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Abstract

Background: Myxofibrosarcoma (MFS], formerly considered as a myxoid variant of malignant
fibrous histiocytoma, is the most common sarcoma of the extremities in adults and is
characterized by a high frequency of local recurrence. The clinical behavior of MFS is
unpredictable and the efficacy of chemotherapy is still not well documented. Furthermore,
given the relatively recent recognition of MFS as a distinct pathologic entity its cellular and
molecular biology has still not been extensively studied in patient-derived preclinical models.
We examined the molecular biology and treatment outcomes of high-grade, patient-derived

MFS primary cultures.

Methods: A total of three patient-derived MFS primary cultures were analyzed. We evaluated
the role of CD109 expression and also looked for a correlation between transforming growth
factor-beta (TGF-B) expression and sensitivity of the primary cultures to different drugs.
Results: CD109 was a promising marker for the identification of more aggressive high-
grade MFS and a potential therapeutic target. The results also highlighted the potential

role of TGF-B in chemoresistance. Pharmacological analysis confirmed the sensitivity of the
cultures to chemotherapy. The most active treatments were epirubicin alone and epirubicin
in combination with ifosfamide, the latter representing the current standard of care for soft

tissue sarcomas (STSs), including MFS.

Conclusions: Our results provide a starting point for further research aimed at improving the
management of MFS patients undergoing chemotherapy.
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Introduction

Myxofibrosarcoma (MFS) is one of the most
common soft tissue sarcomas (STSs) usually
affecting the extremities in adults.! Currently, the
World Health Organization describes MFS as a
spectrum of malignant fibroblastic lesions with
myxoid stroma, pleomorphism and curvilinear
vessels.?3 The majority of lesions occur on the
lower limbs but have also been reported on the
trunk and head/neck region. The retroperitoneum
and abdominal cavity are very rare sites of occur-
rence. Clinically, low-grade lesions show a pro-
pensity for multiple local recurrence and are
characterized by low metastatic capacity.*

Conversely, high-grade lesions, exhibit increasing
rates of metastatic potential.!-¢ Furthermore, 15—
38% of local MFS recurrences evolve to higher
histologic entities with increased metastatic
potential.? The prognosis for MFS is slightly bet-
ter than that of other STSs, with an overall inci-
dence of distant metastases ranging from 20% to
25%.78 At present there are no specific immuno-
histochemical markers for the standard differen-
tial diagnosis of MFS, which is based on the
analysis of cytomorphologic findings comprising
the presence of a myxoid background, nuclear
atypia, pseudolipoblasts and curvilinear blood
vessels. These histological characteristics also
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represent key features for distinguishing MFS
from other sarcoma subtypes, for example, lipo-
sarcoma, in cases of dubious diagnosis.%10

The current standard of care for localized disease
is radical resection with clear surgical margins
combined with neoadjuvant or adjuvant radio-
therapy. The management of extremity MFS
favors organ preservation, with amputation only
considered in selected cases.!! However, despite
treatments, local recurrence rates are between
50% and 60%.12-14 The use of chemotherapy in
metastatic MFS, which represents the standard
clinical care, is still limited and outcome remains
very poor. As with other STS, no large clinical
trials focusing on this tumor have been carried
out to date, making it crucial to identify novel
molecular markers that can be used for diagnostic
purposes but also as new therapeutic targets. In
this scenario, patient-derived specimens repre-
sent precious tools that have been widely used to
focus on tumor pathophysiology and pharmacol-
ogy.15-17 This is particularly evident in the case of
rare tumors such as MFS where case series are
inevitably small, limiting the number of surgical
specimens. Furthermore, the number of commer-
cially available immortalized cell lines is limited.
Primary cultures thus represent a promising strat-
egy for improving our understanding of the biol-
ogy of these malignancies and for tailoring patient
treatment.

