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Abstract

Purpose: Retroperitoneal liposarcoma (RLPS) is a rare malignancy without effective treatment. Since current
treatment for unresectable RLPS is unsatisfactory, immunotherapy and targeted therapy are urgently needed.
Siglec-15 is a transmembrane protein highly homologous to PD-L1 and is involved in tumor immune escape.
The biological function of Siglec-15 in RLPS, its prognostic relevance and its relationship with PD-L1 need to be
further clarified. In this study, we aimed to explore the biological function of Siglec-15 in sarcomas through
bioinformatics analysis, and we also evaluated Siglec-15 and PD-L1 expression in RLPS samples. The
relationship between the expression of Siglec-15 and PD-LI and their clinicopathological relevance and
prognostic value were also investigated in clinical RLPS patients.

Methods: The RNA sequencing data of 259 sarcoma cases and 48 RLPS cases from TCGA were used to
analyze the Siglec-15 expression and the differentially expressed genes (DEG) related with Siglec-15
expression. In addition, DEGs were subsequently analyzed through the gene ontology (GO)/ Kyoto
Encyclopedia of Genes and Genomes (KEGG) and protein-protein interaction (PPl) network. Tumor
specimens were obtained from 91 RLPS patients of our sarcoma center, and Siglec-15 and PD-L1 expression
were evaluated using immunohistochemistry. The correlation between the expression level of these two
markers as well as their correlation with clinicopathological factors and prognosis of RLPS patients was also
assessed.

Results: GEPIA analysis showed that the high expression of Siglec-15 was associated with poor sarcoma OS
(P=0.034). A total of 682 differential genes were identified between the high and low expression groups of
Siglec-15 in RLPS. Enrichment analysis of the KEGG pathway showed that Siglec-15 was related to the Hippo
signaling pathway and the neuroactive ligand-receptor interaction. GO annotation analysis showed that the
expression of Siglec-15 may thus be able to affect serine hydrolase activity, alongside signal receptor activator
activity. The top 5 genes with the largest number of connection points are APOAI, F2, AHSG, AMBP,
SERPINCI. In subsequent studies, we used 91 liposarcoma samples from our center for verification. Siglec-15
was expressed in 84.6% of RLPS cases, whereas PD-L1 was expressed in 17.6% of RLPS cases. A negative
correlation was observed between Siglec-15 and PD-L1 expression (P=0.020). In this group of RLPS patients,
high Siglec-15 expression was correlated with poorer disease-free survival (DFS) (P=0.021), and it was an
independent predictor of DFS (hazard ratio: 2.298; 95% confidence interval: 1.154—4.576; P=0.018). However,
we did not find a correlation between PD-L1 expression and overall survival or DFS in RLPS patients.
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Conclusion: The DEG and signaling pathways identified in the study could provide a preliminary
understanding of the underlying molecular mechanisms of Siglec-15 in the development and progression of
RLPS. High expression of Siglec-15 was a negative independent predictive factor for DFS of RLPS. The negative
relationship between Siglec-15 and PD-L1 expression suggested that the Siglec-15 pathway might be an

important supplement to PD-L1 treatment.
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Introduction

Retroperitoneal soft tissue sarcoma (RPS) is a
rare malignancy with an estimated incidence of 0.5-1
per 100,000 people [1]. Though there are over 70
pathological RPS types, retroperitoneal liposarcoma
(RLPS) is the most common subtype accounting for
45% of all RPS cases [1, 2]. Currently, surgical
treatment is the most effective treatment for RLPS [3].
However, treatment for recurrent and advanced
sarcomas remains unsatisfactory [4-6], and
multidisciplinary treatment is urgently needed for
RLPS. DNA structure analysis suggests that different
pathological types of sarcomas might have different
immunological therapeutic potential [7, 8].

Cancer immunotherapy, including immune
checkpoint inhibitors, adoptive cell therapy, and
tumor vaccines, has shown promising effect in a
variety of tumors. Clinical trials with immune
checkpoint inhibitors have also been conducted for
RLPS on a smaller scale, but in contrast to other tumor
types such as lung cancer and gastric cancer,
investigation on the use of immunotherapy for RLPS
is progressing slower [9, 10]. In these clinical trials,
liposarcoma patients with positive response to
immunotherapy were limited, suggesting that we still
need to elucidate the function of immune checkpoints
in RLPS and to determine more effective immuno-
therapeutic targets for managing RLPS [11].

The programmed cell death-1 (PD-1)/program-
med cell death ligand-1 (PD-L1) pathway is one of the
well-known pathways involved in immune evasion.
Both malignant cells and immune cells can express
PD-L1. PD-1/PD-L1 inhibitors can induce sustained
remission in a variety of advanced cancer patients [12,
13]. Therefore, the PD-L1 expression in tumor cells
and the tumor microenvironment was of clinical
significance [12]. PD-L1 expression has also been used
to predict prognosis and response to immunotherapy
in gastric and lung cancer patients [9, 14]. However,
owing to heterogeneity and a small sample size,
previous studies reported conflicting results
regarding the predictive value of PD-L1 in patients
with soft tissue sarcomas (STS) [15-17]. Therefore, the
clinical relevance and prognostic value of PD-L1 in
RLPS needs further clarification.

In recent years, sialic acid-binding immuno-
globulin-like lectin-15 (Siglec-15) has been found to
play an important role in tumor immunity and may

act as a potential target for immunotherapy [18-20].
As a member of the sialic acid-binding immuno-
globulin-like lectins, Siglec-15 can inhibit antigen-
specific T cell responses [19]. Siglec-15 has high
structural homology with PD-L1 and a similar
extracellular domain to the B7 family, indicating that
it might have functions similar to B7 immunomodu-
latory molecules [18]. The expression of Siglec-15 and
PD-L1 in lung cancer is mutually exclusive, indicating
that they might have different regulatory mechanisms
[19]. Currently, there is no report on the role of
Siglec-15 in RLPS patients, so the function and
mechanism of Siglec-15 in RLPS remains to be
elucidated.

The analysis of high-throughput sequencing
data from the public biology platform is a useful
method to explore gene-expression differences and
the related functional signaling-pathways, and to
provide new therapeutic targets [21, 22]. Therefore,
we performed bioinformatics analysis on the next-
generation sequencing results of sarcoma tissues
stored within the TCGA database, so as to clarify the
prognostic value and related biological functions of
Siglec-15 in RLPS and the sarcoma.

In this study, we aimed to explore the role and
potential mechanisms of Siglec-15 in sarcomas by
bioinformatics analysis and to evaluate Siglec-15 and
PD-L1 expression in our own RLPS cases. The
relationship between the expression of Siglec-15 and
PD-L1 and their clinicopathological relevance and
prognostic value were also investigated in RLPS
patients.

