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Abstract
L-selectin is a cell adhesion molecule that plays an important role in modulating immune cell trafficking. The expression 
of L-selectin has been found to be upregulated in several human cancers. However, the association of L-selectin expression 
with the immune profile and its prognostic value in breast cancer has not been explored in detail. We utilized TCGA and 
Oncomine datasets to compare SELL (L-selectin gene) expression between tumor and normal breast tissues. The association 
of SELL expression with its promoter DNA methylation and infiltrating immune cells was evaluated by using Wanderer, 
TIMER, and CIBERSORT tools. Single cell RNA sequencing data was utilised to determine the cell specific expression of 
L-selectin in breast cancer. Furthermore, the relationship between SELL expression and patient survival was evaluated using 
the Kaplan–Meier plotter. Gene set enrichment analysis was performed to determine functional associations of SELL expres-
sion. We found that SELL expression was significantly higher in breast tumors and regulated by DNA methylation. L-selectin 
exhibited a strong positive correlation with markers of the inflammatory microenvironment, including M1 macrophages. 
Interestingly, single cell sequencing data analysis revealed that B-cells and T-cells exhibited comparable expression levels 
of SELL, suggesting both B-cells and T cells contribute to SELL expression in breast cancer. Higher expression of SELL was 
associated with better survival outcome in basal, Her2 + and luminal B subtypes of breast cancer. GSEA revealed association 
of SELL expression with several immunological features in breast cancer. SELL expression increases in breast tumor tissues 
with reduced DNA methylation and associated inflammatory microenvironment. Also, high SELL expression is associated 
with favorable survival outcomes in breast cancer.
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Introduction

Breast cancer is the most common cancer among females 
and a major health burden globally (Bray et al. 2018). On 
the basis of gene expression signatures, breast cancers are 

commonly classified into four distinct subtypes, luminal 
A, luminal B, HER2 + enriched (non-luminal) and basal or 
triple-negative (Eliyatkın et al. 2015). Immunotherapeutic 
approaches have emerged as promising therapeutic strat-
egy in several cancer types including breast cancer. Breast 
cancer microenvironment is infiltrated by leukocytes of 
both lymphoid and myeloid lineages. Recent advances in 
breast cancer immunotherapy have established that leuko-
cyte composition, including number of specific leukocytes 
as well as their functional states differ widely in different 
molecular subtypes and may predict clinical outcome (Den-
kert et al. 2018). Therefore, mechanisms underlying host 
immune response in breast cancer require further explora-
tion. Trafficking of immune cells from the peripheral blood 
to the tumor microenvironment (TME) is pivotal for utility 
of immunotherapeutic approaches (Ley et al. 2007). These 
events of immune cell trafficking to getting to the site of can-
cer and establishment of immune response happen in a series 
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of distinct processes involving attachment/adhesion, rolling/
tethering, chemotaxis and extravasation. All these processes 
are regulated by the specialised cell adhesion molecules on 
T lymphocytes and endothelial cells, called selectins.

L-selectin also known as CD62L, is the smallest of the 
vascular selectins, constitutively expressed on multiple 
tumor-infiltrating immune cells (TIICs), with higher lev-
els on neutrophils and monocytes. Interestingly, L-selectin 
expression has also been observed to be elevated in tumor 
cells in urothelial cancers (Choudhary et al. 2015). Recent 
evidence suggests that selectins might serve as important tar-
gets for cancer immunotherapy. It has recently been shown 
that in a mouse model of adoptive T cell cancer immuno-
therapy, L-selectin overexpression in T cells was associated 
with enhanced infiltration and proliferation of T cells within 
the tumor, thereby improved control of tumor growth (Wat-
son et al. 2019). A concern of the current immunothera-
pies includes regaining the control of selectins to modulate 
tumor-immune infiltration. The role of L-selectin in immune 
cell trafficking/infiltration and association with breast cancer 
is incompletely understood. To address this question, we 
evaluated the expression of L-selectin in breast cancer and 
determined its association with overall immune cell com-
position of tumor tissues. We also analyzed the relationship 
between L-selectin expression and patient prognosis. This 
knowledge may help in future to design better T-cell thera-
pies to overcome the present barriers and major challenges 
for broadening immunotherapy.

