BIOENGINEERED Tavior & F .
2021, VOL. 12, NO. 1, 496-506 aylor & Francis
https://doi.org/10.1080/21655979.2021.1879566 Taylor &Frandis Group

RESEARCH PAPER 8 OPEN ACCESS W) Check for updates

Bioinformatics analysis reveals the competing endogenous RNA (ceRNA)
coexpression network in the tumor microenvironment and prognostic
biomarkers in soft tissue sarcomas
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ABSTRACT ARTICLE HISTORY

Soft tissue sarcomas (STSs) are rare, heterogeneous mesenchymal neoplasias. Understanding the Received 25 November 2020
tumor microenvironment (TME) and identifying potential biomarkers for prognosis associated Revised 18 January 2021
with the TME of STS might provide effective clues for immune therapy. We evaluated the immune Accepted 18 January 2021
scores and stromal scores of STS patients by using the RNA sequencing dataset from The Cancer KEYWORDS

Genome Atlas (TCGA) database and the ESTIMATE algorithm. Then, the differentially expressed Soft tissue sarcomas; tumor
mMRNAs (DEGs), miRNAs (DEMs) and IncRNAs (DELs) were identified after comparing the high- and microenvironment; estimate;
low-score groups. Next, we established a competing endogenous RNA (ceRNA) network and prognosis; ceRNA
explored the prognostic values of biomarkers involved in the network with the help of bioinfor-

matics analysis. High immune score was significantly associated with favorable overall survival in

STS patients. A total of 328 DEGs, 18 DEMs and 67 DELs commonly regulated in the immune and

stromal score groups were obtained. A ceRNA network and protein—protein interaction (PPI)

network identified some hub nodes with considerable importance in the network. Kaplan-Meier

survival analysis demonstrated that nine mRNAs, two miRNAs and three IncRNAs were closely

associated with overall survival of STS patients. Gene set enrichment analysis (GSEA) suggested

that these three IncRNAs were mainly involved in immune response-associated pathways in STS

patients. Finally, the expression levels of five mRNAs (APOL1, EFEMP1, LYZ, RARRES1 and TNFAIP2)

were verified, which were consistent with the results of the TCGA cohort. The results of our study

confirmed the prognostic value of immune scores for STS patients. We also identified several TME-

related biomarkers that might contribute to prognostic prediction and immune therapy.
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Introduction

Soft tissue sarcomas (STSs) are a heterogeneous
group of rare mesenchymal neoplasias, accounting
for 1-2% of all adult malignancies [1]. It is esti-
mated that there will be approximately 13,130 STS
diagnoses and 5,350 deaths in 2020 [2]. Despite
the combination of surgery resection, radiother-
apy, chemotherapy, and other systemic treatment
for patients with localized STS, the 5-year survival
rate is only 50%-60% [3]. In addition, over 50% of
patients may experience recurrence and metastasis
after surgery [4].

In recent years, immunotherapeutic strategies
have shown promising results in the field of cancer
treatment, and the components of tumor micro-
environment (TME) could significantly affect the
therapeutic response in several cancer types,
including STS [5-7]. One of the most successful
strategies involves immune checkpoint inhibitors,
such as programmed cell death-1 (PD-1) and pro-
grammed death-ligand 1 (PD-L1). The expression
of PD-1 and PD-L1 is significantly correlated with
CD8+ tumor infiltrating lymphocytes [8]. Their
expression was also associated with clinical stage,
distant metastasis, level of tumor differentiation,
overall survival and event-free survival in STS
patients [9]. These results suggest that PD-1 and
PD-L1 are promising targets for STS patients.
Thus, understanding the TME and identifying
potential biomarkers associated with the TME of
STS is critical to improving the efficacy of immune
therapy.

As two essential components of TME, infiltrat-
ing immune and stromal cells could impact cancer
prognosis [10]. The Estimation of STromal and
Immune cells in Malignant Tumors using
Expression data (ESTIMATE) algorithm has
made it possible to predict the infiltration of
immune and stromal cells in tumors by generating
immune and stromal scores of each tumor sample
[11]. Recently, ESTIMATE has been applied in
several cancers, such as head and neck squamous
cell carcinoma [12], glioblastoma [13] and acute
myeloid leukemia [14], to explore potential TME-
related biomarkers. Previous studies on the TME
of STS have identified some immune-related genes
as candidate prognostic biomarkers, which might
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help predict response to immunotherapy for STS
[15-17]. However, the usage of ESTIMATE to
explore the competing endogenous RNA
(ceRNA) roles in the TME of STSs remains to be
elucidated.

