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Abstract
Introduction: Soft tissue sarcomas (STSs) are malignant
tumors arising from mesenchymal tissues. Patients with
advanced andmetastatic STSs have low overall survival rates
and relatively limited treatment options. Oncostatin M
(OSM) is a pleiotropic cytokine that was shown to carry both
pro- and anti-tumorigenic properties in various cancer types.
However, the role of OSM in STSs has not yet been eluci-
dated. Moreover, the potential additive effects of combining
OSM and anti-PD-1 therapy have not been carried out so far.
Methods: The aim of this study was to determine the
effects of in vitro OSM administration on liposarcoma,

leiomyosarcoma, and myxofibrosarcoma immune cells iso-
lated from peripheral blood and tumor tissues and the
potential cooperative nature of OSM and nivolumab in
treating these STSs. We designed a cohort study to explore
novel histology-driven therapies in our target STSs. The
immune cells were isolated from the peripheral blood and
tumors of patients with STS, and the proportions and
phenotypes of immune cells were evaluated with flow
cytometry after cultivation with therapeutic monoclonal
antibodies. Results: The proportion of peripheral CD45+ cells
was not affected by OSM but was significantly increased by
nivolumab, whereas both treatments had an effect on CD8+

T cells. In tumor tissues, CD8+ T cell and CD45‒ TRAIL+ cell
cultures were boosted by nivolumab and significantly
enriched by OSM. Our data suggest that OSMmay play a role
in the treatment of leiomyosarcoma, myxofibrosarcoma,
and liposarcoma. Conclusion: In conclusion, the biological
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efficacy of OSM is reflected in the tumor microenvironment
rather than in the peripheral blood of the patients in our
cohort, and nivolumab could potentiate its mechanism of
action in selected cases. Nevertheless, more histotype-
tailored studies are needed to fully understand the func-
tions of OSM in STSs. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Soft tissue sarcomas (STSs) are rare malignancies that
originate in the mesenchymal tissues [1]. Liposarcoma,
leiomyosarcoma, and myxofibrosarcoma are the most
prevalent STS subtypes; however, over 100 distinct his-
tological and molecular subtypes have been identified to
date [2, 3]. Given the differences in tumor biology,
patterns of recurrence/progression and varying sensi-
tivities to systemic treatments, histotype, and patient
characteristics must be considered when deciding
whether or not to apply specific types of therapy [2].
Surgical resection is the first-line treatment for resectable
tumors [3]. However, approximately 50% of patients with
high-grade STSs die of metastatic disease [4]. Systemic
treatments for advanced and/or metastatic STSs rarely
improve overall survival [5]. The advent of novel ther-
apeutic agents has altered the treatment landscape of
metastatic diseases and has proven to be of clinical value
[6, 7]. These therapeutic agents include immunotherapies
with immune checkpoint inhibitors, cytokines, and
monoclonal antibodies [8–10].

Oncostatin M (OSM) is a pleiotropic cytokine be-
longing to the IL-6 cytokine family [11]. The human
OSM gene is located on chromosome 22ql2 with the final
OSM protein containing 252 amino acids [12]. The
posttranslational modifications of OSM are cell-type
dependent, and activated immune cells, such as T cells,
macrophages, or dendritic cells, are the main source of
OSM [12]. The OSM gene is adjacent to the gene for
leukemia inhibitory factor (LIF), and thus, OSM shares a
homology with LIF in both function and structure [13].
Two separate receptor complexes, heterodimers gp130/
LIFRβ and heterodimer gp130/OSMRβ, are responsible
for OSM biological effects [12]. Unfortunately, the OSM
cytokine/receptor interactions are poorly understood,
and data from human studies are currently very limited
[13]. In addition, it has been shown that human and
murine OSM receptors are quite heterogenous [14].