Materials and methods

Data collection and processing

We extracted mRNA expression of SELL from RNA seq data 
of TCGA cancer dataset for breast cancer (TCGA-BRCA, 
sourced from NCI Genomic Data Commons (GDC, https​://
gdc.cance​r.gov), consisting of data of 1084 patients using 
online tool cBioPortal (https​://www.cbiop​ortal​.org) (Cerami 
et al. 2012; Gao et al. 2013). Gene expression value for SELL 
in breast tumor was downloaded as normalized z-scores 
(batch normalized from Illumina HiSeq_RNASeqV2). Fur-
ther, the expression of SELL in paired normal and breast 
tumor tissues from 77 patients of the TCGA-BRCA dataset 
was extracted using the online tool TCGA-Wanderer (http://
mapla​b.imppc​.org/wande​rer/) (Díez-Villanueva et al. 2015) 
(Fig. 1).

Oncomine analysis

Oncomine is a web server of gene expression data from 
multiple cancer datasets with standardized options for data 
analysis (www.oncom​ine.org). SELL expression was ana-
lyzed using default parameters and instructions given on 
the website. To compare the SELL mRNA expression in 
normal and tumor tissues, a criterion of p-value < 0.01 was 
considered significant. Summarized results were extracted 
using the gene summary view option and individual plots for 
breast cancer were extracted from the dataset view option. 

Fig. 1   Schematic representa-
tion of the data type and the 
methodology used in the study; 
a microarray datasets, b RNA 
sequencing data analysis. GEO, 
Gene Expression Omnibus; 
TIIC, tumor infiltrating immune 
cells

https://gdc.cancer.gov
https://gdc.cancer.gov
https://www.cbioportal.org
http://maplab.imppc.org/wanderer/
http://maplab.imppc.org/wanderer/
http://www.oncomine.org
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Plots were labeled separately with statistical results provided 
by the webserver.

Gene expression profiling interactive analysis 
(GEPIA2)

SELL mRNA expression in breast cancer and normal tis-
sues in TCGA-BRCA dataset was compared using the online 
database Gene Expression Profiling Interactive Analysis 
(GEPIA) (http://gepia​.cance​r-pku.cn/index​.html) (Tang et al. 
2019, p. 2). For normal tissues, combined respective tis-
sues of the normal breast from TCGA and GTEx study were 
used. Subtype-based expression differences of breast were 
also inferred. Fold change difference in the expression was 
calculated after quantile normalization, based on the median 
value of cancer types chosen depicted in log2 (TPM + 1). 
Box plots were utilized to plot the expression difference of 
the discrete variables with p-value < 0.01 considered as sta-
tistically significant.

Wanderer

TCGA-Wanderer is a web server that hosts the DNA meth-
ylation data of TCGA studies (http://mapla​b.imppc​.org/
wande​rer/). SELL methylation data and corresponding cor-
relations to gene expression were extracted as described by 
the webserver (Díez-Villanueva et al. 2015). These data were 
generated on “Infinium Human Methylation 450 BeadChip”. 
Multiple CpG probes, designated to SELL genomic locus 
were analyzed.

TIMER analysis

Online tool TIMER (Tumor IMmune Estimation Resource; 
https​://cistr​ome.shiny​apps.io/timer​) was used to correlate 
mRNA expression of SELL gene in TCGA-BRCA dataset 
with tumor purity and infiltration levels of 6 immune cell 
types (B cells, CD4 + T cells, CD8 + T cells, neutrophils, 
macrophages, and dendritic cells) (Li et al. 2017). This tool 
computes immune infiltration based on a predefined signa-
ture gene matrix of the immune subsets. The gene module 
was used taking SELL genes as input, and TCGA breast can-
cer subtypes were selected as datasets.

CIBERSORT analysis

A recently established computational tool CIBERSORT 
(Cell-type Identification by Estimating Relative Subsets of 
RNA Transcripts) was applied to bulk tumor gene expression 
profile of breast cancers for estimation of relative fractions 
of 22 immune cells types (Chen et al. 2018). CIBERSORT is 
based on a predetermined gene expression signature matrix 
consisting of a reference profile of a set of 22 immune cells 

that applied to deconvolute mRNA profile of mixed samples, 
including tumor tissues to determine the relative proportions 
of immune cells. Previously published CIBERSORT data 
profile for TCGA-BRCA was extracted from the GDC data 
portal (https​://gdc.cance​r.gov) and used to correlate with the 
SELL mRNA expression of RNA-seq data of breast cancer 
extracted from cBioPortal for the same patients (Thorsson 
et al. 2018).