The hypothesis of ceRNAs was proposed as
a complex posttranscriptional regulatory network
in which IncRNAs, and mRNAs competed with
miRNAs via miRNA response element (MRE)
[18]. This competition plays a crucial role in devel-
opment, progression, recurrence and prognosis of
sarcomas by affecting the expression levels of var-
ious RNAs through MREs, including STS. For
example, IncRNA TUGI was reported to function
as a ceRNA of miR-212-3p, and the inhibition of
miR-212-3p could reverse the effect of TUGI
knockdown on osteosarcoma cell proliferation
and apoptosis [19]. Runzhi Huang et al. illustrated
that hsa-miR-1226-3p might play an important
role in STS recurrence by regulating MUC1 and
dendritic cells resting [20]. The ceRNA network,
IncRNA (KCNQI1OT1)-miRNA (has-miR
-29 ¢-3p)-mRNA (JARID2, CDK8, DNMT3A and
TET1) might be a promising therapeutic target for
the STS sub-cluster associated with a poor prog-
nosis [21]. In this study, we applied the
ESTIMATE algorithm to RNA sequencing data
downloaded from The Cancer Genome Atlas
(TCGA) database to assess the immune and stro-
mal scores and construct a ceRNA network asso-
ciated with the TME of STS. Subsequently, overall
survival analysis of immune scores, stromal scores
and the biomarkers involved in the ceRNA net-
work were performed. Finally, two STS cohorts of
the Gene Expression Omnibus(GEO) database
were used for verification. Through these bioinfor-
matics analyses, our study may help elucidate the
TME effect on STS and provide potential targets
for the immunotherapy.

Materials and methods

Immune and stromal score determination and
differentially expressed mRNAs (DEGs), miRNAs
(DEMs) and IncRNAs (DELs)

Expression profiles and basic clinical information
for 217 STS samples were retrieved from TCGA
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(https://gdc.nci.nih.gov/). The RNA sequencing
data of the GSE21122 and GSE71118 cohort were
downloaded from the GEO database (https://www.
ncbi.nlm.nih.gov/geo/)  for  validation.  The
immune and stromal scores were evaluated by
applying the ESTIMATE algorithm using the esti-
mate R package (R version 3.5.3) [11]. The scores
were used to reflect the level of immune cell and
stromal cell infiltration of tumor tissue.

According to the median immune and stromal
scores, these STS samples were categorized into
high- and low-score groups. Differentially
expressed mRNAs (DEGs), miRNAs (DEMs) and
IncRNAs (DELs) in these comparisons were fil-
tered using the limma package of R software. The
cutoff criteria were set as fold change (FC) >1.5 or
<0.7 and false discovery rate (FDR) adjusted
P value <0.05. Then, intersecting DEGs, DEMs
and DELs of the immune and stromal score
groups, shown in Venn diagrams, were selected
for further analysis.

GO and KEGG analysis of DEGs

Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) analyses of the inter-
secting DEGs were performed with clusterProfiler
package of R software. GO terms, including biolo-
gical processes (BP), molecular functions (MF),
and cellular components (CC), were evaluated.
P < 0.05 represents a significant difference.

Construction of the ceRNA and protein-protein
interaction (PPI) network

Miranda (http://www.microrna.org/) and
TargetScan  (http://www.targetscan.org/) were
utilized to predict mRNA-miRNA interactions,
MiRanda and PITA (https://genie.weizmann.ac.
il/pubs/mir07/mir07_data.html) were used to
identify IncRNA-miRNA interactions. Among
them, the negatively regulated pairs that also dif-
ferentially expressed were chosen for construc-
tion of the ceRNA network. In addition, the
DEGs involved in the ceRNA network were mod-
eled in a PPI network constructed using STRING
(https://string-db.org/). The networks were visua-
lized by Cytoscape software (version 3.6.1).

Survival analysis

Based on the overall survival time of STS patients,
Kaplan-Meier survival analysis was conducted to
evaluate the prognostic value of immune scores,
stromal scores and all biomarkers identified in the
ceRNA network. Log-rank P value less than 0.05
was considered statistically significant.

Gene set enrichment analysis (GSEA)

Samples from TCGA were divided into high and
low expression groups, and GSEA was performed
by using Broad Institute GSEA version 4.0 to
search for KEGG pathways enriched in the highly
expressed samples [22]. The enriched pathways
were identified with the criteria of normal
P < 0.05 and FDR <0.25.

Statistical analysis

R packages ‘estimate, limma, clusterProfiler and
survivall were applied for statistical analyses.
A two-tailed P value less than 0.05 was considered
statistically significant.