The above consideration led us to analyze three
patient-derived MFS primary cultures. Tumors
from patients treated at our institute [Istituto
Scientifico Romagnolo per lo Studio e la Cura dei
Tumori (IRST) IRCCS, Meldola, Italy] were
harvested intraoperatively and MFS primary cul-
tures were obtained. The cultures were character-
ized in terms of gene expression analysis. In
particular, we evaluated the potential role of
CD109, a transforming growth factor-beta (T GF-
B) co-receptor first reported in this histotype by
Emori and colleagues in 2015, as a novel marker
and therapeutic target in MFS.!®8 The authors
observed that CD109 was more frequently
expressed in high-grade MFS than in low-grade
disease. Although no statistically significant cor-
relation was found between CD109 expression
and tumor grade, an interesting trend was
observed in this specific setting. The above results
prompted us to explore the role of CD109 as an
indicator of a more aggressive MFS histotype. We
also investigated the sensitivity of our primary
culture to different drugs currently used

in clinical practice or under evaluation for the
treatment of STS. Within this context, the expres-
sion of TGF-f was evaluated as a potential marker
of chemoresistance.

To the best of our knowledge, this is the first
study to examine the molecular biology and treat-
ment outcomes of high-grade, patient-derived
MES primary cultures.

Materials and methods

Case series

The study involved three patients with high-grade
MES. All patients underwent surgical treatment
performed by an experienced orthopedic surgeon
at the Department of Orthopedics of Istituto
Ortopedico Rizzoli, Bologna, Italy. Briefly, the
tumor mass was surgically excised, as reported in
the results section. The protocol was approved by
the IRST-Area Vasta Romagna Ethics
Committee, approval no. 4751/2015, and per-
formed according to Good Clinical Practice
standards and the Declaration of Helsinki. All
patients gave written informed consent to take
part in the study.

The surgical specimens were analyzed by a sar-
coma pathologist (Pathology Unit, Morgagni-
Pierantoni Hospital, Forli, Italy) and processed
within 3 h of surgical resection. Normal tissue
characterized by adipose tissue, fascia, vessels and
muscle tissue [Suppl. Figure 1(a) and (b)]
obtained from one of the three patients was
selected by a sarcoma pathologist and used as
study control. In accordance with the protocol, all
downstream preclinical analyses were performed
at the Osteoncology and Rare Tumors Center
[Istituto Scientifico Romagnolo per lo Studio e la
Cura dei Tumori (IRST) IRCCS].

Establishment of primary cell culture

Patient-derived MFS cell cultures were isolated
from the surgical specimen. Tumor specimens
were washed twice in sterile phosphate buffered
saline (PBS) and shredded into 1-2 mm?3 pieces
with surgical scalpels. The obtained pieces were
incubated with a PBS solution of 2 mg/ml colla-
genase type I (Millipore Corporation, Billerica,
MA, USA) at 37°C in stirring conditions for 15
min and then stored overnight at room tempera-
ture. The next day the collagenase digestion was
blocked by adding Dulbecco’s modified Eagle’s
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medium (DMEM) supplemented with 10% fetal
bovine serum, 1% glutamine and 10% penicillin/
streptomycin.

The cells were isolated from the aggregates using
100-um sterile filters (CellTrics, Partec, Minster,
Germany). Cells were counted and seeded in
standard monolayer cultures at a density of
80,000 cells/cm? and maintained in complete
DMEM medium at 37°C in a 5% CO, atmos-
phere. All the experiments were conducted using
low-passage primary cultures and analyzed by an
experienced sarcoma pathologist.

Synthesis of three-dimensional collagen

scaffolds

The collagen scaffolds were synthesized in our
laboratory as previously described, with slight
modifications.!?2 A 1%-wt suspension of an
insoluble type I microfibrillar collagen derived
from bovine Achilles tendon (Sigma Aldrich, St.
Louis, MO, USA) was prepared in 0.05 M of ace-
tic acid solution (pH 3.2) and precipitated to pH
5.5 by adding 1 M of sodium hydroxide solution,
resulting in a homogeneous suspension of fine
collagen coprecipitates. The material was then
chemically cross-linked with a 1 wt% 1,4-butan-
ediol diglycidyl ether (BDDGE) for 24 h at 25°C
to stabilize the collagen matrix and to control
porosity and tortuosity. This suspension was
blended at 20,000 rpm using an overhead homog-
enizer for 30 min at 4°C and, after mixing, was
centrifuged at 2500 rpm for 5 min to remove air
bubbles formed by blending. The mixed solution
was frozen for 24 h and then freeze-dried for 24 h.

In order to consolidate the three-dimensional
(3D) structure and to yield optimal levels of pore
interconnectivity, the structure was freeze-dried
with a controlled freezing and heating ramp from
25°C to —35°C and from —35°C to 25°C under
vacuum conditions, p = 0.20 mbar. Finally, the
scaffolds were sterilized by immersion in ethanol
70% for 1 h followed by three washes in PBS.

