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The Schlafen (SLFN) gene family plays an important role in immune cell
differentiation and immune regulation. Previous studies have found that the
increased SLFN5 expression in patients with intestinal metaplasia correlates
with gastric cancer (GC) progression. However, no investigation has been
conducted on the SLFN family in GC. Therefore, we systematically explore the
expression and prognostic value of SLFN family members in patients with GC,
elucidating their possible biological function and its correlation with tumor
immune cells infiltration. TCGA database results indicated that the SLFNS5,
SLFN11, SLFN12, SLFN12L, and SLFN13 expression was significantly higher in
GC. The UALCAN and KM plotter databases indicated that enhanced the SLFN
family expression was associated with lymph node metastasis, tumor stage,
and tumor grade and predicted an adverse prognosis. cBioportal database
revealed that the SLFN family had a high frequency of genetic alterations in
GC (about 12%), including mutations and amplification. The GeneMANIA and
STRING databases identified 20 interacting genes and 16 interacting proteins
that act as potential targets of the SLFN family. SLFN5, SLFN11, SLFN12,
SLFN12L, and SLFN14 may be implicated in the immunological response,
according to Gene Set Enrichment Analysis (GSEA) and Kyoto Encyclopedia of
Genes and Genomes (KEGG). Additionally, Timer and TISIDB databases
indicate that SLFN5, SLFN11, SLFN12, SLFN12L, and SLFN14 are involved in
the immune response. Furthermore, Timer, TCGA, and TISIDB databases
suggested that the SLFN5, SLFN11, SLFN12, SLFN12L, and SLFN14
expression in GC is highly linked with immune cell infiltration levels,
immune checkpoint, and the many immune cell marker sets expression. We
isolated three samples of peripheral blood mononuclear cell (PBMC) and
activated T cells; the results showed the expression of SLFN family members
decreased significantly when T cell active. In conclusion, the SLFN family of
proteins may act as a prognostic indicator of GC and is associated with
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immune cell infiltration and immune checkpoint expression in GC.
Additionally, it may be involved in tumor immune evasion by regulating T

cell activation.
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Introduction

Gastric cancer (GC) has one of the highest morbidity and
mortality rates globally (1). According to the 2020 global cancer
statistics, there are 1.09 million new GC cases worldwide and
ranked fifth in the world’s new cancer incidence rate (2).
Additionally, there were 770,000 deaths, accounting for one-
fourth of all cancer deaths (2).

GC grows slowly and asymptomatically in the early stages,
making it difficult to detect (3). Most patients were diagnosed in the
middle or late stages, when the tumor had invaded surrounding
tissue or distant metastasis has occurred, due to GC’s hidden
symptoms and the low popularity of early cancer screening (4).
The patient’s survival rate with GC has improved significantly due
to early detection, treatment, and the availability of multiple
treatment options. Nonetheless, the average five-year survival rate
of GC patients in most countries remains less than 40% (1).
Elucidating GC development and progression mechanism is
important in devising novel treatment targets and designing new
drugs against new targets to increase GC patient’s survival.

The positive rate of PD-L1 expression in GC ranges from
12-50%, which is closely related to tumor-infiltrating immune
cells, particularly CD8" T cells (5). According to studies,
immune microenvironment characterization in tumors can be
utilized as a diagnostic factor for immunotherapy efficacy, and
PD-LI expression in tumor-infiltrating immune cells is more
beneficial for predicting effective treatment (6). Therefore, new
markers that detect tumor-associated infiltrating immune cells
and new immunological checkpoints have high therapeutic
relevance for GC immunotherapy.

Schwarz discovered the SLFN family in mice in 1988, and
SLEN1 was the first identified member (7). This protein was
named after the German word “Schlafen,” which means “sleep;”
because of its capacity to maintain T cell quiescence by inducing
T cell cycle arrest (7). SLEN family has many members, and
humans have six SLEN: SLEN5, SLFN11, SLEN12, SLFNI12L,
SLEN13, and SLFN14 (8). In recent years, the SLFN family has
been found to play an important role in tumor development and
drug resistance (9). High SLEN5 expression in melanoma (10),
renal cell carcinoma (11), and breast cancer (12) can inhibit
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tumor invasion and migration, indicating that SLFN5 acts as a
tumor suppressor gene. However, high SLFN5 expression in
glioblastoma (13), pancreatic ductal carcinoma (14), and
prostate cancer (15) can promote tumor proliferation, invasion,
and metastasis. Furthermore, studies have demonstrated that
SLFNI11 is an important chemotherapy-sensitizing gene in
tumors. The high SLFN11 expression in colorectal cancer and
lung adenocarcinoma causes tumor sensitivity to irinotecan
chemotherapy and platinum chemotherapy drugs (16-18).
Combining SLEN12 with phosphodiesterase 3A (PDE3A) can
enhance the lung adenocarcinoma cells sensitivity to DNMDP (19).

In GC, SLFN4 is a biomarker of intestinal metaplasia
(precancerous lesions of GC) in mice (20, 21). When mice are
infected with H. Pylori, SLFN4+ cells migrate to the stomach and
express the marker of bone marrow-derived inhibitory cells
(MDSC), inhibiting T cell proliferation (20, 21). Similarly,
SLENI12L (human homologue of 4) colocalized with cells
expressing the MDSC surface markers, i.e., CD15"CD33"HLA-
DR™ (22). Therefore, the study suggests that human SLEN, such
as SLFN12L (a homologue of SLFN4), may serve as a biomarker
for detecting human gastric mucosal pre-tumor transformation.
Furthermore, studies have demonstrated that higher SLFN5
expression in patients with intestinal metaplasia of gastric
mucosa cells is connected to the GC progression (23). The
authors also found that SLEN5 co-localize with T cells and
M2-type macrophages, suggesting that SLEN5 plays an
immunosuppressive role in GC (23).