Results

This study aimed to use ESTIMATE algorithm to
estimate the immune and stromal scores and con-
struct a ceRNA network associated with the TME
of STS. Then, survival analysis of immune scores,
stromal scores and the biomarkers involved in the
ceRNA network were performed. Finally, two STS
cohorts of GEO database were used for verifica-
tion. Our study may help elucidate the TME effect
on STS and provide potential targets for the
immunotherapy.

Immune scores are significantly associated with
overall survival of STS patients

RNA sequencing datasets of 217 STS patients from
TCGA were analyzed. Pathological subtypes
included 134 (61.8%) leiomyosarcomas, 42
(19.4%) dedifferentiated liposarcomas, 26 (12.0%)
undifferentiated pleomorphic sarcomas, nine
(4.1%) myxofibrosarcomas, three (1.4%) synovial
sarcomas, two (0.9%) desmoid tumors, and one
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(0.4%) malignant peripheral nerve sheath tumor.
The age ranged from 20 to 90 years, 45.2% were
male and 54.8% were female. Other clinical infor-
mation can be found in Supplementary Table S1.
With the ESTIMATE algorithm, we found that the
immune scores for the patients ranged from
—-1750.11 to 3630.51, and the stromal scores ran-
ged from —1384.46 to 2518.94 (Table S2).
Subsequently, to determine the relationship
between immune and stromal scores and survival
in STS samples, Kaplan-Meier survival analyses
were performed. The results showed that STS
patients with high immune scores had significantly
longer overall survival than those with low
immune scores (P = 0.0283; Figure 1(a)).
Meanwhile, STS patients with high stromal scores
also had more favorable outcomes than those with
low stromal scores, although the difference was
not statistically significant (P = 0.293; Figure 1(b)).

DEGs, DEMs and DELs obtained based on
immune and stromal scores

In the high immune score vs. low immune score
group, 454 DEGs, 32 DEMs and 106 DELs were
identified. In the high stromal scores vs. low stro-
mal scores group, 672 DEGs, 92 DEMs and 165
DELs were identified (Figure 2(a-f)). A total of 328
DEGs (258 upregulated and 70 downregulated), 18
DEMs (9 upregulated and 9 downregulated) and
67 DELs (50 upregulated and 17 downregulated)
that were commonly regulated in these two groups
were obtained through Venn diagramming (Figure

2(g-1))-

GO and KEGG analysis of DEGs

The 328 commonly regulated DEGs were further
analyzed to explore their potential functions. The
top GO terms among the upregulated DEGs
included neutrophil degranulation and innate
immune response in BP; protein binding and ser-
ine-type endopeptidase activity in MF; and extra-
cellular exosome and extracellular region in CC.
The downregulated GO terms included muscle
contraction and platelet aggregation in BP; protein
binding and actin filament binding in MF; and
cytosol and cytoplasm in CC (Figure 3(a, b)).
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Additionally, for the KEGG pathways, the upre-
gulated DEGs were significantly enriched in
Staphylococcus aureus infection, phagosome and
tuberculosis, and the downregulated DEGs were
enriched in vascular smooth muscle contraction,
focal adhesion and adrenergic signaling in cardio-
myocytes (Figure 3(a, b)). Furthermore, some of
the GO terms and pathways were closely asso-
ciated with immune processes.

Construction of ceRNA and PPl Network

The 18 DEMs were used to predict their target
mRNAs and IncRNAs. A total of 347 mRNAs
and 260 IncRNAs that targeted with these
miRNAs were obtained (Table S3, S4). Then, we
compared the resulting predicted negatively regu-
lated pairs with the DEGs and DELs, and 89
DEGs, 14 DEMs and 38 DELs were finally used
to construct the ceRNA network. The network
consisted of 142 nodes and 424 edges, and the
degrees of the top 5 nodes (hsa-miR-9-5p, hsa-
miR-490-3p, hsa-miR-133a-3p, hsa-miR-133b and
hsa-miR-129-5p) were 32, 27, 23, 22 and 17,
respectively (Figure 4(a)).

Then, the PPI network, which consisted of 67
nodes (52 upregulated and 15 downregulated
genes) and 180 edges, was constructed to show
the interactions between the DEGs in the ceRNA
network. The top 10 genes with the most interac-
tions (MMP9, TYROBP, CSF1, CXCR4, FBNI,
FLNA, PDGFRB, CYBB, FCGR3A and MYHI11)
were considered hub genes based on their degree
of importance (Figure 4(b)). Among them, MMP9
and FLNA were the upregulated and downregu-
lated genes with highest degree (20 and 12),
respectively. This means that they have the most
connections with other genes and play important
roles in the network.

