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Abstract

Background
LncRNAs are known to play a crucial role in the initiation and progression of human diseases, especially
cancers. Our previous study demonstrated that dysregulation of LINC02532 facilitated the malignant
phenotype of gastric cancer (GC). However, the potential molecular mechanisms regarding the upstream
and downstream regulation of LINC02532 in GC progression remain unclear.

Methods
RNA-Seq and clinical data from public databases were used for gene expression and clinical analyses.
The subcellular location of LINC02532 was predicted by the bioinformatics tools and further validated by
the RNA-Fluorescence in situ hybridization (FISH) assay. The effect of FOXF2/LINC02532/SOX7 axis in
GC cell migration and invasion was evaluated using in vitro and in vivo assays. The transcriptional
regulation role of FOXF2 and the mRNA stability of SOX7 were explored by dual-luciferase reporter assay
and Actinomycin-D drug assay.

Results
We found that high LINC02532 expression was associated with poor prognosis of GC. Furthermore, a Cox
regression model indicated that LINC02532 was an independent prognostic factor for GC patients. Using
in vitro and in vivo assays, we found that LINC02532 promoted GC cell migration and invasion, as well as
tumour growth and metastasis in nude mice. Mechanistically, LINC02532 decreased SOX7 mRNA
stability by binding to its 3’UTR, resulting in reduced SOX7 expression. In addition, FOXF2 was identi�ed
as a transcriptional factor of LINC02532 and was shown to repress LINC02532 expression by negative
transcriptional regulation.

Conclusions
Together, these �ndings show that LINC02532 promotes GC progression through epithelial–
mesenchymal transition (EMT). Cross-talk between the FOXF2/LINC02532/SOX7 axis may provide a
novel target for the treatment and prognostic prediction of GC.

Background
Gastric cancer (GC) is one of the most common malignant tumours of the digestive tract. In 2018, the
International Agency for Research on Cancer (GLOBOCAN) reported 1,033,701 new cases of GC and
782,685 GC-related deaths worldwide 1. GC ranked second in morbidity and mortality rates of all cancers
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in China in 2015 2. Furthermore, China accounts for more than 40% of GC cases worldwide 1, 3. Due to
advances in detection methods as well as a gradual improvement in health awareness, the incidence of
GC is increasing in younger patients. Furthermore, most patients are already at an advanced stage when
diagnosed 4.

The Human Genome Project found that only 1% of the genome encodes protein-coding genes 5. The
transcribed products of the remaining 99% of the genome are called non-coding transcripts, and include
housekeeping non-coding RNA (such as ribosomal, transfer and small nuclear RNA) and regulatory non-
coding RNA (such as microRNA and long-sequence non-coding RNA (lncRNA)) 6. Although lncRNA, with a
length of more than 200 nucleotides, has no protein coding function, it plays a vital role in the occurrence
and development of human cancers at epigenetic 7, transcriptional 8 and post-transcriptional levels 9. Our
previous study found that LINC02532 was signi�cantly upregulated in GC cell lines and tissues, and that
the silencing of LINC02532 expression could suppress GC cell proliferation, migration, and invasion 10.
However, the precise function of LINC02532 in the initiation and development of GC remains unclear.

In the present study, we show that LINC02532 decreases SOX7 mRNA stability by binding to its 3’UTR. In
addition, we identify forkhead box F2 (FOXF2) as a transcriptional suppressor of LINC02532 expression.
Taken together, these results identify the FOXF2/LINC02532/SOX7 axis as a vital mediator in the
migration and invasion of GC cells.

Methods
Database source

The RNA-Seq and clinical data of stomach cancer patients from UCSC Xena datasets 11, RNA-Seq data of
multiple human normal tissues from The Genotype-Tissue Expression (GTEx) project 12, and protein
staining data from The Human Protein Atlas 13 were downloaded and used for further analyses.