Immunohistochemical analysis

Hematoxylin and eosin (H&E) staining was per-
formed to evaluate the morphological features and
distribution of the cells. Briefly, tissue specimens
were recovered, washed twice with PBS, and
immediately paraffin-embedded in a cryomold
(25 mm X 20 mm X 5 mm). Tissue blocks were
cooled to —15°C and then sectioned into

5-um-thick slices with a microtome. The slides
were then stained using standard techniques and
analyzed. MDM-2 gene amplification was per-
formed to exclude the diagnosis of dedifferenti-
ated liposarcoma. MDM-2 amplification was
assessed by FISH analysis following the manufac-
turer’s instructions (Vysis MDM2/CEP12 dual
color FISH probe kit). For primary cultures,
500,000 cells were cultured for 7 days in scaffolds
which were paraffin-embedded in a cryomold (25
mm X 20 mm X 5 mm). The obtained slides were
thawed, hydrated, stained with H&E and ana-
lyzed. Images were captured with an optical Zeiss
Axioskop microscope equipped with a Polaroid
camera. Immunohistochemistry analysis of
CD109 expression in primary cultures was per-
formed on 4 pm sections with the Ventana
(Ventana Medical Systems, Tucson, Arizona,
USA) according to the manufacturer’s instruc-
tions. The cultures were stained with mouse
monoclonal antibody against CD109 (1:100,
496920 ThermoFisher Scientific, Waltham,
Massachusetts, USA) and then with anti-mouse
horseradish peroxidase (HRP)/diaminobenzidine
(DAB). Counterstaining was performed with
hematoxylin. Normal tissue was used as negative
control. CD109 expression was determined as the
percentage of immunopositive cells within the
total analyzed area. Cells were considered positive
in the presence of brown cytoplasmic staining.

Gene expression analysis

For gene expression analysis, tissue specimens
were processed and the cells obtained were imme-
diately stored with TRIzol Reagent (Invitrogen,
Carlsbad, CA, USA) without being cultured i
vitro to avoid the risk of molecular changes.
mRNA isolation was carried out according to the
manufacturer’s instructions. A total of 150 ng of
extracted RNA was reverse-transcribed using the
iScript cDNA Synthesis Kit (BioRad, Hercules,
CA, USA). Gene expression analysis was then
carried out by 7500 Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA)
with the TagMan gene expression assay mix
(Applied Biosystems). For TGF- analysis,
amplification was performed in a total volume of
20 ul containing 2X TagMan Universal PCR
Master Mix (Applied Biosystems) and 2 ul of
cDNA. ACTB and HPRT were used as house-
keeping genes. The resulting amount the tran-
scripts was normalized to the related housekeeping
genes with the 2-AACT method. We used SYBR
Select Master Mix (Applied Biosystems) with 2 pl
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of cDNA for CD109 analysis. B2 and HPRT were
used as housekeeping genes. The primers for
CD109 amplification were forward 5'-CCTGT
GACCTTTGCAGTGATGT-3" and reverse
5'-GAGTGATGATGGGAGCCTGAA-3'.23

Drug testing

10,000 cells/well were seeded in 96-well plates.
Cells were allowed to recover for 3 days before
treatment. The regimens were selected on the
basis of the peak plasma concentration of each
drug obtained from pharmacokinetic clinical
data; ifosfamide (IFO)100 um,?%25 epirubicin
(EPI) 3.4 um,?%27 EPI 3.4 pm plus IFO 100 pm,
and trabectidin 2.2 X 10-> um.?8 Survival percent-
ages were assessed by the MMT assay (Sigma
Aldrich) after 72 h of drug exposure according to
the manufacturer’s instructions. The experiments
were performed twice.

TUNEL assay

DNA fragmentation resulting from apoptotic sig-
nals was detected by the terminal deoxynucleoti-
dyl transferase (T'dT) nick end labeling (TUNEL)
assay, as previously reported.?® After treatment,
cells were washed twice with PBS, fixed in 1%
formaldehyde on ice for 15 min and incubated in
70% ice cold ethanol for 1 h. Cells were then
washed twice with PBS, permeabilized with 0.1%
Triton-X100 for 5 min and incubated with TdT
and FITC conjugated dUTP deoxynucleotides
1:1 solution (Roche Diagnostic GmbH,
Mannheim, Germany) in a humidified atmos-
phere for 90 min at 37°C in the dark conditions.
Images were captured with an inverted fluores-
cence microscope.