Although OSM has been shown to play a crucial role in
regulating cross-talk between immune and cancer cells

and cancer-associated fibroblasts, its mechanism of ac-
tion in the tumor microenvironment (TME) remains
unknown [13]. Together with IL-6, OSM plays a vital role
in the modulation of inflammatory responses [11]. Al-
though OSM was originally described as an antitumor
cytokine, recent studies have highlighted its role in tumor
progression in selected cancer types [13]. These pro-
tumoral effects have been primarily attributed to the
overexpression of OSM in brain tumors, prostate cancer,
and several lymphoproliferative malignancies, as well as
to the broad involvement of OSM in cell proliferation and
angiogenesis [15–18]. In breast cancer, OSM induces
vascular endothelial growth factor and thus promotes the
invasive capacity of tumor cells [19]. Similar observations
have been reported for osteosarcoma [20]. In contrast,
high levels of OSM in the chondrosarcoma TME were
shown to significantly affect apoptosis of tumor cells, thus
limiting tumor proliferation [21]. These conflicting bi-
ological mechanisms caused by OSM imply that diverse
signaling pathways trigger pro- or anti-tumorigenic
events in the TME [13]. In addition, OSM also regu-
lates extracellular matrix remodeling, drug resistance,
metastatic capacity, and inflammation [22]. All these
aspects presumably also control the pro- and anti-
tumorigenic events in cancers. Several anti-tumoral
functions of OSM were shown to act through the
MEK/ERK signaling pathway, resulting in the inhibition
of cell growth [23]. Other studies demonstrated the ability
of OSM to increase mRNA levels and protein stability by
enhancing the expression of CDK inhibitors [24]. The
biological effects promoting tumorigenesis were de-
scribed by studies which indicated that OSM promotes
proliferation through OSMR and STAT3 signaling [25,
26]. Accordingly, OSMR was shown to be overexpressed
in several cancers, such as advanced squamous cell
carcinoma, pancreatic ductal adenocarcinoma, and gas-
tric tumors [27]. Genetic analyses further demonstrated
that OSMR regulates the local immune response and
could serve as a prognostic factor in patients with glio-
blastoma [17]. Nivolumab, an anti-PD1 monoclonal
antibody, has already been approved as a first-line
treatment for adult patients with several cancer types.
Currently, there are ongoing clinical trials in patients with
STSs to evaluate the efficacy of nivolumab as either
monotherapy or combination therapy [1]. Nivolumab
and OSM interact with specific receptors and trigger a
cascade of reactions, as shown in Figure 1.

Despite advances in the treatment of advanced/
metastatic STSs, outcomes remain poor and treatment
strategies are limited [1, 3, 28]. This is predominantly
due to the rarity and heterogeneity among STSs, which
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hamper the design of robust clinical trials with
histology-specific or widely standardized approaches
[1]. To date, studies have identified STS subtypes that
are more likely to benefit from the treatment with
immunotherapy. Among those subtypes, liposarcoma
and leiomyosarcoma were shown to have the highest
expression of immune checkpoint molecules [29].
Moreover, patients with liposarcoma were shown in
clinical trials to respond well to anti-PD-1 immuno-
therapy [30]. Another study in STSs patients demon-
strated a superior efficacy of anti-PD-1 combinatorial
administration as compared to anti-PD-1 monotherapy
[32]. The effects of OSM on STS tumors have not yet
been evaluated, although a single in vitro study has

demonstrated a direct anti-cancer effect of OSM on
chondrosarcoma [21].

Therefore, we aimed to clarify the effects of
in vitro OSM administration on immune cells isolated from
liposarcoma, leiomyosarcoma, and myxofibrosarcoma. We
also investigated the potential cooperative nature of OSM
and nivolumab. To develop histology-driven therapies, we
created a cohort of patients with liposarcomas, leiomyo-
sarcomas, and myxofibrosarcomas and analyzed the effects
of OSM administration on the immune cells isolated from
peripheral blood and tumor tissues of the participants and
observed changes in cell proportions and phenotypes. We
also evaluated the co-administration of nivolumab and
OSM to explore combination regimens in STSs.

Fig. 1. PD-1 and oncostatin M (OSM) signaling pathway. Left
section: Binding of PD-1 to its ligand PD-L1 leads to a phos-
phorylation of the ITIMs and ITSMs which are present in the
intracellular domain of the PD-1 receptor. Upon this binding,
tyrosine acid phosphatase SHP-2 is recruited and further sup-
presses the PI3K/AKT signaling pathway and Ras/MAPK/ERK
signaling pathway. Right section: OSM binds first to gp130 with
low affinity and then recruits either LIFR or OSMR. All these
components of the OSM receptor associate with the JAK family of
tyrosine kinases through their cytoplasmic domains. This leads
further to the phosphorylation, dimerization, and nuclear trans-
location of STAT family proteins. STATs are then tyrosine-

