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Abstract

Background: Sphingosine-1-phosphate receptor (S1PR1) is involved in vascular development, a key process in
tumorigenesis. This study aimed to evaluate its roles in tumor development and prognosis.

Methods: S1PR1 expression levels were analyzed using TIMER and Oncomine database, and the prognostic
significance of S1PR1 was assessed using PrognoScan and Kaplan-Meier plotter databases. The relationship between
S1PR1 and tumor-infiltrated immune cells was analyzed using TIMER.

Results: S1PR1 expression was remarkably lower in breast and lung cancer tissues than in the corresponding
normal tissues. Lower expression was related to poor overall survival and disease-free survival in breast invasive
carcinoma (BRCA), lung adenocarcinoma (LUAD), and lung squamous cell carcinoma (LUSC). A functional network
analysis confirmed the function of S1PR1 in regulating vasculogenesis. In addition, S1PR1 levels were significantly
negative with regard to the tumor purity of BRCA (r = − 0.508, P = 1.76e-66), LUAD (r = − 0.353, P = 6.05e-16), and
LUSC (r = − 0.402, P = − 5.20e-20). Furthermore, S1PR1 levels were significantly positive with regard to infiltrating
CD8+ (r = 0.38, P = 5.91e-35) and CD4+ T cells (r = 0.335, P = 1.03e-26), macrophages (r = 0.219, P = 3.67e-12),
neutrophils (r = 0.168, P = 2.03e-7), and dendritic cells (DCs) (r = 0.208, P = 9.14e-11) in BRCA; S1PR1 levels were
significantly positive with regard to CD8+ T cells (r = 0.308, P = 3.61e-12), macrophages (r = 0.376, P = 1.01e-17),
neutrophils (r = 0.246, P = 4.15e-8), and DCs (r = 0.207, P = 4.16e-6) in LUAD; and positive with regard to B cells (r =
0.356, P = 1.57e-15), CD8+ (r = 0.459, P = 3.83e-26) and CD4+ T cells (r = 0.338, P = 3.98e-14), macrophages (r = 0.566,
P = 2.61e-45), neutrophils (r = 0.453, P = 1.79e-25), and DCs (r = 0.56, P = 2.12e-40) in LUSC.

Conclusions: S1PR1 levels are positively correlated with multiple immune markers in breast and lung cancer. These
observed correlations between S1PR1 and the prognosis and immune cell infiltration provide a foundation for
further research on its immunomodulatory role in cancer.
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Background
Sphingosine-1-phosphate (S1P), produced by sphingo-
sine kinase (Sphk), is a biologically active signaling
lipid [1]. S1P regulates vascular development and
function, including vascular maturation [2, 3]. S1P re-
ceptor (S1PR1) is a biologically active sphingolipid
metabolite that mediates S1P activity and promotes
cell proliferation and survival [4, 5]. S1PR1 is widely
expressed in vascular endothelial cells and is required
for embryonic vascular development and maturation
[6]. Estrogen (the growth-stimulating hormone in
breast cancer cells) was shown to stimulate endothe-
lial cell growth via S1PR1 [7, 8]. In the tumor micro-
environment, S1P exhibits multiple functions: (a) it
increases the survival of macrophages; (b) it serves as
the “come-and-get-me” signal of dead cells, attracting
and enhancing macrophage migration by combining
with S1PR1; (c) it stimulates the polarization of
TAM/M2 macrophages by activating S1PR1/2/4 [9–
11]. Accumulating evidence demonstrated that tumor
progression requires new blood vessel growth, which
is achieved by producing angiogenic factors that can
activate vascular endothelial cells [12]. Tumor cells
release angiogenic stimuli, such as vascular
endothelial growth factor (VEGF)-a, which leads to
angiogenesis and tumor growth [13]. Studies have
shown that S1PR1 inhibits VEGF signaling by pro-
moting the interaction between VE-cadherin and
VEGFR2, thereby inhibiting VEGF-induced vascular
sprouting [14, 15].
However, the role of S1PR1 in tumorigenesis and

its prognostic value are unclear. A preclinical study
on human breast cancer cells found that S1PR1 anti-
body can enhance the cytotoxic and anti-proliferative
effect of carboplatin on MDA-MB-231 and SK-BR-3
(HER2 subtype) cells, respectively [16]. Lei et al.
found that S1PR1 signaling has tumor-suppressive
effects and survival benefits in breast cancer [17].
Therefore, it is necessary to clarify the role of S1PR1
in tumor development and progression. Transcrip-
tome analysis can be used to predict important is-
sues, such as the intrinsic subtype of the primary
tumor, tumor grade, drug reactivity, and recurrence
risk [18–20].
Herein, we used Oncomine, Kaplan-Meier plotter,

PrognoScan, UALCAN and GEPIA datasets to
analyze S1PR1 expression and its relationship with
the prognosis of cancer patients. Furthermore, we
studied the correlation between S1PR1 and tumor-
infiltrated immune cells in the tumor microenviron-
ment using TIMER. Our results shed light on the
important role of S1PR1 in breast and lung cancer,
and determined that it is closely related to tumor
immunity.

Methods
Oncomine database analysis
The Oncomine database (https://www.oncomine.org/re-
source/login.html) was used to evaluate the expression
level of S1PR1 in various types of cancers [21]. The
thresholds were a P-value of 0.0001, fold change of 2.0
and data type was mRNA.

PrognoScan database analysis
The PrognoScan database (www.prognoscan.org/) was
used to test S1PR1 expression and survival in various
types of cancers [22]. The threshold was an adjusted
Cox P-value of < 0.05.