Statistical analysis

Three independent replicates were performed for
each experiment. Data are presented as mean =+
standard deviation (SD) or mean * standard
error, as stated, with » indicating the number of
replicates. Differences between groups were
assessed by a two-tailed Student’s z-test and
accepted as significant at p < 0.05.

Results
Patient characteristics

MFT1 history. Patient MF1 was a 66-year old
female with a primary diagnosis of high-grade

myxofibrosarcoma of the right thigh operated on
July 2013 with negative surgical margins.

A chest computed tomography (CT) scan after
surgery revealed the presence of bilateral nod-
ules suggestive of lung metastases and subse-
quently confirmed by positron emission
tomography (PET) CT scan with fludeoxyglu-
cose F 18 (FDG). In September 2013, the
patient underwent an atypical resection of the
bilateral lung lesions, the histological report con-
firming the presence of adenocarcinoma of the
lung, pT2a N0 LLV0O G2 RO staging with mutated
K-ras and wild type EGFR. After surgery, there
was no evidence of metastatic disease and she
was treated with adjuvant chemotherapy for the
lung cancer with carboplatin and gemcitabine
for six cycles. She was monitored closely and
was disease-free for about 9 months.

In February 2015, a new thigh lesion was surgi-
cally removed, the histology report indicating a
relapse of high-grade myxofibrosarcoma; Ki67
70%; mitotic index 19 mitoses/10 high power
fields (HPFs). Adjuvant local radiotherapy was
administered.

In September 2015 evidence was found of
inguinal lymph node involvement and the
patient began chemotherapy with doxorubicin.
After three cycles, she obtained a complete
response of the lymph node disease and lung
progression with the appearance of a new nod-
ule of about 2 cm detected in the right pulmo-
nary lobe. Chemotherapy was stopped and the
patient underwent surgery to remove the lung
nodule, confirmed as a relapse of the lung
adenocarcinoma. The subsequent CT scan
revealed progression in the lung, with the
appearance of another nodule in the same lung.
A biopsy revealed the presence of cells from
high-grade myxofibrosarcoma. In October
2016, the patient began rechallenge with
weekly anthracycline, initially obtaining SD
but subsequently progression the lung. Her
clinical conditions gradually deteriorated and
she died in April 2017.