Methods

Data sources for sarcoma and retroperitoneal
liposarcoma

The Cancer Genome Atlas (TCGA) is a free
public bioinformatics database based network, which
includes data of copy number variation and gene
expression, methylation, and clinical prognostic
information [23]. As of August 2021, TCGA covers
more than 84,000 tumor cases. We downloaded the
RNA-seq data of 259 cases of sarcoma, and 48 cases of
retroperitoneal liposarcoma from the "TCGA-SARC"
project for subsequent analyses of the function of
Siglec-15.
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Survival analysis of Siglec-15 in RLPS and
sarcoma derived from TCGA

The GEPIA (Gene Expression Profiling
Interactive Analysis) is a free web-based tool for
online bioinformatics analysis of the TCGA database
[24]. Survival analysis was performed by GEPIA
based on the Siglec-15 expression in sarcoma derived
from TCGA. Median expression was used as a cut off
value for the survival analysis. Log-rank tests were
used for hypothesis evaluation. The survival plot
includes hazards ratio based on Cox Proportional-
Hazards Model and 95% confidence interval
information. The DFS and OS of 48 RLPS patients
were extracted from the TCGA database, and SPSS
(software version 22.0; Chicago, IL, USA) was used for
K-M survival analysis in RLPS.

Identification of differentially expressed genes
(DEGs)

We first generated an mRNA matrix from the
downloaded RNA-seq data, and completed the
overall gene name association conversion. According
to the median count, tumor tissues were divided into
Siglec-15 high expression group and Siglec-15 low
expression group. We applied the R package V4.1.1
(13) to identify DEG, and calculated the logarithmic
fold change (FC). The linear model based on the
empirical Bayesian distribution was used to calculate
the significant difference level (P value) [25, 26]. Used
the Benjamini-Hochberg method to obtain the false
discovery rate (FDR), FDR<0.05 and |log FC|>2.0 are
used for specific cut-off criteria for DEG [27]. Used the
pheatmap package in R version 4.1.1 to generate a
heatmap.

GO function annotation and KEGG pathway
enrichment analyses of Siglec-15 in RLPS and
sarcomas

In order to further study the role of Siglec-15 in
sarcoma, we use the enrichplot package in the R
package to analyze the GO function annotations from
three aspects of biological process, cell composition
and molecular function. Meanwhile, the KEGG
pathway enrichment analysis was performed to find
the signal pathways closely related to Siglec-15.

Construction of PPl network and screening of
network core genes

Protein-Protein Interaction Networks Functional
Enrichment Analysis database (String https:/ /string-
db.org/) was used in the construction of PPI network.
The differential genes screened from different
Siglec-15 expression groups are submitted to the
string database for analysis. Used PPl pair with
minimum interaction score of 0.9 to construct a PPI

network. Core nodes are vitally important to ensure
the stability of the entire network. According to the
score of the number of core nodes with calculated by
the String website, used R to draw a bar graph. In this
experiment, the 30 genes with the greatest number of
adjacent nodes were clarified and classified as the
network core genes.

Clinical samples and patients

All tumor samples used in this study were
obtained from 91 RLPS patients who underwent
surgical resection at the Sarcoma Center of Peking
University Cancer Hospital (Beijing, China) between
March 2009 and August 2019. Clinicopathological
features and postoperative follow-up data were
collected. RLPS was classified as well-differentiated
liposarcoma (WDLPS), dedifferentiated liposarcoma
(DDLPS), pleomorphic liposarcoma (PLPS), and
myxoid/round cell liposarcoma (MLPS) according to
the World Health Organization classification and
graded according to the Federation Nationale des
Centres de Lutte Contre le Cancer (FNCLCC) grading
system [28, 29]. Among the 91 cases, 61 were
diagnosed as DDLPS, 21 as WDLPS, 7 as PLPS, and 2
as MLPS. All patients were followed up from June
2013 to July 2020. The median follow-up time for these
patients was 39.7 months (range: 1.3-104.4 months).
The average age of the 91 RLPS patients was 56.1 *
11.3 years old. The detailed characteristics are also
described in Tables 1 and 2. Patients who received
chemotherapy or radiotherapy before surgery were
excluded. All patients in this study signed a written
informed consent. This study was approved by
institutional review board of the Peking University
Cancer Hospital (approval no. 2019KT19).

Immunohistochemical assessment

Within 30 minutes of resection, the tumor
samples were fixed in formalin and were embedded
with paraffin for long-term storage. Five micrometers
thick sections were baked at 60 °C for 2 h and then
placed into xylene. Graded concentrations of alcohol
(100%, 95%, and 80%) were used in the process of
rehydration. Endogenous peroxidase in the samples
was blocked with 3% hydrogen peroxide for 15 min,
followed by rinsing with phosphate-buffered saline
(PBS, pH 7.3; Beijing Zhongshan Golden Bridge
Biotechnology Co., Ltd., China). A high-pressure
antigen repair method was applied in our study. The
specimens were placed in an EDTA antigen retrieval
solution (pH 8.0; Beijing Zhongshan Golden Bridge
Biotechnology Co., Ltd.,, China) for 2.5 min in a
pressure cooker. Then, the slides were placed at room
temperature for natural cooling followed by three
rinsing steps with PBS. Goat serum (Beijing
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Zhongshan Golden Bridge Biotechnology Co., Ltd.,
China) was used to block non-specific staining for 1 h.
PD-L1 rabbit monoclonal antibody (Beijing
Zhongshan Golden Bridge Biotechnology Co., Ltd.,
China) and Siglec-15 rabbit monoclonal antibody
(dilution 1:800; cat. no. NBP2-41162; Novus
Biologicals, USA) were wused as the primary
antibodies. After incubation with the primary
antibody at 4 °C overnight, the slices were rinsed
three times with PBS to remove the unconjugated
primary antibody. The primary antibody was bound
by ready-to-use EnVision reagent (EnVision Detection
System Peroxidase/DAB, Rabbit/Mouse; Dako,
Denmark), then DAB (1:50, diaminobenzidine,
Rabbit/Mouse; Dako, Denmark) was used for dyeing.
Hematoxylin was used for counterstaining, followed
by dehydration wusing graded alcohol and
transparentization using xylene.

Table 1. Association of high Siglec-15 expression with the
clinicopathological  characteristics of 91 patients with
retroperitoneal liposarcoma

study. The percentage of positive cells and the
staining intensity determined the IRS, with scores of
0-1, 2-4, 5-8, and 9-12 evaluated as “-”, “+”, “++”,
and “+++”. “-” was identified as negative, and “+”,
“++”, and “+++” were identified as positive. In
subsequent analyses, “-” and “+” were defined as low
expression, whereas “++” and “+++” were defined as
high expression.