C-BioPortal database analysis
c-BioPortal (http://cbioportal.org) contains multidimen-
sional cancer genomics data sets [23]. S1PR1 mutations
and copy number variation (CNV) in breast and lung
cancers were analyzed using c-BioPortal. The OncoPrint
tab was used to obtain an overview of the genetic alter-
ations for each sample.

Kaplan-Meier plotter
Kaplan-Meier Plotter (https://kmplot.com/) was ap-
plied to assess the prognostic value of S1PR1.
Grouped according to the median expression of
S1PR1 (high vs low expression), all patients were ana-
lyzed for overall survival (OS) and progression-free
survival (PFS), and Kaplan-Meier was used to draw a
survival chart [24].

Immune infiltrates analysis using the TIMER
TIMER 2.0 (https://cistrome.shinyapps.io/timer/) was
used to analyze immune infiltrates across different types
of cancer [25]. Especially, the expression of S1PR1 in dif-
ferent cancer types, and the correlation between the ex-
pression of S1PR1 and the abundance of immune
invasion was determined. In addition, the correlation be-
tween S1PR1 expression and tumor infiltrating immune
cell gene markers was also explored through related
modules.

Gene correlation analysis using GEPIA
GEPIA (http://gepia.cancer-pku.cn/index.html) was
used to confirm the genes with significantly correlated
expression levels in TIMER [26]. The Spearman
method was used to determine the correlation coeffi-
cients. The tumor tissue datasets were used for
analysis.

LinkedOmics database analysis
The LinkedOmics database (http://www.linkedomics.
org/login.php) was used to analyze S1PR1 co-
expression based on Pearson’s correlation
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coefficients. The results were visually evaluated using
volcano plots and heat maps. The function module
of LinkedOmics was used to analyze gene ontology
(GO) biological processes (BP) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) path-
ways by a gene set enrichment analysis (GSEA). The
rank criterion was FDR < 0.05 and 500 simulations
were performed [27].

UALCAN database analysis
UALCAN (http://ualcan.path.uab.edu) included the
Cancer Genome Atlas (TCGA) level RNA sequences.
Clinical data from 31 cancer types were used to
analyze the relative expression of genes in tumor
and normal samples according to tumor stage,
tumor grade or other clinicopathological characteris-
tics [28].

S1PR1 mRNA expression level analysis
Gene expression data of breast invasive carcinoma
(BRCA), lung adenocarcinoma (LUAD), and lung squa-
mous cell carcinoma (LUSC) in TCGA were downloaded
in UCSC Xena (https://xenabrowser.net). S1PR1 mRNA
expression level was compared between cancerous and
normal tissue using Mann-Whitney test with P < 0.05
setting as a cut-off.

Statistical analysis
Gene expression data in the Oncomine database was
analyzed using p-value, fold change, and mRNA data
type. The survival curves were generated via Kaplan-

Meier plots and PrognoScan database are displayed
with HR and P or Cox P-values from a log-rank test.
Spearman correlation analysis was used to evaluate
the correlation of gene expression in TIMER and Lin-
kedOmics databases. P < 0.05 was considered statisti-
cally significant.

Results
S1PR1 mRNA expression levels in different types of
human cancers
The Oncomine database was used to analyze S1PR1
mRNA levels in tumor tissues and normal tissues of
various cancer types. S1PR1 expression was lower in
most tumor tissues, including sarcoma, bladder, brain,
central nervous system, breast, colorectal, leukemia,
lung, myeloma, and ovarian cancer tissues, than in
normal tissues (Fig. 1a). The mRNA-seq data from
TCGA were analyzed using TIMER to verify these
findings. Data from TCGA shown that the differential
expression of S1PR1 between the tumor and adjacent
normal tissues is shown in Fig. 1b. Compared with
adjacent normal tissues, S1PR1 expression was signifi-
cantly reduced in bladder urothelial carcinoma
(BLCA), BRCA, cholangiocarcinoma (CHOL), colon
adenocarcinoma (COAD), esophageal carcinoma
(ESCA), head and neck squamous cell carcinoma
(HNSC), kidney chromophobe (KICH), kidney renal
papillary cell carcinoma (KIRP), liver hepatocellular
carcinoma (LIHC), LUAD, LUSC, prostate adenocar-
cinoma (PRAD), rectum adenocarcinoma (READ),
skin cutaneous melanoma (SKCM), stomach

Fig. 1 S1PR1 expression levels in different types of human cancers. a Differences in S1PR1 between cancer tissues and normal tissues based on
data in the Oncomine database. (P = 1E-04, Fold change = 2, Data type =mRNA) (b) Human S1PR1 expression levels in different tumor types from
TCGA database were determined using TIMER 2.0. *P < 0.05, **P < 0.01, ***P < 0.001
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adenocarcinoma (STAD), and uterine corpus endo-
metrial carcinoma (UCEC). However, S1PR1 expres-
sion was significantly higher in kidney renal clear cell
carcinoma (KIRC) and thyroid carcinoma (THCA)
than in adjacent normal tissues (Fig. 1b). These data
showed that alterations in S1PR1 expression depend
on the tumor type, suggesting that this gene exerts
diverse functions in various tumors.

