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Background: Many studies have shown that solute carrier family 35 member F2
(SLC35F2) plays a key role in the biological processes of multiple cancers. However,
there have been no reports on the role of SLC35F2 in the occurrence and development of
bladder cancer (BC).

Methods: SLC35F2 expression data and clinical and prognostic information from BC
patients were obtained from databases. SLC35F2 expression in BC was verified by quanti-
tative real-time PCR (qRT-PCR). The influence of SLC35F2 knockdown on the proliferation,
apoptosis, migration and invasion in the 5637 and T24 cell lines was studied, and tumor
formation experiments were performed in nude mice. Gene set enrichment analysis (GSEA)
was used to predict the pathways and functions of SLC35F2 in BC.

Results: SLC35F2 was highly expressed in BC tissues and was associated with invasiveness
and T stage in BC patients. SLC35F2 knockdown can inhibit the proliferation, migration and
invasion of BC cells and can promote apoptosis. SLC35F2 knockdown significantly reduced
tumorigenesis in nude mice. GSEA showed that BC, pathways in cancer, apoptosis and the
P53 signaling pathway were significantly enriched in SLC35F2 high expression phenotype.
Conclusion: SLC35F2 can promote malignant progression and is a potential therapeutic
target in BC.
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Introduction

Bladder cancer (BC) is one of the most common cancers of the genitourinary
system, causing approximately 200,000 deaths per year.! BC is divided into non-
muscle invasive bladder cancer (NMIBC) and muscle invasive bladder cancer
(MIBC). NMIBC accounts for 70% ~ 80% of BC, 20% ~ 25% of which have
poor prognosis and can progress to MIBC. MIBC is highly malignant and meta-
static, with high rates of recurrence and mortality. Although there are many treat-
ments, the prognosis is poor, and the treatment effects are not satisfactory.” Since
the development of BC is the result of the of multiple genes and molecules, the
mechanism remains unclear,” and the treatment of BC is expensive.* Therefore,
new therapeutic targets urgently need to be identified. Biomarkers are critical to the
diagnosis and treatment of BC.’

Solute carrier family 35 member F2 (SLC35F2) belongs to the solute carrier family
and is located on the long arm of human chromosome 11. This gene encodes
a membrane-bound transporter involved in the transport of various substrates, such
as amino acids, glucose, vitamins, fatty acids and ions.® SLC35F2 expression was
initially reported in ataxia telangiectasia.” The highest expression of SLC35F2 was
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found in adult salivary glands.® Targeted genome editing
confirmed that SLC35F2 is the main determinant of YM155-
mediated DNA damage and toxicity.” SLC35F2 is a specific
transcript in microvascular endothelial cells in brain.'® The
expression of SLC35F2 is related to the androgen receptor in
prostate cancer. As the activity score of the androgen receptor
decreases, SLC35F2 expression increases. SLC35F2 can be
used as a biomarker of susceptibility to YM155, which is
a therapy for prostate cancer.'' SLC35F2 can promote the
entry of YM155 into human pluripotent stem cells (hPSCs)
and can act as a stem cell toxin.'? Other solute carrier family
members, such as SLC12A5 and SLC34A2, are highly
expressed in BC."> However, the expression, function and
mechanism of SLC35F2 in BC are still unclear.

In this study, we explored the regulatory mechanism
and clinical significance of SLC35F2 in BC. SLC35F2
is highly expressed in BC tissues and is associated with
the invasiveness and T stage of BC. In vitro and in vivo
studies revealed that SLC35F2 knockdown can inhibit
the proliferation, migration and invasion of BC cells and
that SLC35F2 may
regulate BC through pathways in cancer and apoptosis

can promote apoptosis and
and the P53 signaling pathway. These findings highlight
the function of SLC35F2 in BC for the first time and
suggest that SLC35F2 may be a therapeutic target

for BC patients.

Materials and Methods

Bioinformatics Analysis

BC gene expression data were downloaded from The Cancer
Genome Atlas (TCGA) database (https://cancergenome.nih.
gov/), which included data from 408 BC tissues and 19 normal
tissues, to examine the mRNA expression level of SLC35F2.
The BC dataset GSE13507 (n=165) and corresponding clin-
icopathological and prognostic information were downloaded
from the Gene Expression Omnibus (GEO) database (https://
www.ncbi.nlm.nih.gov/geo/). Table 1 shows the clinicopatho-
logical information of 165 BC patients in the GSE13507
data set.