The SLEN family has not yet been explored in GC and this
study aims to systematic explore the expression and prognostic
value of SLFN family members and determine their potential
molecular function and correlation with tumor immune cell
infiltration in GC.

Materials and methods
The SLFN family mRNA expression

The SLEN family mRNA expression data were collected from
The Cancer Genome Atlas (TCGA database, https://www.cancer.
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gov/tcga). The database involved more than 20,000 molecularly
characterized primary cancer, and matched normal samples
spanning 33 cancer types. We analyzed the SLEN family’s RNA
expression in 33 tumors using TCGA database. Moreover, SLFN
family mRNA expression in GC tissues and adjacent normal tissues
was compared using paired and unpaired tests. We used UALCAN
database (http://ualcan.path.uab.edu/) to explore the clinical
pathology parameters (tumor grade, lymph node metastasis
status, and tumor stage) associated with SLFN mRNA expression
in GC. UALCAN is a comprehensive web resource for cancer
OMICS data analysis and gene expression data, especially the
associated of gene expression level to clinical characteristics (24).

SLFN family genome changes

The genetic alterations (types and frequency genomic
changes) of the SLFN family in GC were investigated using the
cBioPortal database (http://cbioportal.org). The cBioPortal
database contains large-scale cancer genomic datasets that can
be visualized, downloaded, and analyzed (25).

Gene-gene interaction and protein-
protein interaction networks

Gene networks, including SLEN family genes, were constructed
using the GeneMANIA database (http://www.genemania.org).
GeneMANIA database is a flexible, fast web interface used to
generate gene-gene network and predict gene function (26).The
proteins interacting with SLEN family members were identified
using the STRING database (https://string-preview.org/), whichisa
database of known and predicted protein-protein interactions, and
a protein network interacting with SLEN was built.

Functional enrichment analysis

TCGA database was utilized to investigate the genes related to
the SLFN family, and most relevant genes were selected for KEGG
enrichment analysis using David database. LinkedOmics database,
(http://www.linkedomics.org/login.php) which is a unique
platform used to analyze cancer multi-omics data of cancers, was
used to conduct gene set enrichment analyses (GSEA) on each
SLEN member, including biological process (BP) and KEGG. The
database can perform enrichment analysis based on Gene
Ontology, biological pathways, network modules, etc (27).

Survival analysis

KM Plotter database (http://kmplot.com), an online
database use to investigate the correlation between gene
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expression and survival in patients with cancer (28), was
utilized to study the association between SLFN family
expression and GC patient survival time (OS, PFS) and to
assess the prognostic value of SLFN family expression in GC.
We assessed overall survival (OS) and progression-free survival
(PFS). The TCGA database was used to study the genes not
included in KM Plotter. Additionally, we used the KM Plotter
database to examine the link between SLFN members associated
with the prognosis of GC patients (p < 0.05) and clinical
characteristics such as T stage, N stage, M stage, gender, age,
and chemotherapy.

Tumor-infiltrating immune cells

TIMER database (https://cistrome.shinyapps.io/timer/), a web
resource used to evaluate different immune cells infiltration in
diverse cancer types (29), was used to explore the link between
tumor immune cell infiltration and SLEN family expression
including B cells, CD8" T cells, CD4" T cells, neutrophils,
macrophages, and dendritic cells. Tumor immune cell infiltration
was further validated using the TISIDB (http://cis.hku.hk/TISIDB/
index.php). TISIDB is another web portal for investigating the
interaction of tumor and immune system (30). Meanwhile, the
correlation module of the GEPIA database (http://gepia.cancer-
pku.cn/index.html), which provides gene expression and
correlation analysis in tumor/normal tissue (31), was utilized to
investigate the association between SLEN expression and different
gene marker sets of immune cells. The correlation and statistical
significance of SLFN expression and immune infiltration

were determined.

Immune checkpoint analysis

The immunomodulator module of the TISIDB database
(http://cis.hkuhk/TISIDB/index.php) was used to analyze the
correlation between SLFN family expression and immune
checkpoints, including CD160, CD244, CD247, CTLA4, LAG3,
PDCD1, PDCDI1LG2, TIGIT, and HAVCR2. As SLFN12L and
SLEN14 were excluded in the TISIDB database, GEPIA database
was used to analyze their correlation.

Peripheral blood mononuclear cell and
the correlation analysis

We analyzed SLFN family expression in the peripheral blood
monocyte lineage using the immune cell module of the Human
Protein Atlas database (https://www.proteinatlas.org/), which
showing the expression of genes in immune cell types (32),
and then isolated PBMC from healthy individuals. After 24 h,
CD3/CD28 were added to activate T cells and extract mRNA.
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Then, qPCR was performed to analyze the changes in SLFN
mRNA expression before and after T cell activation.

PBMC extraction and culture

Three blood samples were collected from patients admitted
to the Digestive Medicine Center of the Seventh Affiliated
Hospital of Sun Yat-sen University. Before blood extraction,
patients were informed of the purpose and the consent forms
were signed. The study was approved by the Ethics Committee of
the Seventh Affiliated Hospital of Sun Yat-sen University (Ethics
number: KY-2021-118-01). The isolated PBMC were cultivated
in X-Vivol5 lymphocyte culture media with a 1:1000 ratio of IL-
2 and 1:1000 ratio CD3/CD28, then placed in a cell culture box
containing 5% CO, at 37°C. The medium was changed or
subcultured according to the cell growth conditions.

Quantitative real-time PCR

Total RNA was extracted from PBMC and GC tissue using
Trizol reagent. The RNA vyield and purity were determined using
NanoDrop spectrophotometer (NanoDrop Technologies). RNA
was reverse transcribed to make cDNA using cDNA synthesis kit
(Accurate Biology). The reverse transcription-PCR was
performed on a BioRAD Real-Time PCR System, and the gene
expression was normalized using GAPDH primers. The primers
for qRT-PCR are shown in Table SI.