MF2 history. Patient MF2 was a 69-year-old male
diagnosed with high-grade myxofibrosarcoma of
the right knee in December 2013 and treated only
with radical surgery. A recurrence occurred in the
same knee in March 2014 and surgery was per-
formed, with no evidence of residual microscopic
tumor. After surgery, the patient was monitored
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closely and remained disease-free for 10 months. o
In June 2015, a magnetic resonance imaging 3£
(MRI) scan of the right knee revealed the pres- EE N < -
ence of a new subcutaneous nodule near the pre-
vious surgical area. Surgery was performed, the = -
histology confirming neoplastic cells from high- g g
grade myxofibrosarcoma with myxoid areas, areas S §
of necrosis and hemorrhage, and hypercellulated E o ”
areas with marked pleomorphism. The tumor was 528 = Z Z
completely excised. Our institute’s multidiscipli- o
nary team studied the case and scheduled radio- © E
therapy of the right knee, which was concluded in g §
September 2015. The patient continues to be 5 " m
. T O o () Q
disease-free. @ a z > >
MF3 history. Patient MF3 was a 64-year-old e % g .
male diagnosed with high-grade myxofibrosar- 5 SEE oL E 5
coma of the left arm in March 2016. Surgery E 323 8§ =£E&
showed positive margins and so radicalization
was performed, with complete excision of the §
tumor. Our institute’s multidisciplinary team S 3 3 3
recommended adjuvant radiotherapy, com-
pleted in November 2016. The patient is cur- ;'% - = -
rently disease-free. Bt ~ & e T
$f8%|3a 3% B3
Patient characteristics are summarized in 2o&|=0 =0 =0
Table 1. .
+ c
n g + _‘Jr% -(‘E
. . . £ 1138 i35
Establishment of patient-derived g g =g 5% < =9 g %%
myxofibrosarcoma cultures
H&E-stained, surgically-resected tumor tissue e g § o
was reviewed by an experienced sarcoma patholo- S S>& S =
gist who confirmed the diagnosis of high-grade 3 g gE _é 5 g
myxofibrosarcoma [Figure 1(a)]. MFS tissue E g 5 5 é 5 5 %;
specimen 1 (MF1) was a recurrence of hypoder- S z S 5-E % =
mic musculoskeletal myxofibrosarcoma [grade 3 £ 3 s $52 = <
Fédérarion Nationale des Centres de Lutte Contre le é
Cancer (FNCLCC)] with fibrotic scar tissue _ 8 - ~ )
from the previous surgery. The dermis and the E iﬁ X Lf s
epidermis were undamaged. Tumor cells were E L>r<> ; ifr Z
positive for smooth muscle actin (SMA) and n - ~o - =
myogenin, and negative for CD34 and S100 pro- - C %‘i
tein. The proliferation index, estimated with Ki67 2 2 5 % £ &
staining, was 70%. Moreover, areas of necrosis g G = = - 8
were detected and a mitotic index of 19 mitoses/10 G >~_ 2
HPF was calculated. MDM-2 gene amplification o E “E’, § =
assessed by FISH was negative (MDM2/Cepl12 § 232513 & 3 E
ratio of 1.0) thus excluding a diagnosis of dedif- o %
ferentiated liposarcoma.3%:31 MF2 was character- E = © ® £
ized by fibroadipose tissue with an ‘apple-jelly’ o sv: E o o Ié
nodule, mitotic index of 6 mitoses/10 HPF was & 2
determined. MDM-2 gene amplification assessed = | € E
by FISH was negative. A diagnosis of recurrent 2 % o o 2 )
high-grade myxofibrosarcoma with markedly K = = =
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MF1

MF3

patients

o

primary culture

Figure 1.

(a) H&E staining of the surgical specimen showing high-grade myxofibrosarcoma (light blue stroma)

infiltrating fibrotic tissue. 20X magnification. (b] H&E staining of MFS primary culture (light blue spots) seeded

into tridimensional scaffold. 20X magnification.
H&E, hematoxylin and eosin; MFS, myxofibrosarcoma.

pleomorphic areas was made. The lesion showed
distinctive epithelioid features. The MF3 surgical
material was a cutaneous lozenge with a whitish
nodule. Tumor cells were positive for vimentin,
focally positive for CD34 and SMA, and negative
for cytokeratin and S100 protein. Ki67 was 15%.
A mitotic index of 3 mitoses/10 HPF was deter-
mined. MDM2 gene amplification carried out to
exclude a diagnosis of dedifferentiated liposar-
coma, was negative (MDM?2/Cep12 ratio of 1.0).
The diagnosis was high-grade myxofibrosarcoma.
A granulomatous reaction with giant cells and
focal fibrosis of the previous surgery was observed
in part of the surgical tissue. The primary cultures
obtained from the surgical specimens continued
to proliferate in monolayer cultures. Given that
no specific immunohistochemical markers for the
standard differential diagnosis of MFS are cur-
rently available, patient-derived cells were seeded
in a tridimensional scaffold to investigate their
cytomorphologic features [Figure 1(b)]. The
evaluation of cytomorphologic features by an
experienced sarcoma pathologist confirmed the
establishment of MFS primary cultures. The pro-
portion of MFS cells were MF1: 25%, MF2: 25%
and MF3: 15%

Gene expression analysis of patient-derived
myxofibrosarcoma cultures

Gene expression analysis was performed to inves-
tigate whether CD109 represents a useful marker

of diagnosis and a promising therapeutic target
for MFS. Higher levels of CD109 were observed
in all primary MFS cultures (K) with respect to
matched normal tissue (H) [Figure 2(a)]. CD109
expression in MF1 was almost 24-fold higher
than that of control tissue (p = 0.008), whereas in
MF2 and MF3 it was 72-fold (p = 0.196) and
663-fold (p = 0.036) higher than that of the con-
trol, respectively. Since CD109 is a negative regu-
lator of the TGF-f signaling pathway, we also
carried out TGF-f gene expression profiling
[Figure 2(b)], observing that TGF-B expression
was 0.5-fold (p = 0.008) and 0.7-fold (p = 0.064)
lower than that of control in MF1 and MF3
respectively, but 15-fold (p =0.048) higher than
control in MF2. The CD109/TGF-B expression
ratio was 43 in MF1, 5 in MF2 and 862 in MF3
[Figure 2(c)].

