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Abstract

Background: Gastric Cancer (GC) is one of the most common malignancy in digestive system. Sphingosine
Kinase-1 (SPHK1) is a member of the SPHK family of proteins, which is involved in the pathogenesis of various
cancers. This study aims to investigate SPHK1 expression in GC tissues and its effects on the migration and
invasion of GC cells.

Methods: SPHK1 expression and prognosis were analyzed by bioinformatics and Immunohistochemistry (IHC).
SPHK1mMRNA expression was detected through by Real-Time PCR (qRT-PCR). The enrichment pathway of SPHK1
was predicted by public databases. Cell migration was detected by cell scratch methods. Cell migration and invasion
were detected by Transwell assays. Protein expression was detected through Western blotting.

Results: High expression of SPHK1 was observed in GC tissues and correlated with poor prognosis. IHC and
gRT-PCR analyses revealed upregulation of SPHK1 expression in GC tissues. Knockdown of SPHK1 reduced the
migration and invasion of GC cells, while overexpression of SPHK1 has the opposite result. Mechanistically, SPHK1
positively regulated protein levels of phosphorylated P65 (p-P65), as well as protein expression of Vascular
Endothelial Growth Factor A (VEGFA) and Interleukin 17 (IL-17) at transcriptional targets of the Nuclear Factor-kB
(NF-kB/P65) signaling pathway. Blocking the NF-kB pathway with PDTC attenuated SPHK1-promoted migration and
invasion of GC cells.

Conclusion: Our results elucidate the key role of SPHK1 in promoting migration and invasion of GC cells and

suggest that SPHK1 may be a potential molecular target for preventing GC metastasis.
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Introduction

Gastric Cancer (GC) is one of the most common malignant tumors in
the digestive system worldwide and has been the second leading cause
of cancer-related death in South America and East Asia [1]. According
to the survey, the global incidence of GC is increasing every year.
Patients with GC are usually treated with surgery, chemoradiotherapy
and immunotherapy, but the clinical efficacy and prognosis are poor.
High invasion and metastasis ability is an important feature of tumor
malignancy. However, until now, the complex mechanisms that lead to
cancer metastasis have been far from fully understood.

Sphingosine Kinase-1 (SPHK1) is a conserved lipid kinase that
phosphorylates sphingosine to produce Sphingosin-1-Phosphate (S1P),
which has been found to play various functions at different stages of
tumor progression. SPHK1 exists in the cytoplasm, is a key signaling
molecule mediating various aspects of cells and plays a role in a
variety of carcinogenic processes, including cell proliferation,
migration and invasion. According to studies, SPHK1 is an activator in
colorectal cancer cells that promotes the development of cancer by
regulating the expression of specific signaling pathways. In pancreatic
cancer tissues, the expression of SPHKI1 increased and the survival
curve analysis of patients showed that low survival rate was closely
related to high expression of SPHK1. SPHK1 is up-regulated in tissues
and cell lines of Non-Small Cell Lung Cancer (NSCLC).
Overexpression of SPHK1 increases proliferation and migration of

NSCLC cells. Nuclear Factor-kB (NF-kB/P65) is a member of the
transcription factor family and is a key regulator of immunity,
inflammation and cancer. Inhibition of NF-kB signal transduction in
nasopharyngeal carcinoma cells can greatly reduce the proliferation
and invasion ability of target genes on cancer cells. At the same time,
activation of the NF-«kB pathway increases TRIMS52-mediated
malignant behavior in ovarian cancer. However, it is unclear whether
SPHK1 is involved in NF-kB signaling during GC progression. In this
study, we analyzed the expression of SPHK1 in GC tissues and cells.
The purpose of this study was to investigate the role of SPHK1 in GC
tumorigenesis and its potential molecular mechanism [2].

Materials and Methods

This study was approved by the Ethics Committee of Bengbu Medical
University (Bengbu, China; No. ((2023)311, (2023)405)).
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Forty patients with GC (28 males and 12 females, aged 35-75 years)
who wunderwent surgical resection in the Department of
Gastrointestinal Surgery of the First Affiliated Hospital of Bengbu
Medical University (June-December 2023) were selected. GC and
matched non-cancerous gastric tissue samples were obtained after the
patients' written informed consent and included in this study. The

specimens were stained with hematoxylin and eosin for
Immunohistochemical (IHC) analysis. For specific staining procedures,
refer to Deng et al. The scores were independently evaluated blind by 2
pathologists. Clinical characteristics of patients, including sex, age,
tumor size and tumor stage, were retrieved from medical records
(Table 1) [3].