Survival analysis

We analyzed the associations between the 89 DEGs,
14 DEMs and 38 DELs in the ceRNA network and
the overall survival of STS patients. Nine mRNAs
(APOL1, EFEMP1, LYZ, MEDAG, MYHII,
RARRES1, TNFAIP2, TNFSF10 and ZNF385A)
among 89 DEGs were closely related to the overall
survival of STS patients. The high expression of all
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Figure 1. The associations between immune scores (a) and stromal scores (b) and overall survival in STS patients.

.-1Ill1l [11 5711

5111

group
hsa-miR-199b-5p

hsa-miR-511-5p
hsa-miR-183-5p
hsa-miR-9-5p
hsa-miR-181c-3p
hsa-miR-129-5p
hsa-miR-490-3p
hsa-miR-582-3p
hsa-miR-133b
hsa-miR-1-3p
hsa-miR-133a-3p

hsa-miR-146a-5p
hsa-miR-223-3p
hsa-miR-142-3p
hsa-miR-142-5p
hsa-miR-653-5p
hsa-miR-22-5p
hsa-miR-511-5p

hsa-miR-133a-3p

3 group
2 [s_vion

IS_low
1

0

AR N

Figure 2. (a-c) Heatmaps of DEGs, DEMs and DELs in the high vs. low immune score groups. (d-f) Heatmaps of DEGs, DEMs and DELs
in the high vs. low stromal score groups. Green represents high expression, and red represents low expression. (g-i) Venn diagrams
showing the number of DEGs, DEMs and DELs common to the immune and stromal score groups.



nine of these mRNAs was associated with a high
survival rate in STS patients. We also observed that
the low expression of two miRNAs (hsa-miR-9-5p
and hsa-miR-183-5p) among the 14 DEMs was
related to favorable survival outcomes. In addition,
three IncRNAs (CTD-2228K2.7, HOTAIRMI1 and
NCF1C) were closely associated with the overall
survival of STS patients. For CTD-2228K2.7 and
HOTAIRM]I, low expression was related to a high
overall survival rate in STS patients. For NCF1C,
high expression was correlated with longer overall
survival time (Figure 5).

GSEA
We performed GSEA to identify the pathways

associated with the three survival-associated
IncRNAs (CTD-2228K2.7, HOTAIRM1 and
NCFI1C). The normalized enrichment score

(NES) was used to sort the most significantly posi-
tively and negatively enriched pathways. As shown
in Table 1, CTD-2228K2.7 was negatively corre-
lated with systemic lupus erythematosus, leishma-
nia infection and hematopoietic cell lineage;
however, no pathways were significantly enriched

name

Gene number
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®
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in the samples with high expression levels of CTD-
2228K2.7. Interestingly, the top five most positive
(lysosome, n glycan biosynthesis, vibrio cholerae
infection, amino sugar and nucleotide sugar meta-
bolism and proteasome) and most negative path-
ways (propanoate metabolism, vascular smooth
muscle contraction, inositol phosphate metabo-
lism, lysine degradation and valine leucine and
isoleucine degradation) were commonly enriched
in the high and low HOTAIRM1 and NCFIC
expression groups. This suggests that CTD-
2228K2.7, HOTAIRM1 and NCF1C may contri-
bute to the TME of STS patients by functioning in
several immune-associated signaling pathways.

Further validation using two additional
independent cohorts

To verify whether these prognostic biomarkers we
identified were also of prognostic significance in
GEO database, we downloaded two STS cohorts for
analysis. GSE21122 with 149 STS cases and
GSE71118 with 312 cases were chosen for mRNA
and IncRNA verification, respectively. While for
lacking sufficient RNA sequencing data and survival

Gene number
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Figure 3. The top 10 BP, MF, CC and pathway terms for the upregulated (a) and downregulated (b) DEGs.
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Figure 4. The ceRNA network (a) and the PPI network (b). Red indicates upregulation, and green indicates downregulation. The
circle nodes represent DEGs, the rectangle nodes represent DEMs, and the triangle nodes represent DELs.

information, only the differential expression analysis
of six mRNAs (APOLI, EFEMPI1, LYZ, MYH11,
RARRES1 and TNFAIP2) and one IncRNA
(HOTAIRM1) between the high- and low-score
groups were successfully conducted. The results
indicated that the expression levels of five mRNAs
(APOLI1, EFEMP1, LYZ, RARRES1 and TNFAIP2)
were also upregulated in the two comparisons (all
P < 0.05), which was consistent with the results of the
TCGA cohort (Figure 6). Unfortunately, for the
mRNA MYHI1 and IncRNA HOTAIRMI, we
could not find significant difference between the
two groups.