Prognostic evaluation of S1PR1 in cancers
We investigated whether S1PR1 expression is related
to prognosis. The effect of S1PR1 expression on sur-
vival was evaluated by PrognoScan. Two probes
(204642_at and 239401_at) matching S1PR1 were de-
tected. Notably, in three breast cancer cohorts
(GSE1456-GPL96, GSE7378, and GSE12276), low
S1PR1 expression was significantly associated with a
poorer prognosis breast cancer (Fig. 2a–f). We used
the Kaplan-Meier plotter database to further examine
the prognostic value of S1PR1 in breast cancer. Poor
prognosis based on recurrence-free survival (RFS) in
breast cancer was significantly correlated with low
S1PR1 expression (HR = 0.67, P = 7.1e-13), but a sig-
nificant correlation was not observed for overall sur-
vival (OS) (HR = 0.86, P = 0.17) and post-progression
survival PPS (HR = 1.03, P = 0.82) (Fig. 2g–i). Its de-
termined that the low expression of S1PR1 is an inde-
pendent risk factor for poor prognosis of breast
cancer. In addition, low S1PR1 expression was also
related to poor prognosis in two cohorts of patients
with lung cancer (GSE31210 and GSE8894), as deter-
mined using two probes (204642_at and 239401_at)
(Fig. 2j–l). Kaplan-Meier plotter database also showed
that low expression of S1PR1 was an independent risk
factor for poor prognosis of lung cancer (overall sur-
vival, HR = 0.7, P = 6.9e-08; recurrence-free survival,
HR = 0.71, P = 0.00035), but not related to post-
progression survival in lung cancer (HR = 0.82, P =
0.14) (Fig. 2m–o).

Furthermore, we found that low S1PR1 expression
was associated with a poor prognosis in patients
with soft tissue, blood, and brain cancers (Fig. S1a–
c). In contrast, low S1PR1 expression was an inde-
pendent risk factor for a good prognosis in gastric
cancer (Fig. S1d–g). These results confirmed the
prognostic value of S1PR1 in specific types of can-
cer; both high and low S1PR1 expression was associ-
ated with prognosis depending on the type of
cancer. Based on the consistent results for the asso-
ciations between S1PR1 expression and survival in
breast and lung cancers, we focused on the precise
effects of S1PR1 in these two cancer types, as well
as the underlying mechanisms.

Correlations between clinical characteristics and S1PR1
expression in breast cancer and lung cancer
We used the Kaplan-Meier plotter to study the rela-
tionship between S1PR1 expression and clinical char-
acteristics in patients with breast cancer and lung
cancer. Low expression of S1PR1 was associated with
worse overall survival (OS) in male and female pa-
tients with lung adenocarcinoma (P < 0.05) (Table 1).
In particular, low S1PR1 mRNA expression was corre-
lated with worse OS in stage 1 (P = 9.20E-13) and
early-stage (AJCC stage M) (P = 0.013) lung cancer
(Table 1). Low S1PR1 mRNA expression was related
to poor OS in patients with (P = 0.023) or without
(P = 0.00075) a smoking history (Table 1). In addition,
low S1PR1 mRNA expression was related to worse
OS in patients who did not receive chemotherapy or
radiotherapy. These findings strongly suggest that low
S1PR1 mRNA expression is correlated with poor OS
in lung cancer (Table 1). In BRCA, low S1PR1 mRNA
expression was related to poor OS in ER-positive or
HER2-negative patients and in the luminal androgen
receptor subtype (Table 2). Taken together, high ex-
pression of S1PR1 could be considered a good prog-
nostic indictor for breast and lung cancers depending
on the clinical characteristics.

Decreased expression of S1PR1 in breast cancer and lung
cancer patients
We further analyzed the expression of S1PR1 in
breast and lung cancers. Gene expression data of
breast invasive carcinoma (BRCA), lung adenocarcin-
oma (LUAD) and lung squamous cell carcinoma
(LUSC) in TCGA were downloaded and S1PR1
mRNA expression level was compared between tumor
and normal tissue. As shown in Fig. 3a, the expres-
sion of S1PR1 was significantly decreased in tumor
tissues of BRCA, LUAD and LUSC (Fig. 3a). In com-
parison with normal control tissues, breast cancer and
lung cancer tissues presented lower expression of
S1PR1, which was also observed by GEPIA analysis
(Fig. 3b). Furthermore, we analyzed TCGA data using
the UALCAN database. Compared to normal tissues,
S1PR1 mRNA expression was significantly decreased
in primary tumors and tumor stages (stage 1, stage 2,
stage 3, and stage 4) of BRCA, LUAD, and LUSC
(Fig. 3c–e). Taken together, these data confirmed the
down-regulation of S1PR1 expression in breast cancer
and lung cancer patients.

Regulators of S1PR1 in breast cancer and lung cancer
We used the LinkedOmics function module to detect
the S1PR1 regulatory network to further understand
the biological role of S1PR1 in breast cancer and lung
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Fig. 2 (See legend on next page.)
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cancer. Figure 4a–c shows genes with significantly
positive (dark red dots) and negative (dark green
dots) correlations with S1PR1 (false discovery rate,
FDR < 0.01). The top 50 positively and negatively re-
lated genes are shown in a heat map in Fig. 4d–f. A
Gene Ontology (GO)-based gene set enrichment ana-
lysis (GSEA) showed that genes that are co-expressed
with S1PR1 are enriched for vasculogenesis and the
purinergic receptor signaling pathway, while genes re-
lated to mitochondria and RNA transcript processing
were inhibited in breast cancer (Fig. 4g). Similarly,
GO annotation results showed that genes co-
expressed with S1PR1 are primarily associated with
vasculogenesis, the purinergic receptor signaling path-
way, and the phospholipase C-activating G protein
coupled receptor signaling pathway, while tRNA
metabolic process, RNA modification, and RNA tran-
script processing were inhibited in lung cancer
(Fig. 4h–i). A KEGG pathway analysis showed enrich-
ment for hematopoietic cell lineage, Staphylococcus
aureus infection, and renin secretion pathways in
both breast cancer and lung cancer. Spliceosome,
DNA replication, and proteasome pathways were
inhibited in both tumor types (Fig. 4j-l). These results
suggest that S1PR1 contributes to various processes
in tumor development at least partially through regu-
late vasculogenesis.