Patients and tissues

Thirty GC tissue specimens were obtained from patients who underwent stomach surgery at the Fourth
A�liated Hospital of China Medical University (Shenyang, China). All specimens were con�rmed by
histopathological examination and were stored at -80°C immediately after surgical resection. All patients
provided written informed consent and the study protocol was approved by the Research Ethics
Committee of the Fourth A�liated Hospital of China Medical University.

Cell Culture and quantitative real-time RT-PCR

Detailed protocols were performed as described in our previous study 10. Speci�c primers for qRT-PCR are
shown in Supplementary Table 1.

Cell transfection
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The speci�c siRNA against LINC02532 (Si-LINC02532 #1 and #2), FOXF2 (Si-FOXF2 #1 and #2), SOX7
(Si-SOX7), and the corresponding negative control (Si-NC), together with the pcDNA3.1 vector targeting
LINC02532, FOXF2, SOX7, and the corresponding empty vector, were constructed by RiboBio (Guangzhou,
China). Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) was utilized to transfect these vectors into
SGC-7901, MGC-803 and HEK293T cells. The primer sequences are shown in Supplementary Table 1.

RNA-Fluorescence in situ hybridization (FISH) and protein coding potential

The subcellular location of LINC02532 was �rst predicted by the bioinformatics tools, lncLocator 14 and
iLoc-LncRNA15. The FISH assay was carried out to con�rm the subcellular location of LINC02532 using
the FISH Kit (GenePharma, Shanghai, China) with Cy3-labeled LINC02532 probes according to the
manufacturer’s protocol (Supplementary Table 1). The protein coding potential of LINC02532 was
predicted by LNCipedia version 5.2 16, which integrates different algorithms from PRoteomics
IDEnti�cations (PRIDE) 17, translation initiation sites18, PhyloCSF19, Coding Potential Assessing Tool
(CPAT) 20 and small ORFs21.

Cell migration and invasion assays

The Transwell assays were performed as described in our previous study 10.

Western blot analysis

Samples were lysed using the RIPA buffer (Solarbio, Beijing, China). Equivalent amounts of total protein
were separated on 8% SDS-PAGE gels and transferred to PVDF membranes (Millipore, Billerica, MA, USA).
The PVDF membranes were blocked with 5% skim milk for 2 h by gentle shaking. Then, the primary
antibodies were incubated at 4°C overnight according to the following dilution ratios: E-cadherin
(1:200; Abcam, Cambridge, MA, USA), N-cadherin (1:2000; Abcam), Vimentin (1:1000; Abcam), Slug
(1:2000; Abcam), SOX7 (1:1000; Abcam), and β-actin (1:2500; Abcam). The membranes were washed the
following day and incubated with horseradish peroxidase-conjugated secondary antibody (goat anti-
rabbit, 1:5000; Wanleibio). Finally, enhanced chemiluminescence (ECL) substrate was used to analyse the
signals with a chemiluminescence detection system (Tanon, Shanghai, China).

Prediction of target binding sites and dual-luciferase reporter assay

The sequence from -2000 to +100 bp relative to the transcription start site (TSS) of LINC02532 was
regarded as the promoter region. The transcriptional binding sites of FOXF2 on the gene promoter region
of LINC02532 were predicted by the JASPAR CORE database 22. The RNA-RNA interaction binding bites
between LINC02532 and the 3’UTR region of SOX7 mRNA were obtained using the IntaRNA program 23.