Statistical analysis

GraphPad Prism 5.0 (California) was used for data statistics
and plotting the results. Chi-square and rank-sum tests were
used for classification and count variables. T test was used for
comparison of two groups. Comparisons among multiple groups
involved one-way ANOVA and Bonferroni test was used for
correction p-values. Generally, p-values less than 0.05 or less
than correction p were considered statistically significant. This
indicates that p > 0.05, *p < 0.05, **p < 0.01, and ***p < 0.001.

Results
Increased SLFN family expression in GC

We used the TCGA database to investigate the SLFN mRNA
expression between tumors and normal tissues in different
tumors. The findings revealed that SLFN5, SLFN11, SLEN12,
SLEN12L, SLFN13, and SLFN14 were expressed at higher levels
in many cancers, including GC (stomach adenocarcinoma;
STAD), while the SLEN14 expression levels were relatively low
in all tumor and normal tissues (Figures 1A-F). We analyzed
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SLEN expression in paired and unpaired tumor tissues and
normal gastric tissue using the TCGA database to investigate
further the expression and clinical significance of the SLFN
family in GC. The results demonstrated that SLEN5, SLEN11,
SLEN12, SLEN12L, and SLEN13 expression in tumor tissues was
significantly higher than that in normal tissues in paired, and
unpaired tests, implying that they may play a role in promoting
tumor progression in GC. While the SLFN14 expression levels in
paired tissues were not statistically significant (Figures 1G-L).

Following that, we investigated the roles of SLFN5, SLFN11,
SLFN12, SLEN12L, and SLEN13 in GC. UALCAN database was
utilized to explore the relationship between the expression and
tumor stage, lymph node metastasis, and tumor grade. The
results showed that the high SLFN5, SLEN11, SLFN12,
SLFN12L, and SLEN13 expression in GC was positively
correlated with lymph node metastasis, tumor stage, and
tumor grade (Figures 2A-F). The findings further suggest that
SLEN family may play a role in GC progression.

Prognostic value of SLFN family in GC

Next, we investigated whether the SLEN family expression is
associated with a poor prognosis in GC. The Kaplan-Meier plotter
was used to analyze the OS and PFS of six SLFN GC members. The
results showed that high SLFN5 and SLEN13 expression indicate poor
prognosis in GC patients. OS [HR: 1.54 (1.24-1.91), p = 9.2x10°%; HR:
1.68 (1.33-2.12), p = 9.8x10°, respectively] and PFS [HR: 1.42 (1.12-
1.81), p = 0.0035; HR: 145 (1.12-1.88), p = 0.0045, respectively]
(Figures 3A, E). As for SLEN11, SLFN12, SLEN12L and SLEN14, the
OS have no statistically significant differences between the high
expression group and low expression group in patients with GC
(p>0.05, Figures 3B-D, F). These findings suggest that SLEN5 and
SLEN13 promote GC progression and act as a prognostic indicator.
We further analyzed the effects of SLEN5 and SLFN13 mRNA
expression on prognostic association with clinicopathological
characteristics of GC patients. The result revealed that high SLEN5
expression was associated with a poor prognosis in patients with
clinicopathological characteristics, including male, any T stage, NO and
N+ stage, MO stage, moderately differentiated, surgically treated, and
HER2-positive. While SLEN13 overexpression in males and females,
any T stage, N+ stage, MO stage, moderately differentiated, surgically
treated, and HER2-positive patients had a poor prognosis (Tables 1, 2).

Genomic alterations of the SLFN family
and the interaction network

The amplification frequency and mutation type of the SLFN
family in GC were determined using the cBioportal database. The
findings revealed that the SLFN family had a high frequency of
genetic alterations in GC (about 12%), including mutations and
amplification. SLEN5 gene alterations were the highest among the
family, accounting for around 5% (Figures 4A, B). Additionally, we
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FIGURE 1

SLFN family members are highly expressed in gastric cancer. (A—F) Increased expression of SLFN family members in pan-cancer. (A) mRNA expression of
SLFNS5 in different tumors. (B) mMRNA expression of SLFN11 in different tumors. (C) mRNA expression of SLFN12 in different tumors. (D) mRNA expression of
SLFN12L in pan-cancer. (E) mMRNA expression of SLFN13 in pan-cancer. (F) mRNA expression of SLFN5 in pan-cancer. (G—L) Paired and unpaired mRNA
expressions of different SLFN family members in gastric cancer tissues and normal gastric mucosa tissues. (G-K) The paired and unpaired expressions of
SLFNS5, SLFN11, SLFN12, SLFN12L, and SLFN13 in tumors were higher than normal. (L) SLFN14 expression was higher in tumors than in normal tissues, but
there was no difference in SLFN14 expression in paired tissues. *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 and ns means no significance.

analyzed the correlation of six SLFN members family and found
that they were highly correlated (Figure 4C). The gene network with
probable interactions with the SLFN family and the protein-protein
interaction network was then plotted using GeneMANIA and
STRING databases. We identified 20 interacting genes and 16
interacting proteins that act as a potential target of SLFN family, as
depicts in Figures 4D, E.