Genomic alterations in S1PR1 in breast cancer and lung
cancer
cBioPortal database was used to determine the types
and frequencies of S1PR1 alterations in BRCA, LUAD,
and LUSC. S1PR1 was altered in 4% of patients with
BRCA. These alterations included mRNA missense
mutations, amplifications, and deletions (Fig. 5a).
S1PR1 was altered in 6% of patients with LUAD and
2.3% of patients with LUSC, including mRNA mis-
sense mutations, truncating mutations, amplifications,
and deletions (Fig. 5a). Moreover, S1PR1 CNV was
associated with OS in LUAD but not with OS or DFS
in BRCA and LUSC (Fig. 5b–d). These results suggest
that mutations in S1PR1 are associated with prognosis
in LUAD.

Relationship between immune and S1PR1 expression in
breast cancer and lung cancer
Tumor infiltrating lymphocytes (TIL) are lympho-
cytes that leave the blood circulation and migrate to
the vicinity of the tumor. The amount of TIL in the
tumor is an important indicator to predict the prog-
nosis of cancer patients and the response to im-
munotherapy [29, 30]. Tumor purity is a key factor
in analyses of immune infiltration by genomic ap-
proaches [31]. Therefore, we use TIMER to investi-
gate whether the expression of S1PR1 in breast
cancer and lung cancer is related to immune infiltra-
tion. We found a significant negative correlation be-
tween the S1PR1 expression level and tumor purity
in both breast cancer and lung cancer (Fig. 6a–f,
Left). S1PR1 was a determinant of immune infiltra-
tion in BRCA (tumor purity; r = − 0.508, P = 1.76e-
66), including subtypes of BRCA (BRCA-Basal: r = −
0.5411, P = 1.28e-06; BRCA-Her2: r = − 0.505, P =
4.44e-06 and BRCA-Luminal: r = − 0.557, P = 9.15e-
46). S1PR1 was related to immune infiltration in
lung cancer, including LUAD (tumor purity; r = −
0.353, P = 6.05e-16) and LUSC (tumor purity; r = −
0.402, P = 5.20e-20).
Furthermore, the relationship between S1PR1 and

specific immune infiltrates in breast cancer and lung
cancer were analyzed. The S1PR1 expression level
was significantly positively correlated with levels of
infiltrating CD8+ T cells (r = 0.38, P = 5.97e-35),
CD4+ T cells (r = 0.335, P = 1.03e-26), macrophages
(r = 0.219, P = 3.67e-12), neutrophils (r = 0.168 P =
2.03e-07), and DCs (r = 0.208, P = 9.14e-11) in BRCA
(Fig. 6a). In BRCA-Basal, there were slight positive
correlations between S1PR1 expression levels and
levels of infiltrating CD8+ T cells (r = 0.279, P =
1.76e-03) and CD4+ T cells (r = 0.237, P = 8.52e-03).
Similarly, there were positive correlations with infil-
trating levels of CD8+ T cells (r = 0.546, P = 1.13e-
05), CD4+ T cells (r = 0.529, P = 2.00e-05), neutro-
phils (r = 0.342, P = 8.57e-03), and DCs (r = 0.488,
P = 1.35e-04) in BRCA-Her2. S1PR1 expression levels
were positively correlated with levels of infiltrating
CD8+ T cells (r = 0.147, P = 3.43e-21), CD4+ T cells
(r = 0.316, P = 6.26e-14), macrophages (r = 0.151, P =

(See figure on previous page.)
Fig. 2 Prognostic value of S1PR1 in cancers. a–f Kaplan-Meier survival curves comparing high and low expression of S1PR1 in breast cancers
using PrognoScan. Survival curves based on OS, DSS, and DFS in three breast cancer cohorts [GSE1456-GPL96 (n = 159), GSE7378 (n = 54) and
GSE12276 (n = 204)]. g–i Survival curves for breast cancers based on mRNA-seq data from TCGA of Kaplan–Meier plotter databases. j–l Kaplan–
Meier survival curves comparing high and low expression of S1PR1 in lung cancers using PrognoScan. Survival curves based on RFS in two three
lung cancer cohorts [GSE31210 (n = 204) and GSE8894 (n = 138)]. m–o Survival curves for lung cancers based on mRNA-seq data from TCGA of
Kaplan–Meier plotter databases. OS = Overall survival; RFS = Relapse-Free Survival; PPS = Post-progression survival; DSS = Disease-specific survival;
DFS = Disease-free survival
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4.14e-04), neutrophils (r = 0.147, P = 6.67e-04), and
DCs (r = 0.213, P = 6.44e-07) in BRCA-Luminal tu-
mors (Fig. 6a). We also found that S1PR1 expression
levels were positively correlated with levels of

infiltrating CD8+ T cells (r = 0.308, P = 3.61e-12),
macrophages (r = 0.376, P = 1.01e-17), neutrophils
(r = 0.246, P = 4.15e-08), and DCs (r = 0.207, P =
4.16e-06) in LUAD. In addition, there were positive
correlations with levels of infiltrating B cells (r =

Table 1 Correlation between S1PR1 mRNA expression and
prognosis in lung cancer with respect to clinicopathological
factors