Characteristic Cases %
Gender

Male 28 70
Female 12 30
Age (years)

260 24 60
<60 16 40
Tumor size (cm)

250 22 55
<5.0 18 45
Clinical stage

1+11 14 35
+1V 26 65
N stage

NO 10 25
N1+N2+N3 30 75

Table 1: Clinicopathological characteristics (n=40).

Reagent consumables

PDTC (NF-kB pathway inhibitor, No: HY-18738) was purchased
from MCE Corporation. RPMI1640 culture-medium, pancreatic
enzyme and fetal bovine serum were purchased from Gibco
Corporation. Mouse polyclonal antibodies SPHK1, P65, p-P65, PI3K,
p-PI3K, MKI67 and monoclonal antibodies GAPDH, VEGFA, IL-7
was purchased from Wuhan Proteintech Corporation. Total RNA
extraction kit, reverse transcription kit and quantitative PCR kit were
purchased from Shanghai Novoprotein Technology Co., Ltd. The
primer was synthesized in Shenggong Bioengineering (Shanghai) Co.,
Ltd. Lentivirus synthesis in Shanghai Gima Pharmaceutical Technology
Co., Ltd.

Biological information retrieval

Using TIMER2.0 (http://timer.cistrome.org), HPA (https://www.
prot-einatlas.org) database download GC with tissue adjacent to
carcinoma. The expression and association of SPHKI-related genes
were searched in GEPIA database (http://gepia. cancer-pku.cn). Kaplan-
meier plotter database analyzed the correlation between SPHK1 and
prognosis of GC patients. UALCAN(ttps://ualcan.path.uab.edu)
database was used to search tumor stage and metastasis characteristics.
The GO(https://geneontology.org) database was searched for biological

enrichment pathways. The KEGG(https://www.kegg.jp) database was
used to retrieve signaling pathways [4].

Cells culture

Human GC cell lines MGC-803, AGS, MKN-1, HGC-27 and
normal gastric epithelial cells GES-1 were all purchased from
Shanghai Culture Preservation Center, China and cultured in a fully
prepared RPMI1640 culture medium in a constant temperature cell
incubator at 37°C and 5% CO,. The cells were digested and passed
through when they grew to a suitable degree of fusion.

Western blotting analysis

The protein was extracted from the cells and the concentration was
determined. The same amount of protein samples were taken for
electrophoresis. After electrophoresis, the protein gel was transferred to
0.45 um PVDF membrane for membrane transfer. After finishing,
immerse it in the sealing liquid and seal it for 60 min. After washing
the film for three times, the corresponding primary antibody was
diluted and incubated in the refrigerator at 4°C overnight. The film was
washed the next day and incubated in a room temperature shaker with
secondary antibody dilution for 90 min. ECL-plus detects protein
signals on PVDF membranes [5].
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Real-time PCR (qQRT-PCR) analysis

Total RNA was extracted and the concentration and purity were
determined, which was reversely transcribed into c¢cDNA. Using
GAPDH as the internal reference, qRT-PCR was performed according
to the operation method of the kit to detect the expression of the target

gene. The gRT-PCR  reaction was  performed  using
TBGreen®PremixExTaqTM and repeated three times. The mRNA
expression level of each gene was calculated using a relatively
quantitative method (2-22CY). The corresponding primers are shown in
Table 2.

Gene Justice chain Antisense chain
SPHK1 5-TGGCATCTGCTGAACTCATTT-3" 5-TGCAGCGAGGTCTAATTGTTT-3"
GAPDH 5"-GAGAAGTATGACACAGCCTCAA-3’ 5-GCCATCACGCCTGACAGTTT-3"

Table 2: Primer sequences.

RNA interference and overexpression of SPHK1

Human GC cell line HGC-27 and MGC-803 were planned and
when the culture density reached 70%~80%, SPHKI1 interference
(carrier: GV382) and overexpression (carrier: GV492) and control

lentivirus vector were knocked down and overexpressed into the
above cells. After 6 h, the medium containing purinomycin was
replaced. After 3 d, stable expression cell lines were screened with the
medium containing 1 pg/mL purinomycin. Transfection sequences for
SPHK1 lentivirus are shown in Table 3.

