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Abstract

Background: Selenium-binding protein 1 (SELENBP1), a member of the selenium-containing protein family, plays an
important role in malignant tumorigenesis and progression. However, it is currently lacking research about relation-
ship between SELENBP1 and immunotherapy in colorectal cancer (CRQ).

Methods: We first analyzed the expression levels of SELENBP1 based on the Cancer Genome Atlas (TCGA), Oncomine
andUALCAN. Chisq.test, Fisher.test, Wilcoxon-Mann-Whitney test and logistic regression were used to analyze the rela-
tionship of clinical characteristics with SELENBP1 expression. Then Gene ontology/ Kyoto encyclopedia of genes and
genomes (GO/KEGG), Gene set enrichment analysis (GSEA) enrichment analysis to clarify bio-processes and signal-
ing pathways. The cBioPortal was used to perform analysis of mutation sites, types, etc. of SELENBP1. In addition, the
correlation of SELENBP1 gene with tumor immune infiltration and prognosis was analyzed using ssGSEA, ESTIMATE,
tumor immune dysfunction and rejection (TIDE) algorithm and Kaplan-Meier (KM) Plotter database. Quantitative real-
time PCR (gRT-PCR) and western blotting (WB) were used to validate the expression of SELENBP1 in CRC samples and
matched normal tissues. Immunohistochemistry (IHC) was further performed to detect the expression of SELENBP1 in
CRC samples and matched normal tissues.

Results: We found that SELENBP1 expression was lower in CRC compared to normal colorectal tissue and was associ-
ated with poor prognosis. The aggressiveness of CRC increased with decreased SELENBP1 expression. Enrichment
analysis showed that the SELENBP1 gene was significantly enriched in several pathways, such as programmed death

1 (PD-1) signaling, signaling by interleukins, TCR signaling, collagen degradation, costimulation by the CD28 family.
Decreased expression of SELENBP1 was associated with DNA methylation and mutation. Immune infiltration analysis
identified that SELENBP1 expression was closely related to various immune cells and immune chemokines/recep-
tors. With increasing SELENBP1 expression, immune and stromal components in the tumor microenvironment were
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uting to further exploring the underlying mechanisms.

significantly decreased. SELENBP1 expression in CRC patients affects patient prognosis by influencing tumor immune
infiltration. Beside this, SELENBP1 expression is closely related to the sensitivity of chemotherapy and immunotherapy.
Conclusions: Survival analysis as well as enrichment and immunoassay results suggest that SELENBP1 can be consid-
ered as a promising prognostic biomarker for CRC. SELENBP1 expression is closely associated with immune infiltration
and immunotherapy. Collectively, our study provided useful information on the oncogenic role of SELENBP1, contrib-
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Introduction

CRC ranks third in incidence and second in mortality
among all malignancies, and with environmental changes
and an aging population, the incidence and mortality
rates of CRC continue to rise significantly [1]. Currently,
clinical treatment for CRC is still based on surgery,
radiotherapy and targeted drugs, but the overall cancer
treatment was shown limited efficacy. In recent years,
the rapid development of immunotherapy in the field
of oncology has provided new therapeutic strategies for
CRC, and immunotherapy of CRC has become a hot spot
for research. Therefore, it is particularly important to find
biological markers for prognosis associated with immune
infiltration in CRC patients.

Selenium is the only essential trace element that is
genetically regulated and can be converted in vivo into
selenium-containing amino acids for insertion into vari-
ous proteins, regulating the activity of different seleno-
proteins [2]. Previous studies have shown that selenium
and selenium-binding proteins play an important role
in the regulation of cancer immunity. Numerous clini-
cal studies support the benefit of selenium supplemen-
tation on the immune system during cancer treatment
[3]. In patients with leukemia/lymphoma and neutrope-
nia treated with selenium supplementation, the patients
showed a significant increase in neutrophil count and
an enhanced immune response [4, 5]. Studies in ani-
mal models of melanoma or breast cancer have found
that higher selenium intake reduces tumor growth and
also has immune-enhancing effects. When its immune
response is analyzed, the main effect is to enhance Thl
immunity and reduce regulatory T cells (Treg) and mye-
loid-derived suppressor cells that suppress anti-tumor
immunity [6-8]. In addition, research targeting selenium
nanoparticles and tumor prevention and treatment has
become a new strategy to modulate the immune micro-
environment of tumors. Song et al. found that the trans-
formable selenium nanodrug (SeNP@LNT) could change
the "cold" state of malignant pleural effusion to a "hot"
state. On the one hand, it improves the suppressed state
of immune cells by regulating and activating various
immune cells in malignant pleural effusion; on the other
hand, it optimizes the tumor immune microenvironment

by promoting the production of metabolites related to
tumor growth inhibition and immune response acti-
vation in the microenvironment [9]. In the case of suc-
cessive immune cell therapy, selenium nanoparticles
effectively enhanced the anti-tumor effect of immune
cells (CIK cells). The mechanism of action of selenium
nanoparticles is that it is mainly metabolized to SeCys
(selenocysteine) and SelV in tumor cells and immune
cells, and selenocysteine is an important active center of
intracellular selenoprotein. It was further detected that
the addition of selenium nanoparticles significantly up-
regulated the expression of various selenoproteins such
as SELK, SELO, SELP, SelR, SELES, SELT, SELW, Gpx2,
TrxR1 and Sepl5 in cells, thus enhancing the anti-tumor
effect of immune cell therapy [10]. Undoubtedly, sele-
noprotein works through the immune system has been
an extremely important part of its fight against cancer.
Previous studies have only focused on the significant
decrease or even disappearance of SELENBP1 expression
levels in most cancer tissues like prostate, ovarian, lung,
and colorectal cancers, and closely correlated with tumor
prognosis, but the mechanisms have not been explored
[11-14]. Considering the effects of selenium and other
members of the selenoprotein family on the immune
status of tumors, we hypothesized that SELENBP1 may
affect the prognosis of CRC by influencing its immune
infiltration.

We evaluated the association of SELENBP1 gene
expression with immune infiltration and prognosis in
CRC by analyzing clinical indicators and survival data
from several databases. Our study revealed the molecular
mechanism of SELENBP1 dysregulation in CRC, and the
potential role in its development. In addition, we demon-
strated the association between SELENBP1 and immu-
notherapy and chemotherapy. This may provide new
insights into the treatment of CRC.

Methods

TCGA/GTEx

TCGA (http://www.cancergenome.nih.gov/) is a very
important cancer database that containing clinical data,
genomic variants, m/mi/IncRNA expression, DNA meth-
ylation and other data on various human cancers. The
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Genotype-tissue expression (GTEx) (https://cancergeno
me.nih.gov/) database is a normal tissue gene expression
database, which is often used in conjunction with TCGA.
We downloaded all SELENBP1 clinicopathological data,
mRNA expression, methylation and other data from
TCGA website in CRC, and collected transcripts per
kilobase of exon model per million mapped reads (TPM)
expression values of SELENBP1 in normal colorectal tis-
sues from GTEx database to add supplementary control
tissues.

Oncomine database

The Oncomine database (https://www.oncomine.org/
resource/main.html) contains comprehensive cancer
mutation profiles, gene expression data and relevant
clinical information to facilitate the discovery of new bio-
markers [15]. Based on Oncomine platform, the expres-
sion levels of SELENBP1 mRNA in various subtypes of
CRC and normal control tissues were analyzed.

UALCAN cancer database

The UALCAN ( http://ualcan.path.uab.edu/index.html)
database is an interactive web-based resource platform
that facilitate gene queries of the TCGA database, analyze
and identify tumor-associated biomolecular markers, and
analyze the molecular mechanisms of tumorigenesis,
progression and metastasis, which are important for the
diagnosis, treatment and prognosis of tumors, and can
make researchers easier access to TCGA data and analy-
sis results [16]. This study used the UALCAN database
to analyze the protein expression of SELENBP1 in CRC
tissues.