Further veri�cation of target binding sites was conducted using the dual-luciferase reporter assay. For the
LINC02532-SOX7 3’UTR luciferase reporter assay, sequences containing the predicted RNA-RNA
interaction binding bites (pGL3-SOX7 3’UTR-WT/Mut) were inserted into the pGL3-basic �re�y luciferase
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reporter (Promega, Madison, WI, USA), then co-transfected with pcDNA3.1-LINC02532 or empty vector
into HEK293T and MGC-803 cells. For the LINC02532 promoter luciferase reporter assay, sequences
containing the predicted FOXF2 binding sites (pGL3-LINC02532-WT/Mut) were also inserted into the
pGL3-basic �re�y luciferase reporter, then co-transfected with pcDNA3.1-FOXF2 or empty vector into
HEK293T and MGC-803 cells. After 24 h of transfection, relative luciferase activities were measured using
the Dual-Luciferase Reporter Assay System (Promega) and normalized to the control Renilla.

mRNA stability assay

SGC-7901 and MGC-803 cells (1 × 106) transfected with Si-LINC02532 #1, #2 and Si-NC were seeded into
six-well plates. Then, 5 μg/ml of Actinomycin-D (ActD, MedChem Express) was added to the medium to
block the de novo RNA synthesis. After treatment for 3, 6, and 9 h, cells were harvested and total RNA was
isolated for measuring SOX7 mRNA levels by qRT-PCR.

Subcutaneous xenograft models

In vivo assays were conducted using BALB/C nude mice (female, 4 weeks old). A total of 1 × 106 MGC-
803 cells transfected with LINC02532 overexpression or negative control were injected into the dorsal
right �ank, respectively (n = 4 per group). Tumour diameter and volume were measured and calculated
every 3 days for 3 weeks. All experiments were approved by the Research Ethics Committee of the Fourth
A�liated Hospital of China Medical University and carried out based on the guidelines of the Institutional
Animal Care and Use Committee.

Lung metastasis assay

For the lung metastasis model, the corresponding GC cells were injected into the tail veins of nude mice.
Then, a total of 10 nude mice were randomly separated into two groups (5 mice in each group). Six weeks
after the injection, the nude mice were euthanatized. Next, all the lung tissues were dissociated and
metastatic nodules were counted.

Gene set enrichment analysis (GSEA)

GC patients from The Cancer Genome Atlas (TCGA) were divided into high or low expression groups
according to the median value of LINC02532 expression. GSEA was performed on the RNA-Seq data to
explore differences in biological pathways between high and low LINC02532 expression groups.

Statistical analysis

SPSS version 20.0 (SPSS, Inc., Chicago, IL, USA) and Prism version 7.0 (GraphPad Software, Inc., La
Jolla, CA, USA) statistical software were used for statistical analysis. The difference between two groups
was compared with two-tailed Student’s t-test, and data were presented as the mean ± standard
deviation. A chi-squared test was used to compare the clinicopathologic characteristics of GC patients
and LINC02532 expression level. Pearson correlation analysis was used to assess gene expression
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relationships. The optimal cut-off value for dividing patients into high or low LINC02532 expression
groups was calculated using X-tile software 24. The univariate and multivariate Cox regression analysis
were carried out to assess the prognostic value of LINC02532 expression. A nomogram for the 1-, 2-, and
3-year OS prediction was constructed using LINC02532 expression and clinical factors (p < 0.2 was used
to select variables to construct the model). Kaplan–Meier survival curve and log-rank tests were
performed to evaluate the overall survival in relation to LINC02532 expression. P < 0.05 indicated a
signi�cant difference.

Results

LINC02532 is located in the cytoplasm and is signi�cantly
upregulated in GC
In our previous study 10, we identi�ed differentially expressed lncRNAs in GC using RNA-Seq data from
the TCGA project, and showed using qRT-PCR that LINC02532 was signi�cantly upregulated in GC cell
lines and tissues. In order to examine the distribution and expression of LINC02532 in human organs, we
obtained and analysed the global RNA expression of multiple human tissues from the GTEx project. We
found that LINC02532 was widely expressed in various human tissues, including the kidney, liver,
pancreas, and stomach (Figure 1A). Furthermore, similar LINC02532 expression levels were observed in
multiple normal tissues independent of sex (Figure 1B). According to the lnCAR database 25, LINC02532
is a non-protein coding RNA located on chromosome 6 (6q21) (Figure 1C). Numerous protein-coding
projects agree that LINC02532 has no protein-coding function (Table 1). To investigate the potential
molecular role of LINC02532, we used bio-informatics to determine its subcellular location. Our �ndings
indicated that LINC02532 would be predominantly located in the cytoplasm (Figure 1D). RNA-FISH
analysis con�rmed that LINC02532 was mainly located in the cytoplasm of SGC-7901 and MGC-803 cells
(Figure 1E). These �ndings suggest that LINC02532 may play an oncogenic role in the cytoplasm.