Gene 5'-3'

shSPHK1#1 CTTCGTGTCAGATGTTGGATAT
shSPHK1#2 GCTTTGCCCTCACCCTTACAT
shSPHK1#3 AGCGGCCTACTTCTGCACTA
OE-SPHK1#1 CTCGTGTCAGATATTGGTTAT
OE-SPHK1#2 ATTGTGTGAGACATCCGTAAG
OE-SPHK1#3 TTGAGTCCTGCTTCTTCATTG

Table 3: Sequences.

Cell scratch assays

After the cell density was adjusted to 2.0 x 10° cells/well, the plate
was placed in the 6-well plate. When the cells were observed to fuse
into a single-layer state under the microscope, the sterile 200 pl gun
tip was vertically and evenly marked in the hole, and the culture was
continued in the incubator. At 0 h and 24 h, the inverted microscope
(x40) was used to observe and take pictures at random in 5 areas. The
obtained images were processed by Image J software and the scratch
mobility was calculated [6].

Trans well migration and invasion assays

Trans well plate with 8 pm hole filter. Stable transmissible cells
suspended in 0.2 ml serum-free medium were placed in the upper hole
of the trans well plate (1 x 10% hole), and complete medium
containing 0.6 ml was placed in the lower hole. After culture at 37°C
for 24 h, the cells in the upper cavity were completely removed with
cotton swabs and the cells in the lower cavity were fixed with 4%
paraformaldehyde and stained with 0.1% crystal violet. Then the
inverted microscope (x200) was randomly divided into 5 areas to take
pictures and count and the average value was obtained. To hit test, the
experiment process is similar to the migration test. Just before the cell
load, the upper pore of trans well was added with Matrigel (50 ul) and
incubated for 1 h.

Statistical analysis

All statistical data were analyzed by Prism9.0 (Graph pad Software)
and Image J software. Data are expressed as mean + standard
deviation (SD). Analysis of variance (ANOVA) test and two-sample t
test were used for the significance of statistical analysis. P<0.05 was
considered statistically significant. All experiments were repeated
three times [7].

Results

Based on bioinformatics: SPHKI1 is highly expressed in GC
and associated with poor prognosis

The expression of SPHK1 at pan-cancer level was searched using
TIMER2.0 database. The results showed that SPHK1 expression was
significantly up-regulated in 15 cancer types and down-regulated in 2
cancer types, among which it was significantly expressed in GC
(Figure 1A). Based on the GEPIA database, the expression levels of
SPHK1 and MKI67 in GC tissues (n=408) were higher than those in
normal tissues (n=211) (Figure 1B). In addition, the expression levels
of the two were positively correlated (Figure 1C). Analysis of the
Kaplan-Meier Plotter database showed that high expression of SPHK1
in GC patients predicted poorer overall survival (OS) (Figure 1D) and
poorer survival after progression (PPS) (Figure 1E). The UALCAN
database showed that the expression level of SPHK1 was positively
correlated with the tumor stage of GC patients (Figure 1F). At the
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same time, the expression of SPHK1 was also closely related to the
malignant degree of tumor metastasis (Figure 1G).
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Figure 1: Based on gene database: SPHKI1 is highly expressed in
GC and associated with poor prognosis. (A) TIMER2.0 database was
used to search the expression of SPHK1 in pancarcinoma. (B) GEPIA
database was used to search the expression of SPHK1 and MKI67 in
GC. (C) GEPIA database analyzed the correlation between the
SPHK1 and MKI67. (D, E) Kaplan-Meier plotter database analyzed
the overall survival and survival after progression of GC patients. (F,
G) UALCAN database was used to search the effect of SPHK1 on
tumor stage and malignant metastasis in GC patients. Data represent
mean + SEM, “P<0.05, *P<0.01, ***P<0.001.
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Figure 2: Up-regulation of SPHKI expression in GC. (A) The
expression of SPHK1 in GC tissues was searched by HPA database (x
200). (B) The expression of SPHK1 and MKI67 was detected by IHC
(x 200). (C) IHC score of SPHKI1. (D) IHC score of MKI67. (E)
Correlation between SPHK1 and MKI67 expression. (F) The
expression of SPHKI1 in GC cell lines was detected by Western
blotting. (G) The level of SPHKImRNA in GC cell lines was detected
by qRT-PCR. Data represent mean + SEM, *P<0.05, **P<0.01,
*P<0.001.

