and had invasive capabili-
ties, suggesting the feasibility of intervention studies 

using these cell lines. We investigated the spheroids of 
NCC-GCTB2-C1 and NCC-GCTB3-C1 cells. First, we 
immunohistochemically confirmed the presence of muta-
tion in histone H3.3 G34W, which was observed in the 

Table 2   IC50 value of oncology 
drugs in GCTB cell lines

CAS# Name of drugs IC50 (μM)

NCC-GCTB1-C1 NCC-GCTB2-C1 NCC-GCTB3-C1

50-76-0 Actinomycin D 1.159 × 10–2 8.182 × 10–1 1.578 × 10–2

25316-40-9 Doxorubicin 1.432 × 10–1 3.640 3.600 × 10–1

56390-09-1 Epirubicin HCl 2.495 × 10–1 4.813 4.893 × 10–1

26833-87-4 Homoharringtonine 3.386 × 10–1 6.457 × 10–1 2.382 × 10–1

70476-82-3 Mitoxantrone 5.553 × 10–1 4.840 2.947 × 10–1

128517-07-7 Romidepsin 3.778 × 10–3 2.411 × 10–1 2.058 × 10–3

114899-77-3 Trabectedin 3.168 × 10–2 5.341 1.408 × 10–2

143-67-9 Vinblastine sulfate 1.820 × 10–1 6.241 1.173 × 10–1

Fig. 7   Growth suppressive effects of oncology drugs on GCTB cells. The anti-proliferative effects of the eight oncology drugs on NCC-GCTB1-
C1, NCC-GCTB2-C1, and NCC-GCTB3-C1 cells are shown. The IC50 values are summarized in Table 2



1909Establishment and characterization of novel patient‑derived cell lines from giant cell tumor…

1 3

monolayer-cultured cells, suggesting that the genetic 
information was preserved in the tumor cells when formed 
spheroids. The complex components, such as giant cells 
with multiple nuclei became noticeable when NCC-
GCTB2-C1 cells formed spheroids. It is also noticeable 
that the multinucleated cells observed in the spheroids of 
NCC-GCTB2-C1 are histologically different from those 
observed in GCTB. In addition, the NCC-GCTB2-C1 
and NCC-GCTB3-C1 cells in the spheroids had obvious 
nuclear atypia. In contrast, the original tumors did not 
have nuclear atypia and the clinical outcome of the donor 
patients was favorable so far. Thus, it is worth further 
investigating the molecular backgrounds of the spheroid 
formation and development along with studying on the 
mechanisms that generate distinct morphologies in the two 
cell lines.

We demonstrated the utility of our cell lines for drug 
development using oncology drug screening. The identified 
drugs are candidates for further investigation. We found 
that no drugs showed drastic anti-proliferative effects on all 
three cell lines. It is unclear whether the different sensitivi-
ties among the cells arose due to intra- or inter-tumor het-
erogeneity. We found that romidepsin markedly suppressed 
the growth of the three cell lines. Romidepsin is a histone 
deacetylase (HDAC) inhibitor that is approved for the treat-
ment of cutaneous T-cell lymphoma [47]. When cells were 
treated with a fixed concentration of 10 μM romidepsin, the 
survival rates were 0%, 5.8%, and 1.0% in NCC-GCTB1-C1, 
NCC-GCTB2-C1, and NCC-GCTB3-C1 cells, respectively 
(Supplementary Table 2). In contrast, the survival rates after 
treatment with other HDAC inhibitors, such as belinostat 
and vorinostat, were 3.6%, 30.9%, and 5.6%, and 29.7%, 
56.9%, and 37.7% for NCC-GCTB1-C1, NCC-GCTB2-C1, 
and NCC-GCTB3-C1 cells, respectively (Supplementary 
Table 2). The molecular background of the specificity of 
HDAC inhibitors in GCTB cells is worth investigating. 
Although the cell lines are advantageous over other cancer 
models and are suitable for use in high-throughput screen-
ing, they have inherent limitations because they were main-
tained under artificial conditions. The results of the drug 
screening should be further validated in other cancer mod-
els, such as patient-derived xenografts. Although our results 
should be validated in a larger number of cases using dif-
ferent methods, the results of the present study indicate the 
utility of our cell lines.

Considering the clinical variations of GCTB, we need to 
establish additional patient-derived cancer models to reca-
pitulate the in vivo behavior of GCTB. Because of the rar-
ity of GCTB occurrence and the variety of available cancer 
models, such as cell lines, organoids, and xenografts, model 
establishment requires multi-institutional collaboration. 
Moreover, multi-institutional collaboration should facilitate 
the best use of the established cancer models.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s13577-​021-​00579-z.
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