CancerSEA database

CancerSEA (http://biocc.hrbmu.edu.cn/CancerSEA/) is
a single-cell sequencing database. It decodes the differ-
ent functions of cancer cells from single-cell level, thus
revealing the functional heterogeneity of cancer cells
[17]. We analyzed the relationship between SELENBP1
expression and the 14 functional states of cancer cells
using CancerSEA.

Gene set enrichment analysis

To investigate the potential mechanisms of SELENBP1 in
CRC, we analyzed TCGA transcriptome data and divided
colorectal cancer samples into high and low SELENBP1
expression groups. Differentially expressed genes (DEGs)
were screened between the two groups, and GO/KEGG
analysis was performed on the upregulated DEGs using
the clusterProfiler R package [18-21]. In addition,
we performed GSEA analysis of the differential genes
of SELENBP1, we analyzed the "c2.cp.v7.2.symbols.
gmt" gene set in the MSigDB Collections genome
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database using the clusterProfiler package, and the
number of calculations 1000 times was chosen [22, 23].
Results with normalized enrichment score (NES) < —1.5,
Padjust<0.05 and false discovery rate (FDR) q<0.25were
considered to be significantly enriched.

cBioPortal database

The cBioPortal database (http://www.cbioportal.org/
index.do) contains data from 200 tumor genomic studies,
including large tumor research projects such as TCGA
and International Cancer Genome Consortium (ICGC).
It can be used to analyze the mutation of a gene in dif-
ferent cancers, including the mutation site, type, amino
acid change and the corresponding protein 3D structure,
etc. [24]. We used the cBioPortal database to study the
expression and mutation of SELENBP1, etc.

Immune infiltration analysis

The association of SELENBP1 and 24 immune cells was
analyzed by the ssGSEA algorithm in the "GSVA" pack-
age [25, 26]. We used ESTIMATE algorithm to analyze
the relationship between SELENBP1 expression and
ImmuneScore, StromalScore and ESTIMATEScore [27].
Then, we analyzed the correlation of SELENBP1 expres-
sion with immune checkpoint gene levels, immune
chemokines/receptors, tumor mutation burden (TMB)
and microsatellite instability (MSI) using the Spear-
man correlation analysis. The scores of the four different
immunophenotypes (antigen-presenting, effector, sup-
pressor, and checkpoint) were calculated separately by
the immunophenoscore (IPS), and the IPS z-score was
the integration of the four, and the higher the IPS z-score,
the more immunogenic the sample [28]. In addition, we
performed a prognostic analysis of SELENBP1 expres-
sion levels in different immune cell subsets using the
Kaplan-Meier Plotter database ( http://kmplot.com/analy
sis/) [29].

Drug sensitivity analysis

The Genomics of Cancer Drug Sensitivity (GDSC) data-
base (https://www.cancerrxgene.org/), which contains
a large number of drug sensitivity and genomic datasets
[30]. The Cancer Therapeutics Response Portal (CTRP)
database (http://www.broadinstitute.org/ctrp/) covers
associations between compound sensitivities and genetic
or genealogical characteristics for a wide range of cancer
cell lines [31-33]. The tumor immune dysfunction and
rejection (TIDE) algorithm is a more accurate predictor
of the efficacy of immune checkpoint blockade therapy
(ICB) [34]. We analyzed the sensitivity of SELENBP1
expression to chemotherapeutic agents using the GDSC,
CTRP database and the efficacy of ICB treatment using
the TIDE algorithm.
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Western blotting and RT-PCR assay

Tissue protein was extracted by RIPA lysis-buffer con-
taining with protease inhibitor and phosphatase inhibi-
tors, and protein content was measured by the BCA
assay (Beyotime, Shanghai, China). Tissue protein (20 pg)
were separated via 8% SDS-PAGE. After the run in
electrode buffer the gel was transferred to PVDF mem-
branes (Merck Millipore, MA, USA). Membranes were
blocked with 5% bovine serum albumin in TBST (TBS
with 0.1% Tween-20), and incubated with primary anti-
bodies specific for SELENBP1 (1:1000, Proteintech) and
B-actin (1:10,000, Proteintech) overnight at 4°C. PVDF
membranes were washed three times for 5 min in TBST
and incubated with anti-rabbit secondary antibody
(1:10,000, Proteintech) or anti-mouse secondary anti-
body (1:10,000, Proteintech) for 1 h at room tempera-
ture. The membranes were washed as described above
and developed using enhanced chemiluminescence assay
(PJ2022-09-57).

Paracancer tissues and cancer tissues of total RNA
were collected and isolated using TRIzol (Vazyme, Nan-
jing, China). Before synthesizing cDNA, gDNA-wiper
mix (Vazyme, Nanjing, China) was used to remove
genomic DNA, and the total RNA was reverse tran-
scribed with HiScript QRT SuperMix for qPCR Kit
(Vazyme, Nanjing, China). The c¢DNA was ampli-
fied using SYBR Green Master mix (Vazyme, Nanjing,
China). The amount of target gene was calculated by
2-AACt with as reference gene B-actin. The PCR prim-
ers used were as follows: SELENBP1 forward: ACCCAG
GGAAGAGATCGTCTA, reverse: ACTTGGGGTCAA
CATCCACAG; B-actin forward: CATGTACGTTGCTAT
CCAGGC, reverse: CTCCTTAATGTCACGCACGAT.

Immunohistochemical staining and patient information
Section of colorectal cancer tissue were obtained from
5 operable patients who underwent curative surgery in
The First Affiliated Hospital of Anhui Medical Univer-
sity. The study was approved by the ethics committee
of First Affiliated Hospital of Anhui Medical University
(PJ2022-09-57).

Tumor tissues were used by immunohistochemical
staining, performed on formalin-fixed paraffin-embed-
ded, and cut into 4-pm thickness section. After overnight
incubation with anti-SELEBNP1 antibody (1:200, Pro-
teintech), the sections were incubated with secondary
antibody, visualized with DAB detection.

Statistical analysis

GraphPad Prism and R software were used for data
analysis and visualization. RT-PCR results were com-
pared using Students’ t-test. Chisq.test, Fisher.test,
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Wilcoxon rank sum test and Logistic regression were
used to correlate SELENBP1 expression and clinico-
pathological characteristics. The relationship between
SELENBP1 gene expression and survival of patients
was analyzed using the Kaplan—Meier (KM) model.
Correlations between the SELENBP1 gene and other
genes was performed by using Spearman’s correlation
analysis. P <0.05 indicates a significant difference.

Results

The expression of SELENBP1 is reduced in CRC patients

We first assessed SELENBP1 expression in pan-can-
cer data from TCGA and GTEx. The analysis revealed
SELENBP1 expression was decreased in 27 different
types of tumors, including ACC, BLCA, BRCA, CESC,
CHOL, COAD, DLBC, ESCA, HNSC, GBM, KICH,
KIRC, KIRP, LAML, LGG, LIHC, LUAD, LUSC, OV,
PAAD, PCPG, PRAD, STAD, READ, THCA, THYM,
and UCS. In contrast, its expression of SELENBP1 was
high in SKCM, TGCT, and UCEC (Fig. 1la). Recent
studies have found that selenoproteins play an impor-
tant role in the intestinal immune system. Huang et al.
characterized the colonic immune cell profiles and
metabolic microenvironment of patients with primary
untreated IBD by single-cell transcriptome sequencing
and metabolome resolution, and found disease-specific
immune cell subpopulations and metabolite alterations
in CD or UC. Functional screening of metabolites by
in vitro experiments revealed that specifically reduced
selenium-containing metabolites could regulate the
differentiation of a unique group of Thl-like cells in
CD. Further in vitro and in vivo studies confirmed
that selenium supplementation can effectively inhibit
Th1 differentiation and promote the relief of intestinal
inflammation [35]. Based on this we focused on the
role of SELENBP1 in colorectal cancer to investigate.
The gene expression level of SELENBP1 was signifi-
cantly lower in tumors than normal colorectum tissues
(Fig. 1b). Meanwhile, we also performed an analysis of
SELENBPI1 expression in 50 tumor samples and their
matched adjacent tissues. The results showed that CRC
tissues lower expressed SELENBP1 (Fig. 1c). Then, we
used the Oncomine database to analyze the expression
of SELENBP1 in each subtype of CRC. It was shown
that SELENBP1 expression was reduced in rectosig-
moid adenocarcinoma, rectal adenocarcinoma, colon
adenocarcinoma, rectal mucinous adenocarcinoma,
cecum adenocarcinoma, and colon mucinous adeno-
carcinoma, compared with the normal tissues (Fig. 1d-i
and Table 1). Based on the Ualcan database, we found
that SELENBP1 protein expression was also decreased
in colon cancer (Fig. 1j).
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Fig. 1 Pan-cancer expression analysis of SELENBP1 and its specific expression in CRC. a Pan-cancer SELENBP1 expression analysis. b Expression
of SELENBP1 in unpaired samples of CRC and normal tissue in the TGCA database. ¢ SELENBP1 expression in 50 pairs of CRC and non-cancerous
adjacent tissues from TGCA datasets. d-i The mRNA expression of SELENBP1 in different subtypes of CRC in the Oncomine database, in order, they
were Rectosigmoid adenocarcinoma (d), Rectal adenocarcinoma (e), Colon adenocarcinoma (f), Rectal mucinous adenocarcinoma (g), cecum
adenocarcinoma (h), Colon mucinous adenocarcinoma (i). j The protein expression of SELENBP1 in CRC and normal tissues analyzed by UALCAN
cancer database. *, p < 0.05; **, p<0.01; ***, p<0.001