Table 1
Protein coding potential of LINC02532.

Metric Raw result Interpretation

PRIDE reprocessing 2.0 [36] 0 Non-coding

Lee translation initiation sites [37] NA Non-coding

PhyloCSF score [38] -88.8068 Non-coding

CPAT coding probability [39] 2.69% Non-coding

Bazzini small ORFs [40] 0 Non-coding

NA, not available.

Upregulated LINC02532 expression is associated with poor prognosis in GC
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A total of 329 GC patients with full clinicopathologic data from the TCGA project were included in the
present study. First, the optimal cut-off value for dividing patients into high or low LINC02532 expression
groups was calculated using the X-tile software program. The optimal cut-off expression value was 0.2
(log2 transformed) (Figure 2A). Kaplan–Meier survival analysis indicated that GC patients with higher
LINC02532 expression had a signi�cantly shorter overall survival (OS) time than those with lower
LINC02532 expression (Figure 2B). Chi-squared association analysis showed that higher LINC02532
expression was signi�cantly correlated with age and M stage. However, there was no signi�cant
relationship between LINC02532 expression and gender, T/N stage and pathological stage (Table 2).
Univariate and multivariate Cox regression analyses revealed that high LINC02532 expression was an
independent prognostic factor for GC patients (Figure 2C). A nomogram for the 1-, 2-, and 3-year OS
prediction was constructed using LINC02532 expression and clinical factors. The concordance index was
0.66 and had a satisfactory predictive ability (Figure 2D). These �ndings suggest that LINC02532
expression has vital clinical signi�cance and could be used as a prognostic biomarker for GC patients.
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Table 2
Association between LINC02532 expression and clinicopathological

characteristics of GC patients (n = 329).
Clinical features LINC02532 expression Number (n=329) P value

Low (n,%) High (n,%)

Age  

<60 28 (8.5) 73 (22.2) 101 0.001**

≥60 110 (33.4) 118 (35.9) 228

Gender  

Male 85 (25.8) 124 (37.7) 209 0.536

Female 53 (16.1) 67 (20.4) 120

T stage  

T1+T2 39 (11.9) 42 (12.8) 81 0.193

T3+T4 99 (30.1) 149 (45.2) 248

N stage  

N0 49 (14.9) 52 (15.8) 101 0.108

N1-3 89 (27.1) 139 (42.2) 228

M stage  

M0 129 (39.2) 164 (49.8) 293 0.029*

M1 9 (2.8) 27 (8.2) 36

Pathologic stage  

Stage I+II 70 (21.3) 80 (24.3) 150 0.112

Stage III+IV 68 (20.7) 111 (33.7) 179

*p<0.05 and **p<0.01, statistically signi�cant.