Human Tissue Specimens

BC specimens (n = 10) and normal bladder tissues (n = 10)
were collected from patients at the Affiliated Haikou
Hospital of Xiangya Medical College, Central South
University, in 2019. The mRNA levels of SLC35F2 in
these tissues were measured by quantitative real-time
polymerase chain reaction (QRT-PCR). Written informed

Table | Clinicopathological Information of 165 Bladder Cancer
Patients in the GSE13507 Data Set

Clinical Characteristics Count %
Age (year) 24~88
Invasiveness
Superficial 103 62.424
Invasive 62 37.576
Gender
Female 30 18.182
Male 135 81.818
Systemic chemo
Yes 27 16.364
No 138 83.636
T stage
Ta 24 14.545
Tl 80 48.485
T2 31 18.788
T3 19 11.515
T4 Il 6.667
M stage
MO0 158 95.758
MI 7 4.242
N stage
NO 149 90.854
NI 8 4.878
N2 6 3.659
N3 | 0.609
Grade
Low 60 36.364
High 105 63.636
Progression
No 134 81.212
Yes 31 18.788

consent from all patients and approval from the Ethics
Committee of the Affiliated Haikou Hospital of Xiangya
Medical College, Central South University, were obtained
before specimen collection.

Cell Lines

The human BC cell line 5637 was purchased from the
American Type Culture Collection (Manassas, VA,
USA), and the human BC cell line T24 was purchased
from the Chinese Academy of Sciences Cell Bank Culture
Collection (CBTCCCAS, Shanghai, China). Both 5637
and T24 cells were cultured in RPMI 1640 medium
(Gibco, New York, USA).
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Construction of RNA Interference
(RNAI) Lentiviral Vectors and the

Transfection of Cells

A SLC35F2 short hairpin RNA (shRNA) encoding a green
fluorescent protein (GFP) transfer vector sequence was
constructed by GeneChem (Shanghai, China). Small inter-
fering RNA (siRNA) recombinant lentivirus (SLC35F2-
RNAi-Lentivirus) targeting SLC35F2 was used in the
experimental group (KD). The shRNA target sequence
was 5’-CTACCAGTACAACTCTA-3’, whereas scrambled
shRNA sequence (5’-TTCTCCGAACGTGTCACGT-3")
was used as the negative control (NC). The lentiviral
vectors were transfected into 5637 and T24 cells using
Lipofectamine 2000 (Invitrogen, CA, USA). Infection effi-
ciency after 72 h was determined by GFP expression
observed under a fluorescence microscope (Olympus
Corporation, Tokyo, Japan). Knockdown efficiency was
verified by qRT-PCR and Western blotting.

gRT-PCR

Total RNA was extracted from the cells with TRIzol reagent
(Pufei, Shanghai, China). RNA concentration was detected
with a NanoDrop spectrophotometer (Thermo Scientific,
Waltham, MA, USA). Total RNA was reverse transcribed
into ¢cDNA with a Promega M-MLV kit (Promega,
Wisconsin, USA) according to the manufacturer’s instruc-
tions. qRT-PCR was performed according to the instructions
of SYBR Master Mixture (Takara, Guangzhou, China). The
primers for SLC35F2 and glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) were designed and synthesized by
Sangon Biotech (Shanghai, China). The primer sequences
were as follows: SLC35F2 (forward: 5’-GTGAGGAAT
ACATCGTGAA-3’, reverse: 5’-CAAACAGAAAGAGTCC
AACA-3") and GAPDH (forward: 5’- TGACTTCAACAGC
GACACCCA-3’, reverse: 5’-CACCCTGTTGCTGTAGCC
AAA-3’). To assess differential gene expression, the cycle
threshold (Ct) values were normalized using GAPDH as an
internal reference, and the relative mRNA expression was
calculated using the 2 **“ method. All trials were performed
in triplicate.