Immunohistochemical analysis of CD109
Immunohistochemical analysis of the paraffin-
embedded primary cultures was performed to
define the role of CD109 in high-grade myxo-
fibrosarcoma. Results showed that tumor cells,
when present, were strongly positive for CD109
[Figure 2(d)]. Conversely, CD109 was weakly
expressed in normal tissue (H). The slides were
reviewed by an experienced sarcoma patholo-
gist who determined the percentage of CD109
immunopositive cells of 80% in the primary
cultures.
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Figure 2. (a) CD109 relative expression analysis in MFS primary cultures. (b) TGF-p relative expression
analysis in MFS primary cultures. (c] CD109/TGF-B relative expression ratio in MFS primary cultures. (d)
CD109 (brown stain] IHC analysis of MFS primary cultures and normal tissue (H). 20X magnification.
IHC, immunohistochemical; MFS, myxofibrosarcoma; TGF-f, transforming growth factor-beta.

Chemotherapy in high-grade primary
myxofibrosarcoma cultures

We assessed the sensitivity of our primary cul-
tures to IFO, EPI and a combination of IFO and
EPI, which represents the standard chemother-
apy for MFS. We also evaluated the efficacy of
trabectedin, a marine-derived, DNA-binding
compound, approved for the treatment of patients
with advanced STS after failure of anthracyclines,
or for those who are not candidates for these
agents.?? In MF1, IFO did not affect survival
[Figure 3(a)]. MF1 treated with EPI showed a
48% survival compared with control, IFO plus
EPI 54% (IFO + EPI versus IFO, p = 0.0001;
IFO + EPI versus EPI, p = 0.03, IFO + EPI ver-
sus trabectedin, p = 0.49) and trabectedin 54%.
In MF2 [Figure 3(b)], cell viability with IFO was
76%, 74% with EPI, 77% with IFO + EPI (IFO
+ EPI versus IFO, p = 0.06, IFO + EPI versus
EPI, p = 0.40, IFO + EPI versus trabectedin, p =
0.37) and 88% with trabectedin. IFO did not
affect survival in MF3 [Figure 3(c)]. MF3 treated

with EPI showed a 48% survival, IFO plus EPI
47% (AFO + EPI versus IFO, p = 0.00002, IFO +
EPI versus EPI, p = 0.41, IFO + EPI wversus
TRABE, p = 0.00036) and trabectedin 66%. Drug
activity was also analyzed by TUNEL assay and
the number of apoptotic cells corroborated previ-
ous data obtained by 3-(4,5-Dimethylthiazol-2-
yl)-2,5-Diphenyltetrazolium Bromide (MTT)
assay (Figure 4).

Discussion

MEFS is one of the most common STSs in adults,
occurring mainly on the extremities but also on
the trunk and head and neck region. Despite hav-
ing a better prognosis than other subtypes, the
clinical behavior of MFS is characterized by a
propensity for multiple local recurrences and a
lower incidence of distant metastases.*

The diagnosis of MFS is based on the presence
of specific morphological features including
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Figure 3. Cytotoxicity analysis of (a] MF1 primary culture, (b) MF2 primary culture and (c) MF3 primary culture
treated with IFO, EPI, IFO + EPI, and trabectedin. Differences between groups were assessed by a two-tailed
Student’s t-test and accepted as significant (*] at p < 0.05. (d) Cumulative cytotoxicity analysis data.

EPI, epirubicin; IFO, ifosfamide; TRABE, trabectedin.

prominent curvilinear blood vessels, myxoid
stroma, spindle and pleomorphic cells. There are
still no specific diagnostic markers available. The
cornerstone of therapy for localized disease is sur-
gery, with radiotherapy administered pre- or post-
surgery in selected cases. However, local
recurrences are frequently reported.3®> The stand-
ard of care for metastatic MFS is chemotherapy,
but outcomes are still very limited.

