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Abstract

Undifferentiated pleomorphic sarcoma (UPS), previously termed malignant fibrous histiocytoma, is one of the most aggres-
sive sarcomas with no identifiable line of differentiation. Although the molecular mechanism of oncogenesis in UPS has
not been clarified, radiation exposure is considered to be a risk factor in the development of UPS. In the treatment of UPS,
surgical treatment remains the most important modality. While chemotherapy is considered in unresectable or metastatic
cases, UPS is known to be refractory to conventional chemotherapy, leading to an unfavorable prognosis. To improve the
clinical outcome of this condition, novel treatment methods are urgently needed. Patient-derived cell lines are essential
tools in preclinical studies. However, owing to the rarity of UPS, only four UPS cell lines are publicly available. Thus, we
established a novel UPS cell line, NCC-UPS3-Cl1, using a surgically resected tumor from a patient with radiation-associated
UPS. NCC-UPS3-C1 cells had multiple genomic deletions including the tumor suppressor genes CDKN2A and CDKN2B.
NCC-UPS3-Cl1 cells demonstrated constant growth, spheroid formation, and aggressive invasion ability. We also conducted
a screening test using 214 drugs and identified that the histone deacetylase inhibitor, romidepsin, is highly effective on
NCC-UPS3-CI cells. Thus, we concluded that the NCC-UPS3-C1 cell line is a useful tool in preclinical studies for UPS.
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Introduction

Undifferentiated pleomorphic sarcoma (UPS), previously
termed malignant fibrous histiocytoma (MFH), is a mes-
enchymal neoplasm with no identifiable line of differen-
tiation when analyzed by presently available technology
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[1, 2]. UPS accounts for approximately 10% of all soft
tissue sarcomas and represents one of the most common
sarcomas diagnosed in elderly patients [2, 3]. Notably,
irradiation history is considered to be a risk factor in the
development of UPS, and 25-30% of radiation-associated
soft tissue sarcomas are UPS [4-7]. Although UPS most
often arises from the extremities, radiation-associated UPS
frequently develops in the trunk, reflecting the sites of
radiation therapy [3, 5, 8]. Genetic analysis revealed com-
plex karyotypes and genomic profiles of UPS. Although
the specific genetic aberration of UPS has not been deter-
mined, frequent deletions and rearrangements involving
CDKNZ2A and CDKN2B in 9p, PTEN in 10q, RBI in 13q,
and TP53 in 17p were reported [1, 9-13]. However, the
molecular mechanism of the oncogenesis in UPS is still
unknown [2]. In the treatment of UPS, surgical treatment
remains the most important modality. However, com-
plete resection is sometimes difficult to achieve due to
the location of the tumor, which may be in the vicinity
of a nerve or in the retroperitoneal area. When there is
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failure of complete tumor resection and the margin of the
resected tumor is positive, the local recurrence rate may
increase until approximately 70% [14]. Besides the high
local recurrence rate, the metastatic rate is also high at
30-35%, resulting in an unfavorable 5-year overall sur-
vival of 60-70% [3, 8, 14, 15]. Although chemotherapy
is considered in unresectable or metastatic cases, UPS is
known to be refractory to conventional chemotherapy [16,
17]. Therefore, new therapeutic methods for UPS patients
are necessary.

Patient-derived cell lines are essential tools in preclini-
cal studies. Although long-term cultured cell lines have
altered their genetic traits, short-term cultured cell lines
maintained the characteristics of the original tumor [18,
19]. Taking advantage of this feature, genomic profiling
and drug screening test using a large number of cell lines
have been conducted recently [20-23]. In common can-
cers, hundreds of cell lines have been screened, and novel
candidate drugs have been discovered. However, these
screening studies had not been adequately conducted in
sarcomas due to the rarity and paucity of sarcoma cell
lines [24, 25]. Using Cellosaurus [26], we examined cell
lines annotated as UPS or MFH and found only four cell
lines publicly available (Supplementary Table 1). There
are newly reported UPS cell lines that have not yet been
included in Cellosaurus, but these cell lines are not depos-
ited in public cell banks either [27, 28]. This makes it

Fig.1 Clinical and pathologi-
cal data. Magnetic resonance
imaging showing a soft tissue
tumor in the left gluteus
maximus, with A low intensity
in T1-weighted image and B
low intensity in the center and
isointensity in the periphery

in T2-weighted image. Yellow
arrows indicate the tumor. C,

D H&E staining showing the
tumor consisting of intersecting
fascicles of pleomorphic spindle
cells with no lines of differen-
tiation

difficult to conduct screening studies in UPS and hinders
the development of novel therapeutic drugs.