Western Blotting Analysis

Protein was extracted by RIPA lysate buffer (Biyun Tian,
Shanghai, China), and the protein concentration was deter-
mined using a BCA Protein Assay Kit (Biyun Tian).
Proteins were separated by 10% SDS-PAGE, transferred
to a PVDF membrane (Millipore, Bedford, MA, USA),

and specifically probed for SLC35F2 (1:1000, Proteintech,
Chicago, USA) and GAPDH (1:2000; Bioss, Wuhan,
China). Then, the membrane was incubated with a goat
anti-rabbit antibody (1:2000; Abcam, Cambridge, UK) and
a goat anti-mouse antibody (1:2000; Abcam). After the
membranes were washed, the protein bands were detected
using a Pierce™ ECL Western Blotting Substrate kit
(Thermo Scientific, Waltham, MA, USA).

Cell Counting Kit-8 (CCK-8) Assay
Transfected cells were plated at 100 pL per well, with 3
wells per group. Starting on the second day after plating,
10 uL of CCK-8 reagent (Sigma, Germany) was added to
the wells for 3 h before the culture was terminated. The
96-well plate was shaken for 3 min after 4 h, and the
optical density (OD) at 450 nm was measured using
a microplate reader (Tecan, Switzerland).

Cell Colony Formation Assay

Transfected cells were seeded into a 6-well plate at
a density of 800 cells per well and were incubated for 5
days. Then, 1 mL of 4% paraformaldehyde was added to
each well, the cells were fixed for 60 min, and the cells
were washed once in PBS. Next, 1000 pL of crystal violet
(Sangon Biotech, Shanghai, China) was added to each
well, and the cells were stained for 20 min. Finally, the
colonies were imaged and counted. All trials were per-
formed in triplicate.

Apoptosis Analysis

Transfected cells were washed twice with 1x PBS and
digested with trypsin. The trypsin was inactivated with
complete medium, and the cell pellet was resuspended in
200 puL of 1x binding buffer. Annexin V-APC was added
and incubated away from light for 10 min at room tem-
perature. Analysis was performed by flow cytometry
(Millipore).

Wound-Healing Assay

Transfected cells were plated, and scratches were made in
wells in the central portion of the lower end of a 96-well plate
(VP scientific, Shanghai, China). Serum-free medium was
used to gently rinse the cells 2-3 times, low-serum medium
was added, and photos were taken under a fluorescence
microscope. Cells were cultured at 37°C in a 5% CO, incu-
bator, and the plates were scanned with a Celigo (Nexcelom,
USA) at the indicated times to record the degree of healing.
The areas with migratory cells were analyzed on the Celigo.
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Transwell Assay

According to the instructions of a transwell kit (Corning
Life Sciences, USA), 100 pL of cell suspension was
added to the upper chamber, and 600 pL of medium
supplemented with 30% FBS was added to the lower
chamber. After incubation, the transwell inserts were
inverted on absorbent paper to remove the medium,
and any cells remaining in the upper chamber were
gently removed with a cotton swab. The chamber was
fixed in 4% paraformaldehyde for 30 min, and 1 drop of
stain was applied to the lower surface of the membrane
to stain cells for 3 min, after which they were photo-
graphed under a microscope.

Tumor Formation in Nude Mice

Four-week-old female athymic BALB/c nude mice
(body weight 18-20 g, 10 in each group) were obtained
from GemPharmatech Co., Ltd. T24 cells (1x107 cells
per group, n = 10) transfected with shSLC35F2 and NC
lentivirus were injected into the abdominal cavity of the
nude mice. The width (W) and length (L) of the tumors
were measured with a caliper, and the volume (V) of the
tumors was calculated wusing the formula V =n/
6xXLxWxW. The nude mice were euthanized on day 50
after inoculation, and the tumors were removed and
weighed. The animal experiments were approved by
the Animal Management Committee of the Affiliated
Haikou Hospital of Xiangya Medical College, Central
South University (permission number: 2016—005). The
welfare of the animals was guaranteed under the criteria
of the “Laboratory Animal Management Regulations in

China”.

Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes

(KEGG) Analyses of Coexpressed

Genes

Genes that were coexpressed with SLC35F2 with
a Pearson correlation coefficient greater than 0.3 were
identified with cBioportal (http://www.cbioportal.org/).