Potential functions of the SLFN family
in GC

There have been few studies on the function of SLFN family in
GC, and our prior research found that SLFN family, especially
SLEN5 and SLFN13, may promote GC. We performed a KEGG
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gene set enrichment analysis of the SLFN family to better
understand its role in GC. The results revealed that the family
was primarily associated with infectious and inflammatory
diseases, such as malaria, measles, EB virus infection, rheumatoid
arthritis, hepatitis B and hepatitis C. Furthermore, SLFN family is
linked to NF-kappa B signaling pathways (Figure 5). We used
GSEA module of LinkedOmics database to analyze BP and KEGG
of each member to better understand the role of each family
member in GC. The findings revealed that the functions of SLEN
members were mainly related to immunity. Specifically, SLEN5 is
associated with T cell activation and immune response regulation,
SLEN11 with adaptive immune response and immune regulation,
SLFN12 with adaptive immune response and leukocyte activation
involved in inflammatory response and SLENI2L is related to
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FIGURE 2

High expression of SLFN family members was correlated with gastric cancer stage, grade, and lymph node metastasis. (A-F) The mRNA
expressions of SLFN5, SLFN11, SLFN12, SLFN12L, and SLFN13 were positively correlated with gastric cancer stage, tumor grade, and lymph node

metastasis. *p < 0.05, **p < 0.01, and ***p < 0.001 and
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FIGURE 3

Prognostic value of SLFN family in GC. (A-F) The relationship between mRNA expression of different SLFN family members and OS and PFS in
gastric cancer. (A, E) High SLFN5 and SLFN13 mRNA expression associated with poor OS and PFS in patients with gastric cancer.

lymphocyte-mediated immunity response and leukocyte activation
involved in inflammatory response. SLFN13 is associated with
stimulus-response, whereas SLFN14 is associated with B cell
activation (Figures 6A-F and Figure S1).

SLFN family correlation with immune cell
infiltration in GC

Our previous research indicates that the SLFN family is involved
in GC and is functionally related to inflammatory disorders,
immune cell activation, and regulation. To determine whether the
SLEN family plays a role in the immune microenvironment of GC,
we used TIMER and TCGA databases to examine the relationship
between SLEN family member expression and tumor immune cell
infiltration, including B cells, CD4" T cells, CD8" T cells,
neutrophils, macrophages, and dendritic cells. The findings
revealed that SLFN5, SLEN11, SLEN12, and SLFN12L expression
in GCsignificantly positively correlated with the infiltration of CD8"
T and CD4" T cells, macrophages, neutrophils, and dendritic cells,
but not with the infiltration of B cells SLEN14 were significantly
positively correlated with all of these immune cells, including B cell.
Additionally, SLEN13 expression was not significantly associated
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with immune cell infiltration (Figures S2A-F). According to the
TCGA database, the SLFN5, SLFN12, SLEN12L, and SLFN14
expressions in GC were primarily related to T cell infiltration,
particularly Tem cell infiltration, whereas SLFN11 was primarily
related to macrophages and dendritic cells (DCs) and SLEN13 was
not significantly related to tumor immune cell infiltration
(Figures 7A-F). The outcome is consistent with TIMER database.
We used TISIDB database to examine the correlation between SLFN
expression and immune cell infiltration and SLEN effect on the
tumor microenvironment (TME). The findings were consistent,
indicating that the SLFN5, SLFN11, and SLEN12 expression was
positively correlated with natural killer (NK) cells, Th17 cells, and
Treg cells in GC (Figure S3).

SLFN expression correlates with immune
checkpoint

Most members of SLEN family expression in GC were
positively correlated with immune cell infiltration; earlier
research demonstrated that tumor immune cell infiltration is
associated with immune-related checkpoint expression (33).
Based on this hypothesis, we further investigated whether SLFN
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TABLE 1 Correlation of SLFN5 mRNA expression and clinical prognosis in GC with different clinicopathological factors by Kaplan-Meier plotter.

Clinicopathological characteristics OS(N=631)
N Hazard ratio

Sex

Female 187 1.46(0.95-2.24)

Male 349 1.66(1.24-2.23)
T Stage

1 - .

2 241 1.67(1.09-2.55)

3 204 1.41(1-2)

4 38 2.48(1.06-5.82)
N Stage

NO 74 3.65(1.23-10.8)

N+ 422 1.59(1.22-2.07)
M Stage

MO 444 1.54(1.17-2.04)

M1 56 1.57(0.79-3.1)
Differentiation

Poorly 121 0.51(0.29-0.87)

Moderately 67 1.78(0.85-3.71)

Well - -
Treatment

Surgery 380 1.41(1.06-1.88)

5-FU based adjuvant 34 0.51(0.17-1.52)

others adjuvant 76 4.09(1.48-11.29)
HER2

Negative 429 1.3(1-1.69)

Positive 202 2.25(1.54-3.29)

a means p<0.05.

expression in GC is related to immunological checkpoints. We
investigated the relationship between SLEN5, SLFN11, SLFN12,
SLEN13, CD160, CD244, CD247, CTLA4, LAG3, PDCD]1,
PDCDILG2, TIGIT, and HAVCR2 using the TISIDB database.
While SLFEN12L and SLFN14 were excluded from the TISIDB
database, we studied their link using GEPIA database. The results
suggested that SLEN5, SLEN11, SLEN12, and SLFNI12L were
positively linked with CD160, CD244, CD247, CTLA4, LAGS3,
PDCD1, PDCDI1LG2, TIGIT, and HAVCR2. However, there was
no significant correlation between SLFN13 and these
immunological checkpoints (Figures S4A-D). SLEN14 expression
was positively correlated with CD160, CD244, CD247, PDCD1,
PDCDI1LG2, and TIGIT, but not with CTLA4, LAG3, and
HAVCR2 (Table 3 and Figure S5).