In this study, we established a novel UPS cell line, NCC-
UPS3-C1, from surgically resected UPS tumor tissue. We
characterized the NCC-UPS3-Cl1 cells and conducted a drug
screening test to identify promising candidates for the treat-
ment of UPS.

Materials and methods
Patient history

The patient donor was a 55-year-old female with undif-
ferentiated pleomorphic sarcoma. The patient previously
visited a hospital with the chief complaint of a mass on
her left buttock. The patient has a history of being treated
for cervical cancer and received radiation therapy. During
that time, the buttock was included in the radiation field.
Magnetic resonance imaging detected a soft tissue tumor
in the left gluteus maximus with a maximum diameter of
approximately 7 cm (Fig. la, b). As the result of needle
biopsy indicated a malignancy, the patient was referred to
the National Cancer Center Hospital (Tokyo, Japan). Open
biopsy was performed, and the tumor was suspected to be
a radiation-associated sarcoma. Since there was no distant
metastasis, wide resection was performed. Pathologically,
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the tumor consisted of intersecting fascicles of pleomorphic
spindle cells (Fig. 1c, d). The tumor showed very rare reac-
tivity to cytokeratin AE1/AE3, whereas it was negative for
MDM?2, S100 protein, desmin, myogenin, CD34, and ERG.
H3K27me3 expression was retained (Supplementary Fig. 1).
No lines of differentiation were appreciated (Fig. 1c, d). A
part of the resected tumor acquired from the operation was
used to establish the cell line described in this study. The
ethical committee of the National Cancer Center approved
the use of clinical materials for this study, and a written
informed consent was obtained from the patient donor.

Histological analysis

Histological examination was performed on 4-pm-thick sec-
tions from a paraffin-embedded tumor sample. The sections
were deparaffinized and stained with hematoxylin and eosin
(H&E).

Immunohistochemistry

Immunohistochemistry was performed using the depar-
affinized tumor sample. The sections were exposed to 3%
hydrogen peroxide for 15 min to block any endogenous per-
oxidase activity and were then washed in deionized water for
2-3 min. The preparations were subjected to heat-induced
epitope retrieval. Primary antibodies against cytokeratin
(AE1/AES3, prediluted; Dako, Glostrup, Denmark), MDM?2
(IF2, 1:100; Thermo Fisher Scientific, Waltham, MA, USA),
S100 protein (Polyclonal, prediluted; Dako), desmin (D33,
prediluted; Dako), myogenin (F5D, prediluted; Dako), CD34
(QBEnd-10, 1:100; Dako), ERG (EPR3864, 1:2500; Abcam,
Cambridge, UK), and H3K27me3 (C36B11, 1:200; Cell
Signaling Technology, Danvers, MA, USA) were used. The
slides were incubated for 1 h at room temperature, and sub-
sequently labeled with peroxidase (EnVision system, Dako).

Cell culture

The surgically resected tumor tissue was used to establish
the cell line as previously described [29]. Briefly, the cells
were maintained in DMEM/F12 (Gibco, Grand Island, NY,
USA) supplemented with 5% heat-inactivated fetal bovine
serum (FBS; Gibco), 100 pg/mL penicillin and 100 pg/mL
streptomycin (Nacalai Tesque, Kyoto, Japan), 0.4 pg/mL
hydrocortisone (Sigma-Aldrich, St. Louis, MO, USA), 5 ng/
mL EGF (Sigma-Aldrich), 10 ng/mL bFGF (Sigma-Aldrich),
5 pug/mL insulin (Sigma-Aldrich), and 10 uM Y-27632 (Sell-
eck Chemicals, Houston, TX, USA: Rock inhibitor) at 37 °C
in a humidified atmosphere with 5% CO,. The cells were
maintained for more than 6 months under tissue culture con-
ditions and were passaged more than 20 times.
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Authentication and quality control
of the established cell line

The established cell line was authenticated by examining
short tandem repeats (STRs) at 10 loci using the GenePrint
10 system (Promega, Madison, WI, USA) according to the
manufacturer’s instructions and the procedure we previously
described [29].