Q-PCR and WB demonstrate low expression of SELENBP1
in CRC

compared with non-cancerous tissues. The results of
IHC and WB showed that the protein level of SELEN-

Next, we further

confirmed

the

expression of

SELENBP1 in CRC by q-PCR, WB and IHC. As shown
in Fig. 2a, SELENBP1 mRNA was reduced in CRC

BP1was significantly lower in tumor tissues than their
matched adjacent tissues (Fig. 2b—f, Additional file 1:
Fig. S1).
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Table 1 SELENBP1 expression in different subtypes of CRC and normal tissues using the Oncomine database

Colorectal cancer subtype Pvalue ttest Fold change Patient number  Reference
Cecum adenocarcinoma 251E-9 9.755 2211 17 PMID: 17615082
Rectal mucinous adenocarcinoma 7.65E—5 11.354 2.585 4 PMID: 17615082
Rectosigmoid adenocarcinoma 1.00E—6 8918 2681 10 PMID: 17615082
Rectal adenocarcinoma 353E-6 9.326 2.748 8 PMID: 17615082
Colon mucinous adenocarcinoma 6.25E—8 9.366 2719 13 PMID: 17615082
Colon adenocarcinoma 2.20E-13 14.956 2.576 41 PMID: 17615082

Relationship between SELENBP1 expression and clinical
parameters in CRC tissues

To understand whether there were differences in
SELENBP1 expression in different clinical indices, we
performed statistical analysis by Chisq.test, Fisher.test,
Wilcoxon-Mann—Whitney test and logistic regression.
The results showed no significant differences between the
expression levels of SELENBP1 and clinical characteris-
tics (Table 2, Table 3).

Low SELENBP1 expression impacts the prognosis of CRC
patients

We evaluated the relationship between SELENBP1
expression levels and patient prognosis using the TCGA
database. KM survival curves showed that overall sur-
vival (OS) was significantly prolonged in the high expres-
sion group (Fig. 3a). We also used time-dependent
receiver operating characteristic (ROC) curves (Fig. 3b)
to compare the predictive accuracy of the SELENBP1
expression, with AUCs of 0.519, 0.486, and 0.393 for
1 year-, 3 year-, and 5 year- OS, respectively, and it dem-
onstrated the good sensitivity of this prognostic model in
predicting long-term prognosis of CRC. In addition, we
found that OS was also significantly prolonged in patients
with high SELENBP1 expression in HNSC, LUAD, LIHC,
THCA, MESO, SARC, and BLCA (Additional file 1: Fig.
S2). To better understand the potential mechanisms of
SELENBP1 in colorectal carcinogenesis, we investigated
the relationship between SELENBP1 and 14 functional
states of cancer in the CancerSEA database. The results
showed that SELENBP1 expression was negatively cor-
related with CRC invasiveness (Fig. 3c—d). In addition,
we also performed GSVA analysis using the TCGA bulk
RNA-seq dataset data. The heat map combined with
the difference in GSVA scores showed that SELENBP1
expression was negatively correlated with multiple can-
cer species-related pathways like Tumor proliferation
signature, Cellular response to hypoxia, EMT markers,
TGFB, etc. (Fig. 3e). We also observed that as SELENBP1
expression increased, extracellular matrix (ECM)-related
pathways decreased (Fig. 3f—g). ECM is a fibrin and pro-
teoglycan scaffold capable of maintaining tissue structure

and plays a key role in cancer invasion. This result is con-
sistent with the above, and based on these findings, we
conclude that SELENBP1 may inhibit the development of
CRC.

Gene set enrichment analysis of SELENBP1

The exact pathway that SELENBP1 may regulate in CRC
remains unclear. For this purpose, we analyzed TCGA
transcriptome data and divided colorectal cancer sam-
ples into high and low SELENBPI1 expression groups.
Differentially expressed genes (DEGs) were screened
between the two groups (|log2FC|>1.5, adjusted
P<0.05). The volcano plot showed that 429 genes were
differentially expressed, containing 249 up-regulated
and 180 down-regulated genes (Fig. 4a). The heat map
shows the corresponding hierarchical clustering analysis
of these DEGs. Due to the large number of differential
genes, the 50 up-regulated genes and 50 down-regulated
genes with the largest differential changes are shown here
(Fig. 4b). We performed GO/KEGG analysis on the up-
regulated DEGs, and the results of GO analysis showed
that these DEGs were enriched in nuclear division,
CXCR chemokine receptor binding, chemokine activity,
chemokine receptor binding, KEGG analysis showed that
these DEGs were enriched in IL-17 signaling pathway,
cytokine-cytokine receptor interaction, chemokine sign-
aling pathway, p53 signaling pathway, and human T-cell
leukemia virus linfection were enriched (Fig. 4c—f). In
addition, we also performed GSEA analysis for all genes
in the differentially expressed list. The analysis revealed
PD-1 signaling, signaling by interleukins, TCR signaling,
collagen degradation, MHC class II antigen presentation,
costimulation by the CD28 family, antigen processing
cross presentation and other pathways were significantly
enriched (Fig. 4g).

Gene alteration and methylation analysis of SELENBP1

We analyzed the alteration status of SELENBP1 gene
expression in different tumor samples based on the
TCGA database, as shown in Fig. 5a. SELENBPI1 is
less frequently altered in CRC patients (<2%), includ-
ing "mutations” and "amplifications". Figure 5b shows
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Table 2 Relationship between SELENBP1 expression and clinical
characteristics

Characteristic Low High P
expression of  expression of
SELENBP1 SELENBP1
n 309 310
T stage, n (%) 0.088
T 5 (1.6%) 15 (4.9%)
T2 49 (15.9%) 56 (18.1%)
T3 215 (69.8%) 207 (67%)
T4 39 (12.7%) 31 (10%)
N stage, n (%) 0.563
NO 169 (54.9%) 182 (59.1%)
N1 78 (25.3%) 72 (23.4%)
N2 61 (19.8%) 54 (17.5%)
M stage, n (%) 0.873
MO 230 (83.6%) 229 (84.5%)
M1 45 (16.4%) 42 (15.5%)
Pathologic stage, n (%) 0.331