Survival analysis

The mRNA expression of SELL was correlated with the sur-
vival in breast cancer patients for assessing the overall sur-
vival (OS), relapse-free survival (RFS), and distant metas-
tasis-free survival (DMFS) using Kaplan–Meier Plotter 
(http://kmplo​t.com), an online database of gene expression 
and clinical data from multiple microarray gene expression 
datasets from NCBI-GEO (https​://www.ncbi.nlm.nih.gov/
geo) (Györffy et al. 2010). For the current study, we utilized 
microarray gene expression profiles of probe id 204563_at 
for survival analysis. For the SELL gene expression, the 
breast carcinoma cases were dichotomized at the median 
expression value of the SELL gene as low gene expression if 
they had expression values within the lower 50% and as high 
gene expression if they had gene expression values within 
the upper 50%. The hazard ratio (HR) with 95% confidence 
intervals and log-rank p-value were also computed GEPIA 
tool was also utilized for survival analysis in TCGA-BRCA 
patients using the same parameters.

Gene set enrichment analysis (GSEA)

GSEA was performed using the GSEA tool (https​://www.
gsea-msigd​b.org/gsea/index​.jsp) to identify SELL-associated 
molecular pathways. KEGG pathway database was analyzed 
(https​://www.genom​e.jp/kegg/pathw​ay.html) and extracted 
enriched pathways were selected based on normalized 
enrichment score (NES), p < 0.05, and false discovery rate 
(FDR) q < 0.05.

Statistical analysis

Student t-test and non-parametric t-test were used for expres-
sion analysis. A p-value < 0.01 was considered statistically 
significant for microarray gene expression analysis. For cor-
relations of SELL with immune infiltration levels, Spear-
man’s correlation analysis was used. Kaplan–Meier analysis 
was used for survival analysis. A p-value of < 0.05 was 
considered as statistically significant for survival analysis.

http://gepia.cancer-pku.cn/index.html
http://maplab.imppc.org/wanderer/
http://maplab.imppc.org/wanderer/
https://cistrome.shinyapps.io/timer
https://gdc.cancer.gov
http://kmplot.com
https://www.ncbi.nlm.nih.gov/geo
https://www.ncbi.nlm.nih.gov/geo
https://www.gsea-msigdb.org/gsea/index.jsp
https://www.gsea-msigdb.org/gsea/index.jsp
https://www.genome.jp/kegg/pathway.html
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Results

The expression of L‑selectin mRNA is upregulated 
in breast cancer

A pan-cancer analysis using the Oncomine tool suggested 
that in multiple cancers, mRNA expression of SELL was 
higher in tumor tissues as compared to controls (Fig. 2a). 
In breast cancer, Oncomine analysis suggests that SELL 
expression is significantly higher in tumor tissues compared 
to normal breast tissues from multiple datasets (Fig. 2a). 
Representative datasets have been given in Fig. 2b–g and 
detailed information of the number of patients included in 
each analysis, fold change and p-value are summarized in 
Table 1. Further, we assessed SELL mRNA expression in 
breast cancer tissues and a combined group of normal tis-
sues from the TCGA breast cancer dataset (TCGA-BRCA) 

and GTEX project using Gene expression profiling interac-
tive analysis (GEPIA2) tool. The analysis included luminal 
A-like (n = 415), luminal B like (n = 192), HER2 + non-lumi-
nal (n = 66) and basal-like/triple-negative (n = 135), and 219 
normal breast tissue. We found SELL to be upregulated in all 
four subtypes of breast tumor sample compared to the nor-
mal breast tissue (p < 0.01, Fig. 3a). Further, analysis using 
77 paired tumors and normal tissue from TCGA dataset also 
confirmed significantly higher expression of SELL in breast 
tumors (p = 0.0011, Fig. 3b).

DNA methylation modulate the expression of SELL 
in breast cancer

To investigate the role of epigenetic modifications in the 
upregulation of SELL mRNA expression in breast cancer, we 
assessed DNA methylation and RNA expression data from 
TCGA-BRCA dataset by utilizing the TCGA-Wanderer tool. 