LINC02532 promotes GC cell migration and invasion in vitro and in vivo

We explored the biological function of LINC02532 in GC cells. First, we found that LINC02532 was
overexpressed in SGC-7901 and MGC-803 cells transfected with the pcDNA-LINC02532 (Figure 3A).
Similar to previous �ndings 10, LINC02532 overexpression signi�cantly promoted GC cell migration and
invasion in the Transwell assay (Figure 3B). Next, we investigated the potential role of LINC02532 in the
epithelial-mesenchymal transition (EMT) process. The mRNA and protein levels of an epithelial marker (E-
cadherin) and mesenchymal markers (N-cadherin, VIM, and SLUG) were measured by qRT-PCR and
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western blotting. Silencing LINC02532 expression signi�cantly increased the expression of E-cadherin
and inhibited the expression of N-cadherin, VIM, and SLUG in GC cells (Figure 3C, D). Furthermore, in vivo,
LINC02532 overexpression signi�cantly increased tumour growth rate and tumour weight in nude mice
(Figure 3E). The average tumour weight of the LINC02532 overexpression group was increased by 1.57-
fold compared to the negative control group (0.308 ± 0.066 g vs. 0.120 ± 0.031 g). For lung metastasis
assay, the LINC02532 overexpression group mice had more metastatic nodules in lung than that in
control group (43.40 ± 9.84 vs. 12.00 ± 3.87). Taken together, these results suggest that LINC02532
functions as an oncogene in GC cells.

Linc02532 Decreases Sox7 Expression Via Regulation Of
Mrna Stability
After establishing the oncogenic role of LINC02532, we further explored the molecular mechanisms by
which LINC02532 promotes GC cell migration and invasion. Gene Set Enrichment Analysis (GSEA) of the
RNA-Seq expression matrix data found a signi�cant positive correlation between high levels of
LINC02532 expression and the KEGG RNA degradation pathway (Figure 4A). Since LINC02532 is
predominantly located in the cytoplasm, we speculated that LINC02532 may be involved in the regulation
of mRNA stability.

Based on the Human Protein Atlas (HPA) pathology data, we found a moderate level of SOX7 protein
expression in normal glandular stomach, however, GC tissues displayed moderate (2/12), low (5/12) or
undetectable (5/12) levels of SOX7 (Supplementary Figure 1). Using qRT-PCR, we demonstrated that
SOX7 mRNA levels were signi�cantly down-regulated in GC tissues compared to the corresponding
normal tissues (Figure 4B). Next, we found that SOX7 expression was negatively correlated with
LINC02532 expression (Pearson r = -0.45, p = 0.0014, Figure 4C). Finally, we measured the mRNA and
protein levels of SOX7 in SGC-7901 and MGC-803 cells treated with control siRNA (si-NC) or a LINC02532-
speci�c siRNA (si-LINC02532) by qRT-PCR and western blotting. Compared to the control si-NC group,
SOX7 mRNA and protein expression were both up-regulated in the si-LINC02532 group (Figure 4D), further
highlighting the relationship between LINC02532 and SOX7.

Using RNA-RNA interaction prediction software, we identi�ed binding sites between LINC02532 and the
SOX7 mRNA 3’UTR region (Supplementary Figure 2). We constructed a luciferase reporter plasmid
containing the wild-type or mutated SOX7 mRNA 3’UTR region (SOX7 3’UTR-WT or SOX7 3’UTR-Mut), and
then transfected the plasmids into HEK293T and MGC-803 cells with pcDNA-LINC02532 or an empty
vector. The relative luciferase activity of SOX7 3’UTR-WT in pcDNA-LINC02532 was signi�cantly
decreased, however, no difference was found when the binding sites were mutated (Figure 4E). These
�ndings indicate that LINC02532 negatively regulates SOX7 expression by binding to its 3’UTR region. To
further assess whether LINC02532 affected SOX7 mRNA degradation, we measured SOX7 mRNA levels
in GC cells treated with the RNA synthesis inhibitor Actinomycin D (ActD) in the presence (si-NC) or
absence (si-LINC02532) of LINC02532. Compared to the control si-NC group, SOX7 mRNA stability was
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increased when LINC02532 expression was silenced, suggesting that LINC02532 inhibited SOX7
expression by decreasing its mRNA stability (Figure 4F). Next, the effect of the LINC02532-SOX7 axis on
the migration and invasion of GC cells was examined using a Transwell assay. We found that silencing
SOX7 expression promoted GC cell migration and invasion, and that reducing LINC02532 expression with
si-LINC02532 partially rescues this effect (Figure 4G). Taken together, these results suggest that
LINC02532 promotes GC cell migration and invasion by decreasing SOX7 mRNA stability.