GO and KEGG analyses were performed on these coex-
with the Database for Annotation,
Integrated Discovery (DAVID,
https://david.nciferf.gov/, Version 6.8) to predict the

pressed genes

Visualization, and

possible pathways associated with SLC35F2.

Gene Set Enrichment Analysis (GSEA)

BC patients were divided according to the expression
level of SLC35F2 (high expression group and low
expression group). The c2.cp.kegg.v6.2.symbols.gmt
dataset was downloaded from the Molecular Signatures
Database (MSigDB) and was analyzed by using GSEA
3.0 (http://www.broad.mit.edu/gsea/). Then, enrichment

analysis was carried out with default weighted enrich-
ment statistics, and the analysis was randomly repeated
1,000 times. A nominal P<0.05 and a false discovery
rate (FDR)<0.25 were used as the significance cutoff
criteria.

Statistical Analysis

Statistical analyses were performed using SPSS 23.0,
GraphPad Prism 8.0, and R 3.5.1. A t-test was used to
compare the difference in SLC35F2 expression between
cancer tissues and normal tissues. A chi-square test was
used to evaluate the correlation between SLC35F2 expres-
sion and the clinicopathological characteristics of BC
patients. Univariate and multivariate Cox analyses were
performed to evaluate the overall survival and tumor-
specific survival of BC patients. P<0.05 was considered
significant.

Results

Overexpression of SLC35F2 in BC

The RNA sequencing (RNA-seq) data from the TCGA
database indicated that SLC35F2 expression in BC tis-
sues was higher than that in normal bladder tissues
(Figure 1A, P=0.0013). The receiver-operating charac-
teristic (ROC) curve indicated that the RNA expression
level of SLC35F2 has great diagnostic value for
distinguishing BC tissues from normal bladder tissue,
with an area under the curve of 0.814 (Figure 1B).
Considering individual differences, we analyzed
matched pairs of cancer tissues and normal tissues.
SLC35F2 expression was significantly higher in
the BC tissues than in the matched normal bladder
tissues (Figure 1C, P=0.0015), with an area under the
curve of 0.846 (Figure 1D). We obtained the GSE13507
dataset from the GEO database to compare SLC35F2
expression between BC tissues and normal tissues. The
results showed that SLC35F2 expression was higher
in BC tissues than in normal tissues (Figure IE,
P=0.0047). For further validation, we used qRT-PCR

to detect differences in SLC35F2 mRNA expression in
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Figure | Overexpression of SLC35F2 in BC. (A) SLC35F2 expression in nonpaired tissues from the TCGA database; (B) ROC curves of SLC35F2 expression in unpaired
tissues from the TCGA database; (C) mRNA expression of SLC35F2 in paired tissues from the TCGA database; (D) ROC curves of SLC35F2 expression in paired tissues
from the TCGA database; (E) SLC35F2 expression in BC tissues and normal tissues in the GSEI3507 dataset; (F) mRNA expression of SLC35F2 in BC tissues and normal
tissues was verified by qRT-PCR (*p<0.05; **p<0.01).

10 matched pairs of BC tissues and normal tissues, and P= 0.028). All of these studies indicate that SLC35F2
SLC35F2 was overexpressed in the BC tissues com- expression was higher in cancer tissues than in normal
pared to matched normal bladder tissues (Figure 1F, tissues.
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Table 2 Association Between SLC35F2 Expression and
Clinicopathological Variables in BC Patients

Characteristics | SLC35F2 Expression Chi-Square | P Value
Low (%); High (%);
n=82 n=83

Invasiveness
Superficial 58 (70.3) 45 (54.2) 4.796 0.029
Invasive 24 (29.3) 38 (45.8)

Gender
Female 14 (17.1) 16 (19.3) 0.135 0.714
Male 68 (82.9) 67 (80.7)

Systemic chemo
Yes 10 (12.2) 17 (20.5) 2.070 0.150
No 72 (87.8) 66 (79.5)

Grade
High 27 (32.93) 33 (39.76) 0.832 0.362
Low 55 (67.07) 50 (60.24)

T stage
Ta-Tl 59 (72.0) 45 (54.2) 5.567 0.018
T2-T4 23 (28.0) 38 (45.8)

M stage
Mo 78 (95.1) 80 (96.4) 0 0.987
MI 4 (4.9 3 (3.61)