Table 2. Association of high PD-L1 expression with the
clinicopathological ~ characteristics of 91 patients with
retroperitoneal liposarcoma

Characteristics Total  High Siglec-15 Low Siglec-15 P value
expression (%) expression (%)

Gender

Male 52 31(59.6) 21(40.4) 0.582

Female 39 21(53.8) 18(46.2)

Age

<60 55 30(54.5) 25(45.5) 0.536

>60 36 22(61.1) 14(38.9)

Tumor size

<15 16 11(68.8) 5(31.2) 0.301

15-30 50 25(50.0) 25(40.0)

>30 25 16(64.0) 9(36.0)

FNCLCC Grade

Low (G1) 20 12(60.0) 8(40.0) 0.770

High (G2, G3) 71 40(56.3) 31(43.7)

Histology

DDLPS 61 34(55.7) 27(44.3) 0.682

WDLPS 21 14(66.7) 7(33.3)

PLPS 7 3(42.9) 4(57.1)

MLPS 2 1(50.0) 1(50.0)

Multifocality

No 54 30(55.6) 24(44.4) 0.830

Yes 37 22(59.5) 15(40.5)

Recurrence

No 38 27(56.3) 21(43.7) 0.856

Yes 43 25(58.1) 18(41.9)

Necrosis

No 60 39(65.0) 21(35.0) 0.035

Yes 31 13(41.9) 18(58.1)

Characteristics Total High PD-L1 Low PD-L1 P value
expression (%)  expression (%)

Gender

Male 52 4(7.7) 48(92.3) >0.999

Female 39 3(7.7) 36(92.3)

Age

<60 55 4(7.3) 51(92.7) >0.999

>60 36 3(8.3) 33(91.7)

Tumor size

<15 16 2(12.5) 14(87.5) 0.051

15-30 50 1(2.0) 49(98.0)

>30 25 4(16.0) 21(84.0)

FNCLCC Grade

Low (G1) 20 3(15.0) 17(85.0) 0.361

High (G2, G3) 71 4(5.6) 67(94.4)

Histology

DDLPS 61 5(8.2) 56(91.8) 0.270

WDLPS 21 1(4.8) 20(95.2)

PLPS 7 0(0) 7(100)

MLPS 2 1(50.0) 1(50.0)

Multifocality

No 54 3(5.5) 51(94.4) 0.436

Yes 37 4(10.8) 33(89.2)

Recurrence

No 38 1(2.1) 47(97.9) 0.049

Yes 43 6(14.0) 37(86.0)

Necrosis

No 60 5(8.3) 55(91.7) >0.999

Yes 31 2(6.5) 29(93.5)

Abbreviations: SD, standard deviation; FNCLCC, Federation Nationale des
Centres de Lutte Contre le Cancer; Siglec-15, sialic acid-binding
immunoglobulin-like lectin-15; WDLPS, well-differentiated liposarcoma; DDLPS,
dedifferentiated liposarcoma; PLPS, pleomorphic liposarcoma; MLPS,
myxoid/round cell liposarcoma.

Staining evaluation

PD-L1 and Siglec-15 expression in the samples
were scored by two independent pathologists who
were blinded to the clinical data of the patients. An
immunoreactivity score (IRS) system was used in this

Abbreviations: SD, standard deviation; FNCLCC, Federation Nationale des
Centres de Lutte Contre le Cancer; PD-L1, programmed death ligand 1; WDLPS,
well-differentiated liposarcoma; DDLPS, dedifferentiated liposarcoma; PLPS,
pleomorphic liposarcoma; MLPS, myxoid/round cell liposarcoma.

Statistical analysis

Correlations between immunochemical staining
and clinicopathological parameters were assessed
using the x2? test and Fisher’s exact test. The
relationship between PD-L1 and Siglec-15 expression
was analyzed using Pearson’s x?2 test. Survival curves
were generated using the Kaplan-Meier method, and
the correlation between prognosis and PD-L1 or
Siglec-15 expression was calculated using the log-rank
test. A Cox proportional hazard regression model was
used for univariate and multivariate survival analyses
to identify independent parameters affecting overall
survival (OS) and disease-free survival (DFS). When
the P value was < 0.05, the result was considered
significant. Statistical analyses were performed using
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SPSS (software version 22.0; Chicago, IL, USA).

Results

Survival analysis in RLPS and sarcoma patients
collected from TCGA

The 48 cases of RLPS from TCGA were divided
into two groups according to the median level of

Siglec-15 mRNA expression, and there was no
significant difference in DFS (P=0.417) and OS

(P=0.591) between these two groups (Figure 1A).
Next, survival Analysis of GEPIA was used to analyze
the prognostic value of Siglec-15 in 259 sarcoma
patients, wherein the median expression of Siglec-15
was used as the cut-off value of the two groups. High
expression of Siglec-15 was associated with poorer OS
(P=0.034) of sarcoma patients (Figure S1A). And there
was no significant difference in DFS between these
two groups (P=0.11) (Figure S1A).
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Figure 1. Prognosis value and functional enrichment analysis of DEG in RLPS samples with low and high Siglec-15 expression. (a) Survival curve of differential
Siglec-15 expression were analyzed in 48 retroperitoneal liposarcoma patients. (b) Representative heatmap of DEG between Siglec-15 high and low expression groups. |log
FC|>2 and DEG with FDR<0.05 were used as screening criteria. (c) Bubble plot for GO enrichment analysis of DEG between high and low Siglec-15 expression in TCGA-RLPS
patients. (d) Bar plot for KEGG enrichment analysis of DEG between high and low Siglec-15 expression in TCGA-RLPS patients. (e) PPl Siglec-15 related DEG’s PPl network and
the most important network core genes. DEG's PPl network is constructed using String. A PPl pair with a minimum interaction score of 0.9 was chosen by this study to construct
a PPl network. (f) Bar plot for network core genes with the greatest number of adjacent nodes.
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Identification and enrichment analysis of DEGs
associated with Siglec-15 expression in RLPS
and sarcoma

According to the FDR value and logarithmic fold
change criteria, a total of 682 differential genes
between high and low Siglec-15 expression groups in
RLPS were screened. Figure 1B showed the DEG
heatmap. Enrichment analysis of the KEGG pathway
showed that Siglec-15 was related to the Hippo
signaling pathway and neuroactive ligand-receptor
interaction etc. (Figure 1C). GO annotation analysis
showed that the expression of Siglec-15 might affect
serine hydrolase activity, and amine transport etc.
(Figure 1D). Figure 1E showed the PPl protein
network was composed of different genes between
these two groups. The top 5 protein genes with the
largest number of connection points were APOA1, F2,
AHSG, AMBP, SERPINC1 (Figure 1F). Figure S1
showed the results of the constructed heatmap, KEGG
enrichment analysis and GO function annotation of
259 cases of sarcoma tissues grouped according to
Siglec-15 expression level.