A better understanding of the molecular biology
and treatment outcomes of high-grade MFS is
needed to improve patient management. In the
field of translational research, primary cultures
provide a valuable material for studying tumor
pathophysiology and pharmacology. This is espe-
cially true for rare tumors such as STS in which
clinical outcome is very poor and large clinical tri-
als are limited. In the present work, near-patient
cells derived from high-grade MFS were
harvested immediately after surgery. The cells
were seeded in 3D scaffolds to confirm the

establishment of MFS patient-derived cultures.
The assessment of the morphological features in
H&E-stained 3D primary cultures was reviewed
by an experienced sarcoma pathologist who con-
firmed the diagnosis of high-grade MFS.

As previously mentioned, MFS was recently
acknowledged as a separate pathologic entity and
as such there is still little documentation of its
clinical behavior and patient outcome. It is there-
fore crucial to identify a marker that can act as a
tool for diagnosis but as a therapeutic target.

TGF-B is a multifunctional cytokine belonging to
the transforming growth factor superfamily which
is involved in several physiological and tumor-
associated pathways. It also appears to have a role
in chemotherapy resistance, as reported in several
tumors including breast cancer and squamous cell
carcinoma.3?*3 CD109, a TGF-f co-receptor, is a
cell surface glycoprotein expressed in endothelial
cells, hematopoietic cells, and several tumors. Its
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Figure 4. Number of TUNEL-positive MFS cells in (a) MF1 primary culture, (b) MF2 primary culture and (c)
MF3 primary culture. (d) TUNEL staining of MFS primary cultures (10X magnification) showing apoptotic cells
(green spots) and cell nuclei (blue spots). Scale bar 400 um.

MFS, myxofibrosarcoma; TUNEL, terminal deoxynucleotidyl transferase nick end labeling.

activation is mediated by T-lymphocytes, a sub-
population of bone marrow CD34+ cell and plate-
lets. CD109 promotes TGF-f receptor degradation
and inhibits TGF-f/Smad signaling.>63° The
prognostic significance of CD109 overexpression
has been reported in several tumors including
breast cancer,#41 squamous cell/adenosquamous
carcinoma of the lung, esophagus, uterus and gall-
bladder,*?-%5 and also STS. Recently, the prognos-
tic impact of CD109 expression was also reported
in MFS.!® Emori and colleagues observed 5-year
overall survival rates of 77% and 0% for CD109-
negative and CD109-positive patients, respec-
tively. Although they did not find a statistically
significant correlation between CD109 expression
and tumor grade (p = 0.2877) an interesting trend
was seen for high-grade MFS which showed higher
positivity for CD109 than grade 1 and 2.

Furthermore, although CD109 mRNA overex-
pression is observed in various sarcoma cell lines,
it is weakly expressed in normal adult tissues.4®

On the basis of these results, we conducted an
analysis of CD109 and TGF- gene expression
profiling. CD109 was overexpressed in all high-
grade MFS primary cultures with respect to
matched  patient-derived normal  tissue.
Interestingly, CD109 overexpression was mark-
edly higher in the primary tumor MF3 (663-fold
higher compared with the normal tissue) than in
local recurrences MF1 and MF2 (24- and 72-fold
higher than that of normal tissue) [Figure 2(a)
and (c)]. These data are consistent with findings
from other studies in which CD109, albeit prefer-
entially expressed during the early stages of tumo-
rigenesis in tumors such as oral and urothelial
carcinomas, was also associated with advanced
stage in STS.!8 We hypothesized that the lower
CD109 expression observed in local recurrences
MF1 and MF2 could be correlated to disease
relapse, suggesting a similar behavior of the
advanced stage. Further research is needed to
confirm this. Although MF1 and MF2 were both
local recurrences, differences in CDI109 gene
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expression were detected which could be attribut-
able to the variability of the specimens and the
clinical characteristics of patients.

The potential prognostic role of CD109 was not
investigated in this study due to the small sample
size and the limited patient follow up. Of note,
patient MF1, who had the longest follow up, died
in 2016 after developing MFS-derived Ilung
metastases. This would seem to correlate with the
results presented by Emori and colleagues, who
found that CD109 overexpression was signifi-
cantly associated with distant metastases (p =
0.01), otherwise further analysis are needed to
confirm this. Furthermore, immunohistochemi-
cal analysis of CD109 in the primary cultures
[Figure 2(d)] confirmed its higher expression
than in normal tissue (H), suggesting its potential
role as an aid to support the identification of high-
grade MFS.