Clinicopathological
characteristics

Overall survival

N Hazard ratio P-value

Sex

Female 715 0.72 (0.57–0.91) 0.0064

Male 1100 0.72 (0.61–0.84) 4.90E-05

Histology

Adenocarcinoma 720 0.57 (0.45–0.73) 5.90E-06

Squamous cell carcinoma 524 0.85 (0.67–1.07) 0.1677

Stage

1 577 0.35 (0.26–0.47) 9.20E-13

2 244 0.74 (0.51–1.07) 1.13E-01

3 70 1.03 (0.6–1.77) 9.20E-01

4 4 NA NA

Grade

I 201 1.19 (0.83–1.71) 0.34

II 310 0.83 (0.6–1.13) 0.23

III 77 0.61 (0.32–1.19) 0.15

AJCC stage T

1 237 1.01 (0.76–1.34) 0.9527

2 389 0.77 (0.62–0.96) 0.019

3 81 1.47 (0.89–2.43) 0.13

4 46 0.98 (0.52–1.85 0.95

AJCC stage N

0 781 0.85 (0.68–1.04) 0.12

1 56 1.78 (0.89–3.57) 0.098

2 111 1.27 (0.84–1.9) 0.2515

AJCC stage M

0 681 0.77 (0.62–0.95) 0.013

1 10 NA NA

Smoking history

Exclude those never smoked 820 0.79 (0.64–0.94) 0.023

Only those never smoked 105 0.37 (0.21–0.68) 0.00075

Chemotherapy

No 310 0.71 (0.51–1) 0.046

Yes 176 1.11 (0.74–1.67) 0.62

Radiotherapy

No 271 0.69 (0.48–0.99) 0.042

Yes 70 1.04 (0.61–1.78) 0.8745

Bold values indicate P < 0.05; NA: none

Table 2 Correlations between S1PR1 mRNA expression and
clinical prognosis in breast cancer with respect to
clinicopathological factors

Clinicopathological
characteristics

Overall

N Hazard ratio P-value

ER status

ER positive 2061 0.79 (0.67–0.94) 0.0057

ER negative 801 0.95 (0.7–1.18) 0.62

PR status

PR positive 589 0.91 (0.64–1.29) 0.6024

PR negative 549 1.02 (0.76–1.36) 0.9124

HER2 status

HER2 positive 252 1.13 (0.73–1.75) 0.5743

HER2 negative 800 0.75 (0.57–0.96) 0.0247

Intrinsic subtype

Basal 241 1.23 (0.75–2.01) 0.41

Luminal A 611 0.75 (0.52–1.06) 0.1

Luminal B 433 0.97 (0.67–1.41) 0.88

HER2+ 147 0.67 (0.35–1.28) 0.2235

Lymph node status

Lymph node positive 313 0.94 (0.64–1.38) 0.75

Lymph node negative 594 1.07 (0.73–1.55) 0.74

Grade

1 345 0.68 (0.4–1.15) 0.1461

2 901 0.94 (0.74–1.2) 0.63

3 903 0.93 (0.75–1.16) 0.5257

TP53 status

Mutated 188 1.17 (0.73–1.88) 0.52

Wild type 273 0.81 (0.42–1.54) 0.52

Pietenpol subtype

Basal-like 1 58 1.69 (0.55–5.17) 0.35

Basal-like 2 38 0.96 (0.28–3.34) 0.95

Immunomodulatory 100 1.67 (0.65–4.32) 0.28

Mesenchymal 73 0.79 (0.36–1.73) 0.56

Mesenchymal stem -like 19 NA NA

Luminal androgen receptor 203 0.46 (0.3–0.71) 0.0002

Systemically untreated patients

Include 1402 0.86 (0.69–1.07) 0.17

Exclude 3951 0.67 (0.6–0.75) 7.1E-13

Bold values indicate P < 0.05; NA: none
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Fig. 3 Decreased expression of S1PR1 in breast and lung cancer patients (a) Gene expression data of breast invasive carcinoma (BRCA), lung
adenocarcinoma (LUAD), and lung squamous cell carcinoma (LUSC) in TCGA were downloaded in UCSC Xena. S1PR1 mRNA expression level was
compared between cancerous and normal tissue using Mann-Whitney test with P < 0.05 setting as cut-off. b The expression of S1PR1 in BRCA,
LUAD, and LUSC were analysis using GEPIA. T: tumor, N: normal tissue, NUM = number. c–e S1PR1 mRNA expression level was expressed as box
plots using the UALCAN database. mRNA expression of S1PR1 in normal control and BRCA, LUAD, and LUSC tumors: (Left) primary tumors, (Right)
individual cancer stage. *P < 0.05, **P < 0.01, ***P < 0.001
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Fig. 4 (See legend on next page.)
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0.358, P = 1.27e-15), CD8+ T cells (r = 0.459, P =
3.83e-26), CD4+ T cells (r = 0.338, P = 3.98e-14),
macrophages (r = 0.586, P = 2.61e-45), neutrophils
(r = 0.453, P = 1.79e-25), and DCs (r = 0.56, P = 2.12e-
40) in LUSC. These results strongly suggest that
S1PR1 plays a special role in the immune infiltration
of breast and lung cancers, and has a particularly
strong effect on T cells, macrophages, neutrophils
and DCs. These observed correlations between
S1PR1 and various types of immune cells in breast
and lung cancers indicated that S1PR1 may have
high prognostic value.

Correlations between S1PR1 expression and immune
markers
We further evaluated the correlations between
S1PR1 and markers of various immune cells in
breast cancer and lung cancer using TIMER (Table 3)
and GEPIA databases (Table S1). The correlations
between S1PR1 expression and immune marker
genes for different immune cell populations, includ-
ing CD8+ T cells, T cells (general), B cells, mono-
cytes, TAMs, M1, and M2 macrophages, neutrophils,
NK cells, DCs, and various functional T cells, such
as Th1 cells, Th2 cells, Tfh cells, Th17 cells, and
Tregs, as well as exhausted T cells were analyzed by
TIMER. After adjusting for tumor purity, S1PR1 ex-
pression levels were significantly positively correlated
with marker sets for various immune cells, except
for NK cells, Th17, and T cell exhaustion in BRCA
(Table 3 and Fig. 7). However, S1PR1 expression
levels were highly positively correlated with most im-
mune marker sets and both T cell populations and
exhausted T cells in LUAD and LUSC (Table 3 and
Fig. 7). We further analyzed the correlation between
S1PR1 expression and the markers using the GEPIA
database, including data for BRCA, LUAD, and
LUSC. The results for correlations between S1PR1
and markers of immune infiltrating cells were similar
to those of the TIMER analysis (Table S1). This fur-
ther confirms that S1PR1 is significantly related to
immune infiltrating cells in lung and breast cancer,
suggesting that high levels of S1PR1 could induce
immune activity in the lung and breast cancer
microenvironment.