Discussion

The current study was the first to use ESTIMATE
algorithm to investigate the ceRNA network asso-
ciated with the TME of STSs based on TCGA. We
found that STS patients with high immune scores
had longer overall survival, suggesting that TME
was closely correlated with clinical outcomes. This
result was also similar to a previous study indicat-
ing that high immune scores have favorable out-
comes in osteosarcoma patients [23]. That may be
because higher immune scores suggested an
enhanced immune system and function, which
could increase the antitumor immunity of TME
and contribute to controlling and eliminating the
tumor [24,25]. Unfortunately, for the association

between stromal scores and overall survival of STS
samples, we failed to find any significant
difference.

Subsequently, we identified 328 DEGs, 18
DEMs and 67 DELs that were common to both
the high- and low-score groups. GO and pathway
analyses showed that many of the DEGs partici-
pate in immune processes. Next, we identified
hsa-miR-9-5p, hsa-miR-490-3p, hsa-miR-133a-
3p, hsa-miR-133b and hsa-miR-129-5p as the
top five nodes in the ceRNA network and
MMP9, TYROBP, CSF1, CXCR4, FBN1, FLNA,
PDGFRB, CYBB, FCGR3A and MYHI11 as the
top 10 genes in the PPI network. These results
indicated that these genes might have more sig-
nificant functions in the networks. We performed
overall survival analysis for the 89 DEGs, 14
DEMs and 38 DELs in the ceRNA network and
found that 9 mRNAs (APOL1, EFEMPI1, LYZ,
MEDAG, MYHI11, RARRES1, TNFAIP2,
TNFSF10 and ZNF385A), 2 miRNAs (hsa-miR
-9-5p and hsa-miR-183-5p) and 3 IncRNAs
(CTD-2228K2.7, HOTAIRMI1 and NCF1C) were
closely associated with overall survival in STS
patients. Then, GSEA analyses of the three survi-
val-associated  IncRNAs  identified  several
immune response-related pathways. Finally, we
tried to validate these prognostic biomarkers in
GEO database, while for lacking relevant RNA
sequencing and follow-up data, we only
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Figure 5. Kaplan-Meier survival curves of APOL1, EFEMP1, LYZ, MEDAG, MYH11, RARRES1, TNFAIP2, TNFSF10, ZNF385A, hsa-miR

-9-5p, hsa-miR-183-5p, CTD-2228K2.7, HOTAIRM1 and NCF1C.

Table 1. GSEA analyses of CTD-2228K2.7, HOTAIRM1 and NCF1C.

CTD-2228K2.7 KEGG name
systemic lupus erythematosus
leishmania infection
hematopoietic cell lineage
type i diabetes mellitus
natural killer cell mediated cytotoxicity
HOTAIRM1
lysosome
n glycan biosynthesis
vibrio cholerae infection
amino sugar and nucleotide sugar metabolism
proteasome
propanoate metabolism
vascular smooth muscle contraction
inositol phosphate metabolism
lysine degradation
valine leucine and isoleucine degradation
lysosome
n glycan biosynthesis
amino sugar and nucleotide sugar metabolism
vibrio cholerae infection
proteasome
propanoate metabolism
vascular smooth muscle contraction
valine leucine and isoleucine degradation
inositol phosphate metabolism
lysine degradation

NCF1C

NES NOM p-val FDR g-val
—1.9380207 0.005928854 0.0488711
—1.9338785 0.012096774 0.0346511
—-1.9176999 0.004 0.0313945
—1.9036341 0.007984032 0.0292524
—1.8832018 0.01622718 0.0298049

2.0215623 0 0.0222536
1.9878095 0 0.017478
1.880461 0 0.0592255
1.8698859 0.00409836 0.0526439
1.8244344 0.001968504 0.0674427
—1.9495336 0 0.0645897
—1.9222941 0 0.0507997
—1.8443166 0.005791506 0.0843508
—1.8133465 0.008230452 0.08976
—1.7961998 0.004081633 0.0849993
2.0150259 0 0.0132608
1.923236 0.001976285 0.0407005
1.909916 0 0.0345147
1.9047865 0 0.028172
1.8770373 0.005535055 0.0341476
—1.959569 0 0.0707392
—1.9155267 0.00409836 0.0590163
—1.8557318 0 0.0803684
—1.8172265 0.008064516 0.0900969
—1.8166823 0.002016129 0.0722303

successfully validated that the expression level of
five mRNAs (APOL1, EFEMPI1, LYZ, RARRESI1
and TNFAIP2), which were consistent with the
results of the TCGA cohort.