Stage | 44 (14.7%) 61 (20.3%)
Stage Il 119 (39.8%) 108 (36%)
Stage lll 92 (30.8%) 87 (29%)
Stage IV 44 (14.7%) 44 (14.7%)
Primary therapy outcome, 0.126
n (%)
PD 20 (14.2%) 13 (8.3%)
SD 4 (2.8%) 1 (0.6%)
PR 5 (3.5%) 10 (6.4%)
CR 112 (79.4%) 132 (84.6%)
Gender, n (%) 0.902
Female 143 (46.3%) 146 (47.1%)
Male 166 (53.7%) 164 (52.9%)
Race, n (%) 0.051
Asian 8 (4%) 4 (2.4%)
Black or African American 27 (13.4%) 38 (22.8%)
White 167 (82.7%) 125 (74.9%)
Age, n (%) 0.899
< =65 133 (43%) 136 (43.9%)
>65 176 (57%) 174 (56.1%)
Weight, n (%) 0.848
<=90 125 (72.3%) 106 (70.7%)
>90 48 (27.7%) 44 (29.3%)
Height, n (%) 0.952
<170 78 (47.6%) 68 (48.6%)
>=170 86 (52.4%) 72 (51.4%)
Residual tumor, n (%) 0.567
RO 218 (92.8%) 232 (90.3%)
R1 2 (0.9%) 4 (1.6%)
R2 15 (6.4%) 21 (8.2%)
BMI, n (%) 0.736
<25 51 (31.1%) 47 (33.6%)
> =25 113 (68.9%) 93 (66.4%)
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Table 2 (continued)
Characteristic Low High P
expression of  expression of
SELENBP1 SELENBP1
CEA level, n (%) 0.967
<=5 118 (63.1%) 134 (63.8%)
>5 69 (36.9%) 76 (36.2%)
Perineural invasion, n (%) 0.967
No 95 (73.6%) 77 (74.8%)
Yes 34 (26.4%) 26 (25.2%)
Lymphatic invasion, n (%) 0515
No 168 (60.9%) 163 (57.8%)
Yes 108 (39.1%) 119 (42.2%)
History of colon polyps, n (%) 0.705
No 174 (67.4%) 190 (69.3%)
Yes 84 (32.6%) 84 (30.7%)
Colon polyps present, n (%) 0.775
No 110 (70.5%) 97 (68.3%)
Yes 46 (29.5%) 45 (31.7%)
Neoplasm type, n (%) 0.286
Colon adenocarcinoma 233 (75.4%) 221 (71.3%)
Rectum adenocarcinoma 76 (24.6%) 89 (28.7%)

the type, site and corresponding location of SELENBP1
mutations. We further show the 3D structure of the
SELENBP1 protein containing the mutation site
(Fig. 5¢). In order to understand the somatic muta-
tions in CRC patients, we analyzed the mutation data
using the "maftools” package of R software [36]. The
horizontal histograms showed a high frequency of
mutations in CRC patients for APC (75%), TP53 (58%),
TTN (51%), KRAS (40%) and a low frequency of muta-
tions in SELENBP1 (1%, Fig. 5d). DNA methylation
alters the appearance and structure of DNA. Methyla-
tion directly prevents DNA recognition and binding to
transcription factors or interferes with the binding of
transcription factors by attracting other factors to pref-
erentially bind to DNA, resulting in transcriptional
repression or silencing of genes [37]. By analyzing the
TCGA database we found that SELENBP1 expression
in CRC was associated with DNA methylation sites
such as ¢cgl7759475 (r=—0.42, P<0.001), cgl6911672

(r=-047, P<0.001), cg07680533 (r=—0.300,
P<0.001) €g24486037 (r=-0.230, P<0.001),
€g26065909 (r=-0.270, P<0.001), cg24480379

(r=—0.270, P<0.001), and cgl8515587 (r=— 0.480,
P<0.001), with a significant negative correlation in
methylation (Fig. 5e—k).
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Table 3 Logistic regression analysis of the correlation between SELENBP1 expression and clinical characteristics

Characteristics Total(N) Odds Ratio (OR) P value
T stage (T3&T4&T2 vs. T1) 641 0.324(0.104-0.847) 0.031

N stage (N1&N2 vs. NO) 640 0.950 (0.694-1.300) 0.749
M stage (M1 vs. M0) 564 1.036 (0.658-1.631) 0.879
Pathologic stage (Stage I1&Stage IlI&Stage IV vs. Stage |) 623 0.754 (0.498-1.138) 0.180
Gender (Male vs. Female) 644 1.013 (0.743-1.380) 0.937
Age (> 65 vs.< =65) 644 0.837 (0.612-1.144) 0.265
Weight (> 90 vs.< =90) 348 0.935 (0.588-1.482) 0.774
Height (>=170vs.< 170) 329 0.908 (0.587-1.403) 0.664
BMI (>=25 vs.<25) 329 0.935 (0.589-1.489) 0.778
Residual tumor (R1&R2 vs. R0) 510 1.695 (0.891-3. 344) 0.115
CEA level (>5vs.< =5) 415 0.915 (0.614-1.363) 0.661
Perineural invasion (Yes vs. No) 235 0.992 (0.549-1.786) 0.980
Lymphatic invasion (Yes vs. No) 582 1.258 (0.903-1.756) 0.176
History of colon polyps (Yes vs. No) 555 0.883 (0.618-1.261) 0.494
Colon polyps present (Yes vs. No) 323 0.979 (0.608-1.573) 0.930
Neoplasm type (Rectum adenocarcinoma vs. Colon adenocarcinoma) 644 1.341 (0.941-1.915) 0.105

Correlation analysis between SELENBP1 expression

and immune infiltration

The immune status of the tumor microenvironment
can accurately reflect the body’s anti-tumor immune
response [38]. Thus, we studied whether SELENBP1
expression was associated with the level of immune
infiltration in CRC. We evaluated the correlation of
SELENBP1 with 24 immune cell subsets in CRC (Addi-
tional file 1: Fig. S3a). Analysis revealed that SELENBP1
positively correlated with eosinophils, B cells and Th17
cells, and negatively correlated with macrophages, Th1
cells, neutrophils, Th2 cells, Tgd, NK cells, T helper
cells, Tem, cytotoxic cells, Tcm, CD8 T cells, aDC and
DC (Additional file 1: Fig. S3b-r). It was shown that the
activity of CRC cells was significantly suppressed in the
eosinophilic immune microenvironment [39]. B cells
inhibit tumor progression via secretion of cytokines,
presentation of antigens, and secretion of antibodies
[40]. Macrophages increased the invasion and metastasis
of CRC cells, the number of macrophages in tumor was
correlated considerably with the depth of tumor inva-
sion, lymph node metastasis, and tumor stages [41]. In
addition, increasing neutrophils in the tumor are associ-
ated with a malignant phenotype, which could predict a
poor prognosis marker in CRC [42]. Through the above
analysis, we have found that SELENBP1 mRNA expres-
sion levels are associated with immune infiltration in the
tumor microenvironment, and that CRC patients with
low SELENBP1 mRNA expression levels have shorter
OS than those with low SELENBP1 mRNA expression
levels. Therefore, it was hypothesized that the prognosis
of patients with SELENBP1 mRNA expression level was

associated with the degree of immune infiltration. To
prove this conclusion, we used the Kaplan -Meier Plot-
ter database to analyze the prognosis of CRC patients
based on the expression level of SELENBP1 in the rel-
evant immune cell subgroups, and found that patients
with high SELENBP1 mRNA expression level in the
CD4+T cell high-infiltration group, eosinophil high-
infiltration group, Thl cell high-infiltration group and
Th2 cell high-infiltration group had longer OS. Whereas,
the expression level of SELENBP1 in the immune cell low
infiltration group was not related to OS. This suggests
that the prognostic impact of SELENBP1 mRNA expres-
sion level in CRC patients may be associated with tumor
immune infiltration to some extent (Additional file 1: Fig.
S4).

Then we quantify the immune and stromal compo-
nents in tumors based on the ImmuneScore and Stro-
malScore (Fig. 6a). The results show with the increase
of SELENBP1 expression, StromalScore, ImmuneScore
and ESTIMATEScore all showed a significant decrease
(Fig. 6b—d). We also analyzed the OS, recurrence-free
survival (RES) of patients according to the immune com-
ponent ratios, stromal component ratios, and the com-
bined ratio of the two components (Fig. 6e—j). The results
showed that OS and RFS were significantly prolonged
in patients with a high proportion of immune compo-
nents and RFS was significantly prolonged with high
ESTIMATEScore.