Siglec-15 expression was negatively correlated
with PD-L1 expression

Next, we used tissue samples from 91 patients
who accepted RLPS resection in our center to further
verify the bioinformatics analysis results. Siglec-15
and PD-L1 expression was assessed using
immunohistochemistry (IHC) in this study. Typical
IHC staining for these two proteins was shown in
Figure 2 and Figure 3, respectively. Siglec-15 was
typically located in the cytoplasm, whereas PD-L1
was mainly located in the cytoplasm and on the
membrane.

immunohistochemical

Figure 2. Typical staining of Siglec-15 in
retroperitoneal liposarcoma. (a) Positive Siglec-15 expression. (100x
magnification); (b) positive Siglec-15 expression (200% magnification); (c) negative
Siglec-15 expression (100 magnification); (d) negative Siglec-15 expression (200%
magnification). Siglec-15 was typically located in the cytoplasm.
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Figure 3.
retroperitoneal
magnification); (b) positive PD-LI expression (200% magnification); (c) negative
PD-L1 expression (100% magnification); (d) negative PD-L1 expression (200x
magnification). PD-L1 was mainly located in the cytoplasm and on the membrane.

Typical immunohistochemical
liposarcoma. (a) Positive

Of the 91 specimens collected from our center, 77
were Siglec-15 positive, whereas only 16 were PD-L1
positive (84.6% versus 17.6%, respectively), 10 (11.0%)
specimens were positive for both PD-L1 and Siglec-15,
8 (8.8%) were double negative, 67 (73.6%) were only
positive for Siglec-15, and 6 (6.6%) were only positive
for PD-L1 (Table 3). High expression of Siglec-15 was
detected in 52 (57.1%) specimens, whereas high
expression of PD-L1 was detected in only 7 (7.7%)
specimens; 89.3% (67/75) of PD-L1-negative patients
expressed Siglec-15, whereas 62.5% (10/16) of
PD-L1-positive patients expressed Siglec-15 (Figure
4). Moreover, the x? test showed that there was a
negative correlation between PD-L1 and Siglec-15
expression (r=-0.283 P=0.020, Table 3).

Table 3. Association between Siglec-15 and PD-L1 expression in
91 patients with retroperitoneal liposarcoma

Groups Siglec-15 positive Siglec-15 negative P value
PD-L1 positive 10 6 0.020
PD-L1 negative 67 8

1509 = Negative Siglec-15
Hm Positive Siglec-15
P=0.020

100

50

Percentage of patients(%)

Positive PD-L1 Negative PD-L1

Figure 4. Siglec-15 expression was negatively correlated with PD-LI1
expression in RLPS patients. 89.3% (67/75) of PD-LI-negative RLPS patients
expressed Siglec-15, whereas 62.5% (10/16) of PD-LI-positive RLPS patients
expressed Siglec-15. Siglec-15 expression was negatively correlated with PD-LI
expression (r=-0.283; x2= 5.378; P=0.020).
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Figure 5. Correlation between Siglec-15 or PD-L1 expression levels and prognosis of patients with retroperitoneal liposarcoma. According to Siglec-15 and
PD-L1 expression level, all the malignant pancreatic tumor patients were divided into high expression group and low expression group. High Siglec-15 expression was associated
with poorer DFS in retroperitoneal liposarcoma patients. Kaplan-Meier survival curves for (a) disease-free survival (DFS) and (b) overall survival (OS) between patients with high
and low Siglec-15 expression. Kaplan-Meier survival curves for (c) DFS and (d) OS between patients with high and low PD-L1 expression.

Correlation between Siglec-15 and PD-L1
expression levels and clinicopathological
features in patients with RLPS

The association between Siglec-15 expression
and clinicopathological characteristics was assessed in
RLPS. Among the 91 RLPS cases collected from our
center, low Siglec-15 expression was associated with
necrosis (P=0.035) (Figure S2). However, the
relationship between Siglec-15 expression and sex,
age, tumor size, FNCLCC grade, histopathological

classification, multifocality, and recurrence was not
significant. In addition, positive Siglec-15 expression
was associated with age (P=0.036) and multifocality
(P=0.006) (Table S1).

We also assessed the correlation between PD-L1
expression levels and clinicopathological features of
patients with RLPS. As shown in Table 2, among the
91 RLPS cases, high PD-L1 expression was associated
with recurrence (P=0.049) (Figure S3). In contrast, the
relationship between high PD-L1 expression and sex,
age, tumor size, FNCLCC grade, histopathological
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classification, multifocality, or necrosis was not
significant. On the other hand, positive PD-L1
expression was associated with tumor size (P=0.012)
(Table S2).

Correlations of Siglec-15 and PD-L1
expression levels with survival of RLPS
patients

The DFS and OS survival curves according to the
PD-L1 and Siglec-15 expression are shown in Figure 5.
As for Siglec-15, Kaplan-Meier survival analysis and
log-rank test showed that high Siglec-15 expression
was associated with poorer DFS of RLPS patients. The
median DFS time was 17.4 + 6.4 months and 70.3 *
25.2 months in the high and low Siglec-15 expression
groups, respectively (P=0.021). On the other hand, the
median OS time was 28.7 + 5.0 months and 40.4 +17.0
months in the high and low Siglec-15 expression
groups, respectively, but there was not a significant
correlation (P=0.733). In addition, no significant
difference was observed in DFS (P=0.095) and OS
(P=0.150) between the positive and negative Siglec-15
groups (Figure S4). As for PD-L1, the median DFS
time was 27.5 + 13.8 months and 24.6 + 7.5 months in
the high and low PD-L1 expression groups,
respectively, with no significant difference (P=0.207).
On the other hand, the median OS time was 34.7 +
17.6 months and 30.3 £ 6.9 months in the high and low
PD-L1 expression groups, respectively, with no
significant difference (P=0.543). Furthermore, no
significant correlation in DFS (P=0.485) and OS
(P=0.286) was observed between the positive and
negative PD-L1 groups (Figure 54).

To determine whether combined expression of
PD-L1 and Siglec-15 might affect survival, we
classified all patients into two groups: PD-L1+/
Siglec-15+ group and all other expression statuses as
the other group. However, no significant difference
was observed in DFS (P=0.101) and OS (P=0.058)
between the PD-L1+/Siglec-15+ group and the other
group.

Next, a Cox proportional hazard model was
used to test whether clinicopathological features
might affect OS and DFS in RLPS. Univariate analysis
showed that high Siglec-15 expression (hazard ratio
[HR]: 2.120; 95% confidence interval [CI]: 1.105-4.068;
P=0.024), recurrence (HR: 1.883; 95% CI: 1.031-3.438;
P=0.039), and tumor size (P=0.019) were significantly
associated with DFS. Because few risk factors were
identified, we included the risk factors with P < 0.2
into the multivariate regression model, which showed
that high Siglec-15 expression (HR: 2.298; 95% CI:
1.154-4.576; P=0.018), necrosis (HR: 2.052; 95% CI:
1.082-3.890; P=0.028), and the tumor size (P=0.049)
were independent predictive factors for DFS (Table 4).