Fig. 2   Expression analysis of SELL in breast cancer datasets. a 
Expression of SELL in breast tumor and normal breast tissues 
assessed using ONCOMINE tool. b Expression of SELL in invasive 
breast carcinoma (n = 76) and normal breast (n = 61) from TCGA, c 
breast carcinoma (n = 14) and normal breast (n = 144) from Curtis 
dataset, d breast carcinoma (n = 154) and normal breast (n = 4) from 

Gluck dataset, e ductal breast carcinoma (n = 14) and normal breast 
(n = 11) from Ma breast 4 dataset, f invasive breast carcinoma (n = 53) 
and normal breast (n = 6) from Finak dataset, g breast carcinoma 
(n = 40) and normal breast (n = 7) (Richard dataset). p value was set 
up at 0.01 for expression analysis
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Spearman correlation analysis between methylation levels 
and transcription of its gene expression were assessed which 
revealed that DNA methylation at site cg19853494 exhibited 
significant negative correlation with SELL expression. These 
results suggested the involvement of DNA methylation in 
transcriptional regulation that of SELL gene expression in 
breast cancer (Fig. 4a–d).

Cellular origin of L‑selectin in breast cancer

To determine the cell-specific expression of L-selectin in 
breast cancer, we utilized single-cell RNA sequencing for 
individual cellular constituents of breast cancer from data-
set GSE75688. Interestingly, the percentage of measurable 
SELL expressing cells among the total number of a specific 
cell type was highest for T cells (64.81%), followed by mye-
loid cells (56.41%), B cells (44.58%), stromal cells (17.39% 
and tumor cells (15.03%). Interestingly, B cells and T cells 
exhibited comparable expression levels of SELL, suggesting 
both B cells and T cells contribute to SELL expression in 
breast cancer (Supplementary Fig. 1).

Association of SELL expression with overall tumor 
microenvironment

As per the literature, L-Selectin is expressed on several epi-
thelial cells and infiltrating immune cells (Choudhary et al. 
2015; Borsig 2018). To assess the association of increased 
L-Selectin mRNA with level of tumor purity and immune 
infiltration, we utilized TIMER tool. This analysis revealed 
a clear negative correlation of SELL expression with tumor 
purity and a positive correlation with the abundance of 
tumor-infiltrating immune cells—B cells, CD8 + T cells, 
CD4 + T cells, macrophages, neutrophils and dendritic cells 
in all three breast cancer groups analyzed (Fig. 5a). Further-
more, to strengthen this observation of the positive asso-
ciation between SELL expression and overall immune com-
position, we assessed the relative fractions of 22 different 
types of immune cells in TCGA breast cancer datasets using 
more robust CIBERSORT analysis and performed a cor-
relation analysis with SELL expression (Fig. 5b). Detailed 

correlation results have been given in Table 2. We found 
a strong positive correlation with the inflammatory mac-
rophages M1 (r = 0.4798626, p < 0.0001) and T Cells CD4 
memory resting (r = 0.4541212, p < 0.0001), and a strong 
negative correlation with the anti-inflammatory M2 mac-
rophages (r = − 0.4754232, p < 0.0001). We oberved a weak 
positive correlation of SELL expression with B cells naïve, T 
cells CD8 + , T Cells regulatory Tregs, T cells gamma delta, 
T cells CD4 memory activated, resting dendritic cells, and 
follicular helper T cells. We also observed a weak nega-
tive correlation between SELL expression and neutrophils, 
NK cells resting, mast cells resting, and macrophages M0 
(Table 2). No correlation was observed with NK cells acti-
vated, monocytes, B cells memory, eosinophils, mast cells 
activated, plasma cells, T cells CD4 naïve, and dendritic 
cells activated. 

Prognostic significance of L‑selectin in breast cancer

To determine the relationship between SELL expression 
and prognosis of breast cancer patients, we utilized micro-
array gene expression datasets from NCBI-GEO using 
Kaplan–Meier plotter tool. The prognostic value of SELL 
expression within different subtypes of breast cancer was 
determined (Supplementary Table S1). In all subtypes of 
breast cancer, the expression of SELL was significantly 
associated with RFS (HR = 0.75, p = 2.5e−07) and DMFS 
(HR = 0.77, p = 0.0088), but not with OS (HR = 0.82, 
p = 0.062). In basal/triple-negative subtype, SELL expres-
sion was significantly associated with OS (HR = 0.39, 
p = 0.00031), RFS (HR = 0.49, p = 6e-08) and DMFS 
(HR = 0.52, p = 0.014, Supplementary Table S1, Fig. 6a). In 
HER2 + subtype, SELL expression was significantly asso-
ciated with OS (HR = 0.52, p = 0.05) and RFS (HR = 0.51, 
p = 0.00075, Supplementary Table S1, Fig. 6b). In luminal 
A subtype, we could not find any correlation between SELL 
expression and survival outcome (Supplementary Table S1, 
Fig. 6c), while in luminal B subtype, SELL expression was 
significantly associated with OS (HR = 0.68, p = 0.038), RFS 
(HR = 0.66, p = 2.6e-05) and DMFS (HR = 0.6, p = 0.0043, 
Supplementary Table  S1, Fig.  6d). Further, high SELL 