Up-regulation of SPHK1 expression in GC

The expression of SPHK1 in GC tissues was predicted using HPA
database. IHC results showed that the degree of positive staining of
SPHK1 in tumor tissues was stronger than that in normal tissues
(Figure 2A). At the same time, we detected the expression of SPHK1
and MKI67 in GC and matched non-cancerous gastric tissues in 40
cases of our hospital by IHC. The results showed that the positive
staining intensity of SPHK1 and MKI67 in GC tissues was higher than
that in non-cancerous gastric tissues (Figure 2B). The comprehensive
staining scores of SPHK1 and MKI67 proteins in GC tissue sections
were also significantly higher than those in normal tissue sections
(Figure 2C, 2D). At the same time, the relative expression levels of the
two proteins showed a significant positive correlation (Figure 2E). In
addition, the expression of SPHK1 in GC cell lines was detected by
Western Blotting and qRT-PCR and SPHK1 was highly expressed in
HGC-27 cells and low expressed in MGC-803 cells (Figure 2F, 2G)
[8].

SPHK1 promotes GC cell migration and invasion

To investigate whether SPHK 1 expression affects the migration and
invasion of GC cells. We constructed HGC-27 and MGC-803 cell
stable strains from lentiviruses and used them in subsequent
experiments (shSPHK1#1 and OE-SPHKI1#2). As shown in Figure
3A, shSPHKI1 significantly down-regulated SPHK1 expression in
HGC-27 cells, while OE-SPHK1 significantly up-regulated SPHK1
expression in MGC-803 cells. In addition, Western blotting results
showed that the expression of MKI67 protein in shSPHK1 group was
inhibited, while that in OE-SPHK1 group was up-regulated (Figure
3B). In addition, as shown in Figure 3C and 3E, the migration ability
of silenced SPHK1 expression in HGC-27 cells was inhibited, while
the result of overexpression of SPHK1 was the opposite. At the same
time, the invasion effect of SPHK1 on GC cells was also the same
(Figure 3D, 3F) [9].
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detected by Western blotting. (C, E) Cell scratch assay was used to
detect the migration ability of SPHKI to cells (x 40). (D, F) The
invasion ability of SPHK1 to cells was detected by Transwell assays
(x 200). Data represent mean = SEM, *P<0.05, **P<0.01, ***P<0.001.

SPHKI1 activates the NF-kB signaling pathway in GC cells

A recent study showed that targeting the NF-kB/p65 pathway
mediated Epithelial-Mesenchymal Transformation (EMT) promotes
colorectal cancer metastasis and tumor growth in vivo. NF-kB signaling
also plays a crucial role in GC metastasis and angiogenesis. Therefore,
we investigated whether SPHK1 affects NF-kB/p65 signaling in GC
cells. Firstly, based on GO enrichment analysis, SPHK 1-related genes
were involved in cell adhesion, migration and angiogenesis in
Biological Processes (BP), Cell Composition (CC) and Molecular
Function (MF) (Figure 4A). The KEGG pathway showed NF-«B and
PI3K enrichment in it (Figure 4B). In addition, as shown in Figure 4C
and 4D, knocked down SPHKI1 inhibited the levels of phosphorylated
P65 (p-P65) and PI3K (p-PI3K) (this experiment mainly studied the
changes of p-P65 levels), while the total protein P65 and PI3K had no
significant changes. VEGFA and IL-17 expression levels are also
inhibited, which may be transcriptional targets of the NF-kB signaling
pathway. In contrast, overexpression of SPHKI enhanced this
performance. Taken together, these data suggest that SPHK1 can
activate NF-kB/P65 signaling in GC cells.

Figure 4: SPHK1 activates the NF-xB signaling pathway in GC
cells. (A) The results of GO enrichment analysis. (B) The results of
KEGG pathway enrichment analysis. (C) The expression levels of
various proteins after SPHK1 knockdown. (D) The expression levels
of various proteins after SPHK1 overexpression. Data represent mean
+ SEM, “P<0.05, *P<0.01, ***P<0.001.