On the other hand, univariate analysis showed that
the FNCLCC grade (HR: 2.473; 95% CI: 1.040-5.881;
P=0.041), necrosis (HR: 1.835; 95% CI: 1.028-3.274;
P=0.040), and tumor size (P=0.027) were significantly
associated with OS (Table 5). Multivariate analysis
revealed that necrosis (HR: 1.806; 95% CI: 1.002-3.254;
P=0.049) and tumor size (P=0.021) were independent
predictive factors for OS as shown in Table 5.

Table 4. Cox proportional hazard regression model analysis of
disease-free survival in 91 patients with retroperitoneal
liposarcoma

Characteristics ~ Univariate analysis Multivariate analysis

Hazard 95% P Hazard 95% P
Ratio  confidence value Ratio confidence value
interval interval
Siglec-15
Low-expression 1 1
High-expression 2.120  1.105-4.068 0.024  2.298 1.154-4.576 0.018
PD-L1

Low-expression 1

High-expression 1.808  0.710-4.606 0.215

Gender

Male 1

Female 0911  0.498-1.666 0.763

Age

<60 1

>60 0.619  1.118-2.020 0.711

Tumor size 0.019 0.049
<15 1 1

15-30 0.500 0.236-1.061 0.071 1.160 0.685-1.963 0.580
>30 1.303  0.597-2.842 0.506  0.605 0.398-0.919 0.018
FNCLCC grade

Low (G1) 1 1

High (G2,G3) 1.812  0.840-3.910 0.130  1.598 0.655-3.902 0.303
Histology 0.092 0.088
DDLPS 1 1

WDLPS 0.303  0.118-0.776 0.013  0.301 0.110-0.820 0.019
PLPS 0913  0.353-2.359 0.866  1.453 0.534-3.957 0.465
MLPS <0.001 * 0.978  <0.001 * 0.980
Multifocality

No 1

Yes 1442  0.802-2.593 0.221

Recurrence

No 1 1

Yes 1.883  1.031-3.438 0.039 1.315 0.684-2.530 0.412
Necrosis

No 1 1

Yes 1.744  0.960-3.169 0.068  2.052 1.082-3.890 0.028

Abbreviations: Siglec-15, sialic acid-binding immunoglobulin-like lectin-15; PD-L1,
programmed death ligand 1; NCLCC, Federation Nationale des Centres de Lutte
Contre le Cancer; WDLPS, well-differentiated liposarcoma; DDLPS,
dedifferentiated liposarcoma; PLPS, pleomorphic liposarcoma; MLPS,
myxoid/round cell liposarcoma.

* means the sample size included is too small to be estimated.

The bold P value indicated significant difference.

Discussion

RLPS is a type of rare malignancy for which
surgical resection is the primary treatment. There are
limited options for recurrent and advanced sarcomas,
so immunotherapy and targeted therapy are urgently
needed. A few clinical trials of immunotherapy on

https://www.medsci.org



Int. J. Med. Sci. 2022, Vol. 19

1985

sarcoma patients have reported positive results [5, 30,
31]. Immune biomarkers such as PD-1/PD-L1 and
Siglec-15 can facilitate our understanding of the
immune status of sarcomas and may help explain the
reasons underlying the differences in immunotherapy
response. Moreover, Siglec-15 is considered to play an
important role in immune escape, and it might be an
important supplementary pathway to the PD-1/
PD-L1 pathway [19]. Hence, our study further
clarified the correlation between these two typical
biomarkers and their correlation with prognosis in
RLPS patients.

Table 5. Cox proportional hazard regression model analysis of
overall survival in 91 patients with retroperitoneal liposarcoma

Characteristics ~ Univariate analysis Multivariate analysis
Hazard 95% P Hazard 95% P value
Ratio  confidence value Ratio confidence

interval interval

Siglec-15

Low-expression 1

High-expression 1.108  0.615-1.996 0.734

PD-L1

Low-expression 1

High-expression 1.374  0.491-3.847 0.546

Gender

Male 1

Female 1.392  0.783-2.472 0.260

Age

<60 1

>60 1215 0.678-2.178 0.513

Tumor size 0.027 0.021

<15 1 1

15-30 0.695 0.391-1.233 0.213 0.680  0.365-1.267 0.225

>30 0.815 0.538-1.236 0.336 0.799  0.522-1.224 0.302

FNCLCC grade

Low (G1) 1 1

High (G2,G3) 2473 1.040-5.881 0.041 1.681 0.658-4.294 0.278

Histology 0.165 0.154

DDLPS 1 1

WDLPS 0377  0.158-0.897 0.027 0.355  0.145-0.872 0.024

PLPS 0.849  0.302-2.393 0.757 0.865  0.305-2.455 0.785

MLPS 1439  0.195-10.606 0.721 1.324  0.177-9.913 0.785

Multifocality

No 1

Yes 1.139  0.639-2.033 0.658

Recurrence

No 1

Yes 1.247  0.698-1.225 0.456

Necrosis

No 1 1

Yes 1.835 1.028-3.274 0.040 1.806 1.002-3.254 0.049

Abbreviations: Siglec-15, sialic acid-binding immunoglobulin-like lectin-15; PD-L1,
programmed death ligand 1; NCLCC, Federation Nationale des Centres de Lutte
Contre le Cancer; WDLPS, well-differentiated liposarcoma; DDLPS,
dedifferentiated liposarcoma; PLPS, pleomorphic liposarcoma; MLPS,
myxoid/round cell liposarcoma.

The bold P value indicated significant difference.

The PD-1/PD-L1 checkpoint pathway is the
most widely used target in immunotherapy. PD-1 is a
transmembrane protein expressed on T cells and can
regulate immune escape [32]. PD-L1 is one of the
well-studied ligands for PD-1 and has been detected

in immune, malignant, and stromal cells in previous
studies [33]. In addition to its immunomodulatory
effect, PD-L1 has also been used as a predictor for
prognosis and immunotherapy response [34, 35].
Several reports have shown that the copy number and
expression level of PD-L1 are related to poor survival
in sarcoma cases [7]. Nevertheless, the predictive
value of PD-L1 varies among STS subtypes [1, 15]. In
our study, PD-L1 was not a predictor of OS (P=0.543)
and DFS (P=0.207) in RLPS patients, and only 16 of 91
specimens (17.6%) were PD-L1 positive. This is also in
accordance with the slower development of PD-L1
clinical trials for STS. In another study, the positive
expression rate of PD-L1 in smooth muscle is as high
as 59%. [36]. The different PD-L1 expressions among
STS patients indicate that it is necessary to identify the
potential beneficiary patients. Moreover, due to the
lower PD-L1 expression in RLPS patients compared
with other STS patients, it is extremely important to
explore new immunotherapy markers that can
complement PD-L1 treatment for RLPS.