Table 1   The transcription levels of SELL in between different types of breast cancer and normal breast tissues (ONCOMINE)

S. no. Datasets used (Ref) Types of breast cancer vs normal Fold change t test p value Reporter

1 TCGA breast Invasive breast carcinoma (n = 76) vs normal (n = 61) 2.525 7.733 1.1E−12 A_23_P103523
2 Curtis breast Invasive Breast Carcinoma (n = 21) vs normal (n = 144) 1.497 3.507 0.001 ILMN_1724422
3 Gluck breast Invasive breast carcinoma (n = 154) vs normal (n = 4) 1.296 5.101 3.35E−4 31,849
4 Ma breast 4 Ductal breast carcinoma insitu stroma (n = 11) vs normal 

(n = 14)
2.614 2.996 0.006 G5713320_3p_at

5 Finak breast Invasive breast carcinoma stroma (n = 53) vs normal (n = 6) 2.046 3.369 0.003 A_23_P103522
6 Richardson Breast 2 Ductal breast carcinoma (n = 40) vs normal (n = 7) 2.102 2.598 0.009 204563_at
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expression was associated with better OS (HR = 0.67, 
p = 0.016, Supplementary Table  S2, Fig.  7a) and RFS 
(HR = 0.64, p = 0.02, Supplementary Table S2, Fig. 7b) in 
TCGA-BRCA dataset.

Gene set enrichment analysis (GSEA)

SELL mRNA expression data were used for whole tran-
scriptome correlation analysis using TCGA breast cancer 
gene expression data in cBioportal web server. GSEA was 
applied to analyze the biological pathways in which the 
SELL-associated genes were enriched using GSEA software. 
GSEA analysis suggested that genes positively correlated 

with SELL expression are involved in the immune-related 
pathways including antigen processing and presentation, 
NK cell-mediated cytotoxic immunity, cytokine–cytokine 
receptor interaction, T-cell receptor signaling, chemokine 
signaling, as well as in the regulation of several molecular 
pathways, such as hematopoietic cell lineage, cell–cell adhe-
sion, JAK-STAT signaling (Fig. 8a–h). Highest enrichment 
of negatively associated genes was observed in the biologi-
cal processes including oxidative phosphorylation and gly-
cosylphosphatidyl biosynthesis (Fig. 8i, j).

Fig. 3   Expression analysis of 
SELL in TCGA breast cancer 
dataset. a Expression of SELL 
analyzed by GEPIA2 in all 
four subtype of breast cancer 
subtypes compared to normal 
breast tissues. p value 0.01 
were considered as statistically 
significant. The box plot was 
used as representation of gene 
expression profile as log scale 
log2 (TPM + 1) and |Log2 FC| 
Cutoff = 1. b Paired analysis of 
matched (n = 77) breast tumor-
normal tissues (p = 0.0011). 
TPM, transcript per million; 
RPKM, reads per kilobase mil-
lion; *p < 0.01
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Fig. 4   DNA methylation of 
SELL gene in TCGA breast 
cancer dataset. a Gene track 
showing methylation levels in 
five probes of SELL in normal 
breast and breast tumor tis-
sues. b Comparison of mean 
methylation levels of SELL in 
normal breast and breast tumor 
tissues. c Spearman’s correla-
tion analysis between SELL 
expression and its methylation 
at probe cg19853494 in normal 
breast. d Spearman’s correla-
tion analysis between SELL 
expression and its methylation 
at probe cg19853494 in breast 
tumor tissues
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Fig. 5   Association of SELL expression with tumor immunity. a Scat-
ter plot represents the association of SELL expression with the tumor-
infiltrating immune cells generated using TIMER web server. Analy-
sis was done on total sample (first panel), basal, Her2 + and luminal 
subtypes of breast cancer. Each dot represents a single breast tumor 

samples. b CIBERSORT analysis for association of SELL expression 
and abundance of 22 types of immune cells in TCGA-BRCA data-
set. Samples were arranged in order of SELL expression from highest 
(left) to lowest (right)
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Discussion