Correlation between SLFN expression
and immune cell markers

Our previous results revealed that increased SLFN5,

SLEN11, SLEN12, SLENI12L, and SLEN14 expression in GC
positively correlated with immune cell infiltration and immune
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PFS(N=522)

p value N Hazard ratio p value
0.081 179 1.28(0.84-1.97) 025
0.00061a 341 1.58(1.18-2.1) 0.0019a

0.0017* 239 1.37(0.91-2.07) 0.13
0.05° 204 1.34(0.96-1.88) 0.084
0.031° 39 3.94(1.77-8.79) 0.00034°
0.013" - - -

0.00047° 423 1.42(1.1-1.83) 0.0065"

0.0021* 443 1.41(1.08-1.84) 0.011°

0.19 56 0.62(0.34-1.11) 0.1
0.013° 121 0.52(0.32-0.85) 0.0082 *

0.12 67 1.74(0.86-3.52) 0.12
0.019° 375 1.28(0.97-1.69) 0.083

022 34 0.48(0.19-1.24) 0.12

0.0032* 80 3.15(1.37-7.34) 0.005 *
0.053 356 0.77(0.56-1.05) 0.099

1.8%10A-5 166 2.45(1.6-3.76) 2410757

checkpoints activation. We used the GEPIA database to verify
the correlation between SLFN5, SLEN11, SLFN12, and SLFN12L
expression and numerous immune cell features in GC. The
results are listed in Tables 3, 4 as the gene set used to characterize
immune cells. The immune cells included T cells, CD8" T cells, B
cells, M1 macrophages, M2 macrophages, monocytes, tumor-
associated macrophages (TAMs), neutrophils, NK cells, and
DCs. The findings revealed that the SLEN5, SLFN11, SLEN12,
and SLFNI12L expressions were strongly linked with most
immunological markers in various types of immune cells
(Table 4). As previous research indicates that the SLFN family
is closely related to T cell activation, we further examined the
correlation between SLFN and various T cells, including the
effect of T cells, Treg, resting Treg, the effect of Treg, immature T
cells, the effect of memory T cells, against memory T cells, and
helper T cells Th1, Thl-like, and Th17 cells (Table 5).

The SLFN family expression in PBMC

According to our findings, SLEN family plays an important
role in the immune microenvironment of GC and is functionally
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TABLE 2 Correlation of SLFN13 mRNA expression and clinical prognosis in GC with different clinicopathological factors by Kaplan-Meier plotter.

Clinicopathological characteristics OS(N=631) PFS(N=522)
N Hazard ratio p value Hazard ratio p value
Sex
Female 187 1.36(0.85-2.15) 0.19 179 1.35(0.86-2.13) 0.19
Male 349 1.66(1.21-2.26) 0.0014 a 341 1.35(1.01-1.81) 0.043 a
T Stage
1 — — — — — -
2 241 1.36(0.87-2.13) 0.17 239 0.73(0.48-1.12) 0.15
3 204 1.69(1.14-2.5) 0.0083 a 204 1.64(1.12-2.4) 0.0094 a
4 38 0.34(0.14-0.84) 0.015 a 39 0.36(0.16-0.81) 0.011 a
N Stage
NO 74 0.58(0.25-1.34) 0.2 - - -
N+ 422 1.54(1.16-2.05) 0.0029 * 423 1.38(1.05-1.82) 0.02*
M Stage
MO 444 1.49(1.12-1.98) 0.006 * 443 1.4(1.06-1.83) 0.016 *
M1 56 0.71(0.39-1.3) 0.26 56 0.51(0.28-0.94) 0.029 *
Differentiation
Poorly 121 0.54(0.32-0.89) 0.014 ° 121 0.55(0.34-0.89) 0.0014 *
Moderately 67 2.07(1.07-4) 0.027 67 1.83(0.97-3.46) 0.06
Well - - - - - -
Treatment
Surgery 380 1.32(0.98-1.77) 0.064 375 1.23(0.93-1.63) 0.15
5-FU based adjuvant 34 0.63(0.24-1.63) 0.35 34 0.49(0.21-1.18) 0.11
others adjuvant 76 0.55(0.22-1.39) 0.2 80 1.5(0.65-3.48) 0.34
HER2
Negative 429 1.36(1.02-1.82) 0.035* 356 1.24(0.88-1.75) 0.23
Positive 202 2.18(1.49-3.17) 3*10A-5 166 2.65(1.74-4.04) 2.7107-6
a means p<0.05.
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FIGURE 4

Genome changes and interaction network of SLFN family. (A, B) Genomic changes of SLFN gene families. (C) Correlation analysis among SLFN
family members. (D) STRING generates PPI network of SLFN gene family. (E) GeneMania was used to construct SLFN family gene-gene

interaction network.
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Biological functions of SLFN family members. Using Gene Set Enrichment Analysis (GSEA) module of LinkedOmics database to conduct
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functional enrichment for different SLFN members. (A) The biological process of SLFN5 suggests related to T cell activation, immune response,
and immune regulation. (B) The biological process of SLFN11 related to adaptive immune response and immune regulation. (C) The biological
process of SLFN12 related to adaptive immune response, leukocyte activation. (D) The biological function of SLFN12L related to lymphocyte-
mediated immune response and inflammatory mediated leukocyte activation. (E) The biological function of SLFN13 is related to stimulus-
response. (F) The biological function of SLFN14 is related to B cell activation.

connected to various immune cell regulation. To further
understand the role of SLFN family in immune cells, we used
the Human Protein Atlas database that helps to study the SLFN
family expression in PBMC. The results revealed that SLEN5 is
expressed in Treg cells, NK cells, naive CD4" T cells, and naive
CD8" T cells, SLFN11 is expressed in monocytes and DCs,
SLEN12 is overexpressed in basophils and monocytes and
SLENI12L is overexpressed in eosinophils, basophils and NK

Frontiers in Immunology

cells, SLFN13 is overexpressed in NK cells, while SLFN14
is expressed in NK cells (Figures 8A-F).

Down-regulated SLFN expression in
activation of T cells

The SLEN family expression in the PBMC indicates that SLFN5
is mainly expressed in Treg cells, which promote tumor progression
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FIGURE 7

Relationship between SLFN family members and tumor immune cell infiltration. (A—F) The relationship between SLFN family members and
immune cell infiltration in gastric cancer was analyzed using TCGA database. (A, C, D) SLFN5, SLFN12, and SLFN12L were mainly related to T cell
infiltration, especially Tcm cell infiltration. (B) SLFN11 was mainly associated with macrophages and DC cells. (E) SLFN13 had no significant
relationship with tumor immune cell infiltration. (F) SLFN14 was associated with Tcm and B cell infiltration.