Siglec-15 was previously characterized as a type
I transmembrane protein with a sialic acid-binding
site. Unlike most proteins in the Siglec family that
have multiple C2-set Ig domains, Siglec-15 has only
one IgC2 domain, which is similar to the vast
members of the B7 family. In addition, its high
homology with PD-L1 indicates its unique molecular
features and highlights its possible correlation with
the PD-L1/PD-1 pathway [19]. As our study has
confirmed, there was a negative relationship between
PD-L1 and Siglec-15 expression (r=-0.283, P=0.020). A
previous study has demonstrated that Siglec-15 and
PD-L1 are mutually exclusive in lung cancer [18].
Moreover, in vivo and in vitro experiments have
shown that inhibition of Siglec-15 function using
monoclonal antibodies (mAbs) can play a synergistic
effect with anti-PD1 mAbs in colon cancer [19]. Taken
together, these findings indicated that the immune
regulation of Siglec-15 is independent of the
PD-1/PD-L1 pathway.

Siglec-15 has been originally identified as an
important regulator of osteoclast development and
differentiation [37]. Abnormal expression of Siglec-15
was closely related to autoimmune diseases and
cancer [38]. In contrast with the limited expression in
normal tissues, Siglec-15 mRNA expression was
upregulated in a variety of tumors, which was found
through analyses of TCGA database [19, 23]. Li et al.
also reported that higher Siglec-15 mRNA levels
predicted poorer relapse-free survival (RFS) by
pan-cancer analysis [23]. Similar to the results of Li et
al., our study confirmed that high expression of
Siglec-15 was detected in 57.1% RLPS specimens.
Meanwhile, our study also showed that Siglec-15 can
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be used as a prognostic indicator, wherein high
Siglec-15 expression was an independent predictive
factor for DFS. Consistent with the data of 259
sarcomas found within the TCGA database, the high
expression of Siglec-15 was associated with the poorer
DFS in the 91 RLPS patients in our study. However,
there is no obvious correlation between Siglec-15
expression and DFS in the 48 patients with RLPS
collected from the TCGA database. Compared and
contrast with the TCGA database, we have expanded
the number of retroperitoneal liposarcoma patients,
which may also result in the inconsistent results.
Furthermore, in this study, though only 17.6% of cases
were positive for PD-L1 expression in RLPS patients,
84.6% of the cases were positive for Siglec-15
expression. Compared with the low expression of
PD-L1, which may limit the immunotherapy effect in
some patients, the high expression of Siglec-15 in
RLPS patients suggests that Siglec-15 might act as a
potential target of immunotherapy and as an
important supplement to PD-L1 therapy. All these
results suggest that compared with slow progression
in PD-1 pathway, Siglec-15 might be a more suitable
target for immunotherapy of sarcomas which were
previously considered as immune desert tumors.

A recent study found that Siglec-15 can be
expressed in tumor cells and tumor associated
macrophages, and they confirmed that macrophage-
associated Siglec-15 could suppress antigen-specific T
cell responses. In addition, anti-Siglec-15 mAbs can
also inhibit tumor growth of MC38 cells in which
Siglec-15 was overexpressed [19]. Hence, the function
of Siglec-15 in tumor cells also needs extensive
elucidation. Our study showed that low Siglec-15
expression was associated with necrosis (P=0.035),
indicating that Siglec-15 might play an important role
in RLPS proliferation. At present, the molecular
mechanism by which Siglec-15 affects proliferation
remains unclear. Mice lacking Siglec-15 had no
obvious physical abnormalities except mild bone
disease [39, 40]. NC318, an anti-Siglec-15 mAb, is
undergoing a phase I clinical trial, and its good safety
and tolerability has encouraged the development of
phase 2 clinical trials to evaluate its efficacy [18]. GO
enrichment of the high-throughput sequencing data
of 48 RLPS patients from TCGA suggested that
Siglec-15 expression was related to serine hydrolase
activity. MDM2 oncogene amplification is the main
molecular feature of well-differentiated and
de-differentiated liposarcoma [41]. Cissé MY et al.
reported the combination of MDM2 and chromatin
could mediate serine metabolism, and would thereby
regulate the proliferation of liposarcoma [42]. Our GO
enrichment analysis showed that Siglec-15 was
related to serine metabolism, which also indicated

that Siglec-15 might play a key role in the
development and progression of retroperitoneal
liposarcoma in addition to immunity. The correlation
between differential genes in sarcoma and lipid
metabolism-related pathways (PPAR) provided
evidence for the close relationship between Siglec-15
and liposarcoma [43]. In subsequent studies, we will
pay further attention to the effect of Siglec-15 upon
the development and progression of liposarcoma, in
addition to its effect on immunity.

In addition, KEGG enrichment analysis showed
that the Hippo signaling pathway is closely related to
the expression of Siglec-15 in RLPS. The Hippo
signaling pathway can play an important role in
tumor immunity [44, 45]. Toshiro Moroishi et al.
established three different mouse homologous tumor
models (B16, SCC7 and 4T1), which confirmed that
the lack of Hippo pathway kinase LATS1/2 (large
tumor suppressor 1 and 2) in tumor cells could
improve tumor immunogenicity, thereby enhancing
anti-tumor immune response and inhibit tumor
growth [46]. Janse van Rensburg H]J et al identified the
immune checkpoint molecule PD-L1 as the target of
the Hippo signaling pathway. TAZ, a component of
the Hippo pathway, promotes immune escape of
human cancer cells through the transcriptional
regulation of PD-L1 [47]. This could also explain the
mutually-exclusive relationship between Siglec-15
and PD-L1.

To the best of our knowledge, this is the first
study to describe the relationship between Siglec-15
and PD-L1 expression and verify the significant
prognostic value of Siglec-15 in RLPS. In addition, we
also analyzed the possible biological function of
Siglec-15 on RLPS through the data collected from
TCGA. Owing to the rare incidence of retroperitoneal
liposarcoma, the number of patients in our study is
relatively small. In future studies, we will include
more patients and follow up for a longer period to
ensure more reliable and accurate results. Currently,
the specific interaction mechanism between PD-L1
and Siglec-15 is wunclear; hence, functional
experiments and mechanism exploration will be
conducted in the future.

Conclusions

There was a significantly negative association
between Siglec-15 and PD-L1 expression in RLPS
patients. Moreover, high Siglec-15 expression was a
negative independent predictive factor for the
prognosis of RLPS. In addition, the key pathways for
Siglec-15 to regulate RLPS may be the Hippo
signaling pathway, neuroactive ligand-receptor
interaction, and the neuroactive ligand-receptor
interaction. Further research is needed to clarify the
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biological effects and possible clinical application of
Siglec-15.

