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Abstract

Myxofibrosarcoma (MFS) is among the most aggressive and complex sarcoma types that require novel therapeutic approaches
for improved clinical outcomes. MFS displays highly complex karyotypes, and frequent alterations in p53 signaling and
cell cycle checkpoint genes as well as loss-of-function mutations in NFI and PTEN have been reported. The effects of
radiotherapy and chemotherapy on MFS are limited, and complete surgical resection is the only curative treatment. Thus,
the development of novel therapeutic strategies for MFS has long been long desired for MFS. Patient-derived cell lines are
an essential tool for basic and translational research in oncology. However, public cell banks provide only a limited number
of MFS cell lines. In this study, we aimed to develop a novel patient-derived MFS cell line, which was established from the
primary tumor tissue of a 71-year-old male patient with MFS and was named NCC-MFS2-C1. A single-nucleotide polymor-
phism assay revealed that NCC-MFS2-C1 cells exhibited gain and loss of genetic loci. NCC-MFS2-C1 cells were maintained
as a monolayer culture for over 24 passages for 10 months. The cells exhibited spindle-like morphology, continuous growth,
and capacity for spheroid formation and invasion. Screening of 213 anticancer agents revealed that bortezomib, gemcitabine,
romidepsin, and topotecan at low concentrations inhibited the proliferation of NCC-MFS2-C1 cells. In conclusion, we estab-
lished a novel MFS cell line, NCC-MFS2-C1, which can be used for studying the molecular mechanisms underlying tumor
development and for the in vitro screening of anti-cancer drugs.

Keywords Myxofibrosarcoma - Rare cancer - Patient-derived cell line - Drug screening

Introduction

Myxofibrosarcoma (MFS) is one of the most aggressive
soft tissue sarcomas, accounting for approximately 5% of
soft tissue sarcoma diagnoses. MFS commonly occurs in
the elderly population, particularly in the limbs [1]. It dis-
plays highly complex karyotypes; frequent alterations in
pS3 signaling (51%) and cell cycle checkpoint genes (43%)
[2] as well as loss-of-function mutations in NFI (5/35)
and PTEN (1/35) [3] have been reported. However, their
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functional significance in MFS progression and their clini-
cal value are not yet understood. The effects of radiotherapy
and chemotherapy on MFS are limited, and complete surgi-
cal resection is the only curative treatment [4, 5]. However,
local post-operative recurrence is observed in 50-60% of
MES cases, even when wide-ranging local excision is per-
formed with negative surgical margins [1, 6, 7]. Recurrent
tumors have metastatic potential, and approximately 30% of
recurrent MFS progresses to higher grade tumors with poor
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prognosis [1, 7-10]. Therefore, the development of novel
therapeutic strategies for MFS has been long desired for
improved clinical outcomes.

Patient-derived cancer cell lines are indispensable tools
for pre-clinical studies, and their use in research has pro-
moted fundamental discoveries in oncology. Recently, large
cell line panels have been used to identify therapeutic targets
in combination with predictive biomarkers in multiple can-
cer types [11-19]. Such studies pave the way to comprehen-
sive understanding of cancer biology and novel therapeutics.
However, when it comes to MFS, besides the clinical need
for novel therapies, a limited number of MFS cell lines has
been reported previously [20-26], and only two cell lines,
both named NMFH-1, are available from public cell banks
(JCRB; JCRB1507, RCB; RCB2346 [20]). A paucity of
adequate pre-clinical models may result in a lack of effec-
tive systematic treatments. Although MFS was first formally
described in 1977 [8], effective chemotherapy has not been
established yet. Thus, the establishment of additional cell
lines for MFS is urgently needed.

In this study, we established a novel patient-derived cell
line from the tumor tissue of a patient with MFS, designated
as NCC-MFS2-Cl1, and investigated its karyotype and cul-
ture characteristics.