phosphorylated and translocated to the nucleus, where they
control transcription of diverse target genes. Created with Bio-
Render software (Agreement No. RF24FVICAZ). AKT, protein
kinase B; ERK, extracellular signal-regulated kinase; ITIM,
immunoreceptor tyrosine-based inhibitory motif; ITSM, immu-
noreceptor tyrosine-based switch motif; JAK, Janus family kinases;
LIFR, leukemia inhibitory factor receptor; MAPK, mitogen-
activated protein kinase; OSM, oncostatin M; OSMR, oncostatin
M receptor; PD-1, programmed cell death 1; PD-L1, programed
cell death ligand 1; PI3K, phosphatidylinositol 3-kinase; SHP-2,
SH2 domain-containing protein tyrosine phosphatase-2; STAT,
signal transducer and activator of transcription.
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Materials and Methods

Study Cohort
Fifteen participants were enrolled in the study between January

and September 2022. The female-to-male ratio was 8:7. The mean
age was 63.5 and ranged from 38 to 83 years. Peripheral blood
mononuclear cells (PBMCs) and tumor-infiltrating immune cells
(TIICs) were analyzed in ten and two patients, respectively. The
following histological subtypes of STS were selected: well-differentiated
liposarcoma, myxofibrosarcoma, and leiomyosarcoma. The control
group included three healthy donors. The sequential experimental
design is shown in Figure 2.

The ethical principles for medical research involving humans
strictly adhered to the World Medical Association Declaration of

Helsinki. All participants provided written consent to participate
in the study, which was approved by the Ethics Committee for
Multi-Centric Clinical Trials of the University Hospital Motol
(reference No.: EK-189/20).

Preparation of PBMCs and TIICs
Peripheral blood (≥9 mL per patient) was collected from each

participant in an EDTA-blood collection tube. A recommended
standard method for cell separation and mononuclear cell isola-
tion using Ficoll-Paque was followed [32]. We used density gra-
dient centrifugation (30 min, RT, 1,800 rpm) to distribute cells in
the solution in layers based on the differences in their density/size.
Purified PBMCs from all study participants (patients with STSs
and healthy donors) were obtained.

Fig. 2. Experimental design of the study. Step 1: To obtain purified
peripheral blood mononuclear cells (PBMCs) from all study
participants; 9 mL of peripheral blood was collected from each
participant in an EDTA-blood collection tube. The Ficoll-Paque
separation technique with density gradient centrifugation was used
to distribute cells based on the differences in their density/size.
Step 2: Tumor tissue was obtained from two study participants.
The tumor was mechanically and enzymatically dissociated, and

cell suspensions with tumor-infiltrating immune cells (TIICs) were
obtained. Step 3: Cell suspensions isolated from peripheral blood
and tumors of STS patients were incubated with either nivolumab
alone, OSM alone, or a combination of nivolumab and OSM.
These conditions were also accompanied by a costimulation with
anti-CD3/CD28 Dynabeads. Step 4: Flow cytometry was used to
evaluate the proportions and phenotypes of the immune cells.
Created with BioRender.com (Agreement No. UG24FVIP5C).

OncostatinMandNivolumab in Soft Tissue
Sarcomas

Pharmacology 2023;108:274–285
DOI: 10.1159/000529811

277

D
ow

nloaded from
 http://karger.com

/pha/article-pdf/108/3/274/3959276/000529811.pdf by guest on 27 D
ecem

ber 2024

https://doi.org/10.1159/000529811


TIICs were isolated from surgical resections, and tissue samples
were placed on a sterile eight-well desk. Initially, each sample was
mechanically dissociated using a gentleMACS™ Dissociator
(MACS Miltenyi Biotec; gentleMACs Program h_tumor_01)
[33, 34].

The dissociated tissue was then incubated with 5 mL of RPMI-
1640 medium (Gibco™ RPMI 1640 Medium, Thermo Fisher
Scientific) at room temperature and enzymatically processed
according to a previously published protocol [4, 34]. The cell
suspension was filtered through a 100-μm cell strainer, and all
debris/cell clumps were removed. The cell suspension was washed
in phosphate-buffered saline (PBS), and red blood cells were re-
moved with ammonium-chloride-potassium lysing buffer
(Thermo Fisher Scientific). After centrifugation (500× g, 10 min,
RT), the cell pellets were resuspended in cold PBS (4°C) with 2 mM

EDTA (PBS/EDTA). Cells were placed in a cryopreservation
medium at −80°C for 1 day and then stored in liquid nitrogen.