Abbreviations

RPS: retroperitoneal soft tissue sarcoma; RLPS:
retroperitoneal liposarcoma; PD-1: programmed cell
death 1; PD-L1: programmed cell death ligand 1; STS:
soft tissue sarcoma; Siglec-15: sialic acid-binding
immunoglobulin-like  lectin-15, WDLPS:  well-
differentiated liposarcoma; DDLPS: dedifferentiated
liposarcoma; PLPS: pleomorphic liposarcoma; MLPS:
myxoid/round cell liposarcoma; FNCLCC: Feder-
ation Nationale des Centres de Lutte Contre le Cancer;
IRS: immunoreactivity score; OS: overall survival;
DFS: disease-free survival; IHC: immunohisto-
chemistry; HR: hazard ratio; CI: confidence interval;
mAb: monoclonal antibody; RFS: relapse-free
survival; KEGG: Kyoto Encyclopedia of Genes and
Genomes; GO: gene ontology; PPI: protein-protein
interaction.

Supplementary Material

Supplementary figures and tables.
https:/ /www.medsci.org/v19p1977s1.pdf

Acknowledgements

Funding

This study was supported by National Natural
Science Foundation of China (approval No. 91959120),
Capital Health Research and Development of Special
Funds (approval No. 2020-1-1021), Beijing Municipal
Natural Science Foundation (approval No. Z190022),
Beijing excellent talent training project (approval No.
2018000021469G269), Beijing Municipal Administra-
tion of Hospital's Ascent Plan (approval No.
DFL20181104), Science Foundation of Peking
University Cancer Hospital (approval No. 2022-4,
2021-2, 2021-15), China Postdoctoral Science
Foundation (approval No. 2020M680260), and Beijing
Municipal Administration of Hospitals” Youth
Programm (approval No. QML20181104).

Ethics approval

All patients in this study signed a written
informed consent. This study was approved by
institutional review board of the Peking University
Cancer Hospital (approval no. 2019KT19).

Author contributions

Conception and design: Chunyi Hao and Xiuyun
Tian. Performing the experiments: Lixuan Cui,
Xiuyun Tian, Jianhui Wu, Xiaoya Guan, Liang Yan.
Evaluation of immunohistochemistry results: Bin
Dong and Min Zhao. Analysis and interpretation of

data: Xiuyun Tian, Chunyi Hao, Ang Lv. Writing of
the manuscript: Lixuan Cui and Xiuyun Tian.

Competing Interests

The authors have declared that no competing
interest exists.

References

1. Yan L, Wang Z, Cui C, Guan X, Dong B, Zhao M, et al. Comprehensive
immune characterization and T-cell receptor repertoire heterogeneity of
retroperitoneal liposarcoma. Cancer science. 2019; 110: 3038-48.

2. Sassa N. Retroperitoneal tumors: Review of diagnosis and management.
International journal of urology : official journal of the Japanese Urological
Association. 2020; 27: 1058-70.

3. Tropea S, Mocellin S, Damiani GB, Stramare R, Aliberti C, Del Fiore P, et al.
Recurrent retroperitoneal sarcomas: Clinical outcomes of surgical treatment
and prognostic factors. European journal of surgical oncology : the journal of
the European Society of Surgical Oncology and the British Association of
Surgical Oncology. 2020.

4. Zhang$S, Yan L, Cui C, Wang Z, Wu ], Lv A, et al. Downregulation of RRM2
Attenuates Retroperitoneal Liposarcoma Progression via the Akt/mTOR/
4EBP1 Pathway: Clinical, Biological, and Therapeutic Significance.
OncoTargets and therapy. 2020; 13: 6523-37.

5. Zhu MMT, Shenasa E, Nielsen TO. Sarcomas: Immune biomarker expression
and checkpoint inhibitor trials. Cancer treatment reviews. 2020; 91: 102115.

6. McKinley SK, DeLaney TF, Mullen JT. What Is the Role of Neoadjuvant
Radiation Therapy for Retroperitoneal Sarcoma? Advances in surgery. 2020;
54: 273-84.

7. LimJ, Poulin NM, Nielsen TO. New Strategies in Sarcoma: Linking Genomic
and Immunotherapy Approaches to Molecular Subtype. Clinical cancer
research : an official journal of the American Association for Cancer Research.
2015; 21: 4753-9.

8.  Comprehensive and Integrated Genomic Characterization of Adult Soft Tissue
Sarcomas. Cell. 2017; 171: 950-65.e28.

9. Mok TSK, Wu YL, Kudaba I, Kowalski DM, Cho BC, Turna HZ, et al.
Pembrolizumab  versus  chemotherapy for previously untreated,
PD-L1-expressing, locally advanced or metastatic non-small-cell lung cancer
(KEYNOTE-042): a randomised, open-label, controlled, phase 3 trial. Lancet
(London, England). 2019; 393: 1819-30.

10. Tawbi HA, Burgess M, Bolejack V, Van Tine BA, Schuetze SM, Hu J, et al.
Pembrolizumab in advanced soft-tissue sarcoma and bone sarcoma
(SARC028): a multicentre, two-cohort, single-arm, open-label, phase 2 trial.
The Lancet Oncology. 2017; 18: 1493-501.

11. Murciano-Goroff YR, Warner AB, Wolchok JD. The future of cancer
immunotherapy: microenvironment-targeting combinations. Cell research.
2020; 30: 507-19.

12. Sun C, Mezzadra R, Schumacher TN. Regulation and Function of the PD-L1
Checkpoint. Immunity. 2018; 48: 434-52.

13. Zou W, Wolchok JD, Chen L. PD-L1 (B7-H1) and PD-1 pathway blockade for
cancer therapy: Mechanisms, response biomarkers, and combinations. Science
translational medicine. 2016; 8: 328rv4.

14. Fuchs CS, Doi T, Jang RW, Muro K, Satoh T, Machado M, et al. Safety and
Efficacy of Pembrolizumab Monotherapy in Patients With Previously Treated
Advanced Gastric and Gastroesophageal Junction Cancer: Phase 2 Clinical
KEYNOTE-059 Trial. JAMA oncology. 2018; 4: €180013.

15. Shanes ED, Friedman LA, Mills AM. PD-L1 Expression and Tumor-infiltrating
Lymphocytes in Uterine Smooth Muscle Tumors: Implications for
Immunotherapy. The American journal of surgical pathology. 2019; 43:
792-801.

16. van Erp AEM, Versleijen-Jonkers YMH, Hillebrandt-Roeffen MHS, van Houdt
L, Gorris MAJ, van Dam LS, et al. Expression and clinical association of
programmed cell death-1, programmed death-ligand-1 and CD8(+)
lymphocytes in primary sarcomas is subtype dependent. Oncotarget. 2017; 8:
71371-84.

17. Park HK, Kim M, Sung M, Lee SE, Kim Y], Choi YL. Status of programmed
death-ligand 1 expression in sarcomas. Journal of translational medicine. 2018;
16: 303.

18. Sun J, Lu Q, Sanmanmed MF, Wang ]. Siglec-15 as an emerging target for
next-generation cancer immunotherapy. Clinical cancer research : an official
journal of the American Association for Cancer Research. 2020.