L-Selectin, encoded by the SELL gene is a cell adhesion 
molecule characteristically found on the immune cells and 
pre-implantation embryo (Genbacev et al. 2003; Ivetic et al. 
2019). It is involved in the binding and subsequent rolling of 
leukocyte on endothelial cells, facilitating the trafficking of 
immune cells into secondary lymphoid organs and inflam-
mation sites (Ivetic et al. 2019). It has previously been shown 
to play a crucial role in the development of metastasis in 
various cancers and hematological malignancies (Chen et al. 
2009; Burgess et al. 2013; Kobawala et al. 2016; Sopper 
et al. 2016). It acts as a mediator of lung metastasis and the 
absence of L-selectin leads to attenuation of lung metastasis 
(Läubli and Borsig 2010). In breast cancer, L-selectin has 
also been shown to be involved in the lung-derived factor-
mediated tumor cell migration, and immunodepletion of the 
L-selectin leads to reduced migration capability of the breast 
cancer cells (Chu et al. 2014). While this study provides 
strong clues regarding the significance of L-selectin in breast 
cancer, no systematic study has been done to analyze expres-
sion levels and immunological associations of L-selectin 
expression in this malignancy. Therefore, the current study 

was focused to determine expression levels and prognostic 
significance of L-Selectin in breast cancer. We observed 
an elevated level of SELL mRNA expression in different 
subgroups of breast cancers. Further, the expression levels 
among different subtypes of breast cancer were comparable. 
While this can be attributed to high immune infiltration, we 
confirmed that in breast tumor tissues, expression of SELL is 
positively correlated to the number of immune cells. In con-
trast to immune cell-specific SELL expression, Chaudhary 
et al. have demonstrated high tumor-specific SELL expres-
sion in urothelial cancer (Choudhary et al. 2015).

Previously it has been shown that during the reprogram-
ming of CD8 T cells during chronic infection, the SELL 
promoter undergoes DNA methylation changes that regu-
lates its expression (Youngblood et al. 2013). In the current 
study, we observed that SELL expression is highly associ-
ated with DNA methylation of its genomic region, in both 
tumor and normal breast tissues. Furthermore, methylation 
of SELL was found to be reduced in tumors compared to 
normal breast tissues, in agreement to its higher expression 
in the paired tissues. These results suggest that in breast 
cancer, epigenetic reprogramming is involved in the regula-
tion of SELL expression.

Table 2   Correlation of SELL expression with 22 types of immune cells in TCGA-BRCA dataset estimated by CIBERSORT

ns, not significant; *p < 0.05; **p < 0.01; ***p < 0.001; ***p < 0.0001

Types of immune cells Spearman r 95% confidence interval p (two tailed) p value summary