Selective T-Cell Stimulation and Cell Cultures
Cells obtained from the peripheral blood and tumor tissue

samples were slowly defrosted, centrifuged, transferred into a 96-
well flat-bottom plate, and supplemented with RPMI-1640 me-
dium (Gibco™ RPMI 1640 Medium, Thermo Fisher Scientific).
Non-stimulated cell suspension samples from all participants were
defrosted and analyzed on the day of the flow cytometry analysis.

In the first therapeutic condition, the cell suspensions isolated
from the peripheral blood and tumor tissue samples were activated
by superparamagnetic polymer beads with an optimized mixture
of monoclonal antibodies against CD3 and CD28 surface mole-
cules (Dynabeads Human T-Activator CD3/CD28, Gibco, Thermo
Fisher Scientific) and stimulated for 20 h.

To evaluate the effect of OSM on the immune cells isolated
from the peripheral blood and tumor tissues, cell suspensions were
also stimulated with anti-CD3/CD28Dynabeads and incubated for
20 h with OSM cytokines (Bio-Techne, R&D Systems) at a final
concentration of 2 μg/mL. For the remaining therapeutic condi-
tions, cell suspensions were also stimulated by anti-CD3/CD28
Dynabeads and cultured for 20 h with anti-PD1 monoclonal
antibody (mAb, Nivolumab, Selleckchem, Germany) at a final
concentration of 2 μg/mL. In the fifth study condition, the cell
suspensions were cultured with anti-CD3/CD28 Dynabeads, OSM,
and nivolumab.

Flow Cytometry
The cultured cells were stained with fluorophore-conjugated

protein-specific antibodies. The following monoclonal antibodies
(mAbs) were used: anti-CD45, CD3, CD4, CD8, and TRAIL-R (all
BioLegend). After a 30-min incubation, the isolated cells stained
with mAbs were washed and analyzed using a BD LSRFortessa
flow cytometer (Becton Dickinson).

Data Analysis
Flow cytometry data were analyzed using FlowJo software

(version 10.6.1). Basic descriptive statistics were calculated sepa-
rately for the three groups of samples (PBMCs, TIICs, and healthy
donors), which were compared using one-way ANOVA with least
significant difference post hoc tests. Differences between thera-
peutic conditions (non-stimulated, stimulated with anti-CD3/
CD28 Dynabeads, co-cultured with OSM, co-cultured with
nivolumab, and co-cultured with OSM + nivolumab) were

evaluated using two-way repeated ANOVA with one between-
sample group (PBMCs, TIICs, and healthy donors), one within-
sample group (therapeutic condition) factor, and an interaction
term between factors (sample group-therapeutic condition). Since
the interaction effect was statistically significant in most tested
variables (indicating that the differences between therapeutic
conditions were not constant among the tested groups), one-way
repeated ANOVA followed by least significant difference post hoc
tests were used separately in each group of patients as the next step.
Bivariate associations between the variables were assessed using the
Pearson product-moment correlation coefficient. Differences were
considered statistically significant at a two-tailed p < 0.05. Statistical
analyses and results visualization were performed using IBM SPSS
(version 25; IBM SPSS, Armonk, NY, USA) and ggplot2 (Wickham,
2016) packages in R software (R Foundation, Vienna, Austria).

Results

Nivolumab Increases the Proportions of CD45+ TIICs
but Does Not Affect Peripheral Leukocytes
We investigated the effects of OSM, nivolumab, and

their combinatorial administration on leukocytes isolated
from the peripheral blood of patients with STS. Generally,
most circulating PBMCs are naive or resting cells with
low effector functions; therefore, we determined whether
adding OSM and/or nivolumab could enhance naive
leukocyte proliferation and activation. The peripheral
blood of patients with STS after erythrocyte lysis con-
tained a substantially high proportion of CD45+ cells
(approximately 95%). Adding costimulatory molecules
and therapeutic agents for 20 h did not increase the
proportion of CD45+ cells (Fig. 3a).

However, the treatment appeared to affect the pro-
portion of T cells as we observed an almost 30% decrease
in CD3+ cells under all costimulatory conditions (costim.
alone, costim. + nivolumab, costim. + OSM, and costim.
+ OSM + nivo). Stimulated T cells are known to
downregulate TCR and CD3 after activation. However,
data indicated that nivolumab and OSM addition did not
enhance PBMC T-cell proliferation or activation [35].