N stage
NoO 75 (92.6) 74 (89.2) 0.582 0.445
NI-N3 6 (7.4) 9 (10.8)

The Association Between SLC35F2

Expression and Clinical Characteristics
of BC Patients

To research the association between SLC35F2 expression and
the clinical features of BC patients, the clinicopathological

data (invasiveness, gender, systemic chemotherapy, grade,

T stage, M stage, and N stage) of 165 BC patients in the
GSE13507 dataset were extracted from the GEO database.
The results showed that SLC35F2 expression in tumor tissues
was significantly correlated with invasiveness (P=0.029) and
T stage (P=0.018) (Table 2). These results indicate that the
high expression of SLC35F2 may be related to the invasive-
ness and T stage of tumors and may promote BC progression.

Univariate and Multivariate Cox Analyses
of Overall Survival and Tumor-Specific

survival in BC Patients

Univariate Cox analysis showed that age, invasiveness,
T stage and M stage affected overall survival, whereas age,
invasiveness, systemic chemotherapy, T stage, M stage,
N stage, progression and gender affected cancer-specific
survival. Multivariate Cox analysis showed that age,
T stage, and M stage were independent factors that affected
overall survival, whereas only T stage was an independent
factor that influenced cancer-specific survival. These results
indicated that T stage is closely related to the survival of BC
patients. As the T stage progressed, the prognosis became
worse; thus, the T stage is a risk factor for BC patients.
However, SLC35F2 expression was not significantly asso-
ciated with either overall survival or cancer-specific survival
(Tables 3 and 4).

Construction and Validation of Lentiviral
Vectors for Silencing SLC35F2 in BC Cell

Lines

Since data from the database showed that SLC35F2 over-
expression was associated with BC invasiveness and
T stage, we then studied whether SLC35F2 had the same

Table 3 Univariate and Multivariate Cox Analyses of Overall Survival in Patients with BC

Clinical Variables Univariable Analysis Multivariable Analysis

HR 95% CI P Value HR 95% CI P Value
SLC35F2 1.085 0.818-1.439 0.572 0.906 0.670-1.225 0.521
Age 1.069 1.044-1.095 6.51E-08 1.064 0.940-1.034 1.67e-05
Invasiveness 2.834 1.747-4.599 2.46E-05 0.633 0.220-1.817 0.395
Systemic chemo 1.726 0.956-3.117 0.070 0.876 0.383-2.005 0.754
T stage 2.029 1.612-2.554 1.70E-09 2299 1.372-3.851 0.001
M stage 4.755 1.883-12.01 0.001 3.466 1.212-10.708 0.031
N stage 2.023 0.964—4.247 0.063 1.878 0.748-4.714 0.180
Grade 1.281 0.787-2.088 0.319 1.527 0.862-2.705 0.147
Progression 1.171 0.659-2.08 0.591 - - -
Gender 0.630 0.354-1.120 0.115 0.887 0.473-1.664 0.709
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Table 4 Univariate and Multivariate Cox Analyses of Cancer-Specific Survival in Patients with BC
Clinical Variables Univariable Analysis Multivariable Analysis
HR 95% CI P Value HR 95% CI P Value
SLC35F2 1.504 0.983-2.301 0.060 1.226 0.763-1.970 0.40
Age 1.049 1.014-1.086 0.006 1.046 0.996-1.098 0.073
Invasiveness 24.123 7.306-79.65 1.76E-07 3.570 0.658-19.412 0.140
Systemic chemo 4.004 1.94-8.263 0.000 1.019 0.377-2.754 0.971
T stage 3.660 2.579-5.195 3.78E-13 2514 1.314-4.810 0.005
M stage 8.296 3.148-21.87 | .88E-05 1.764 0.555-5.608 0.336
N stage 3.486 1.427-8.518 0.006 1.629 0.580-4.574 0.354
Grade 1.767 0.873-3.576 0.113 - - -
Progression 2271 1.087-4.741 0.029 2.257 0.980-5.198 0.056
Gender 0.457 0.210-0.994 0.048 0.664 0.269-1.638 0.374

effect on BC cell invasion and proliferation by knocking
down SLC35F2 in BC cell lines.