Mycoplasma contamination was examined using the
e-Myco Mycoplasma PCR Detection Kit (Intron Biotechnol-
ogy, Gyeonggi-do, Korea) according to the manufacturer’s
instructions. Briefly, the extracted DNA of the cell line was
heated at 95 °C for 10 min, and then the DNA sequence
unique to mycoplasma was amplified. The amplified DNA
was separated by gel electrophoresis. Finally, the gel was
stained with Midori Green Advance stain (Nippon Genetics,
Tokyo, Japan) and analyzed using an Amersham Imager 600
system (GE Healthcare Biosciences, Little Chalfont, UK).

Genetic analysis

Single nucleotide polymorphism (SNP) array genotyping
was performed with the Infinium OmniExpressExome-8
version 1.4 BeadChip (Illumina, San Diego, CA, USA) as
previously described [29]. The SNP array data were ana-
lyzed using the R version 4.0.3 (R Foundation for Statistical
Computing, http://www.R-project.org) and DNAcopy pack-
age version 1.64.0 (Bioconductor, https://bioconductor.org/).
Chromosome regions with copy numbers >3 and < 1 were
defined as amplifications and deletions, respectively. Genes
that showed copy number alterations (CNAs) were annotated
using the biomaRt package version 2.46.0 (Bioconductor)
and “Cancer Gene Census” in the Catalogue Of Somatic
Mutations In Cancer database (GRCh 37 version 91).

Cell proliferation assay

Cell proliferation assays were performed as previously
described [29]. Briefly, the cells were seeded at a density of
2.5x10* cells/well in 24-well culture plates at day 0. The
number of cells was counted every 24 h for 4 days. The dou-
bling time was calculated based on the growth curve. All the
experiments were conducted in triplicates.

Spheroid formation assay

Spheroid formation assay was performed as previously
described [29]. Briefly, the obtained spheroids were pre-
pared for paraffin sections using iPGell (Genostaff, Tokyo,
Japan) according to the manufacturer’s instructions. Cell
blocks were fixed with 10% formalin neutral buffer solution
and embedded in paraffin. Four-micrometer-thick paraffin
sections were prepared and stained with H&E.
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Invasion assay using real-time cell analyzer

The invasion potential was assessed using a real-time cell
analyzer (xCELLigence, Agilent, Santa Clara, CA, USA) as
previously described [30]. MG63 osteosarcoma cells [31]
(JCRB; Ibaraki Osaka, Japan) were used as controls. This
assay was monitored every 15 min for 72 h and plotted as a
function of time after seeding.

Assessment of tumorigenicity in nude mice

Tumorigenicity of the cells were assessed as previously
described [29]. Briefly, we used female Balb/c nude mice
purchased from CLEA Japan, Inc. (Tokyo, Japan). A
100 pL volume of cells in a 1:1 mixture of Matrigel (BD
Biosciences, Franklin Lakes, NJ, USA) was subcutane-
ously injected into the mice (1 x 10° cells). Subsequently,
the tumor size was measured weekly. The tumor volumes
were calculated according to the following formula: vol-
ume = (length X width?)/2. After 2 months, the tumors were
surgically resected, and the specimens were stained with
H&E. The animal experiment in this study was performed
according to the guidelines of the Institute for Labora-
tory Animal Research, National Cancer Center Research
Institute.

Drug screening for the antiproliferative effects

Screening for the antiproliferative effects of 214 drugs
including FDA-approved anticancer agents was conducted
as previously described [29]. The drugs used in this screen-
ing test are listed in Supplementary Table 2.

The ICs, value, the concentration required to inhibit cell
growth by 50% in comparison with the growth of the control
cells, was evaluated in 24 anticancer agents which exhibited
prominent antiproliferative effects in the screening test.

Results
Authentication of the established cell line

We authenticated the NCC-UPS3-C1 cell line by analyzing
the STR pattern of 10 microsatellites (Table 1, Supplemen-
tary Fig. 2). Calculated based on the Tanabe algorithm [32],
the STR match ratio between the NCC-UPS3-C1 cells and
the corresponding original tumor was 83.3%. The score met
the standard match threshold of 80% [33]. In addition, the
STR patterns did not match those of any other cell line in
the public cell banks examined using the cell line database,
Cellosaurus [26]. These results confirm that the NCC-UPS3-
C1 cells were not contaminated with other cells and were
established from the original tumor.