Notably, when extending the analyses to the tumor
compartment, we observed a rapid increase in the pro-
portion of CD45+ cells after stimulation with cos-
timulatory molecules. This was particularly relevant since
CD45 is considered a pan-leukocyte marker and its high
expression generally correlates with the TIL infiltration
[36]. Moreover, high levels of CD45 were shown to
significantly increase the local recurrence-free survival
and the disease-specific survival in patients with head and
neck cancer [36]. Similarly, the expression level of CD45
was related to good prognosis in multiple tumors, such as
lung adenocarcinoma or skin cutaneous melanoma [37].
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Interestingly, the phenomenon was even more pro-
found after nivolumab administration (Fig. 3b). However,
the addition of OSM did not seem to enhance the ex-
pansion of the CD45+ subpopulation in either the cos-
timulation or the costimulation + nivolumab treatment
groups. Furthermore, the proportion of CD3+ TIICs did
not exhibit any significant changes after nivolumab/OSM
administration in vitro (data not shown).

Nivolumab and OSMAdministration in vitro Alters the
Proportion of Peripheral CD8+ T Cells from Patients
with Soft Tissue Sarcomas
Our analysis indicates that the proportion of CD45+

cells in TIICs can be increased by the administration of
nivolumab combined with CD3/CD28 stimulation but
not by the addition of OSM. Despite the treatments have
being aimed at activating T cells, we did not detect any

a

b

Fig. 3.Differential responses to stimulation of peripheral and TIICs. a CD45+ cells and CD3+ cells isolated from
the peripheral blood of the study participants decreased after 20 h of stimulation with anti-CD3/CD28Dynabeads
(costim.); with anti-CD3/CD28 Dynabeads and nivolumab; with CD3/CD28 Dynabeads and OSM; and with
CD3/CD28 Dynabeads, nivolumab, and OSM. b Rapid increase in the proportions of CD45+ TIICs was observed
after stimulation with anti-CD3/CD28 Dynabeads and nivolumab.
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significant changes in the proportion of CD3+ TIIC
T cells after nivolumab/OSM administration in vitro.

We hypothesized that the treatments might affect the
proportion of a particular T-cell subset, and this change is
lost when looking at CD3+ cells as a whole. Therefore, we
investigated whether the proportions of CD4+ and CD8+

T cells could be affected by OSM or nivolumab.
While peripheral CD4+ T cells displayed similar

tendencies as peripheral CD45+ cells (data not shown),
we observed significant changes in the CD8+ T-cell
subpopulation. Peripheral CD8+ T cells were signifi-
cantly enriched after the addition of CD3/CD28
Dynabeads (p = 0.048) and after the addition of nivo-
lumab (p = 0.034) (Fig. 4a). Supplementation of
nivolumab-treated cell culture with OSM slightly in-
creased the proportion of CD8+ T cells (Fig. 4a). Even
though the number of our study participants was not
sufficient to compare differences among the three his-
tological subtypes, we have evaluated the proportions of
peripheral CD8+ T cells as the sum of all values for each
histological subtype to investigate whether well-
differentiated liposarcoma, myxofibrosarcoma, or leio-
myosarcoma could display dissimilar responses based
on the in vitro condition (non-stim, CD3/CD28
Dynabeads, nivolumab, OSM, CD3/CD28 Dynabeads +

nivolumab + OSM). As anticipated, there were no
contrasting responses among the histological subtypes of
STSs in our study cohort. Oppositely, we noticed varying
responses to therapeutic agents across study populations
which were most evident in the cells isolated from the
tumors of patients with STS (Fig. 4b).

The expression of immune checkpoint molecules has
been extensively investigated in large multicentric
studies with PD-1 and PD-L1 expression being ob-
served in only 10 and 22% of sarcoma cases, respec-
tively [29]. Given the limited number of our study
participants and the primary focus on the immune cell
activation rather than the exhaustion, we have only
analyzed the expression of PD-L1 in CD8+ T cells. We
also aimed to analyze the PD-L1+ CD8+ T cells because
of their previous association with progression-free
survival in non-small-cell lung carcinoma patients
treated with immune checkpoint inhibitors [38]. Even
though the proportions of PD-L1+ CD8+ T cells were
relatively high in all patients, we did not observe any
significant differences in PD-L1 expression with the
addition of CD3/CD28 Dynabeads or with the addition
of nivolumab or OSM (online suppl. Fig. 1; for all
online suppl. material, see www.karger.com/doi/10.
1159/000529811).