Immune checkpoint inhibitors (ICIs) can eliminate
tumors by suppressing the immune escape of tumor
cells and enhancing the immune response of T cells
[43]. Subsequently, we analyzed the correlation between
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the expression of SELENBP1 and common immune
checkpoint-associated genes (Fig. 7a). We found that
SELENBP1 expression is associated with multiple
immune checkpoint markers, among which programmed
cell death 1 ligand 1 (CD274/PD-L1) and TIM-3 have
been used in clinical treatment [44]. Chemokines are able
to influence tumorigenesis and development through
immune pathways [45]. To elucidate the association
between SELENBP1 expression and immune cell migra-
tion, we analyzed the association with chemokines/
receptors (Fig. 7b—c). The results demonstrated that
SELENBP1 expression was negatively associated with
multiple immune cell-associated chemokines/receptors.

Therefore, the low expression of SELENBP1 may con-
tribute to the migration of immune cells in the tumor
microenvironment.

Correlation of SELENBP1 expression with chemotherapy
and immunotherapy

To assess the effect of SELENBP1 expression on the effi-
cacy of chemotherapy and immunotherapy, we calcu-
lated the drug half maximal inhibitory concentration
(IC50) and TIDE values in the SELENBP1 high expres-
sion group versus the low expression group. First, we pre-
dicted the response of SELENBP1 expression to several
common targeted and chemotherapeutic agents such
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as GW 441756, WZ3105, Axitinib, Foretinib, Cisplatin,
Vinorelbine, Paclitaxel, Gemcitabine, based on GDSC
database. The results showed that the IC50 values of all

these drugs were higher in the high SELENBP1 expres-
sion group, which indicated better drug efficacy in the
low SELENBP1 expression group (Fig. 8a—h). In addition,
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we also screened drugs sensitive to higher SELENBP1
mRNA expression based on the CTRP database. includ-
ing etoposide, pevonedistat, vincristine clofarabine, chlo-
rambucil, etc. (Fig. 8i). Then, we evaluated the correlation
between SELENBP1 expression and TMB and MSI, and

found a negative correlation between SELENBP1 and
TMB and MSI in CRC (Fig. 8j—k). Finally, we also pre-
dicted SELENBP1 expression responsiveness to immune
checkpoint inhibitors using TIDE algorithm based on
expression profile data. The results revealed a high TIDE
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score in the SELENBP1 low expression group, suggest-
ing a poor efficacy of SELENBP1 low expression in ICB
(Fig. 81). To verify that high SELENBP1 expression may

be more effective for immunotherapy, we assessed the
relationship between SELENBP1 expression and immu-
nogenicity by immunophenotype score (IPS) analysis
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(Fig. 8m). The IPS score is mainly determined by the
four main types of genes (e.g. activated CD4+T cells,
activated CD8+ T cells, effector memory CD4+ T cells,
Treg, MDSCs): MHC molecules (MHC), immunomodu-
lators (CP), effector cells (EC), and immunosuppressive
cells (SC). Higher IPS scores were positively correlated
with an increase in immunogenicity [46]. Based on our
results, IPS scores increased with increasing SELENBP1
expression, and this result is consistent with the TIDE
results, further confirming the effect of SELENBP1 on
immunotherapy response.

Discussion

CRC is one of the leading causes of cancer-related deaths.
Screening and diagnosis of CRC is crucial for reducing
incidence rate and mortality rate. Studies have shown
that biomarkers can be used for early diagnosis, treat-
ment options and prognostic assessment of CRC [47, 48].
However, there is still controversy regarding biomarkers
for predicting the efficacy of CRC immunotherapy, there-
fore, it is an urgent issue to identify the best biomarkers
to screen the CRC immunotherapy benefit population
and predict the efficacy of immunotherapy.

Selenium as a microelement has important functions
in physiological processes and cancer prevention [49].
Its role realized through the action on selenium contain-
ing proteins. SELENBP1 is a special selenium-containing
protein, which may play an anti-cancer role in a vari-
ety of cancer types, and its expression level in cancer is
lower than that in corresponding normal tissue [11]. The
decreasing of SELENBP1 expression was related to the
hypermethylation of SELENBP1. The methylation level
of SELENBP1 promoter in CRC tissues was much higher
than that in normal mucosa adjacent to cancer [50].
Available studies have shown that SELENBP1 expres-
sion correlates with disease-free survival (DFS) and OS
in stage III CRC patients [14]. However, the specific bio-
logical function of SELENBP1 and the relationship with
immune infiltration remain unclear.

Through a comprehensive analysis of multiple data-
bases, we found that SELENBP1 was expressed at a low
level in a variety of cancers. In addition, the expression
of SELENBP1 was low in all subtypes of CRC. Our fur-
ther analysis revealed that low expression of SELENBP1
usually indicates poor prognosis, such as shortened OS.
To further investigate the functions of SELENBP1 in
CRC, we performed enrichment analysis using TCGA
data. The results showed that PD-1 signaling, signaling
by interleukins, TCR signaling, collagen degradation,
MHC class II antigen presentation, costimulation by the
CD28 family, antigen processing cross presentation, was
enriched to different degrees. SELENBP1 may influence
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the development of CRC by affecting these pathways,
leading to poor prognosis for CRC patients.

In the past few years, immunotherapy has developed
rapidly and has become an important tool in the treat-
ment of CRC [51]. Our study found that SELENBP1
expression was negatively correlated with multiple
immune cells and that SELENBP1 may affect the progno-
sis of CRC patients by influencing the degree of immune
infiltration. With SELENBP1 expression, Stromal Score,
Immune Score, and ESTIMATE Score of CRC decreased
significantly. In patients with high degree of tumor
immune infiltration, OS, RFS were significantly pro-
longed. In addition, our study showed that SELENBP1
is closely related to immune-related chemokines/recep-
tors. Several chemokines such as CCL2/3/4, CXCL9/10,
CXCR4 have been shown to play important roles in the
immune infiltration of CRC [52-54].

Through the analysis we found negative correlation
between SELENBP1 expression and TMB and MSI, how-
ever, based on TMB, MSI did not accurately predict the
efficacy of ICB therapy. The effectiveness of ICB treat-
ment is influenced by various factors such as PD-L1
expression [55], MSI [56], interferon signaling [57], intes-
tinal microbiota [58], cytotoxic T cell infiltration [59],
and TMB [60]. In this regard, we analyzed the effective-
ness of SELENBP1 expression and immunotherapy using
the TIDE integrated algorithm, and the results showed
that high SELENBP1 expression is more sensitive to
immunotherapy.

In summary, this analysis showed that SELENBP1
may be lower expressed in CRC due to mutation and
DNA methylation and is associated with poorer survival.
Reduced SELENBP1 expression increased the invasive-
ness of CRC. In addition, SELENBP1 expression was also
associated with immune infiltration and the efficacy of
immunotherapy. Therefore, SELENBP1 is an important
prognostic biomarker in CRC, and further exploration of
the relationship between SELENBP1 and immune infil-
tration is essential to elucidate the value of SELENBP1 in
the treatment of CRC.