APOLL is a novel BH3-only protein, and its over-
expression could induce autophagy and autophagy-
associated cell death in several types of cancer cells
[26,27]. APOL1 was found to be overexpressed in
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pancreatic cancer, lung adenocarcinoma and papil-
lary thyroid carcinomas compared to matched nor-
mal tissues, and it was found to have prognostic
value for pancreatic cancer and lung adenocarci-
noma [28-30]. EFEMPI1 can be found in different
human tissues and is a member of the fibulin family
of extracellular glycoproteins [31]. High EFEMP1
expression helps enhance tumor growth in pancrea-
tic carcinoma cells by binding the EGF receptor and
activating the MAPK and Akt pathways [32].
Additionally, EFEMP1 could promote the migration
and invasion of osteosarcoma via MMP-2 with
induction by AEG-1 via the NF-kB signaling path-
way, and EFEMP1 was also reported to be an indi-
cator of poor prognosis in osteosarcoma [33]. LYZ
encodes human lysozyme and acts as a macrophage
marker, and its expression levels positively correlate
with the numbers of CD68+ pSTAT1+ macrophages
[34]. In addition, LYZ could interact with
CD34+ cells and neutrophils, which may predict an
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increased risk of thrombosis in essential thrombo-
cythemia patients [35]. RARRES1 and TNFAIP2
have been commonly investigated in many cancers.
RARRES] may induce autophagy in prostate cancer
and cervical cancer cells [36,37]. A recent study
confirmed that RARRESI contributed to the regula-
tion of dendritic cells and acted as a novel immune-
related biomarker for glioblastoma [38]. TNFAIP2 is
abundant in immune cells such as myelomonocytic
cells, endothelial cells, peripheral blood monocytes,
dendritic cells, intestinal M cells, and macrophages
[39-41]. It plays essential roles in inflammation, cell
proliferation, angiogenesis, migration, and mem-
brane nanotube formation [42].

There are some limitations in the current study.
Firstly, because of lacking RNA sequencing data of
STS cohorts, the expression validity of survival-
associated biomarkers was partially done. The
expression of MEDAG, TNFSF10, ZNF385A, hsa-
miR-9-5p, hsa-miR-183-5p, CTD-2228K2.7, and
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Figure 6. Verification of six mRNAs (APOL1, EFEMP1, LYZ, MYH11, RARRES1, and TNFAIP2) and one IncRNA (HOTAIRM1) of high vs.
low immune score groups (a, b) and high vs. low stromal score groups (c,d) in GEO database.



NCF1C could not be performed for the verifica-
tion of expression levels. Secondly, although we
also failed to verify the prognostic significance of
all the 14 survival-associated biomarkers for the
lack of outcome data, it did not mean that these
biomarkers were of no prognostic value. We
anticipate that sufficient evidence will be available
in the near future for us to validate the conclu-
sions. Thirdly, our study may provide new TME-
related biomarkers to predict STS prognosis, but
we did not perform the individual marker analysis
for their association with immune cells and their
potential roles in the precise mechanism of the
TME of STS. Thus, further studies including clin-
ical trials are needed to further improve and verify
our results.

Conclusions

Taken together, the findings in our study con-
firmed the prognostic value of immune scores for
STS patients, and we found several TME-related
biomarkers (APOL1, EFEMPI1, LYZ, RARRESI
and TNFAIP2) that might contribute to prognostic
prediction and help improve the efficacy of
immune therapy.
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Soft tissue sarcomas; tumor microenvironment; ESTIMATE;
prognosis; ceRNA

Data Availability

The datasets of this article were generated from the TCGA
and GEO database.

Disclosure statement

The authors declare that there was no potential conflict of
interest.

Notes on contributor

Dandan Zou and Yang Wang: conception and design of the
research. Meng Wang and Bo Zhao: acquisition of data and
analysis and interpretation of data. Fei Hu, Yanguo Li and
Bingming Zhang: statistical analysis. Dandan Zou and Yang
Wang: drafting the manuscript. Yang Wang, Fei Hu, Yanguo
Li and Bingming Zhang: revision of manuscript. All authors
have read and approved the final manuscript.

BIOENGINEERED e 505

ORCID

Dandan Zou

http://orcid.org/0000-0002-8309-2590

References

[1]

(10]

(11]

(12]

(13]

Stiller CA, Trama A, Serraino D, et al. Descriptive
epidemiology of sarcomas in Europe: report from the
RARECARE project. Eur ] Cancer. 1990;49
(684-695):2013.