A lentiviral vector targeting SLC35F2 was successfully
transfected into 5637 and T24 cells. We observed GFP in 5637
and T24 cells from their respective NC and KD groups with
inverted fluorescence microscopy (Figure 2A), suggesting that
the lentiviral vector had been successfully transfected into the
cell genome and was stably expressed. SLC35F2 expression
was significantly decreased at both the mRNA and protein
levels compared to those in the control groups (Figure 2B
and C), with mRNA knockdown efficiency reaching 95.5%
and 85.9% in 5637 and T24 cells, respectively.

Influences of the SLC35F2 Gene on the

Proliferation of BC Cells in vitro

The influence of SLC35F2 knockdown on the proliferation
0f 5637 and T24 cells in vitro was examined with CCKS8 and
clonogenic assays. The CCKS8 assay showed a significant
decrease in cell proliferation after SLC35F2 knockdown
(Figure 3A), and colony formation experiments showed
that SLC35F2 knockdown reduced the colony-forming abil-
ity (Figure 3C). The same results were observed in T24 cells
(Figure 3B and D). These results suggest that SLC35F2 can
promote the proliferation of BC cells in vitro.

Influences of SLC35F2 on the

Proliferation of BC Cells in vivo

To assess the effect of SLC35F2 on BC cell proliferation
in vivo, we investigated the effect of SLC35F2 knock-
down on tumor growth in nude mice. We injected
shSLC35F2- and NC lentivirus-transfected T24 cells into
the abdominal cavity of nude mice and then performed

in vivo imaging and tumor size measurements. In vivo
imaging of the nude mice showed that the fluorescence
of the KD group was weaker than that of the NC group
(Figure 4A and B). The quantitative results showed that
the total fluorescence decreased from 3.50x10'" to
2.64x10"°, and this difference was statistically significant
(Figure 4C, P=0.016). To confirm the imaging results, the
tumors were removed after the mice were euthanized, and
the tumor size was measured (Figure 4D and G). From
these measurements, the tumor volume and growth rate
were calculated (Figure 4E). To exclude the influence of
body weight of nude mice on the tumor volume, the body
weight and growth rate of the nude mice were also calcu-
lated (Figure 4F). The results suggested that SLC35F2
knockdown inhibited BC growth in vivo.

Influences of SLC35F2 on the Apoptosis
in BC Cells

Flow cytometry was used to detect apoptosis of 5637 and
T24 cells. We found that the apoptotic rate of 5637 cells in
the SLC35F2 knockdown group was significantly higher
than that in the control group (Figure 5A, P<0.001). The
same results were observed in T24 cells (Figure 5B,
P<0.001). At the same time, we found that knocking
down SLC35F2 in 5637 and T24 cells increased the
expression levels of the proapoptotic proteins caspase 3
and P53 (Figure 5C).

Influences of SLC35F2 on the Migration

and Invasion of BC Cells
To determine whether SLC35F2 is involved in the migra-
tion and invasion of BC cells, wound healing and transwell
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Figure 2 Expression and knockdown efficiency of green fluorescent protein after transfection of 5637 and T24 cells as observed under a fluorescence
microscope. (A) Expression of green fluorescent protein after transfection of 5637 and T24 cells, as observed under a fluorescence microscope; (B)
Expression of SLC35F2 at the mRNA and protein levels in both groups of 5637 cells; (C) Expression of SLC35F2 at the mRNA and protein levels in both
groups of T24 cells (**p <0.01).

Abbreviations: CON, cells were not infected with a virus; NC, cells were infected with a nontargeted lentiviral sequence; KD, cells were infected with a recombinant
lentivirus containing an siRNA targeting SLC35F2.
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assays were performed. The wound healing assay showed
that the cell migration rate in the SLC35F2 knockdown
group was significantly lower than that in the control
group (Figure 6A and C, P<0.001). The transwell experi-
ments showed that the number of migratory 5637 and T24

cells in the SLC35F2 knockdown group was significantly
lower than that in the control group (Figure 6B and D,
P<0.01). These studies indicate that SLC35F2 knockdown
can significantly inhibit the migration and invasion of BC

cells in vitro.
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GO and KEGG Analyses of Genes That
Were Coexpressed with SLC35F2