Abbreviations

ACC: Adrenocortical carcinoma; aDCs: Activated dendritic cells; BLCA: Bladder
urothelial carcinoma; BRCA: Breast invasive carcinoma; CCL2/3/4: C-C Motif
Chemokine Ligand 2/3/4; CD274/PD-L1: Programmed cell death 1 ligand 1;
CESC: Cervical squamous cell carcinoma and endocervical adenocarcinoma;
CHOL: Cholangiocarcinoma; COAD: Colon adenocarcinoma; CRC: Colorectal
cancer; CTRP: The Cancer Therapeutics Response Portal; CXCL9/10: C-X-C
motif ligand 9/10; CXCR: C-X-C chemokine receptor; CXCR4: C-X-C chemokine
receptor 4; DC: Dendritic cell; DEG: Differentially expressed genes; DFS: Dis-
ease-free survival; DLBC: Lymphoid neoplasm diffuse large B-cell lymphoma;
ECL: Enhanced chemiluminescence assay; ESCA: Esophageal carcinoma; FDR:
False discovery rate; GBM: Glioblastoma multiforme; GDSC: Genomics of Drug
Sensitivity in Cancer; GO/KEGG: Gene ontology/Kyoto encyclopedia of genes
and genomes; GSEA: Gene Set Enrichment Analysis; GTEx: Genotype-tissue
expression; HNSC: Head and neck squamous cell carcinoma; ICB: Immune



Zhu et al. BMC Gastroenterology (2022) 22:437

checkpoint blockade; ICGC: International Cancer Genome Consortium; ICl:
Immune Checkpoint Inhibitors; IC50: Half maximal inhibitory concentration;
IHC: Immunohistochemistry; IL-17: Interleukin-17; KICH: Kidney chromophobe;
KIRC: Kidney renal clear cell carcinoma; KIRP: Kidney renal papillary cell car-
cinoma; KM: Kaplan-Meier; LAML: Acute myeloid leukemia; LGG: Brain lower
grade glioma; LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarci-
noma; LUSC: Lung squamous cell carcinoma; MESO: MesotheliomaMHC class
Il; MSI: Microsatellite instability; NES: Normalized enrichment score; NK: Natural
killer cell; OS: Overall survival; OV: Ovarian serous cystadenocarcinoma; PAAD:
Pancreatic adenocarcinoma; PCPG: Pheochromocytoma and Paraganglioma;
PD-1: Programmed death 1; PRAD: Prostate adenocarcinoma; READ: Rectum
adenocarcinoma; RFS: Recurrence-free survival; ROC: Receiver Operating
Characteristic; SARC: Sarcoma; SELENBP1: Selenium-binding protein 1; SKCM:
Skin Cutaneous Melanoma; STAD: Stomach adenocarcinoma; TCGA: The can-
cer genome atlas; Tcm: T central memory; TCR: T-cell-receptor; Tem: T effector
memory; TGCT: Testicular Germ Cell Tumors; THCA: Thyroid carcinoma; THYM:
Thymoma; Th1: T helper 1; Th2: T helper 2; Th17:T helper 17; TIDE: Tumor
immune dysfunction and rejection; TIM-3: T cell immunoglobulin domain
and mucin domain-3; TPM: Transcripts per kilobase of exon model per million
mapped reads; TMB: Tumor mutation burden; UCEC: Uterine corpus endome-
trial carcinoma; WB: Western blotting.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512876-022-02532-2.

Additional file 1. Supplementary Figs. 1-4. Supplementary Fig. 1.
The scans of immunoblots from Fig. 2a. The line indicated the band
position for each protein. M, molecular weight markers; N, normal tissue;
C, colorectal cancer tissue. All tissues were derived from human samples.
Supplementary Fig. 2. Relationship between SELENBP1 expression and
prognosis of cancer patients. (a—d, i-k) OS was significantly prolonged

in patients with high SELENBP1 expression in HNSC, LUAD, LIHC, THCA,
MESO, SARC, BLCA. (e-h, I-m) Reliability of SELENBP1 expression in HNSC,
LUAD, LIHC, THCA, MESO, SARC, BLCA in predicting OS. Supplementary
Fig. 3. Correlation of SELENBP1 with immune cell infiltration in CRC. (a)
Lollipop plot showing the correlation of SELENBP1 with 24 immune

cell subsets in CRC. (b-r) Scatter plots showing positive correlation of
SELENBP1 with eosinophils, B cells and Th17 cells, and negative correlation
with macrophages, Th1 cells, neutrophils, Th2 cells, Tgd, NK cells, T helper
cells, Tem, cytotoxic cells, Tcm, CD8 T cells, aDC and DC. Supplementary
Fig. 4. Immune cell subgroup-based analysis of SELENBP1 expression
levels in relation to OS in CRC patients(a) Decreased B cells, (b) Enriched
B cells, (c) Enriched CD4+T cells, (d)Enriched CD8+T cells, (e) Decreased
CD8+T cells, (f)Enriched eosinophils, (g)Decreased eosinophils, (h)
Enriched macrophages, (i) Decreased macrophages, (j)Enriched mesen-
chymal stem cells, (k) Decreased mesenchymal stem cells, (I)Enriched
Natural killer T cells, (m) Decreased Natural killer T cells, (n) Enriched regu-
latory T cells, (o) Decreased regulatory T cells, (p) Enriched type 1 T-helper
cells, (q) Decreased type 1 T-helper cells, (r) Enriched type 2 T-helper cells.

Acknowledgements
Not applicable.

Author contributions

CZ Conceptualization, Methodology, Software, Visualization, Writing—original
draft. SW and YD: Validation, Writing—review & editing. YD and YD: Software,
Methodology, Visualization, QH: Software, Validation. XL and HD: Validation,
Software, Writing—review & editing. WY: Software, Validation. SY and HW:
Conceptualization, Methodology, Supervision. All authors read and approved
the final manuscript.

Funding

This work was supported by the National Basic Research Program of
China (2017YFA0105201) and the China Postdoctoral Science Foundation
(2021M690184 and 2021M690186).

Page 17 of 19

Availability of data and materials

The datasets used and analyzed during the current study are available from
the publicly open databases of TCGA (http://cancergenome.nih.gov/), GTEx
(https://cancergenome.nih.gov/), Oncomine (https://www.oncomine.org/
resource/main.html), UALCAN ( http://ualcan.path.uab.edu/index.html),
CancerSEA (http://biocc.hrbmu.edu.cn/CancerSEA/), cBioPortal (http://www.
cbioportal.org/index.do), Kaplan=Meier Plotter ( http://kmplot.com/analysis/),
GDSC (https://www.cancerrxgene.org/), and CTRP (http://www.broadinstitute.
org/ctrp/).

Declarations

Ethics approval and consent to participate

This study was in accordance with the Declaration of Helsinki and approved
by the Ethics Committee of the First Affiliated Hospital of Anhui Medical
University (approval number: PJ2022-09-57). Written informed consent was
obtained from the patients.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no conflict of interests.

Author details

'Department of Oncology, the First Affiliated Hospital of Anhui Medical
University, 218 Jixi Road, Hefei 230036, China. “Department of Geriatrics, Affili-
ated Provincial Hospital of Anhui Medical University, Anhui Medical University,
Hefei 230001, China. *Department of General Surgery, the First Affiliated
Hospital of Anhui Medical University, Hefei 230036, China.

Received: 20 January 2022 Accepted: 7 October 2022
Published online: 17 October 2022

References

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortal-
ity worldwide for 36 cancers in 185 countries. CA: Cancer J Clin.
2018;68(6):394-424.

2. Kryukov GV, Castellano S, Novoselov SV, Lobanov AV, Zehtab O, Guigo R,
Gladyshev VN. Characterization of mammalian selenoproteomes. Science
(New York, NY). 2003;300(5624):1439-43.

3. Radhakrishnan N, DinandV, Rao S, Gupta P, Toteja GS, Kalra M, Yadav SP,
Sachdeva A. Antioxidant levels at diagnosis in childhood acute lympho-
blastic leukemia. Indian J Pediatr. 2013;80(4):292-6.

4. Masri DS. Microquantity for macroquality: case study on the effect
of selenium on chronic neutropenia. J Pediatr Hematol Oncol.
2011,33(8):e361-362.

5. Rocha KC, Vieira ML, Beltrame RL, Cartum J, Alves S|, Azzalis LA, Junqueira
VB, Pereira EC, Fonseca FL. Impact of selenium supplementation in neu-
tropenia and immunoglobulin production in childhood cancer patients. J
Med Food. 2016;19(6):560-8.

6. Faghfuri E, Yazdi MH, Mahdavi M, Sepehrizadeh Z, Faramarzi MA, Mavan-
dadnejad F, Shahverdi AR. Dose-response relationship study of selenium
nanoparticles as an immunostimulatory agent in cancer-bearing mice.
Arch Med Res. 2015;46(1):31-7.