FOXF2 mediates GC cell migration and invasion by negatively regulating LINC02532 transcription

Next, we explored the potential upstream mechanism regulating LINC02532 in GC. The GSEA data
showed that high LINC02532 expression was signi�cantly negatively correlated with the KEGG basal
transcription factors pathway (Figure 5A). FOXF2, a transcription factor of the forkhead box family, has
been previously reported to act as a tumour suppressor in multiple cancers including breast, stomach,
and liver 26–28. Using the JASPAR CORE database, we found that FOXF2 possesses binding sites on the
LINC02532 promoter region. Thus, we speculated that LINC02532 may be regulated by FOXF2.

Using qRT-PCR, we found that FOXF2 was signi�cantly down-regulated in 30 GC tissues and that its
expression level was negatively correlated with LINC02532 (Figure 5B, C). In addition, LINC02532
expression was signi�cantly up-regulated after silencing FOXF2 expression in SGC-7901 and MGC-803
cells (Figure 5D). A conserved FOXF2-binding site (5′ - CACATGATAATCAAT - 3′) located at −469 to −456
bp from the transcription start site (TSS) of LINC02532 was utilized for transcription factor binding
veri�cation (Figure 5E). The dual-luciferase reporter assay showed that the relative luciferase activity of
LINC02532-WT (containing the FOXF2-binding site) in pcDNA-FOXF2 was signi�cantly decreased. In
contrast, no difference was found when the FOXF2-binding site was mutated (Figure 5F). These �ndings
suggest that FOXF2 negatively regulates LINC02532 expression through transcriptional suppression.
Using a Transwell assay, we showed that silencing LINC02532 expression inhibited GC cell migration and
invasion, and that the knockdown of FOXF2 using siRNA (si-FOXF2) partially rescues this effect (Figure
5G).

In conclusion, we found that the down-regulation of FOXF2 results in increased LINC02532 transcription,
and that LINC02532 inhibits SOX7 expression by decreasing SOX7 mRNA stability in GC. Thus, we
propose a novel FOXF2/LINC02532/SOX7 axis in the migration and invasion of GC cells (Figure 6).

Discussion
SOX7, located on the human chromosome 8p23.1, is a member of the SOXF gene subfamily 29. As a
developmental regulator, SOX7 was reported to be involved in hematopoietic development through the
regulation of vascular endothelial cadherin expression 30. It also suppressed cellular proliferation and
induced apoptosis in multiple cancers, including breast, colon, kidney, and gastric cancer 31–34. However,
the molecular mechanism regulating SOX7 in GC remains unclear. In our previous study, we
demonstrated that LINC02532 was up-regulated in GC and had an oncogenic role in the development and
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progression of GC 10. LINC02532 was shown to facilitate the malignant phenotype of GC in a series of in
vitro and in vivo functional experiments. Furthermore, we found that silencing LINC02532 signi�cantly
increased E-cadherin expression while inhibiting N-cadherin, VIM and SLUG expression levels in GC cells,
indicating that LINC02532 may be involved in the process of EMT. However, it was still unclear whether
LINC02532 mediated the downregulation of SOX7.

We performed GSEA on the RNA-Seq data to explore the potential biological pathways in which
LINC02532 may be involved. We found a signi�cant positive correlation between LINC02532 and the
KEGG RNA degradation pathway. RNA-RNA interaction prediction software suggested that LINC02532
could bind to the SOX7 mRNA 3’UTR region. Yan et al. demonstrated that up-regulation of LINC00470
promoted GC cell proliferation, migration, and invasion via degradation of PTEN mRNA stability 35. Since
LINC02532 was predominantly located in the cytoplasm, we hypothesized that LINC02532 may inhibit
SOX7 expression via regulation of mRNA stability. Pearson expression relationship analysis indicated
that SOX7 was negatively correlated with LINC02532 expression. Furthermore, the mRNA and protein
level of SOX7 in SGC-7901 and MGC-803 cells were both increased after LINC02532 expression was
silenced. The dual-luciferase reporter assay further con�rmed that LINC02532 bound to the SOX7 mRNA
3’UTR region. Thus, our �ndings show that LINC02532 promotes GC cell migration and invasion by
decreasing SOX7 mRNA stability.