Materials and methods
Patient background

A 71-year-old male patient was referred to the Tochigi
Cancer Center Hospital, Tochigi, Japan due to a growing
tumor in his right lower thigh. Magnetic resonance imaging
(MRI) revealed a tumor mass in the right lower thigh, with
a tail-like multidirectional extensive spread along the fascial
plane, which is typical of MFS (Fig. 1a; Gd-enhanced MRI
coronal view). MRI showed low intensity at T1 (Fig. 1b) and
high intensity at T2 (Fig. 1c); Gd-enhanced MRI showed a
contrast effect along the fascia. In part, tumor infiltration
in the skeletal muscle across the fascia was observed in the
deep direction. (Fig. 1d). Distant metastasis was not detected
by computed tomography. An open biopsy sample was path-
ologically diagnosed as MFS (Fig. le). Wide excision and
split-thickness skin grafting was performed, and the excised
tissue was used for pathological diagnosis and establishment
of the cell line in this study. The pathological diagnosis of
the excised tumor was MFS; myxoid stroma and curvilinear
blood vessels with condensation of cells around the vessels
were detected (Fig. 1e). This study was approved by the eth-
ics committee of the Tochigi Cancer Center and the National
Cancer Center, and written informed consent was obtained
from the patient. The study was performed in accordance
with the ethical standards laid down in the 1964 Declaration

Fig. 1 Clinical imaging data. MRI showed a tumor mass in the right
lower thigh, with a tail-like multidirectional extensive spread along
the fascial plane, which is typical for MFS (a; Gd-enhanced MRI
coronal view). MRI also showed low intensity at T1 (b), high inten-
sity at T2 (c), and a contrast effect along the fascia in Gd-enhanced
MRI In part, tumor infiltration of the skeletal muscle across the
fascia was observed in the deep direction. d HE showed elliptical to
spindle-shaped tumor cells growing patternless or in a storiform pat-
tern. Some cells were conspicuous with large nucleoli. Tumor stroma
showed capillary hyperplasia and formation of mucoid stroma (e)

of Helsinki and its later amendments or comparable ethical
standards.

Cell line establishment

Tumor tissue obtained at the time of surgery was sent from
Tochigi Cancer Center (Tochigi, Japan) to the National Can-
cer Center (Tokyo, Japan) for cell line establishment. As
per our previous report [27], the tumor tissue was mechani-
cally dissected into small pieces and treated with colla-
genase type II at a concentration of 1 mg/mL (Worthington
Biochemical Corporation, Lakewood, NJ, USA). The cells
were plated on a collagen-coated culture dish (Fujifilm Co.
Ltd., Tokyo, Japan) and maintained in Dulbecco’s modified
Eagle’s medium (DMEM)/F12 medium (Thermo Fisher Sci-
entific, Waltham, MA, USA) supplemented with GlutaMAX
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(Thermo), 5% heat-inactivated fetal bovine serum (FBS)
(Gibco, Grand Island, NY, USA), 10 uM Y-27632 (Sell-
eck Chemicals: ROCK inhibitor), 10 ng/mL basic fibroblast
growth factor (Sigma, St Louis, MO, USA), 5 ng/mL epider-
mal growth factor (Sigma), 5 ug/mL insulin (Sigma), 0.4 pg/
mL hydrocortisone (Sigma), 100 pg/mL penicillin, and
100 pg/mL streptomycin (Nacalai Tesque, Kyoto, Japan).
When the culture was sub-confluent, the cells were washed
with PBS (Nacalai), detached using Accutase (Nacalai), and
transferred to another tissue culture plate. The cell cultures
were incubated at 37 “C in a humidified atmosphere with
5% CO,.

Short tandem repeat analysis for cell line validation

The short tandem repeats (STRs) of the original tumor tis-
sue and the established cell line were examined for cell line
authentication [28] as described in our previous report [27].
Briefly, genomic DNA was extracted using the AllPrep
DNA/RNA mini kit (Qiagen, Venlo, Netherland), and DNA
concentration was measured using NanoDrop 8000 (Thermo
Fisher Scientific). STR multiplex assays were performed
using GenePrint 10 (Promega, Madison, WI, USA) and a
3500xL Genetic Analyzer (Applied Biosystems, Waltham,
MA, USA). The STR data were analyzed using GeneMapper
5 (Applied Biosystems). The obtained STR profiles were
examined against the reference STRs of cell lines available
in public cell banks using the standard match threshold of
80% [29].