To predict the function of SLC35F2, genes that were coex-
pressed with SLC35F2 with a Pearson correlation coefficient
greater than 0.3 were identified with cBioportal, and the

coexpressed genes were subjected to GO and KEGG analyses
with DAVID. GO analysis showed that in the biological
process, these coexpressed genes were mainly related to cell
division, the epidermal growth factor receptor (EGFR) signal-
ing pathway and the transforming growth factor beta (TGF-f3)
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Figure 5 Detection of apoptotic cells by flow cytometry and validation of proapoptotic protein expression. (A) Detection of apoptosis in 5637 cells by flow cytometry; (B)
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receptor signaling pathway (Figure 7A). With regard to cellu-
lar components, these genes were mainly enriched in the
mitochondrial matrix, microtubules, Golgi membrane and
focal adhesion (Figure 7B). With regard to molecular func-
tions, these genes were mainly enriched in Rab GTPase bind-
ing, GTP binding and EGFR binding (Figure 7C). In the
KEGG pathway analysis, the coexpressed genes were mainly
enriched in BC, the calcium signaling pathway, the cAMP
signaling pathway, the GnRH signaling pathway, arachidonic
acid metabolism and the Rap1 signaling pathway (Figure 7D).

Signal Transduction Pathways Related to
SLC35F2 Expression

To investigate the possible pathways associated with SLC35F3
in BC, we performed GSEA using data from the TCGA
database. BC, pathways in cancer, apoptosis, and the P53
signaling pathway were significantly enriched in the group
with high SLC35F2 expression (Figure 8 and Table 5).

GSEA indicated that SLC35F2 may play an important role in
the development of BC through pathways in cancer and apop-
tosis and the P53 signaling pathway.

Discussion
SLC35F2 is highly expressed in non-small-cell lung
cancer (NSCLC) tissues and is associated with patho-
logical staging.'* SLC35F2 is also highly expressed in
papillary thyroid carcinoma (PTC) tissues and is posi-
tively correlated with lymph node metastasis.'® In this
study, we found that SLC35F2 expression was higher
in BC tissues than in normal bladder tissues based on
information extracted from relevant databases. Ten BC
tissue specimens were used to verify SLC35F3 expres-
sion in BC tissues, and the results showed that
SLC35F3 was highly expressed in BC tissues. High
SLC35F2 expression was correlated with invasiveness
and T stage in BC, and the T stage was significantly
correlated with poor

prognosis in BC patients.
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However, univariate and multivariate Cox analyses overexpression is not a prognostic factor even in uni-
showed that SLC35F2 expression was not correlated variate analyses; however, it is correlated with T stage
with the prognosis of BC patients, and SLC35F2 and invasiveness.
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Figure 7 GO and KEGG analyses of genes that were coexpressed with SLC35F2. (A) Biological process; (B) Cell component; (C) Molecular function; (D) KEGG pathway.

Because the data from the databases indicated that the
high expression of SLC35F2 was related to invasiveness and
T stage in BC, we performed functional experiments to
examine whether SLC35F2 had the same effect on BC cells
and whether SLC35F2 could promote the invasion and pro-
liferation of BC cells. RNA interference-mediated downre-
gulation of SLC35F2 expression attenuates the proliferation,
migration and invasion of H1299 lung cancer cells, and the
percentage of cells in S and G2/M phase was significantly
reduced.'® CRISPR/Cas9-mediated knockdown of SLC35F2
attenuates the malignant phenotypes of papillary thyroid

cancer (PTC), such as proliferation, migration and invasion,

and induces cell cycle arrest at G1 phase.'®> After knocking
down SLC35F2 in 5637 and T24 cells, cell proliferation
decreased, the apoptotic rate and apoptotic protein expres-
sion increased, and the migration and invasion abilities
decreased. In vivo experiments showed that the tumors that
formed after knocking down SLC35F2 in nude mice were
significantly smaller than those in the control group. The
rapid proliferation of cells is the cause of rapid tumor
growth.!” Caspase 3 and P53 are proteins related to
apoptosis.'®'® Tumors invade the intestinal wall during
metastasis, enter the lymphatic system or circulatory system,

settle at a distal site, and induce angiogenesis.?’
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Figure 8 Enrichment plots from GSEA. (A) Bladder cancer; (B) Pathways in cancer; (C) Apoptosis; (D) P53 signaling pathway. GSEA, gene set enrichment analysis.