19. WangJ, Sun J, Liu LN, Flies DB, Nie X, Toki M, et al. Siglec-15 as an immune
suppressor and potential target for normalization cancer immunotherapy.
Nature medicine. 2019; 25: 656-66.

20. Fudaba H, Momii Y, Hirakawa T, Onishi K, Asou D, Matsushita W, et al. Sialic
acid-binding immunoglobulin-like lectin-15 expression on peritumoral
macrophages is a favorable prognostic factor for primary central nervous
system lymphoma patients. Scientific reports. 2021; 11: 1206.

21. Ding J, Liu Y, Lai Y. Identifying MMP14 and COL12A1 as a potential
combination of prognostic biomarkers in pancreatic ductal adenocarcinoma
using integrated bioinformatics analysis. Peer]. 2020; 8: e10419.

https://www.medsci.org



Int. J. Med. Sci. 2022, Vol. 19

1988

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Lee S, Howell BJ. High-content screening: emerging hardware and software
technologies. Methods in enzymology. 2006; 414: 468-83.

Li B, Zhang B, Wang X, Zeng Z, Huang Z, Zhang L, et al. Expression signature,
prognosis value, and immune characteristics of Siglec-15 identified by
pan-cancer analysis. Oncoimmunology. 2020; 9: 1807291.

Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: a web server for cancer
and normal gene expression profiling and interactive analyses. Nucleic acids
research. 2017; 45: W98-w102.

Wettenhall JM, Smyth GK. limmaGUI: a graphical user interface for linear
modeling of microarray data. Bioinformatics (Oxford, England). 2004; 20:
3705-6.

ZhangS, Yan L, Cui C, Wang Z, Wu ], Zhao M, et al. Identification of TYMS as
a promoting factor of retroperitoneal liposarcoma progression: Bioinformatics
analysis and biological evidence. Oncology reports. 2020; 44: 565-76.
Benjamini Y, Hochberg YJJotRSSSBM. Controlling the False Discovery Rate: A
Practical and Powerful Approach to Multiple Testing. 1995; 57: 289-300.
Vilanova JC. WHO Classification of Soft Tissue Tumors. In: Vanhoenacker FM,
Parizel PM, Gielen JL, editors. Imaging of Soft Tissue Tumors. Cham: Springer
International Publishing; 2017. p. 187-96.

Trojani M, Contesso G, Coindre JM, Rouesse J, Bui NB, De Mascarel A, et al.
Soft-tissue sarcomas of adults; study of pathological prognostic variables and
definition of a histopathological grading system. 1984; 33: 37-42.

Wilky BA, Trucco MM, Subhawong TK, Florou V, Park W, Kwon D, et al.
Axitinib plus pembrolizumab in patients with advanced sarcomas including
alveolar soft-part sarcoma: a single-centre, single-arm, phase 2 trial. The
Lancet Oncology. 2019; 20: 837-48.

D'Angelo SP, Mahoney MR, Van Tine BA, Atkins J, Milhem MM, Jahagirdar
BN, et al. Nivolumab with or without ipilimumab treatment for metastatic
sarcoma (Alliance A091401): two open-label, non-comparative, randomised,
phase 2 trials. The Lancet Oncology. 2018; 19: 416-26.

Sharpe AH, Pauken KE. The diverse functions of the PD1 inhibitory pathway.
Nature reviews Immunology. 2018; 18: 153-67.

Teng F, Meng X, Kong L, Yu ]J. Progress and challenges of predictive
biomarkers of anti PD-1/PD-L1 immunotherapy: A systematic review. Cancer
letters. 2018; 414: 166-73.

Mellman I, Coukos G, Dranoff G. Cancer immunotherapy comes of age.
Nature. 2011; 480: 480-9.

YiM, Niu M, Xu L, Luo S, Wu K. Regulation of PD-L1 expression in the tumor
microenvironment. Journal of hematology & oncology. 2021; 14: 10.

Pollack SM, He Q, Yearley JH, Emerson R, Vignali M, Zhang Y, et al. T-cell
infiltration and clonality correlate with programmed cell death protein 1 and
programmed death-ligand 1 expression in patients with soft tissue sarcomas.
Cancer. 2017; 123: 3291-304.

Ishida-Kitagawa N, Tanaka K, Bao X, Kimura T, Miura T, Kitaoka Y, et al.
Siglec-15 protein regulates formation of functional osteoclasts in concert with
DNAX-activating protein of 12 kDa (DAP12). The Journal of biological
chemistry. 2012; 287: 17493-502.

Macauley MS, Crocker PR, Paulson JC. Siglec-mediated regulation of immune
cell function in disease. Nature reviews Immunology. 2014; 14: 653-66.
Hiruma Y, Tsuda E, Maeda N, Okada A, Kabasawa N, Miyamoto M, et al.
Impaired osteoclast differentiation and function and mild osteopetrosis
development in Siglec-15-deficient mice. Bone. 2013; 53: 87-93.

Kameda Y, Takahata M, Komatsu M, Mikuni S, Hatakeyama S, Shimizu T, et
al. Siglec-15 regulates osteoclast differentiation by modulating RANKL-
induced phosphatidylinositol 3-kinase/ Akt and Erk pathways in association
with signaling Adaptor DAP12. Journal of bone and mineral research : the
official journal of the American Society for Bone and Mineral Research. 2013;
28: 2463-75.

Crago AM, Singer S. Clinical and molecular approaches to well differentiated
and dedifferentiated liposarcoma. Current opinion in oncology. 2011; 23:
373-8.

Cissé MY, Pyrdziak S, Firmin N, Gayte L, Heuillet M, Bellvert F, et al.
Targeting MDM2-dependent serine metabolism as a therapeutic strategy for
liposarcoma. Science translational medicine. 2020; 12.

Bougarne N, Weyers B, Desmet SJ, Deckers ], Ray DW, Staels B, et al.
Molecular Actions of PPARa in Lipid Metabolism and Inflammation.
Endocrine reviews. 2018; 39: 760-802.

Wang G, Lu X, Dey P, Deng P, Wu CC, Jiang S, et al. Targeting YAP-
Dependent MDSC Infiltration Impairs Tumor Progression. Cancer discovery.
2016; 6: 80-95.

Guo X, Zhao Y, Yan H, Yang Y, Shen S, Dai X, et al. Single tumor-initiating
cells evade immune clearance by recruiting type II macrophages. Genes &
development. 2017; 31: 247-59.

Moroishi T, Hayashi T, Pan WW, Fujita Y, Holt MV, Qin J, et al. The Hippo
Pathway Kinases LATS1/2 Suppress Cancer Immunity. Cell. 2016; 167:
1525-39.e17.

Janse van Rensburg HJ, Azad T, Ling M, Hao Y, Snetsinger B, Khanal P, et al.
The Hippo Pathway Component TAZ Promotes Immune Evasion in Human
Cancer through PD-L1. Cancer research. 2018; 78: 1457-70.

https://www.medsci.org