Discussion
We systematically analyzed the expression levels of
S1PR1 and the prognostic value in different types of
cancers. Compared with levels in normal tissues,
S1PR1 expression was significantly lower in BLCA,
BRCA, CHOL, COAD, ESCA, HNSC, KICH, KIRP,
LIHC, LUAD, LUSC, PRAD, READ, SKCM, STAD,
and UCEC and was significantly higher in KIRC and
THCA. Accordingly, S1PR1 expression patterns de-
pend on the type of cancer. Prognostic data from
Kaplan-Meier plotter showed that low levels of
S1PR1 are significantly related to poor prognosis in
breast cancer and lung cancer.
The down-regulation of S1PR1 was associated with

worse prognosis in breast cancer and lung cancer and
was significantly related to clinical characteristics,
such as gender, population, smoking status, and stage.
These results suggested that S1PR1 is a prognostic
biomarker in breast cancer and lung cancer. However,
some literatures have reported the oncogenic role of
S1PR1 in breast cancer. Lee H demonstrated that
Stat3-induced S1PR1 expression, as well as S1P/
S1PR1 pathway, is important for persistent Stat3 acti-
vation in cancer cells and the tumor microenviron-
ment and for malignant progression [32]. This may
be one of the molecular mechanisms by which S1PR1
mediates such a complex biological response. We
considered that the main reason for this inconsistency
is that our study analyzed the expression of S1PR1 at
the overall level. We further verified the significant
reduction of S1PR1 expression in breast cancer and
lung cancer patients through TCGA analysis. Another
study has also claimed a survival function benefit of
S1P/S1PR signaling in BRCA patients, which might
explain the obstacle to relative antagonist therapy in
clinics [17]. A recent study determined that attenu-
ated endothelial S1PR1 function led to increased
tumor growth and metastasis, whereas S1PR1 overex-
pression led to smaller tumors, and strategies to en-
hance S1PR1 function in the tumor vasculature may
potentiate the efficacy of cytotoxic and targeted anti-
cancer therapies [33]. These studies support our find-
ings that high expression of S1PR1 is beneficial for
tumor survival.
The tumor microenvironment refers to non-cancer

cells in and around tumors; infiltrated of immune

(See figure on previous page.)
Fig. 4 S1PR1 co-expression genes in breast and lung cancer. a–c The S1PR1 highly correlated genes identified by Pearson test in BRCA (a), LUAD
(b), and LUSC (c). d–f The heat map shows that in BRCA (d), LUAD (e), and LUSC (f), the first 50 genes are positively (red) and negatively (blue)
correlated with S1PR1. g–i Significantly enriched GO annotations of S1PR1 in BRCA (g), LUAD (h), and LUSC (i). j–l Significantly enriched KEGG
pathways of S1PR1 in BRCA (j), LUAD (k), and LUSC (l)
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cells in the tumor microenvironment plays a vital
function in the occurrence and development of tu-
mors [34, 35]. Lymphocyte infiltration in the tumor

microenvironment is an independent predictor of can-
cer patient survival and lymph node metastasis [29,
30]. Studies have shown that S1PR1 can affect the

Fig. 5 S1PR1 genomic alterations in breast and lung cancer. a OncoPrint of S1PR1 alterations in BRCA, LUAD, and LUSC. Different types of genetic
alterations highlighted in different colors. b–d The relationship between genetic alterations and S1PR1 (OS/DFS) in BRCA (b), LUAD (c), and LUSC
(d). Logrank test was used in analysis of OS/DFS
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proliferation and differentiation of lymphocytes in the
tumor microenvironment [36]. The evaluation of im-
mune cell infiltration in breast and lung cancers using
the TIMER database revealed strong negative correla-
tions between S1PR1 and tumor purity in BRCA,
LUAD, and LUSC. Furthermore, the S1PR1 expres-
sion level was positively correlated with levels of

CD8+ T, CD4+ T, neutrophils, macrophages, and DCs
in BRCA. The correlation between S1PR1 expression
and immune cell marker genes suggests that S1PR1
regulates lung cancer tumor immunity through mul-
tiple immune cell populations. These results indicate
that high levels of S1PR1 could increase the cytotox-
icity of the immune system and immune activation in

Fig. 6 Correlations between S1PR1 expression and immune infiltration levels in breast and lung cancer. a S1PR1 expression was significantly
negatively related to tumor purity and significantly positively correlated with infiltrating levels of CD8+ T cells, CD4+ T cells, macrophages,
neutrophils, and dendritic cells in BRCA (n = 1093). b S1PR1 expression was significantly negatively related to tumor purity and was significant
positively correlated with infiltrating levels of CD8+ T cells, CD4+ T cells, and dendritic cells in BRCA-Basal (n = 139). c S1PR1 expression was
significantly negatively related to tumor purity and was significantly positively correlated with infiltrating levels of CD8+ T cells, CD4+ T cells,
neutrophils, and dendritic cells in BRCA-Her2 (n = 67). d S1PR1 expression was significantly negatively related to tumor purity and was
significantly positively correlated with infiltrating levels of CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells in BRCA-
Luminal (n = 611). e S1PR1 expression was significantly negatively related to tumor purity and was significantly positively correlated with
infiltrating levels of CD8+ T cells, macrophages, neutrophils, and dendritic cells in LUAD (n = 457). f S1PR1 expression was significantly negatively
related to tumor purity and was significant positively correlated with infiltrating levels of B cells, CD8+ T cells, CD4+ T cells, macrophages,
neutrophils, and dendritic cells in LUSC (n = 457). Spearman’s correlation coefficients were used for analyses. * P < 0.01; ** P < 0.001; *** P < 0.0001
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Table 3 Correlations between S1PR1 and related genes and markers of immune cells, as evaluated using TIMER