Evaluation of mycoplasma contamination

To assess mycoplasma contamination, mycoplasma-specific
DNA fragments in the culture medium of the established cell
line were examined by PCR [30] as described in our previ-
ous report [27]. Briefly, DNA in the culture medium was
amplified using the e-Myco Mycoplasma PCR Detection
Kit (Intron Biotechnology, Gyeonggi-do, Korea), and PCR
products were analyzed using agarose gel electrophoresis.

Characterization of cell growth

Cell proliferation was assessed as described previously [27].
In brief, cells (5 x 10*) were plated in 24-well culture plates,
and the number of cells in each well was counted at multiple
time points. The doubling time was calculated based on the
growth curve. All experiments were performed in triplicate.
The cell viability was monitored using the CCK-8 reagent
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan)
for constructing growth curves.
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Spheroid formation assay

The spheroid formation ability of the cells was evaluated as
described previously [27]. In brief, 1x 10* cells were seeded
into round bottom, 96-well, low attachment plates (Ultra
Low Culture Dish, Thermo Fisher Scientific) and grown for
3 days. The presence of spheroids was confirmed under a
microscope (Keyence, Osaka, Japan).

Invasion assay

Invasion ability was assessed using BD Biocoat Matrigel
Invasion Chambers (BD Biosciences, Bedford, MA) accord-
ing to our previous report [27]. Cells at a concentration of
1 x 10° or 2 x 10° were plated in serum-free medium in
the upper chamber, and the lower chamber was filled with
DMEM/F12 containing 10% FBS. After 24 or 48 h, the
cells on the bottom surface, which were stained using Diff-
Quik stain (Sysmex, Kobe, Japan), were counted under a
microscope.

Single-nucleotide polymorphism array

SNP array genotyping was performed to identify copy num-
ber alterations using an Infinium OmniExpressExome-8
v. 1.4 BeadChip (Illumina, San Diego, CA) following the
manufacturer’s instructions. Genomic DNA was extracted
from the cells and from tumor tissues and was amplified.
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 with cnv-
Partition v3.2.0 (Illumina) and KaryoStudio Data Analysis
Software v. 1.0 (Illumina). The human genome data, hg19
version, was used for annotation mapping. The whole-
genome (except chromosome X and Y) log10 ratio (tumor/
reference) value was smoothed, and abnormal copy number
regions were detected using a circular binary segmentation
algorithm [31, 32] with the R package ‘DNAcopy’ from
Bioconductor [33]. Amplifications were defined as regions
for which the copy number was > 3. Deletions were defined
as regions for which less than one copy was present in the
tumor cells. Among the identified genes with copy number
alterations, we searched for “cancer related genes” using
“Cancer Gene Census” in the Catalogue Of Somatic Muta-
tions In Cancer (COSMIC) database (GRCh 37 v91) [34].

Screening of anti-cancer drugs for cell growth
inhibition

Cells were seeded at a density of 5x 10° cells/well in DMEM
containing 10% FBS in a 96-well culture plate and were
grown overnight at 37 ‘C with 5% CO,. Overall, 213 agents
(Selleck Chemicals, Houston, TX, USA) (Supplementary
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Table 1) were added into the plate using the Bravo auto-
mated liquid handling platform (Agilent Technologies, Santa
Clara, CA, USA). After 72 h of treatment, viable cells were
quantified using the CCK-8 assay. The experiment was per-
formed in duplicate.

Results

Establishment and authentication of NCC-MFS2-C1
cell line

We established a novel cell line from the primary tumor tis-
sue of a patient with MFS and designated it as NCC-MFS2-
C1. NCC-MFS2-C1 cells were maintained as monolayer cul-
tures for more than 24 passages in 10 months. By comparing
STR profiles, the identity of the NCC-MFS2-C1 cell line
was confirmed (Table 1). The STR pattern of NCC-MFS2-
C1 cells was identical to that of the original tumor and was
distinct from that of any other cell lines deposited in major
public cell banks according to the Cellosaurus search results
[35]. We concluded that NCC-MFS2-C1 was a novel MFS
cell line. The NCC-MFS2-C1 cells were negative for myco-
plasma contamination (data not shown).