Table 1 Short tandem repeat analysis

Microsatellite (chromosome) NCC-UPS3-C1 Tumor tissue
Amelogenin (X Y) X X

THO1 (3) 9,93 9.3
D21S11 (21) 29, 31 29, 31
D5S818 (5) 11,12, 13 11,12
D13S317 (13) 10, 12 10
D7S820 (7) 10, 11 10, 11
D16S539 (16) 9,10 9
CSF1PO (5) 10, 11, 12 11,12
vWA (12) 17,20, 21, 22 20, 21,22
TPOX (2) 11 11

We did not detect the DNA sequence unique to myco-
plasma in the DNA of NCC-UPS3-Cl1 cells (data not
shown).

Characterization of the cell line

SNP array analysis revealed multiple CNAs in NCC-UPS3-
Cl1 cells. Partial allelic deletions were identified in chromo-
somes 1pq, 2p, 3q, 4p, 59, 6p, 79, 8p, 9pq, 10p, 11p, 12q,
15q, and 18pq. The deletion in chromosome 9p included
the tumor suppressor genes CDKN2A and CDKN2B (Fig. 2,
Supplementary Table 3).

NCC-UPS3-Cl cells are comprised of pleomorphic cells
under 2D culture conditions (Fig. 3a, b). These cells exhib-
ited constant growth, and the population doubling time was
61.6 h based on the growth curve (Fig. 3c). They also had
the capability of spheroid formation. The H&E-stained sphe-
roid section showed dense proliferation of pleomorphic cells
with nuclear atypia (Fig. 3d). Real-time cell analyzer assay
revealed a more aggressive invasion ability of NCC-UPS3-
C1 cells compared to MG63 cells (Fig. 3e).

Tumorigenesis in nude mice

NCC-UPS3-C1 cells transplanted into BALB/c nude mice
formed small tumor masses under the described conditions
(Supplementary Fig. 3a). The H&E-stained tumor section
exhibited dense proliferation of pleomorphic cells (Supple-
mentary Fig. 3b). Although viable tumor cells were observed
in H&E sections, the tumor growth was not sufficient (Sup-
plementary Fig. 3c).

Sensitivity to anticancer agents
The antiproliferative effect of 214 drugs against NCC-UPS3-
C1 cells was examined (Supplementary Table 2). The cell

viability after treatment with each agent at a fixed concen-
tration of 10 uM was described in Supplementary Table 4.
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Fig.2 Analysis of the single
nucleotide polymorphism (SNP)
array. Allele-specific copy num-
ber analysis revealed DNA copy
number alterations in NCC-
UPS3-C1 cells. The X-axis and
Y-axis indicate the chromosome
number and the log ratio of the
copy number, respectively

Fig.3 Characterization of
NCC-UPS3-Cl cells. A, B
NCC-UPS3-C1 cells showing
pleomorphic cell morphology
under 2D culture conditions. C
Growth curve of NCC-UPS3-
CI1 cells. The Y-axis indicates
the relative cell proliferation of
NCC-UPS3-CI1 cells, and the
X-axis represents the day after
seeding. D The H&E-stained
spheroid section of NCC-
UPS3-Cl cells showing dense
proliferation of pleomorphic
cells. E Real-time cell analyzer
invasion assay showing the
invasion ability of NCC-UPS3-
C1 cells compared to that of
MG63 osteosarcoma cells
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The ICs, values of 24 drugs that showed prominent anti-
proliferative effects on NCC-UPS3-Cl in the screening test
were determined. The ICs, values of 24 agents are presented
in Supplementary Table 5, and the six agents with the lowest
ICs, values are shown in Table 2. The growth curves that
served as the basis for the calculation of the ICs, values are
shown in Fig. 4 and Supplementary Fig. 4.

Discussion

UPS is a rare malignant tumor with a poor prognosis.
Although systemic chemotherapy is often adapted in the
advanced cases of UPS, the efficacy of conventional chemo-
therapy has not been clarified adequately [16, 17]. Consider-
ing that UPS accounts for a large number of patients with
soft tissue sarcomas, the development of novel treatment
method is urgently required. Patient-derived cell lines are
essential tools in preclinical studies. Screening studies using
a large number of cell lines were conducted in common

Table2 Summary of half-maximal inhibitory concentration (IC50)
values in the cells

cancers to reveal genomic profiling and sensitivity to the
anticancer agents [20-23]. However, due to the paucity and
rarity of UPS cell lines, the research on UPS is still behind
in these fields [24]. Hence, we established a novel UPS cell
line, NCC-UPS3-C1.