SELL vs macrophages M1 0.4798626 0.4311341 to 0.5258002 < 0.0001 ****
SELL vs T Cells CD4 memory resting 0.4541212 0.4039523 to 0.5015665 < 0.0001 ****
SELL vs B cells naive 0.3839538 0.3303062 to 0.4351287 < 0.0001 ****
SELL vs T cells CD8 0.3710398 0.3168227 to 0.4228400 < 0.0001 ****
SELL vs T cells regulatory tregs 0.3360892 0.2804406 to 0.3894862 < 0.0001 ****
SELL vs T cells gamma delta 0.2583429 0.2000792 to 0.3147860 < 0.0001 ****
SELL vs T cells CD4 memory activated 0.2581346 0.1998649 to 0.3145849 < 0.0001 ****
SELL vs Dendritic cells resting 0.2389378 0.1801428 to 0.2960315 < 0.0001 ****
SELL vs T cells follicular helper 0.1931263 0.1332681 to 0.2515807 < 0.0001 ****
SELL vs NK cells activated 0.08429355 0.02297303 to 0.1449822 0.0056 **
SELL vs monocytes 0.0832981 0.02197105 to 0.1440007 0.0062 **
SELL vs B cells memory 0.05181987 − 0.009650365 to 0.112899 0.0889 ns
SELL vs eosinophils − 0.03559484 − 0.0968226 to 0.02590131 0.2427 ns
SELL vs mast cells activated − 0.06393665 − 0.1248856 to − 0.0025069 0.0357 *
SELL vs plasma cells − 0.06455667 − 0.1254984 to 0.00312957 0.034 *
SELL vs T cells CD4 naive − 0.08650665 − 0.1471640 to − 0.0252010 0.0045 **
SELL vs dendritic cells activated − 0.08991022 − 0.1505183 to − 0.0286288 0.0031 **
SELL vs neutrophils − 0.1088761 − 0.1691839 to − 0.0477560 0.0003 ***
SELL vs NK cells resting − 0.1462736 − 0.2058630 to − 0.0856034 < 0.0001 ****
SELL vs mast cells resting − 0.1719529 − 0.2309524 to − 0.1116934 < 0.0001 ****
SELL vs macrophages M0 − 0.2157571 − 0.2735702 to − 0.1563907 < 0.0001 ****
SELL vs macrophages M2 − 0.4754232 − 0.5216261 to − 0.4264399 < 0.0001 ****
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L-selectin is also shed during the cytotoxic activity of 
the tumor-infiltrating lymphocyte in melanoma (Yang et al. 
2011). A significantly higher expression of L-selectin in the 
serum of ovarian cancer patients was found compared to the 
control groups (Majchrzak-Baczmańska et al. 2018). The 
serum level of bladder cancer patients showed an increased 
level of CD62L in metastatic compared to non-metastatic 

tumor sample (Choudhary et al. 2015). Therefore, soluble 
L-selectin may potentially reflect the status of mRNA in 
tumor tissues.

Also, abolishment of the L-selectin in tumor-infiltrat-
ing immune cells led to acceleration of the subcutaneous 
B16F10 melanoma tumor growth, therefore suggesting its 
important functions in anti-tumor immunity (Yamada et al. 

Fig. 6   Survival analysis of SELL mRNA levels in different subtypes 
of breast cancer in GEO datasets assessed by KM-Plotter. Association 
of SELL expression with the OS, RFS and DMFS in breast cancer 

subtype for (a) basal subtype, (b) Her2 + subtype, (c) Luminal A sub-
type, and (d) Luminal B subtype. Median value of mRNA expression 
was used as group cut-off for SELL high and SELL low groups
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2006). Using mRNA deconvolution approach CIBERSORT, 
we observed a clear association of higher SELL expres-
sion and inflammatory tumor microenvironment enriched 
in M1 type inflammatory macrophages, while a negative 
correlation was found with M2-type anti-inflammatory 
macrophages.

Further, using multiple datasets, we investigated the 
prognostic significance of SELL expression in breast cancer. 
Our survival analyses suggest that patients with high SELL 
expression in breast tumor exhibited better overall survival, 
relapse-free survival and distant metastasis-free survival in 
basal, luminal B, and HER2 + subtypes, while SELL was not 
associated with patient survival in luminal A subtype. Inter-
estingly, recent studies suggest that luminal A breast cancers 
have highly heterogeneous immune cell compositions com-
pared to other subtypes (Zhu et al. 2019). Also, prognostic 
significance of tumor-infiltrating lymphocytes in luminal 
breast cancer is highly distinct compared to other subtypes 

(Denkert et al. 2018). A recent study partitioned luminal A 
breast tumors from The Cancer Genome Atlas (TCGA) into 
two distinct prognostic subgroups that exhibited differential 
expression of immune-related genes (Netanely et al. 2016). 
This partition exhibited better discriminative prognostic 
value than the luminal A/B classification, suggesting that 
the immunogenicity of luminal tumors is heterogeneous, 
which might be the reason behind the weak correlations of 
SELL with survival outcome in luminal A subtype observed 
in our study.

Since we also observed a positive correlation between 
SELL and inflammatory macrophages, our results are in 
agreement with Jeong et al., who reported a strong associa-
tion of M1 macrophages with a favorable outcome while M2 
macrophages with poor survival in breast cancer (Jeong et al. 
2019). Our findings collectively elaborated and described 
that the SELL expression might be a predictive biomarker for 
breast cancer and will be a potential target with additional 
clinical benefit for future cancer therapeutics.

Fig. 7   Survival analysis of SELL mRNA levels in different subtypes of breast cancer in TCGA dataset assessed by GEPIA2 tool. a Overall sur-
vival. b Relapse-free survival
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