As known to all, mounting evidences have showed that lncRNAs act as competing endogenous RNAs
(ceRNAs) to participate in mRNA expression regulation in human cancers 36. However, the mRNA stability
dysregulation mediated by lncRNAs was still poorly understood. Although the downstream regulatory
mechanisms of lncRNAs are well documented, the upstream molecular mechanisms which regulate
lncRNAs require further elucidation. FOXF2, a member of the Fox family of forkhead box transcription
factors, is characterized by the presence of a highly conserved winged helix DNA binding domain 37.
Recent studies have found that FOXF2 is dysregulated in multiple human cancers and is involved in
cancer cell proliferation, invasion and metastasis 28, 38–40. Mechanistically, FOXF2 could regulate gene
expression through transcriptional suppression. Kundu et al. 40 found that FOXF2 transcriptionally
repressed E-cadherin and miR-200, and was involved in lung cancer invasion and metastasis. In basal-like
breast cancer, FOXF2 inhibited the EMT and multidrug resistance via negative regulation of FOXC2
expression 41. Milewski et al. demonstrated that FOXF2 directly bound to the promoter region of p21 and
repressed its transcriptional activity in rhabdomyosarcoma 42.

The GSEA data also showed that high LINC02532 expression was signi�cantly negatively correlated with
the KEGG basal transcription factors pathway. Using the JASPAR CORE database, we found that FOXF2
possesses binding sites on the LINC02532 promoter region. Thus, we speculated that FOXF2 may
transcriptionally regulate LINC02532 expression. Interestingly, LINC02532 expression was signi�cantly
up-regulated after FOXF2 expression was silenced in SGC-7901 and MGC-803 cells. The dual-luciferase
reporter assay con�rmed that FOXF2 could bind on the promoter region located at −469 to −456 bp from
the TSS of LINC0253. Furthermore, cell functional rescue experiments revealed that silencing LINC02532
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inhibited GC cell migration and invasion, whereas si-FOXF2 partially rescued the effect induced by
LINC02532 inhibition. In conclusion, our studies show that FOXF2 suppresses GC cell migration and
invasion by negatively regulating LINC02532 transcription.

Conclusions
The present study reveals that LINC02532 has a role in facilitating the malignant phenotype of GC cells
both in vitro and in vivo. Clinical signi�cance analysis indicates that LINC02532 is an independent
prognostic factor for GC patients. Mechanistically, we found that LINC02532 reduces the mRNA stability
of SOX7 through binding to its 3’UTR. In addition, downregulation of FOXF2 results in decreased
transcriptional suppression of LINC02532. Thus, our �ndings identify the novel FOXF2-LINC02532-SOX7
axis as a vital mediator in the migration and invasion of GC cells.
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Figure 1

Expression, structure, and subcellular localization of LINC02532. (A) Expression levels of LINC02532 in
multiple normal human organs from the GTEx project. (B) LINC02532 expression levels in normal tissues
were not affected by differences in sex. (C) LINC02532 was identi�ed as a non-coding RNA in the lnCAR
database and its secondary structure was predicted by RNAfold. (D) LINC02532 has a high probability of
being located in the cytoplasm based on the lncLocator and iLoc-LncRNA prediction. (E) RNA-FISH assay
indicated that LINC02532 was mainly located in the cytoplasm of SGC-7901 and MGC-803 cells.
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Figure 2

High LINC02532 expression is associated with poor prognosis in GC. (A) The optimal high/low
LINC02532 expression cut-off value calculated by the X-tile program was 0.2 (log2 transformed). (B)
Kaplan–Meier survival analysis with log-rank test showed that GC patients with higher LINC02532
expression had signi�cantly shorter OS times than those with lower LINC02532 expression (p = 0.003).
(C) Univariate and multivariate Cox regression analyses revealed that high LINC02532 expression was an
independent prognostic factor for GC patients. (D) The nomogram constructed from the Cox regression
analysis data satisfactorily predicted the 1-, 2-, and 3-year overall survival of GC patients. *, p < 0.05; **, p
< 0.01, and ***p < 0.001 were considered statistically signi�cant.