7. Wang H, Chan YL, LiTL, Bauer BA, Hsia S, Wang CH, Huang JS, Wang HM,
Yeh KY, Huang TH, et al. Reduction of splenic immunosuppressive cells
and enhancement of anti-tumor immunity by synergy of fish oil and
selenium yeast. PLoS ONE. 2013;8(1): €52912.

8. Yazdi MH, Mahdavi M, Varastehmoradi B, Faramarzi MA, Shahverdi AR.
The immunostimulatory effect of biogenic selenium nanoparticles
on the 4T1 breast cancer model: an in vivo study. Biol Trace Elem Res.
2012;149(1):22-8.

9. SongZ LuoW, Zheng H, Zeng Y, Wang J, Chen T. Translational nanothera-
peutics reprograms immune microenvironment in malignant pleural
effusion of lung adenocarcinoma. Adv Healthcare Mater. 2021;10(12):
€2100149.


https://doi.org/10.1186/s12876-022-02532-2
https://doi.org/10.1186/s12876-022-02532-2
http://cancergenome.nih.gov/
https://cancergenome.nih.gov/
https://www.oncomine.org/resource/main.html
https://www.oncomine.org/resource/main.html
http://ualcan.path.uab.edu/index.html
http://biocc.hrbmu.edu.cn/CancerSEA/
http://www.cbioportal.org/index.do
http://www.cbioportal.org/index.do
http://kmplot.com/analysis/
https://www.cancerrxgene.org/
http://www.broadinstitute.org/ctrp/
http://www.broadinstitute.org/ctrp/

Zhu et al. BMC Gastroenterology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

(2022) 22:437

LiuT, Xu L, He L, Zhao J, Zhang Z, Chen Q, Chen T. Selenium nanoparticles
regulates selenoprotein to boost cytokine-induced killer cells-based
cancer immunotherapy. Nano Today. 2020;35: 100975.

. Yang W, Diamond AM. Selenium-binding protein 1 as a tumor suppres-

sor and a prognostic indicator of clinical outcome. Biomarker research.
2013;1(1):15.

Wang Y, Fang W, Huang Y, Hu F, Ying Q, Yang W, Xiong B. Reduction of
selenium-binding protein 1 sensitizes cancer cells to selenite via elevat-
ing extracellular glutathione: a novel mechanism of cancer-specific
cytotoxicity of selenite. Free Radical Biol Med. 2015;79:186-96.

Elhodaky M, Hong LK, Kadkol S, Diamond AM. Selenium-binding

protein 1 alters energy metabolism in prostate cancer cells. Prostate.
2020;80(12):962-76.

Kim H, Kang HJ, You KT, Kim SH, Lee KY, Kim Tl, Kim C, Song SY, Kim H-J,
Lee C, et al. Suppression of human selenium-binding protein 1 is a late
event in colorectal carcinogenesis and is associated with poor survival.
Proteomics. 2006;6(11):3466-76.

Rhodes DR, Kalyana-Sundaram S, Mahavisno V, Varambally R, Yu J, Briggs
BB, Barrette TR, Anstet MJ, Kincead-Beal C, Kulkarni P, et al. Oncomine 3.0:
genes, pathways, and networks in a collection of 18,000 cancer gene
expression profiles. Neoplasia (New York, NY). 2007;9(2):166-80.
Chandrashekar DS, Bashel B, Balasubramanya SAH, Creighton CJ, Ponce-
Rodriguez |, Chakravarthi B, Varambally S. UALCAN: a portal for facilitating
tumor subgroup gene expression and survival analyses. Neoplasia (New
York, NY). 2017;19(8):649-58.

Yuan H, Yan M, Zhang G, LiuW, Deng C, Liao G, Xu L, Luo T, Yan H, Long
Z, et al. CancerSEA: a cancer single-cell state atlas. Nucleic Acids Res.
2019;47(D1):D900-d908.

Love MI, Huber W, Anders S. Moderated estimation of fold change and
dispersion for RNA-seq data with DESeq2. Genome Biol. 2014;15(12):550.
Kanehisa M, Goto S. KEGG: kyoto encyclopedia of genes and genomes.
Nucleic Acids Res. 2000;28(1):27-30.

Kanehisa M. Toward understanding the origin and evolution of cellular
organisms. Protein Sci: Publ Protein Soc. 2019;28(11):1947-51.

Kanehisa M, Furumichi M, Sato Y, Ishiguro-Watanabe M, Tanabe M.

KEGG: integrating viruses and cellular organisms. Nucleic Acids Res.
2021;49(D1):D545-d551.

Yu G, Wang LG, Han Y, He QY. clusterProfiler: an R package for comparing
biological themes among gene clusters. OMICS. 2012;16(5):284-7.
Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA,
Paulovich A, Pomeroy SL, Golub TR, Lander ES, et al. Gene set enrichment
analysis: a knowledge-based approach for interpreting genome-wide
expression profiles. Proc Natl Acad Sci USA. 2005;102(43):15545-50.

Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, Sun'Y,
Jacobsen A, Sinha R, Larsson E, et al. Integrative analysis of complex can-
cer genomics and clinical profiles using the cBioPortal. Science signaling.
2013;6(269):pl1.

Hénzelmann S, Castelo R, Guinney J. GSVA: gene set variation analysis for
microarray and RNA-seq data. BMC Bioinf. 2013;14:7.

Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner M, Obenauf AC,
Angell H, Fredriksen T, Lafontaine L, Berger A, et al. Spatiotemporal
dynamics of intratumoral immune cells reveal the immune landscape in
human cancer. Immunity. 2013;39(4):782-95.

Yoshihara K, Shahmoradgoli M, Martinez E, Vegesna R, Kim H, Torres-
Garcia W, Trevifio V, Shen H, Laird PW, Levine DA, et al. Inferring tumour
purity and stromal and immune cell admixture from expression data. Nat
Commun. 2013;4:2612.

Charoentong P, Finotello F, Angelova M, Mayer C, Efremova M, Rieder

D, Hackl H, Trajanoski Z. Pan-cancer immunogenomic analyses reveal
genotype-immunophenotype relationships and predictors of response
to checkpoint blockade. Cell Rep. 2017;18(1):248-62.

Lanczky A, Gydrffy B. Web-based survival analysis tool tailored for medical
research (KMplot): development and implementation. J Med Internet Res.
2021,23(7): €27633.

Yang W, Soares J, Greninger P, Edelman EJ, Lightfoot H, Forbes S, Bindal
N, Beare D, Smith JA, Thompson IR, et al. Genomics of Drug Sensitivity in
Cancer (GDSC): a resource for therapeutic biomarker discovery in cancer
cells. Nucleic Acids Res. 2013:41(Database issue):D955-961.

Rees MG, Seashore-Ludlow B, Cheah JH, Adams DJ, Price EV, Gill S, Javaid
S, Coletti ME, Jones VL, Bodycombe NE, et al. Correlating chemical

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Page 18 of 19

sensitivity and basal gene expression reveals mechanism of action. Nat
Chem Biol. 2016;12(2):109-16.

Seashore-Ludlow B, Rees MG, Cheah JH, Cokol M, Price EV, Coletti ME,
Jones V, Bodycombe NE, Soule CK, Gould J, et al. Harnessing connectiv-
ity in a large-scale small-molecule sensitivity dataset. Cancer Discov.
2015,5(11):1210-23.

Basu A, Bodycombe NE, Cheah JH, Price EV, Liu K, Schaefer Gl, Ebright RY,
Stewart ML, Ito D, Wang S, et al. An interactive resource to identify cancer
genetic and lineage dependencies targeted by small molecules. Cell.
2013;154(5):1151-61.

Jiang P, Gu S, Pan D, Fu J, Sahu A, Hu X, Li Z, Traugh N, Bu X, Li B, et al.
Signatures of T cell dysfunction and exclusion predict cancer immuno-
therapy response. Nat Med. 2018;24(10):1550-8.