TABLE 3 Correlation between SLFN and immune checkpoint.

Immune checkpoint

CD160
CD244
CD247
CTLA4
LAG3
PDCD1
PDCDILG2
TIGIT
HAVCR2

*P<0.05, **P<0.01, **P<0.001.

SLEN5

SLEN11

Cor P Cor

0.139 b 0.081
0.37 o 0.329
0.416 o 0.030
0.305 b 0.28
0.253 o 0.288
0.314 b 0.317

0.5 o 0.487
0.422 b 0.36
0.411 b 0.446

SLEN12 SLEN12L SLEN13 SLEN14

Cor

0.207
0.298
0.221
0.202
0.192
0.174
0.366
0.29
0.279

(34). We hypothesize that elevated SLEN family expression in GC
can regulate T cells resting state and induce GC progression. We
examined the SLEN expression in inactivated and activated T cells
to validate our hypothesis further. We isolated PBMC from healthy
human peripheral blood. Cultured PBMC were amplified and then
divided into two groups. One group received no special treatment,
while the other was provided T cell activation reagent CD2/CD3/
CD28 for 24 h before extracting RNA for performing RT-PCR. The
results showed that SLEN5 had the greatest expression level in
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P Cor P Cor P Cor P

b 0.33 b -0.029 0.551 0.33 b
o 0.62 e -0.084 0.087 0.29 b
b 0.76 b 0.017 0.729 0.057 0.25
b 0.093 0.059 -0.008 0.864 0.034 0.49
b 0.43 o -0.036 0.466 0.059 0.24
b 0.51 b -0.052 0.295 0.22 b
b 0.52 o -0.015 0.765 0.11 *
b 0.73 b -0.018 0.719 0.35 b
b 0.46 e -0.039 0.432 0.093 0.061

PBMC, followed by SLEN12L and SLEN13. SLEN14 expression was
very low and insignificant compared to other members (Figure 8G).
The SLENS5, SLFN11, SLFN12, SLEN12L, SLEN13, and SLFN14
expressions were significantly down-regulated after T cells
activation, with SLFN12L being the most down-regulated,
followed by SLFN5 and SLFN14 (Figure 8H). These findings
imply that the SLFN family plays a crucial role in T cell activation
and that its elevated expression in malignancies may inhibit the T

cells activation.
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TABLE 4 Correlation analysis between SLFN and gene markers of immune cells in GEPIA.

Description Gene markers SLENS5
p Cor
M2 CD163 o 0.34
VSIG4 o 0.23
Neutrophils MS4A4A e 0.33
CEACAMS 0.19 0.065
ITGAM o 0.37
Natural CCR7 o 0.37
Killer cell KIR2DL1 * 0.13
KIR2DL3 o 023
KIR2DL4 e 0.23
Dendritic KIR3DL1 o 0.16
KIR3DL2 oex 035
HLA-DPA1 o 0.28
cell CD1C b 0.27
NRP1 o 047
ITGAX o 042
B cell CDI19 * 0.1
CD79A 0.19 0.065
T cell CD3D b 0.28
CD3E o 0.39
CD2 o 042
CD8+ T cell CD8A o 0.37
CD$B 0.21 0.062
Monocyte CD86 e 0.34
CSFIR b 042
TAM CCL2 0.072 0.089
CD68 e 0.24
IL10 * 0.12
M1 IRF5 o 0.32
PTGS2 * 0.16

*P<0.05, **P<0.01, **P<0.001.

Discussion

The involvement of SLFN family members in cancer has
recently received much attention. However, there are currently
few studies on its role in GC (9). The role of SLEN in GC and
whether SLFN family expression is linked to immune cell
infiltration in GC remains unclear.

In this study, we systematically explored the expression,
prognostic value, the biological function, the possible involved
signaling pathways of the SLEN family in GC, and the role of
SLEN family members in tumor-associated infiltrated immune
cells. TCGA database revealed that six SLEN family members
were highly expressed in various tumors. Except for SLEN14, the
expression of the other family members was over-expressed in
GC compared to normal gastric tissues in paired and unpaired
analyses. The presence of the SLFN family was linked to tumor
stage, lymph node metastasis, and tumor grade in GC.
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SLFN11 SLEN12 SLFN12L

p Cor p Cor p Cor
o 0.38 o 0.34 ok 033
o 036 o 022 oo 0.17
- 038 - 032 ok 03
oo 0.17 0.36 0.0046 0.8 -0.012
- 03 - 03 ook 037
oo 0.19 o 021 oo 0.54
* 0.13 * 0.13 o 0.24
e 0.14 o 0.18 o 0.32
0.15 0.0071 * 0.11 o 023
o 0.17 o 0.19 ok 0.32
o 0.21 o 025 o 045
o 0.28 o 028 ok 047
e 0.21 o 023 o 043
o 037 o 032 ok 0.3
o 0.34 o 037 oo 041
0.16 0.07 023 0.059 o 027
029 0.053 0.59 0.026 oo 0.22
o 0.19 o 0.26 o 0.61
oo 0.24 o 035 oo 0.72
o 0.29 o 041 o 0.72
o 027 o 031 ok 0.72
0.57 0.028 0.14 0.074 o 023
o 0.34 o 033 ok 0.38
- 041 - 036 ot 04
> 0.15 * 0.1 > 0.13
o 025 o 0.18 > 0.16
- 02 0.07 0.09 0.59 -0.027
oo 021 o 0.19 o 0.28

* 0.1 * 0.13 0.6 -0.026

According to KM Plotter analysis, high SLEN5 and SLFN13
expression were associated with a poor prognosis, i.e., a lower OS
and PFS. These findings imply that the SLFN family may
enhance GC progression and that SLFN5 and SLFN13 can be
employed as prognostic indicators for the disease. However, this
result requires more experimental validation.