To study the role of SLC35F2 in BC, we investigated
genes that were coexpressed with SLC35F2 by GO and
KEGG analyses. With regard to biological pathways, these
coexpressed genes were mainly enriched in cell division, the
EGFR signaling pathway, small GTPase-mediated signal
transduction, and the TGF-B receptor signaling pathway.
These results indicate that genes coexpressed with SLC35F2
can participate in the progression of cancer by regulating cell
division. One study showed that circular RNA ¢ciRS-7 inhib-
ited the autophagy of esophageal squamous cell carcinoma
cells by acting as a miR-1299 sponge targeting the EGFR

signaling pathway.>' Inhibitors and monoclonal antibodies
can target the EGFR and TGF-f signaling pathways in breast
cancer therapy.”” Small GTPase-mediated signal transduction
can stimulate the immune response, control cell replication,
play a role in cytoskeletal reconstruction and cell migration,
and participate in protein transport.”* In the KEGG pathway
analysis, the coexpressed genes were mainly enriched in BC,
the calcium signaling pathway, the cAMP signaling pathway,
the GnRH signaling pathway, arachidonic acid metabolism
and the Rapl signaling pathway. These results indicate that
genes coexpressed with SLC35F2 may be involved in the

submit your manuscript

10784

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Chen et al

Table 5 SLC35F2 High Expression Phenotype Gene Set

Gene Set ES NES | NOM p-Val | FDR g-Val
Bladder cancer 0.65 | 1.75 0.020 0.086
Pathways in cancer 0.38 | 1.48 | 0.040 0.244
Apoptosis 0.67 | 1.87 | 0.006 0.065
P53 signaling pathway | 0.58 | 1.68 [ 0.031 0.125

Abbreviations: ES, enrichment score; NES, normalized enrichment score; NOM,
nominal; FDR, false discovery rate.

progression of BC. These three pathways play an important
role in cancer progression. Transcriptome analysis indicated
that the calcium signaling pathway plays an important role
in BC** DRDI regulates the proliferation, migration
and invasion of gliomas through the cAMP signaling
pathway.”> SHARPIN promotes melanoma progression
through the Rapl signaling pathway.?® GSEA using data
from the TCGA database revealed that BC, pathways in
cancer, apoptosis and the P53 signaling pathway were signifi-
cantly enriched in the group with high SLC35F2 expression.
These results suggest that SLC35F2 may play an important
role in the development of BC. Propyl isothiocyanate activates
mitochondria-dependent apoptosis and the P53 signaling path-
way to promote cell death of gastric cancer cells.”” We used
flow cytometry to show that knockdown of SLC35F2 can
induce apoptosis. GSEA indicated that the apoptotic pathway
was significantly enriched in group with high SLC35F2
expression. These results suggest that inhibition of apoptosis
is a crucial mechanism during which SLC35F2 plays
a carcinogenic role in BC. Several studies have shown that
oncogenes promote cancer cell proliferation by inhibiting
apoptosis.*?°2% Oncogenes can induce apoptosis through
the P53 signaling pathway.>'** Fasone induces BC cell apop-
tosis by activating the P53 signaling pathway.*® The long
noncoding RNA (IncRNA) GClncl promotes cancer progres-
sion by inhibiting the P53 signaling pathway.>* Inotodiol
inhibits cell migration and invasion and induces apoptosis
via a P53-dependent pathway in HeLa cells.>’

There are some limitations to this study. There are no
experimental data relating to the biological mechanism.
Although our results show that SLC35F2 knockdown can
induce apoptosis, the exact apoptotic mechanism has not
been studied. More work is needed to validate the possible
mechanism of SLC35F2 in BC.

Conclusion
SLC35F2 expression is higher in BC tissues than in normal

tissues, is related to invasiveness and T stage in BC, can

promote the proliferation, migration and invasion of BC
cells and can inhibit apoptosis. SLC35F2 may regulate the
progression of BC through pathways in cancer and apoptosis
and the P53 signaling pathway. SLC35F2 is an oncogene
in BC and plays a crucial role in its development, thus
potentially serving as a new therapeutic target for BC.
However, the specific molecular mechanism of SLC35F2
in BC needs to be verified by further experiments.
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