It has also been reported that CD109 negatively
regulates TGF-3 pathway through TGF-f recep-
tor degradation in numerous diseases, including
fibrosis and cancer.?” Given that TGF-f regulates
its own expression by a positive feedback mecha-
nism,*8 we decided to analyze it in our specimens,
observing that it was markedly overexpressed in
MF2 with respectto MF1 and MF3. Furthermore,
TGF-f expression was downregulated when
CD109 was overexpressed, suggesting that
CD109 exerts a negative effect on TGF-f3 expres-
sion and its signaling pathway [Figure 2(b)].

Further analyses are needed to elucidate the
molecular mechanisms of both CD109 and TGF-
B expression in MFS. In this regard, it would also
be useful to compare CD109 expression with that
of primary cultures of other STS subtypes to
assess the potential role of CD109 in the differen-
tial diagnosis of MFS. Furthermore, TGF-§3
expression in STS histotypes could be studied to
clarify whether it plays a part in resistance to
chemotherapy.

In our study, patient-derived cultures were treated
with some of the drugs currently used for STS to
investigate the impact of chemotherapy on MFS.
The chemosensitivity assay revealed that MF1
and MF3, albeit clinically different, responded in
a similar way to the drugs. Conversely, MF2 gen-
erally exhibited a lower response to the treatments
[Figure 3(d)]. Notably, the MF2 specimen was
characterized by the presence of markedly pleo-
morphic areas (Figure 1) and a higher expression

of TGF- B than the other two specimens [Figure
2(b)], which could explain its lower sensitivity to
chemotherapy. Further analyses are needed to
confirm these observations.

The most active regimens in our analysis were
EPI alone or in combination with IFO, both of
which proved significant in all of the cultures.
Anthracycline-based chemotherapy represents
the current standard first-line treatment of STS,
including MFS. Clinically, the combination of
anthracyclines and IFO is widely used to increase
the clinical benefit of patients. In other settings,
anthracyclines alone are preferred, especially for
patients undergoing palliative care.4%50

Interestingly, the antiproliferative activity of IFO
was more effective in MF2 than in the other cul-
tures, suggesting a higher sensitivity of this drug
in high-grade MFS with markedly pleomorphic
areas.>152

Trabectedin showed a higher cytotoxic activity in
MF1 and MF3 than in MF2 cultures. The effi-
cacy of this drug in STS, in particular the myxoid
liposarcoma histotype, has been demonstrated in
numerous clinical trials, but there are also reports
of its activity in other sarcoma subtypes.3?3-55
Although, there is limited evidence of the impact
of trabectedin on MFS,5% our results are sugges-
tive of some activity in this STS subtype.
Moreover, its antitumor activity appears to be
related to its direct effect on both cancer cells and
thetumormicroenvironment.Immunomodulatory
and anti-angiogenetic effects have also been
reported.>”>8 Given the pleiotropic mechanism of
action of trabectedin, we can thus hypothesize
that its full spectrum of activity was underesti-
mated in our i virro models. The TUNEL assay
was performed to analyze the number of apop-
totic cells after treatment with each of the tested
drugs. Results were consistent with those obtained
from the cytotoxicity assay, confirming the sensi-
tivity of the MFS patient-derived cultures to most
of the drugs (Figure 4).

In conclusion, the results from the present study
highlight the importance of using near-patient
models in STS research to obtain a better under-
standing of the biology of the disease. Moreover,
our findings increase MFS cell characterization
which, given the few MFES cell lines commercially
available,>® could represent a starting point for
further studies on this poorly explored cancer.
Gene and protein expression analysis indicated
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that CD109 could represent an aid to the diagno-
sis of high-grade MFS and a potential therapeutic
target for this histotype. Our findings also suggest
that TGF-P expression might be a useful marker
for resistance to chemotherapy. However, further
analyses are needed to elucidate the role of these
genes in the management of MFS patients.
However, the study is not without limitations,
that is, small sample size, cellular heterogeneity in
primary cultures and decreasing reliability of the
preclinical model over time to recapitulate the
tumor microenvironment.

Finally, our results provide a starting point for
further investigations aimed at improving the cur-
rent management of MFS patients undergoing
chemotherapy.
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