According to KEGG enrichment analysis, SLEN is involved
in several inflammatory and infectious disorders, including
malaria, hepatitis C, measles, EB virus infection, rheumatoid
arthritis, and IBD. Furthermore, the signal pathways implicated
are primarily associated with inflammation, such as the JAK-
STAT signal and NF-xB signal pathway. The STRING database
revealed that three possible target proteins interacted with SLEN,
including BST2, SAMHDI, and TRIMS5, previously implicated
in viral infection (35-37). Inflammation plays a crucial role in
tumor occurrence and growth, and some researchers argue that
inflammation is the seventh characteristic of tumors (38, 39). A
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TABLE 5 Correlation between SLFN and gene markers of T cells in GEPIA.

Description Gene markers SLEN5
p Cor
Resident memory T- CD69 ok 0.37
cell CXCR6 b 0.4
MYADM o 0.17
General CCR7 o 0.37
memory T-cell SELL ok 0.39
IL7R b 0.49
Exhausted T-cell HAVCR2 ex 0.42
LAG3 b 0.24
CXCL13 b 0.22
Th1 TBX21 b 0.4
STAT4 b 0.48
STAT1 o 0.44
TNF b 0.25
IFNG b 0.23
Th1-like HAVCR2 b 0.42
CXCR3 o 0.3
BHLHE40 b 0.18
CD4 o 0.44
Th2 STAT6 b 0.35
STAT5A bt 0.56
Treg FOXP3 b 0.39
CCR8 b 0.48
TGFB1 b 0.33
Resting Treg FOXP3 o 0.39
IL2RA e 0.43
Effector Treg T- FOXP3 e 0.39
cell CCR8 b 0.48
TNFRSF9 b 039
Effector T-cell CX3CR1 e 0.21
FGFBP2 0.058 0.094
FCGR3A oex 0.34
Naive T-cell CCR7 ot 0.37
SELL b 0.39
Effector memory DUSP4 0.88 -0.0076
T-cell GZMK b 0.32
GZMA e 0.27

*p < 0.05, **p < 0.01, **p < 0.001.

range of cytokines, including TNF, RANKL, IL-1, and IL-6,
induce inflammation and promote tumor cell metastatic
capacity through altering dissemination and colonization in
distant metastatic lesions (40-42). The NF-xB signaling route
can trigger inflammatory factors, and activate the NF-xB
signaling pathway (40).

Tumor-associated immune cells can promote tumor
progression by producing cytokines and assist tumor
metastasis by secreting growth factors or matrix-degrading
enzymes (43). Our study found that the SLFN5, SLFNI1I,
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SLEN11 SLFN12 SLEN12L
p Cor p Cor p Cor
o 0.29 o 032 o 0.55
o 032 o 041 oo 0.68
- 0.18 - 02 ook 022
o 0.19 o 021 oo 0.54
o 025 o 027 o 0.56
o 0.3 oo 0.36 ok 0.48
o 038 o 032 o 046
* 0.12 o 0.22 o 043
* 0.13 o 0.17 o 048
o 0.28 o 039 o 0.77
o 03 o 0.44 o 0.74
o 0.34 o 0.42 o 045
“* 0.15 * 0.15 o 0.15
* 0.1 o 028 o 0.34
o 0.38 oo 032 o 0.46
o 0.17 o 023 o 0.63
o 0.14 0.17 0.0069 0.48 -0.035
- 039 - 04 oot 059
o 025 oo 031 o 0.16
o 037 o 0.42 o 051
o 0.24 o 033 o 0.58
o 028 o 035 o 0.6
o 0.28 o 023 o 0.34
o 0.24 o 033 o 0.58
o 031 o 038 o 046
e 0.24 o 033 o 0.58
o 0.28 o 035 o 0.6
o 0.26 o 033 ok 057
* 0.11 o 021 o 03
033 0.049 * 0.12 0.17 0.068
o 0.32 o 032 o 037
o 0.19 oo 021 ok 0.54
o 025 o 027 o 0.56
0.11 -0.079 024 -0.059 * -0.099
e 0.22 o 022 o 0.64
** 0.14 o 022 o 041

SLFN12, SLEN12L, and SLFNI14 expressions were positively
linked with the infiltration of CD8" T cells CD4" T cells,
macrophages, neutrophils, and dendritic cells. Furthermore,
SLENS5, SLEN11, and SLEN12 were positively linked with NK
cells, Th17 cells, and Treg cells in GC. Their expression levels
were not significantly correlated to B cell infiltration and
SLFN13 expression was not significantly correlated with
immune cell infiltration. We predicted that some SLFN family
members would enhance GC growth by increasing tumor
immune cell infiltration.
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Expression of SLFN family in PBMC. (A) SLFN5 was highly expressed in Treg cells, NK cells, naive CD4 T cells, and naive CD8 T cells. (B) SLFN11
was highly expressed in monocytes and dendritic cells. (C) SLFN12 was highly expressed in basophils and monocytes. (D) SLFN12L was highly
expressed in NK cells. (E) was highly expressed in eosinophils, basophils, and NK cells. (F) SLFN14 had generally low expression. (G, H) SLFN
family mRNA expression was down-regulated after active of T cells. (G) In PBMC, compared with SLFN13, the expression level of SLFN5 was the
highest, followed by SLFN12L, and the expression level of SLFN13 was the third. Compared with other families, the expression level of SLFN14
was negligible. (H) Changes of SLFN family mRNA expression before and after T cell activation. **p < 0.01 and ***p < 0.001.