The NCC-UPS3-C1 cell line was established from the
radiation-associated UPS that developed in the buttock.
While sporadic UPS usually occurs in the extremities, radi-
ation-associated UPS predominantly occurs in the trunk,
including the buttock, reflecting the irradiation area of pre-
radiation therapy [3, 5, 8]. Therefore, NCC-UPS3-C1 cell
line was established from a typical radiation-associated
UPS case. In addition, UPS is the most common histologi-
cal subtype of radiation-associated sarcoma, accounting for
25-30% of the cases [4—7]. Thus, NCC-UPS3-C1 cell line
will be useful in further studies of UPS and in understanding
the characteristics of radiation-associated sarcoma.

NCC-UPS3-Cl cells showed multiple chromosomal dele-
tions reflecting the complex genotype of UPS. Among the
observed CNAs, the deletion of CDKN2A is frequently con-
firmed in UPS; however, it is not specific to UPS [9-11].
Notably, the deletion of CDKN2A is associated with poor
prognosis of UPS, indicating a malignant potential of NCC-
UPS3-Cl1 cell line [34]. In a recent study, it was reported that
AMPD?2 was associated with poor prognosis [35]. However,

CAS# Name of drugs IC50 (pM) . F ! ;
NCC-UPS3-C1 cells did not exhibit the amplification of
50-76-0 Actinomycin D 0.001683 AMPD?2, reflecting the diversity of UPS.
128517-07-7 Romldepsm (FK228, Dep51— 0.001963 NCC-UPS3-C1 cells dlsplayed the typlcal morphol_
peptide) .
ogy of pleomorphic sarcoma and demonstrated constant
179324-69-7 Bortezomib (PS-341) 0.003713 .. . .
o growth and capability of spheroid formation. Furthermore,
ST852-57-0 Id?rublcm Hel 0.01665 NCC-UPS3-C1 cells exhibited more invasiveness than
70476-82-3 Mltoxanm?ne ZH'CI 0.02657 MG63 osteosarcoma cells. These in vitro characteristics
26833-87-4 Homoharringtonine 0.03722 reflected the malignant potential of the original tumor.
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Fig.4 Growth curves for the IC, value calculation of the investigated anticancer agents. A—F Viability of cells treated with anticancer agents at
different concentrations. The name of each anticancer agent is shown under the graph
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Meanwhile, NCC-UPS3-C1 cells did not sufficiently grow
in nude mice, indicating that these may not be suitable for
xenograft experiment.

NCC-UPS3-C1 cells exhibited high sensitivity to the
actinomycin D, romidepsin, bortezomib, idarubicin,
mitoxantrone, and homoharringtonine in a drug screen-
ing test using 214 drugs. These drugs demonstrated more
antiproliferative effect than trabectedin and eribulin,
which have been reported to be effective in UPS cell lines
[28, 36]. It is worthy to note that NCC-UPS1-C1 cells
also showed remarkable sensitivity to romidepsin [37].
Romidepsin is a histone deacetylase (HDAC) inhibitor,
which is recommended to be used as a second-line therapy
in patients with peripheral T-cell lymphoma [38]. Only
a few studies have reported on the efficacy of HDAC
inhibitor on UPS [39-41]. Rivera-Reyes et al. reported
that HDAC inhibitor, vorinostat, affected the epigenetic
modulators that demonstrated an antiproliferative effect on
UPS [41]. Romidepsin may have shown anti-proliferative
effects by a similar mechanism, warranting further study.

To summarize, we successfully established a novel
UPS cell line, NCC-UPS3-C1, which had highly malig-
nant characteristics in vitro reflecting radiation-associated
UPS. Genetically, NCC-UPS3-C1 cells have multiple
CNAs including the deletion of CDKN2A, indicating the
complexity of UPS. Drug screening test revealed novel
candidate drugs for the treatment of UPS. However, this
study has limitations. Firstly, NCC-UPS3-C1 cell line can-
not represent all UPSs due to the high heterogeneity of
UPS. Secondly, although we identified candidate drugs
in this study, dozens of UPS cell lines are needed to iden-
tify which drugs are effective at a statistically significant
level. Thus, we conclude that continuous efforts to estab-
lish novel UPS cell lines are required and that these should
be shared widely in the research community.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13577-021-00633-w.
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