Blocking NF-kB signal transduction, SPHK1 attenuated the
migration and invasion ability of GC cells

To evaluate whether the effect of SPHK1 on GC cells is mediated
by the NF-xB signaling pathway, we treated pre-constructed viral
stable transmutation cells with PDTC (NF-kB signaling inhibitor) for
24 h. As expected, inhibition of NF-kB signaling decreased SPHK1's
ability to migrate and invade GC cells (Figures 5A,5B) and p-P65,
VEGFA and IL-17 levels (Figures 5C, 5D).
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Figure 5: Blocking NF-«xB signal transduction, SPHK1 attenuated
the migration and invasion ability of GC cells. (A, B) The
corresponding cells were treated with PDTC (inhibitor of NF-xB
pathway,100 nmol/L) or vehicle (DMSO). Under magnifying glass (x
200), the stained cells were counted in 5 random fields and averaged.
(C, D). Western Blotting analysis of P65, p-P65, VEGFA and IL-17
levels. Data represent mean + SEM, “P<0.05, **P<0.01, ***P<0.001.

Discussion

There is evidence that Sphingosine Kinase (SPHK) family proteins
are involved in various cancer progression processes. For example,
S1PR1 signals promote GC metastasis by enhancing the expression of
chemokines in tumor cells. SPHK1 can inhibit the apoptosis of GC
cells by stimulating Akt/FoxO3a signaling to down-regulate the
expression of apoptotic protein. SPHK?2 is up-regulated in GC tissues
and plays a carcinogenic role in GC. In this study, based on
bioinformatics analysis, the expression of SPHK1 in GC tissues was
higher than that in normal gastric tissues and high expression of
SPHK1 predicted worse overall survival and survival after
progression. At the same time, the higher the SPHK1 expression level,
the higher the tumor stage and metastasis degree (Figure 1). This is
consistent with our findings that SPHK1 is positively correlated with
MKI167 (Figure 2). MKI67 is a malignant proliferation factor of tumor
cells. With the establishment of MKI67 index, MKI67 has developed
into a standard for diagnosis and prognosis evaluation of cancer
patients.

Distant metastasis is one of the reasons for the high mortality of GC
patients. Tumor metastasis is a multi-stage process. The migration and
invasion of tumor cells are the key links in the metastasis process.
SPHK1 has demonstrated tumor cell migration and invasion functions
in breast cancer and prostate cancer. Consistent with the above

findings, our data showed that SPHK1 knockdown inhibited GC cells
migration and invasion, while overexpression of SPHKI1 did the
opposite (Figure 3). Our data further confirm the important role of
SPHK1 in tumor progression.

SPHK1 has been reported to activate several cancer-related
signaling pathways, such as the TRAF6/ULK1 pathway in colorectal
cancer, the NONO/STAT3 pathway in bladder cancer and the JAK/
mTOR pathway in NSCLC. This study focuses on the NF-«xB
pathway, and the effects of SPHK1 on other pathways will be further
explored in our future studies. The NF-kB signaling pathway plays an
important role in tumor-related activities such as cell proliferation,
migration and invasion. Studies have shown that NF-xB is closely
related to GC transfer. In this study, SPHK1 activated the NF-xB
signaling pathway in GC cells (Figure 4). PDTC (inhibitor of NF-xB
pathway) was used to interfere with SPHK1 knockdown and
overexpression cell lines and the results showed that SPHKI1
weakened the migration and invasion of GC cells, suggesting that NF-
kB was involved in SPHK1-mediated migration and invasion of GC
cells. VEGFA is an important angiogenic factor associated with GC
invasion and metastasis. IL-17 works with immune cells to promote
tumor metastasis. VEGFA and IL-17 may be transcriptional targets of
NF-kB signaling pathway. In this study, knocking down SPHKI1
down-regulates the expression of p-P65, VEGFA and IL-17, while
overexpression of SPHK1 has the opposite effect (Figure 5).

Therefore, we speculate that NF-«xB is involved in GC progression.
However, the mechanism by which SPHK1 activates NF-«B pathway
and other interacting proteins jointly regulate and promote GC transfer
needs further study. In addition, mouse tumorigenic experiments will
be conducted in future studies to verify the cancer-promoting effect of
SPHK1 on regulating NF-kB pathway.

Conclusion

This study revealed the increased expression of SPHKI1 in GC
samples and the important role of SPHKI1 in the migration and
invasion of GC cells through the NF-«kB signaling pathway. SPHK1
may be a potential molecular target to prevent GC transfer.
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