a
b

Fig. 4.Changes in the proportions of CD8+ T cells. aGraph showing a
significant enrichment of the peripheral CD8+ T cells after the addition
of CD3/CD28 Dynabeads and after the addition of CD3/CD28
Dynabeads + nivolumab. b Differential responses of CD8+ T cells to
five therapeutic conditions (non-stimulated cell culture, cell culture
stimulated with CD3/CD28 Dynabeads, cell culture supplemented
withCD3/CD28Dynabeads and nivolumab, cell culture supplemented

with CD3/CD28Dynabeads andOSM, cell culture supplemented with
CD3/CD28 Dynabeads + nivolumab + OSM) based on the source of
the cells (peripheral blood of healthy donors, peripheral blood of
sarcoma patients, tumor-infiltrating lymphocytes isolated from tumors
of sarcoma patients). HD, healthy donor; PBMC, peripheral blood
mononuclear cells; STS soft tissue sarcoma; TILs, tumor-infiltrating
lymphocytes.
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a

b

Fig. 5. CD8+ T cells isolated from the
tumor tissues are affected by OSM. a
Rapid increase in the proportion of
CD8+ T cells after nivolumab and OSM
administration. b OSM did not increase
the proportions of CD4+ T cells isolated
from the tumor tissues.
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OSM Causes a Significant Increase in the Proportion of
CD8+ TIICs
The observations in CD8+ T cells prompted us to

further investigate this subpopulation after isolation from
the tumor compartment of patients with STS. We also
correlated the findings from Section 3.2 with healthy
donors and observed no significant differences compared
to the peripheral CD8+ T cells of patients with STS.
However, in TIICs, we observed a rapid increase in the
proportion of CD8+ T cells after nivolumab adminis-
tration and an even greater increase after OSM admin-
istration (Fig. 5a). The combinatorial administration of
nivolumab and OSM did not appear to potentiate the
efficacy of either treatment. In CD4+ T cells isolated from
the tumoral compartment, administration of nivolumab
and OSM did not enhance the proportion of the sub-
population (Fig. 5b).

Nivolumab and OSM Increase the Susceptibility to
Tumor Necrosis Factor-Related Apoptosis-Inducing
Ligand-Induced Death in Non-Leukocyte Cells in the
TME of Patients with Sarcoma
So far, data indicated that nivolumab and OSM have

an effect on CD8+ T cells of patients with STSs. While
nivolumab mainly promoted the enrichment of periph-
eral CD8+ T cells, OSM had a significant effect on CD8+

TIICs.
In our previous studies, we demonstrated that the

expression of death receptors might reflect the suscep-
tibility of a particular cell subset to ligand-induced cell
death in the TME [39]. We also highlighted the im-
portance of tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL; CD253) and the TRAIL re-
ceptor signaling pathway [40]. The binding of TRAIL to
TRAIL-receptor selectively triggers the extrinsic apo-
ptotic pathway in malignant cells [40]. Therefore, we
analyzed the expression of TRAIL receptors in the CD45−

cell subpopulation to evaluate whether OSM or nivolu-
mab impacted the apoptosis of non-leukocyte cell sub-
populations of the TME (this subpopulation also includes
tumor cells). Indeed, the observed change in the pro-
portion of CD45+ cells might result from enhanced ap-
optosis in the CD45− compartment.

The non-leukocyte cell subpopulations in the pe-
ripheral blood of patients with STS and healthy donors
did not exhibit any significant changes after cos-
timulation or OSM and nivolumab administration.
However, in the tumoral compartment, we observed a
decrease in the proportion of TME-infiltrating non-
leukocyte cells after costimulation and nivolumab ad-
ministration (Fig. 6a). While OSM did not significantly

decrease the CD45− cell subpopulation, it caused an
increase in CD45− TRAIL+ cells in the TME (Fig. 6b). The
addition of nivolumab to OSM did not further increase
the number of CD45− TRAIL+ cells, although nivolumab
alone displayed excellent efficacy. In peripheral non-
leukocyte cells, which may contain circulating tumor
cells, nivolumab appeared to have similar (augmenting)
effects on the proportions of CD45− TRAIL+ cells,
whereas OSM did not (Fig. 6c).