Characteristics of NCC-MFS2-C1 cells

The results of SNP analysis showed that the NCC-MFS2-C1
cells had gains and losses in almost entire parts of chromo-
somes. The copy number variants mostly involved partial
amplification of chromosomal arms (4pq) and partial dele-
tion of chromosomal arms (6pq, 13pq, and 14q) (Fig. 2).
Loss or amplification of cancer related genes was not iden-
tified. NCC-MFS2-C1 cells exhibited spindle-shape mor-
phology (Fig. 3a, b). They showed constant growth with
a doubling time of 13 h (Fig. 3c¢), and an ability to form
spheroids on low-attachment substrates (Fig. 3d). The inva-
sive capacity of NCC-MFS2-Cl1 cells was monitored using

Table 1 Results of STR analysis

Microsatellite (choromosome) NCC-MFS2-C1 Tumor tissue
Amelogenin (X Y) X, Y X, Y
THO1 (3) 6 6
D21S11 (21) 30 30
D5S818 (5) 11, 12 11,12
D13S317 (13) 9,11 9,11
D7S820 (7) 9,12 9,12
D16S539 (16) 9,12 9,12
CSFIPO (5) 12 12
vWA (12) 14, 17 14,17
TPOX (2) 11,12 11,12

Copy number

3 4 5 6 7 8 9 10 11 12 13141516 171819202122

1 2
Chromosome number

Fig.2 Copy number profiling of NCC-MFS2-C1 cells by a single-
nucleotide polymorphism (SNP) array. SNP genotyping copy number
profiles for NCC-MFS2-C1 cells. The x-axis indicates the chromo-
some number. Chromosomes 1-22 are demonstrated from left to right
with green and black colors. Chromosomal segments are shown in
red dots. The y-axis indicates the copy number value

a Transwell invasion assay. As shown in Fig. 3e, the num-
ber of invaded cells was parallel with the number of seeded
cells and the incubation time. NCC-MFS2-C1 cells showed
higher invasive capability than MG63 osteosarcoma cells,
which are often used for sarcoma research.

Sensitivity of the cell line to anti-cancer drugs

The sensitivity of NCC-MFS2-C1 cells to clinically avail-
able anti-cancer drugs was assessed. For the first screen-
ing, the cells were treated with 213 anti-cancer drugs at a
universal concentration of 10 uM (Supplementary Table 2).
Among them, we examined the half maximal inhibitory con-
centration (ICs,) values for agents that showed high inhibi-
tory effects or those used for treatments with sarcomas (Sup-
plementary Fig. 3). We then found that four agents, namely
bortezomib, gemcitabine, romidepsin, and topotecan, had
IC50 values less than 100 nM (Fig. 4).

Discussion

Patient-derived cell lines are an essential tool for cancer
research, as they provide valuable information on the mecha-
nisms of carcinogenesis and development of novel therapies.
The utility of cell line collections for clinical applications
has been demonstrated in previous publications [11-19].
Considering the heterogeneity of MFS, a panel of MFS cell
lines with various characteristics from multiple patients
should be used in the study of MFS. Although MFS cell
lines, namely CNIO BG [36], IM-MFS-1 [37], MUG-Myx1
[22], NMFH-1 (JCRB), NMFH-1 (RCB) [20], and NMFH?2
[25], have been reported, they were not annotated with
detailed clinical information. We had previously reported a
novel MFES cell line, NCC-MFS1-Cl1 [26]; here, we report
our second MFS cell line, NCC-MFS2-C1. This cell line was
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Fig. 3 Phenotypic characteriza-
tion of NCC-MFS2-C1 cells.
a, b Representative phase
contrast micrograph. ¢ Growth
curve of NCC-MFS2-Cl1

cells. Each point represents
the mean =+ standard deviation
(n=3). d Spheroid formation
examined on low-attachment
substrates. e Invasion ability
was observed in NCC-MFS2-
C1 cells
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derived from the primary tumor of a patient with MFS and
was annotated with the detailed clinical and pathological
data of the donor patient.