Huang LJ, Mao XT, Li YY, Liu DD, Fan KQ, Liu RB, Wu TT, Wang HL, Zhang
Y, Yang B, et al. Multiomics analyses reveal a critical role of selenium

in controlling T cell differentiation in Crohn’s disease. Immunity.
2021;54(8):1728-1744.e1727.

Mayakonda A, Lin DC, Assenov Y, Plass C, Koeffler HP. Maftools: efficient
and comprehensive analysis of somatic variants in cancer. Genome Res.
2018;28(11):1747-56.

Zhu H,Wang G, Qian J. Transcription factors as readers and effectors of
DNA methylation. Nat Rev Genet. 2016;17(9):551-65.

Binnewies M, Roberts EW, Kersten K, Chan V, Fearon DF, Merad M,
Coussens LM, Gabrilovich DI, Ostrand-Rosenberg S, Hedrick CC, et al.
Understanding the tumor immune microenvironment (TIME) for effective
therapy. Nat Med. 2018;24(5):541-50.

Reichman H, Itan M, Rozenberg P, Yarmolovski T, Brazowski E, Varol C,
Gluck N, Shapira S, Arber N, Qimron U, et al. Activated eosinophils exert
antitumorigenic activities in colorectal cancer. Cancer Immunol Res.
2019;7(3):388-400.

Guo FF, Cui JW.The role of tumor-infiltrating B cells in tumor immunity. J
Oncol. 2019;2019:2592419.

Kang JC, Chen JS, Lee CH, Chang JJ, Shieh YS. Intratumoral macrophage
counts correlate with tumor progression in colorectal cancer. J Surg
Oncol. 2010;102(3):242-8.

Rao HL, Chen JW, Li M, Xiao YB, Fu J, Zeng YX, Cai MY, Xie D. Increased
intratumoral neutrophil in colorectal carcinomas correlates closely with
malignant phenotype and predicts patients’adverse prognosis. PLoS
ONE. 2012;7(1): €30806.

Sharma P, Wagner K, Wolchok JD, Allison JP. Novel cancer immunotherapy
agents with survival benefit: recent successes and next steps. Nat Rev
Cancer. 2011;11(11):805-12.

Herbst RS, Soria JC, Kowanetz M, Fine GD, Hamid O, Gordon MS, Sosman
JA, McDermott DF, Powderly JD, Gettinger SN, et al. Predictive correlates
of response to the anti-PD-L1 antibody MPDL3280A in cancer patients.
Nature. 2014;515(7528):563-7.

Bikfalvi A, Billottet C. The CC and CXC chemokines: major regulators of
tumor progression and the tumor microenvironment. Am J Physiol Cell
Physiol. 2020;318(3):C542-c554.

Hajiran A, Chakiryan N, Aydin AM, Zemp L, Nguyen J, Laborde JM,
Chahoud J, Spiess PE, Zaman S, Falasiri S, et al. Reconnaissance of tumor
immune microenvironment spatial heterogeneity in metastatic renal
cell carcinoma and correlation with immunotherapy response. Clin Exp
Immunol. 2021;204(1):96-106.

Ogunwobi OO0, Mahmood F, Akingboye A. Biomarkers in colorectal can-
cer: current research and future prospects. Int J Mol Sci. 2020;21(15):5311.
Becht E, de Reynies A, Giraldo NA, Pilati C, Buttard B, Lacroix L, Selves J,
Sautes-Fridman C, Laurent-Puig P, Fridman WH. Immune and stromal clas-
sification of colorectal cancer is associated with molecular subtypes and
relevant for precision immunotherapy. Clin Cancer Res: Off J Am Assoc
Cancer Res. 2016;22(16):4057-66.

Ip C. Lessons from basic research in selenium and cancer prevention. J
Nutr. 1998;128(11):1845-54.

PohlI NM, Tong C, Fang W, Bi X, Li T, Yang W. Transcriptional regulation and
biological functions of selenium-binding protein 1 in colorectal cancer
in vitro and in nude mouse xenografts. PLoS ONE. 2009;4(11): 7774.
Ganesh K, Stadler ZK, Cercek A, Mendelsohn RB, Shia J, Segal NH, Diaz
LA Jr. Immunotherapy in colorectal cancer: rationale, challenges and
potential. Nat Rev Gastroenterol Hepatol. 2019;16(6):361-75.

De la Fuente LM, Landskron G, Parada D, Dubois-Camacho K, Sim-

ian D, Martinez M, Romero D, Roa JC, Chahuan |, Gutiérrez R, et al. The



Zhu et al. BMC Gastroenterology

53.

54.

55.

56.

57.

58.

59.

60.

(2022) 22:437

relationship between chemokines CCL2, CCL3, and CCL4 with the
tumor microenvironment and tumor-associated macrophage markers
in colorectal cancer. Tumour Biol: J Int Soc Oncodevelop Biol Med.
2018;40(11):1010428318810059.

Chen J,Ye X, Pitmon E, Lu M, Wan J, Jellison ER, Adler AJ, Vella AT, Wang
K. IL-17 inhibits CXCL9/10-mediated recruitment of CD8(+) cytotoxic T
cells and regulatory T cells to colorectal tumors. J Immunother Cancer.
2019;7(1):324.

Biasci D, Smoragiewicz M, Connell CM, Wang Z, Gao Y, Thaventhiran JED,
Basu B, Magiera L, Johnson Tl, Bax L, et al. CXCR4 inhibition in human
pancreatic and colorectal cancers induces an integrated immune
response. Proc Natl Acad Sci USA. 2020;117(46):28960-70.

Nishino M, Ramaiya NH, Hatabu H, Hodi FS. Monitoring immune-check-
point blockade: response evaluation and biomarker development. Nat
Rev Clin Oncol. 2017;14(11):655-68.

Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, Skora
AD, Luber BS, Azad NS, Laheru D, et al. PD-1 blockade in tumors with
mismatch-repair deficiency. N Engl J Med. 2015;372(26):2509-20.

Ayers M, Lunceford J, Nebozhyn M, Murphy E, Loboda A, Kaufman DR,
Albright A, Cheng JD, Kang SP, Shankaran V, et al. IFN-y-related mRNA
profile predicts clinical response to PD-1 blockade. J Clin Investig.
2017;127(8):2930-40.

Kroemer G, Zitvogel L. Cancer immunotherapy in 2017: the breakthrough
of the microbiota. Nat Rev Immunol. 2018;18(2):87-8.

Van Allen EM, Miao D, Schilling B, Shukla SA, Blank C, Zimmer L, Sucker
A, Hillen U, Foppen MHG, Goldinger SM, et al. Genomic correlates

of response to CTLA-4 blockade in metastatic melanoma. Science.
2015;350(6257):207-11.

Chan TA, Wolchok JD, Snyder A. Genetic Basis for Clinical Response to
CTLA-4 Blockade in Melanoma. N Engl J Med. 2015;373(20):1984.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 19 of 19

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Tumor microenvironment-related gene selenium-binding protein 1 (SELENBP1) is associated with immunotherapy efficacy and survival in colorectal cancer
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	TCGAGTEx
	Oncomine database
	UALCAN cancer database
	CancerSEA database
	Gene set enrichment analysis
	cBioPortal database
	Immune infiltration analysis
	Drug sensitivity analysis
	Western blotting and RT-PCR assay
	Immunohistochemical staining and patient information

	Statistical analysis

	Results
	The expression of SELENBP1 is reduced in CRC patients
	Q-PCR and WB demonstrate low expression of SELENBP1 in CRC​
	Relationship between SELENBP1 expression and clinical parameters in CRC tissues
	Low SELENBP1 expression impacts the prognosis of CRC patients
	Gene set enrichment analysis of SELENBP1
	Gene alteration and methylation analysis of SELENBP1
	Correlation analysis between SELENBP1 expression and immune infiltration
	Correlation of SELENBP1 expression with chemotherapy and immunotherapy

	Discussion
	Acknowledgements
	References