In recent years, immune infiltrating cells in TME have been
paid more attention for their crucial role in tumor genesis and
development (44). Previous research has indicated that it
contains tumor antagonistic or tumor-promoting properties
(45). Tumor-associated immune cells are classified into two
groups based on their function in tumors: tumor antagonistic
immune cells and tumor-promoting immune cells (46). Tumor
antagonistic immune cells are mainly composed of effector T
cells (CD8" T and CD4" T cells), NK cells, DCs, M1-type
macrophages, and Nl-polarized neutrophils. Tumor-
promoting immune cells are mainly composed of regulatory T
cells (Treg) and myeloid suppressor cells (MDSCs) (45).

A previous study found SLFN5 co-localization with T cells
and M2-type macrophages in precancerous lesions of GC,
implying that SLFN5 plays an immunosuppressive role in GC
(23). Consistently, we found that SLEN5 is primarily expressed
in Treg and naive T cells, which play a tumor-promoting role in
cancer (47). Similarly, high SLEN11 expression in breast cancer
is related to more aggressive and immune-activated tumors,
whereas low SLENI11 expression is associated with low
aggressiveness and low immune activation status (48). In a
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study of lung cancer recurrence, researchers discovered that
the recurrence group had a higher density of Treg, MO0, and M1
macrophage cells. In contrast, the density of memory B cells was
higher in the control group. Further investigation revealed that
Treg cells were substantially associated with lung cancer
recurrence and that SLFN13 was one of the immune-related
predictors of lung cancer recurrence (49). This research on SLFN
family members promoting cancer appears to be related to
another function of the family; ie., they can regulate immune
function and T cells to maintain a resting state (50).

Tumor antagonistic immune cells tend to destroy tumor
cells in the early stages of tumor development (51). Still, tumor
cells can eventually escape immune surveillance through various
mechanisms, and even inhibit the cytotoxic effects of immune
cells, according to research (51). One mechanism involved in
immune escape is tumor cell expression at immune checkpoints,
such as T cells expressing PD1, which bind to PD-L1 or PD-L2
ligands corresponding to the surface of tumor cells, causing T
cells to become silent thus unable to kill tumors (52). The
identified immune checkpoints include CTLA-4 (53), PD-1
(54), TIM-3 (55, 56), LAG-3 (57), TIGIT (58, 59), CD96, etc.
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(59). Currently, the therapies targeting immune checkpoints
play an important role in tumor therapy. For example, CTLA-
4 antibodies (Ipilimumab, Tremelimumab) block CTLA-4, and
PD-1/PD-L1 antibodies (Nivolumab, Pembrolizumab,
Durvalumab) block PD1. PD-1/PD-L1 and CTLA-4 antibodies
effectively treat GC (60). Our study showed that the SLENS,
SLFN11, and SLFNI2 expressions were positively correlated
with CD160, CD244, CD247, CTLA4, LAG3, PDCDI,
PDCDILG2, TIGIT, and HAVCR2. SLFNI14 expression was
positively associated with CD160, CD244, CD247, PDCDI,
PDCDILG2, and TIGIT. This finding suggests that the SLFN
family not only plays a role in immune cell infiltration of GC, but
also participates in the expression of numerous immunological
checkpoints. In conclusion, SLEN family not only predicts tumor
immune cell infiltration but also serves as a predictor of immune
checkpoint expression, which may play a role in therapeutic
efficacy prediction or therapeutic target in gastric cancer
immunotherapy. However, the conclusion requires further
experimental verification.

We stimulated T cells in peripheral blood monocytes and
demonstrated that the SLFN family’s expression was
considerably downregulated. This result demonstrated that the
SLEN family might play an important role in maintaining T cells
in a non-activated state. Consistent with our results, a previous
study has revealed that SLEN5 has high expression in T cells and
decreases when T cells are activated, consistent with our
findings. Furthermore, when INFa stimulated astrocytes and
dendritic cells, SLFN5 expression increased. These findings
suggested that SLFN5 may regulate T cells and other immune
cells (13, 61). SLEN11 is found mostly in monocytes and
dendritic cells, while SLFN12 is found primarily in monocytes,
dendritic cells, and T cells. Both are down-regulated after
differential stimulation (61). Several studies have consistently
revealed that SLEN12 overexpression in T cells can maintain the
quiet state of T cells (62).

As homologous of the human SLFN family, SLENI and
SLEN2 in mice are the main SLFN family proteins that regulate
the resting state of T cells, and SLFN1 maintains the resting state
of T cells by blocking T cell cycle progression from cytoplasm to
nucleus [27]. In mice, SLFN2 -/- mouse led to T cells over-
activation [28], whereas SLFN3 is predominantly produced in
CD4" CD25" Treg cells but down-regulated after T cell
activation [29].

In conclusion, this study investigated the role and potential
molecular mechanism of the SLEN family in GC. The SLFN5
and SLFN13 expressions in GC may play a significant role in
cancer promotion and can be utilized to predict the GC
prognosis. Additionally, it was inferred that SLFN family
expression is favorably associated with immune cell infiltration
and immunological checkpoints in GC. After T cells are
activated, the SLFN family is drastically downregulated, and
earlier research has shown that SLFN can help regulatory T cells
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maintain their quiet state. Based on the above opinion, we
hypothesize that increased SLFN family expression results
from tumor immune cell infiltration and immune checkpoints
activation. Notably, it can induce T cells into a quiescent state,
resulting in immunological escape in GC, although additional
experimental evidence is required to confirm our hypothesis.

Conclusion

SLEN5 and LFN13 are prognostic markers for GC, and
SLEN family members SLFN5, SLFN11, SLEN12, SLENI2L,
and SLFN14 are associated with immune cell infiltration and
immune checkpoint expression in GC, which may promote GC
progression by inhibiting T cell activation and thus mediating
immune escape in GC.
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SUPPLEMENTARY FIGURE 1
GO Analysis (Biological process) of SLFN family in GC. (A-F) Biological
process of SLFN family in GC cohort.
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