We characterized NCC-MFS2-C1 cells and found that
the cells demonstrated constant growth, spheroid formation,
and invasion. These characteristics make NCC-MFS2-C1
a suitable cell line for in vitro pre-clinical study. Further,
we examined the anti-proliferative effects of 213 agents on
NCC-MFS2-C1 cells. We also examined these anti-prolif-
erative effects in our previous study on the NCC-MFS1-Cl1
cell line [26]. We found that bortezomib and romidepsin had

@ Springer

low IC50 values in both NCC-MFS1-C1 and NCC-MFS2-
C1. Bortezomib is a proteasome inhibitor, and romidepsin
is a histone deacetylase inhibitor. In a previous phase II
study on advanced sarcoma, bortezomib was found to show
minimal activity [38]. However, that trial did not include
patients with MFS. Romidepsin has been examined in meta-
static or unresectable soft tissue sarcomas in phase II tri-
als; the treatments were not completed in most of the cases,
largely because of disease progression, and MFS was not
included in this trial either (ClinicalTrials.gov Identifier:
NCTO00112463). Thus, clinical trials focusing on MFS are
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required to clarify the antitumor effects of bortezomib and
romidepsin. The high throughput screening for anti-cancer
drugs is the experiment that only cell line can make it, and
we can have some ideas for further studies. However, the
responses to treatments with anti-cancer drugs in the tissue
culture cells are not always reproduced in the patients, and
the results should be validated by the other methods. Patient-
derived xenograft may be a suitable model for the further
validation study of drug responses.

The cell lines have a versatile utility for cancer research,
and the cell lines are especially useful for the high through-
put anti-cancer drug screening. However, there are several
experiments that we did not examine using NCC-MFS2-
C2. In that sense, this study has some important limitations
that should be addressed by future studies. First, although
MEFS tumor tissues include several different tumor cell
populations, we did not select and clone a single cell pop-
ulation, and NCC-MFS2-C1 may include multiple tumor
cell lineages. Heterogenous cell populations may retain
the complexity of the original tumor and can be useful for
the study of tumor heterogeneity. However, cells change
their characteristics when they are repeatedly propagated
and maintained for a long period of time. As NCC-MFS2-
C1 showed the short population doubling time, aberrant
genomic features, and considerable capability of invasion,
the majority of cells should be tumor cells. However, non-
tumor mesenchymal cells may be included in NCC-MFS2-
C1, and it is not impossible that non-tumor mesenchymal
cells dominate the tumor cells after extensive passaging or

under certain tissue culture conditions. Thus, we need to
be careful when we use NCC-MFS2-C1. Second, during
the process of cell line establishment, specific tumor cell
populations may be selectively propagated, and such tumor
cells do not always represent the overall tumor characteris-
tics. For example, the population-doubling time of NCC-
MFS2-C1 cells was 13 h, whereas MFS is an aggressive
but a slowly growing tumor and most commonly arises
as a slowly enlarging mass. Thus, NCC-MFS2-C1 may
reflect aggressive tumor cell populations in tumor tissues.
When we use NCC-MFS2-C1, we need to consider such
characteristics of the cells; otherwise, it will be difficult
to understand the results of experiments. Third, a single
cell line from a single case cannot provide any conclusive
results, and experiments using a single cell line should be
validated by additional cell lines. The response or resist-
ance to anti-cancer agents used in this study should also be
validated in other MFS cell lines; thus, we need to estab-
lish more cell lines in the future. Fourth, NCC-MFS2-C1
are monolayer-cultured cells, and they do not hold three-
dimensional architectures. Xenografts using NCC-MFS2-
C1 will be necessary to examine the interaction of tumor
cells with microenvironments, which include stromal cells
and the extracellular matrix. The invasion potential of
NCC-MFS2-C1 was demonstrated by the Matrigel inva-
sion assay. However, the other methods to evaluate the
metastatic potentials may provide the different results.
Those experiments include the xenotransplantation to tail
vein of mise, as well as the collagen invasion assay.
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In conclusion, NCC-MFS2-C1 cells exhibited continu-
ous proliferation and capacity for spheroid formation and
invasion. A genomic study demonstrated the presence of
genomic alterations in NCC-MFS2-C1 cells. We expect that
the NCC-MFS2-C1 cell line will be useful in shedding light
on the mechanism underlying disease progression and in
screening novel therapeutic agents. Considering the diversity
of the disease, more functionally characterized and clinically
annotated cell lines are needed. Continuous efforts for cell
line establishment are required for rare cancers, for which
few cell lines are available.
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