Discussion

The rarity and heterogeneity among STSs hamper the
design of robust clinical trials with histology-specific or
widely standardized approaches [1]. Therefore, we se-
lected patients with liposarcoma, leiomyosarcoma, or
myxofibrosarcoma to develop therapeutic strategies tai-
lored to a specific histotype. In these patients, we in-
vestigated the effects of OSM with or without nivolumab
on immune cells isolated from peripheral blood or tumor
tissue. We also selected nivolumab, a well-known and
widely used immune checkpoint inhibitor, to serve as a
potential promoter of OSM function. Initially, we ex-
plored the peripheral leukocytes of study participants and
observed that OSM did not affect the proportion of
peripheral CD45+ cells. However, nivolumab effectively
increased CD45+ cells. This phenomenon might be of
clinical relevance since CD45 was previously associated
with good prognosis in multiple tumors. However, larger
histotype-tailored studies are needed to determine the
relationship between CD45+ cells and prognostic indi-
cators, such as disease-free survival and overall survival,
in patients with STSs.

When analyzing specific T-cell subpopulations, we
observed the effects of both nivolumab and OSM on the
proportion of CD8+ T cells but not on the proportion of
CD4+ T cells. These results suggest that both agents
predominantly act on CD8+ T-cell subpopulations, al-
though the expression of PD-L1 was neither affected by
OSM nor by nivolumab. To decipher any relevant as-
sociations between STS histological subtype and response
to immunotherapy, we have also correlated the responses
between well-differentiated liposarcoma, myxofi-
brosarcoma, and leiomyosarcoma. Unfortunately, we did
not observe a greater response to therapy in any of these
subtypes. However, our cohort was rather small to draw
these conclusions, and thus, it is crucial to evaluate these
findings in larger cohorts.

When extending our analyses to the tumor tissue
compartment, nivolumab also appeared to increase CD8+
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TIICs. However, in the tumor compartment, OSM
promoted even more significant enrichment of cell cul-
ture with CD8+ TIICs, suggesting promising efficacy of
intratumoral administration of OSM.

Lastly, we examined whether OSM or nivolumab could
affect the susceptibility of nonimmune cells (CD45− cells) to
TRAIL-induced death. We observed that in the tumor
compartment, OSM did not affect the proportion of CD45‒

cells but triggered an increase in CD45− TRAIL+ cells.
Our data suggest that OSM may play a role in the

treatment of leiomyosarcoma, myxofibrosarcoma, and
liposarcoma. We demonstrated that the biological effi-
cacy of OSM is reflected in the TME rather than in the

peripheral blood of these patients, and nivolumab could
potentiate its mechanism of action in selected cases.
Nevertheless, more histotype-tailored studies are needed
to fully understand the functions of OSM in STSs.

Our study has several limitations worth mentioning.
The primary disadvantage of this study is the small
number of the study participants. Although our results
revealed uniform tendencies among STS patients, larger
study cohorts need to be created to ensure the relevance of
OSM agent in sarcoma treatment. Histology might be
critical for choosing the appropriate therapy. For in-
stance, five distinct subtypes of liposarcoma display major
variations in the composition of the TME [29]. While

a b

c

Fig. 6. Effects of nivolumab and OSM on the expression of membrane-bound TRAIL. a Decrease in the
proportion of TME-infiltrating non-leukocyte cells after the addition of anti-CD3/CD28 Dynabeads and
nivolumab. bOSM did promote an increase in CD45− TRAIL+ cells isolated from the tumor tissue. The addition
of nivolumab to OSM did not further increase the proportions of CD45− TRAIL+ cells. c Nivolumab exhibited
augmenting effects on the proportions of CD45− TRAIL+ cells.
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dedifferentiated liposarcoma became the predominant
liposarcoma subtype evaluated in clinical trials with
immune checkpoint inhibitors due to its relatively high
infiltration with T cells, myxoid liposarcoma has become
a prime target for CAR T-cell therapy [41]. Since a large
portion of dedifferentiated liposarcomas derive from
well-differentiated liposarcomas, we aimed to evaluate the
immunotherapy responses in this particular liposarcoma
subtype [41]. However, our limited cohort size hampered
prediction of treatment response based on histological
subtype of STS. Moreover, this study was initially designed
to investigate the effects of OSM and nivolumab admin-
istration in vitro, and the observations were made in a
single time point. Both the in vivo effects, as well as the
long-term effects, should be taken in consideration when
designing different studies evaluating the potential ther-
apeutic role of OSM.
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