BRCA LUAD LUSC

Description Gene markers Purity Purity Purity

varX cor p cor p cor p

CD8+ T cell CD8A 0.267 1.26E-17 *** 0.166 2.19E-04 ** 0.411 6.51E-21 ***

CD8B 0.176 2.42E-08 *** 0.108 1.66E-02 0.378 1.22E-17 ***

T cell (general) CD3D 0.217 4.71E-12 *** 0.112 1.28E-02 0.411 7.60E-21 ***

CD3E 0.276 7.15E-19 *** 0.226 8.85E-07 *** 0.459 2.82E-26 ***

CD2 0.202 3.20E-10 *** 0.159 4.00E-04 ** 0.438 7.99E-24 ***

B cell CD19 0.156 7.38E-07 *** 0.181 5.37E-05 *** 0.324 3.78E-13 ***

CD79A 0.177 1.98E-08 *** 0.172 1.21E-04 ** 0.325 3.29E-13 ***

Monocyte CD86 0.044 1.28E-01 0.228 2.97E-07 *** 0.588 1.27E-45 ***

CD115 (CSF1R) 0.202 1.29E-10 *** 0.264 3.10E-08 *** 0.64 2.67E-56 ***

TAM CCL2 0.111 4.68E-04 ** 0.093 3.86E-02 0.44 5.89E-24 ***

CD68 0.023 4.63E-01 0.289 5.86E-11 *** 0.494 1.18E-30 ***

IL10 0.055 8.35E-02 0.27 1.10E-09 *** 0.534 1.49E-36 ***

M1 Macrophage INOS (NOS2) 0.257 1.76E-16 *** 0.374 7.93E-18 *** 0.079 8.64E-02

IRF5 0.016 6.18E-01 −0.042 3.55E-01 −0.036 4.31E-01

COX2 (PTGS2) 0.338 4.90E-28 *** 0.095 3.58E-02 0.214 2.37E-06 ***

M2 Macrophage CD163 0.056 7.72E-02 0.331 4.36E-14 *** 0.645 1.52E-57 ***

VSIG4 0.08 1.14E-02 0.271 9.75E-10 *** 0.625 4.77E-53 ***

MS4A4A 0.23 1.96E-13 *** 0.365 5.39E-17 *** 0.628 9.28E-54 ***

Neutrophils CD66b (CEACAM8) 0.04 2.03E-01 0.25 1.95E-08 *** 0.212 2.99E-06 ***

CD11b (ITGAM) 0.007 8.24E-01 0.199 8.16E-06 *** 0.491 2.66E-30 ***

CCR7 0.316 1.55E-24 *** 0.321 2.57E-13 *** 0.514 1.70E-33 ***

Natural killer cell KIR2DL1 0.011 7.27E-01 0.216 1.30E-06 *** 0.146 1.36E-03 *

KIR2DL3 0.051 1.10E-01 0.148 9.96E-04 ** 0.233 2.63E-07 ***

KIR2DL4 −0.027 3.95E-01 −0.03 5.06E-01 0.152 8.45E-04 **

KIR3DL1 0.095 2.63E-03 * 0.174 1.04E-04 ** 0.295 4.85E-11 ***

KIR3DL2 0.068 3.19E-02 0.077 8.79E-02 0.217 1.68E-06 ***

KIR3DL3 −0.005 8.75E-01 0.025 5.81E-01 0.044 3.43E-01

KIR2DS4 0.035 2.68E-01 0.119 8.34E-03 * 0.221 1.05E-06 ***

Dendritic cell HLA-DPB1 0.237 3.89E-14 *** 0.261 4.13E-09 *** 0.621 3.86E-52 **

HLA-DQB1 0.073 2.11E-02 0.089 4.79E-02 0.4 8.84E-20 ***

HLA-DRA 0.156 7.17E-07 *** 0.219 8.69E-07 *** 0.603 1.29E-48 **

HLA-DPA1 0.21 2.26E-11 *** 0.225 4.53E-07 *** 0.622 1.87E-52 **

BDCA-1(CD1C) 0.461 1.76E-53 *** 0.271 1.00E-09 *** 0.438 8.69E-24 ***

BDCA-4(NRP1) 0.484 1.58E-59 *** 0.174 1.07E-04 ** 0.473 6.69E-28 ***

CD11c (ITGAX) 0.087 6.21E-03 * 0.135 2.69E-03 *** 0.445 1.58E-24 ***

Th1 T-bet (TBX21) 0.227 4.72E-13 *** 0.182 4.81E-05 *** 0.403 5.17E-20 ***

STAT4 0.277 5.92E-19 *** 0.131 3.66E-03 *** 0.504 4.73E-32 ***

STAT1 0.116 2.61E-04 ** −0.046 3.10E-01 0.177 1.03E-04 **

IFN-g (IFNG) 0.009 7.84E-01 *** −0.076 9.13E-02 0.108 1.85E-02

TNF-a (TNF) 0.193 8.08E+ 10 *** −0.076 9.30E-02 0.069 1.34E-01

Th2 GATA3 0.078 1.43E-02 0.047 3.01E-01 0.232 3.00E-07 ***

STAT6 0.225 6.69E-13 *** 0.138 2.20E-03 * 0.022 6.25E-01
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BRCA, LUAD and LUSC by increasing the infiltration
of CTLs, CD4 + T cells, and DCs. On the contrary,
low expression of S1PR1 could lead to reduced infil-
trated effector cells in the tumor microenvironment.
As shown in recently reports, endothelial loss of
S1PR1 led to a reduction in CD45+ cells, macro-
phages, and DCs, which influences tumor growth and
metastasis [33]. In addition, S1P is involved in enhan-
cing endocytosis and migration of mature dendritic
cells through S1PR3, an event that may increase the
immune response to cancer cells. Our findings are
consistent with such reports, and these discoveries
imply that S1PR1 plays an important role in recruit-
ing and governing immune infiltration in BRCA,
LUAD and LUSC.
To further elucidate the molecular mechanisms