Siegel RL, Miller KD: Cancer statistics, 2020. 70: 7-30
Vincenzi B, Frezza AM, Santini D, et al. New therapies
in soft tissue sarcoma. Expert Opin Emerg Drugs.
2010;15:237-248.

Casali PG, Abecassis N, Aro HT, et al. Soft tissue and
visceral sarcomas: ESMO-EURACAN clinical practice
guidelines for diagnosis, treatment and follow-up. Ann
Oncol. 2018;29:iv268-iv269.

Charoentong P, Finotello F, Angelova M, et al. Pan-
cancer immunogenomic analyses reveal
genotype-immunophenotype relationships and predic-
tors of response to checkpoint blockade. Cell Rep.
2017;18:248-262.

Kim JW, Nam KH, Ahn SH, et al. Prognostic implica-
tions of immunosuppressive protein expression in
tumors as well as immune cell infiltration within the
tumor microenvironment in gastric cancer. Gastric
Cancer. 2016;19:42-52.

MJ, Conley AP, Sausville E.
Immunotherapy: A new (and old) approach to treat-
ment of soft tissue and bone sarcomas. Oncologist.
2018;23:71-83.

D’Angelo SP, Shoushtari AN, Agaram NP, et al
Prevalence of tumor-infiltrating lymphocytes and
PD-L1 expression in the soft tissue sarcoma
microenvironment. Hum Pathol. 2015;46:357-365.
Kim JR, Moon Y], Kwon KS, et al. Tumor infiltrating
PD1-positive lymphocytes and the expression of PD-L1
predict poor prognosis of soft tissue sarcomas. PloS
One. 2013;8:e82870.

Chen YP, Zhang Y, Lv JW, et al. Genomic analysis of
tumor microenvironment immune types across 14
solid cancer types: immunotherapeutic implications.
Theranostics. 2017;7:3585-3594.

Yoshihara K, Shahmoradgoli M, Martinez E, et al.
Inferring tumour purity and stromal and immune cell
admixture from expression data. Nat Commun.
2013;4:2612.

Zhong Z, Hong M, Chen X, et al. Transcriptome ana-
lysis reveals the link between IncRNA-mRNA
co-expression network and tumor immune microen-
vironment and overall survival in head and neck squa-
mous cell carcinoma. BMC Med Genomics. 2020;13:57.
Jia D, Li S, Li D, et al. Mining TCGA database for
genes of prognostic glioblastoma

Nathenson

value in



506 (&) D.ZOUET AL

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

microenvironment. NY).
2018;10:592-605.

Yan H, Qu J, Cao W, et al.: Identification of prognostic
genes in the acute myeloid leukemia immune micro-
environment based on TCGA data analysis. 68:
1971-1978, 2019.

Hu C, Chen B, Huang Z, et al. Comprehensive profil-
ing of immune-related genes in soft tissue sarcoma
patients. ] Transl Med. 2020;18:337.

Gu HY, Zhang C, Guo J, et al. Risk score based on
expression of five novel genes predicts survival in soft
Aging (Albany NY).

Aging (Albany

tissue sarcoma.
2020;12:3807-3827.
Gu HY, Lin LL, Zhang C, et al. The potential of five
immune-related prognostic genes to predict survival
and response to immune checkpoint inhibitors for
soft tissue sarcomas based on multi-omic study. Front
Oncol. 2020;10:1317.

Salmena L, Poliseno L, Tay Y, et al. A ceRNA hypoth-
esis: the rosetta stone of a hidden RNA language? Cell.
2011;146:353-358.

Xie C, Chen B, Wu B, et al. LncRNA TUGI promotes
cell proliferation and suppresses apoptosis in osteosar-
coma by regulating miR-212-3p/FOXA1 axis. Biomed
Pharmacother. 2018;97:1645-1653.

Huang R, Meng T, Chen R, et al. The construction and
analysis of tumor-infiltrating immune cell and ceRNA
networks in recurrent soft tissue sarcoma. Aging
(Albany NY). 2019;11:10116-10143.

Zhu Z, Jin Z, Zhang H, et al. Integrative clustering
reveals a novel subtype of soft tissue sarcoma with
poor prognosis. Front Genet. 2020;11:69.
Subramanian A, Tamayo P, Mootha VK, et al. Gene
set enrichment analysis: a knowledge-based
approach for interpreting genome-wide expression
profiles. Proc Natl Acad Sci U S A.
2005;102:15545-15550.

Hong W, Yuan H, Gu Y, et al.: Immune-related prog-
nosis biomarkers associated with osteosarcoma
microenvironment. 20: 83, 2020.