Figure 3

LINC02532 overexpression promotes GC cell migration and invasion in vitro and in vivo. (A)
Overexpression of LINC02532 in SGC-7901 and MGC-803 cells was con�rmed by qRT-PCR. (B)
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LINC02532 overexpression signi�cantly promoted GC cell migration and invasion in vitro. (C, D)
Knockdown of LINC02532 increased the mRNA (C) and protein (D) levels of epithelial marker (E-cadherin)
and decreased that of mesenchymal markers (N-cadherin, VIM, and SLUG) in SGC-7901 and MGC-803
cells. (E) LINC02532 overexpression signi�cantly enhanced the tumour growth capacity and tumour
weight in nude mice (0.308 ± 0.066 g vs. 0.120 ± 0.031 g). (F) LINC02532 overexpression signi�cantly
promoted the formation of mice lung metastasis nodules. (43.40 ± 9.84 vs. 12.00 ± 3.87). *, p < 0.05 and
**, p < 0.01 were considered statistically signi�cant.

Figure 4
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LINC02532 decreases SOX7 expression through changes in mRNA stability resulting in GC cell migration
and invasion. (A) The GSEA �ndings indicated that high LINC02532 expression was signi�cantly
positively correlated with the KEGG RNA degradation pathway (NES = 1.69, p = 0.027). (B) Compared with
corresponding normal tissues, SOX7 mRNA levels were signi�cantly down-regulated in GC tissues (n = 30,
p < 0.01). (C) Pearson correlation analysis showed that SOX7 expression was negatively correlated with
LINC02532 (Pearson r = -0.45, p = 0.0014). (D) LINC02532 knockdown signi�cantly increased the mRNA
and protein expression of SOX7. (E) The dual-luciferase reporter assay indicated that LINC02532
negatively regulated SOX7 expression by binding to its 3’UTR region. (F) LINC02532 decreased the mRNA
half-life of SOX7 in SGC-7901 and MGC-803 cells. (G) LINC02532 promoted GC cell migration and
invasion by decreasing SOX7 expression. *, p < 0.05 and **, p < 0.01 were considered statistically
signi�cant.

Figure 5
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FOXF2 mediates GC cell migration and invasion through negative regulation of LINC02532 transcription.
(A) The GSEA results showed that high LINC02532 expression was signi�cantly negatively correlated
with the KEGG basal transcription factors pathway. (B) FOXF2 was signi�cantly down-regulated in GC
tissues compared with the corresponding normal tissues (n = 30, p < 0.01). (C) Pearson correlation
analysis indicated that the expression of FOXF2 was negatively correlated with LINC02532 (Pearson r =
-0.37, p = 0.043). (D) LINC02532 expression was signi�cantly up-regulated after FOXF2 expression was
silenced in SGC-7901 and MGC-803 cells. (E) The binding motif of FOXF2 and a conservative FOXF2
binding site (5′-CACAGATAATCAAT-3′) in the LINC02532 promoter region located at −469 to −456 bp from
the TSS. (G) LINC02532 knockdown-mediated inhibition of GC cell migration and invasion was partially
rescued by co-transfection with si-FOXF2. *, p < 0.05 and **, p < 0.01were considered statistically
signi�cant.

Figure 6

Proposed working model showing that downregulation of FOXF2 resulted in increased expression of
LINC02532, decreased stability of SOX7 mRNA and increased GC cell migration and invasion.
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