underlying the role of S1PR1 in breast and lung
cancers, we used GSEA to identify pathways that
are enriched in genes co-expressed with S1PR1. We
found that S1PR1 was significantly associated with
vasculogenesis, the purinergic receptor signaling
pathway, and metabolism of nucleic acids in tumor
conditions. This conclusion is consistent with previ-
ous research reports that showed that S1PR1 regu-
lates vasculogenesis [7]. Recent studies have
provided potential explanations for the associations
between S1PR1 expression, immune infiltration, and
poor prognosis. Angiogenesis mimicry (VM) system
is a blood vessel-like network in which tumor cells
are co-expressed with endothelial cells and tumor
markers [37]. VM is closely related to a variety of

human malignancies, including breast cancer [38].
Angiogenesis mimicry leads to worse prognosis, in-
creased tumor metastasis, low 5-year overall sur-
vival, and increased mortality [39]. This shows that
S1PR1 defects promote the occurrence of VM, and
the knockout of S1PR1 in breast cancer cells in-
creases the number of VMs. More importantly,
tumor cells with low S1PR1 expression receive nu-
trition through VM, and accelerate tumor growth in
animal models [40]. Recent research has shown that
S1PR1 signaling is an important vascular factor af-
fecting tumor progression, metastasis, and responses
to chemotherapy and immunotherapy [33]. Strat-
egies to enhance S1PR1 function in the tumor vas-
culature may enhance the cytotoxic killing effect
and chemotherapy effect of targeted anti-cancer
therapy.
A limitation of our study was the lack of in vitro

and animal experiments to confirm the role of S1PR1
in the growth and progression of breast cancer and
lung cancer and its relationship with the infiltration
of immune cells in the tumor microenvironment.
Therefore, further research is needed to verify the
role of S1PR1 in breast cancer and lung cancer using
these models.

Conclusions
In conclusion, decreased S1PR1 expression was re-
lated to poor prognosis together with reduction of ef-
fect immune cell infiltration in breast and lung
cancers. In addition, the down-regulation of S1PR1

Table 3 Correlations between S1PR1 and related genes and markers of immune cells, as evaluated using TIMER (Continued)

BRCA LUAD LUSC

STAT5A 0.165 1.81E-07 *** 0.248 2.27E-08 *** 0.413 4.22E-21 ***

IL13 0.048 1.27E-01 0.071 1.15E-01 0.199 1.20E-05 ***

Tfh BCL6 0.174 3.52E-08 *** 0.119 8.01E-03 * 0.004 9.24E-01

IL21 0.001 9.77E-01 0.054 2.34E-01 0.207 4.92E-06 ***

Th17 STAT3 0.043 1.75E-01 0.188 2.65E-05 *** 0.158 6.09E-04 **

IL17A −0.053 9.29E-02 0.033 4.62E-01 −0.038 4.09E-01

Treg FOXP3 0.027 3.94E-01 0.058 1.98E-01 0.393 4.15E-19 ***

CCR8 0.014 6.71E-01 0.157 4.61E-04 ** 0.464 7.27E-27 ***

STAT5B 0.283 8.58E-20 *** 0.505 4.67E-12 *** 0.138 2.47E-03 *

TGFb (TGFB1) 0.321 3.21E-25 *** 0.198 9.43E-06 *** 0.064 1.64E-01

T cell exhaustion PD-1 (PDCD1) 0.112 4.12E-04 ** 0.051 2.56E-01 0.361 3.80E-16 ***

CTLA4 0.018 5.75E-01 0.081 7.27E-02 *** 0.404 3.88E-20 ***

LAG3 −0.109 6.00E-04 ** −0.035 4.39E-01 0.212 3.11E-06 ***

TIM-3 (HAVCR2) 0.039 2.19E-01 0.213 1.78E-06 *** 0.589 8.44E-46 ***

GZMB 0.056 7.82E-02 0.024 5.99E-01 0.267 3.33E-09 ***
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Fig. 7 Correlations between S1PR1 expression and immune markers. Correlations between S1PR1 expression with markers of immune cells CD8+
T cell, T cell (general), B cells, monocytes, TAM, M1 macrophages, M2 macrophages, neutrophils, natural killer cells, dendritic cells, Th1, Th2, Tfh,
Th17, Treg, and T cell exhaustion in BRCA, LUAD, and LUSC using TIMER 2.0
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may have profound effects on vasculogenic mimicry
in tumor microenvironment. Accordingly, S1PR1 pre-
sumably plays a critical part in immune infiltration
and acts as a prognostic marker in breast cancer and
lung cancer.
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1186/s12885-020-07278-2.

Additional file 1: Figure S1. Prognostic potential of S1PR1 in different
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cancer (c) in the PrognoScan. (d–f) Survival curves of gastric cancer ana-
lyzed with mRNA-seq data of TCGA of Kaplan-Meier plotter databases.
OS = Overall survival; RFS = Relapse-Free Survival; PPS = Post-progression
survival.
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