Chen DS, Mellman I. Elements of cancer immunity
and the cancer-immune set point. Nature.
2017;541:321-330.

Blattman JN. Greenberg PD: cancer immunotherapy:
a treatment for the masses. Science (New York, NY).
2004;305:200-205.

Wan G, Zhaorigetu S, Liu Z, et al. Apolipoprotein L1,
a novel Bcl-2 homology domain 3-only lipid-binding
protein, induces autophagic cell death. J Biol Chem.
2008;283:21540-21549.

Zhaorigetu S, Wan G, Kaini R, et al. ApolLl, a
BH3-only lipid-binding protein, induces autophagic
cell death. Autophagy. 2008;4:1079-1082.

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

Jian L, Yang G: Identification of key genes involved in
diabetic peripheral neuropathy progression and asso-
ciated with pancreatic cancer. 13: 463-476, 2020.
Sharpnack MF, Chen B, Aran D, et al. Global tran-
scriptome analysis of RNA abundance regulation by
ADAR in lung adenocarcinoma. EBioMedicine.
2018;27:167-175.

Chidiac M, Fayyad-Kazan M, Daher ], et al
ApolipoproteinLl is expressed in papillary thyroid
carcinomas. Pathol Res Pract. 2016;212:631-635.
Timpl R, Sasaki T, Kostka G, et al. Fibulins: a versatile
family of extracellular matrix proteins. Nat Rev Mol
Cell Biol. 2003;4:479-489.

Seeliger H, Camaj P, Ischenko I, et al. EFEMP1 expression
promotes in vivo tumor growth in human pancreatic
adenocarcinoma. Mol Cancer Res. 2009;7:189-198.
Wang Z, Cao CJ, Huang LL, et al. EFEMP1 promotes
the migration and invasion of osteosarcoma via MMP-
2 with induction by AEG-1 via NF-«B signaling path-
way. Oncotarget. 2015;6:14191-14208.

Sunakawa Y, Yang D, Cao S, et al. Immune-related
genes to dominate neutrophil-lymphocyte ratio (NLR)
associated with survival of cetuximab treatment in
metastatic colorectal cancer. Clin Colorectal Cancer.
2018;17:e741-€749.

Guo C, Li Z. Bioinformatics analysis of key genes and
pathways associated with thrombosis in essential
thrombocythemia. Med Sci Monit. 2019;25:9262-9271.
Roy A, Ramalinga M, Kim O], et al. Multiple roles of
RARRESI in prostate cancer: autophagy induction and
angiogenesis inhibition. PloS One. 2017;12:e0180344.
Shyu RY, Wang CH, Wu CC, et al. Tazarotene-induced
gene 1 enhanced cervical cell autophagy through trans-
membrane protein 192. Mol Cells. 2016;39:877-887.
Wang D, He MQ, Fan DQ. RARRESI is a novel
immune-related biomarker in GBM. Am J Transl Res.
2019;11:5655-5663.

Sarma V, Wolf FW, Marks RM, et al. Cloning of a novel
tumor necrosis factor-alpha-inducible primary response
gene that is differentially expressed in development and
capillary tube-like formation in vitro. J Immunol
(Baltimore, Md). 1950;148(3302-3312):1992.

Hase K, Kimura S, Takatsu H, et al. M-Sec promotes
membrane nanotube formation by interacting with Ral
and the exocyst Nat Cell Biol
2009;11:1427-1432.

Wolf FW, Sarma V, Seldin M, et al. B94, a primary
response gene inducible by tumor necrosis
factor-alpha, is expressed in developing hematopoietic
tissues and the sperm acrosome. ] Biol Chem.
1994;269:3633-3640.

Jia L, Shi Y, Wen Y, et al.: The roles of TNFAIP2 in
cancers and infectious diseases. 22: 5188-5195, 2018.

complex.



	Abstract
	Introduction
	Materials and methods
	Immune and stromal score determination and differentially expressed mRNAs (DEGs), miRNAs (DEMs) and lncRNAs (DELs)
	GO and KEGG analysis of DEGs
	Construction of the ceRNA and protein–protein interaction (PPI) network
	Survival analysis
	Gene set enrichment analysis (GSEA)
	Statistical analysis
	Results
	Immune scores are significantly associated with overall survival of STS patients
	DEGs, DEMs and DELs obtained based on immune and stromal scores
	GO and KEGG analysis of DEGs
	Construction of ceRNA and PPI Network
	Survival analysis
	GSEA
	Further validation using two additional independent cohorts

	Discussion
	Conclusions
	Highlights
	Data Availability
	Disclosure statement
	Notes on contributor
	References



