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ABSTRACT
Dysregulated long non-coding RNAs (lncRNAs) play an important role in cancer progression. 
However, there have been limited reports to date of the involvement of ubiquitin-binding protein 
domain protein 10 antisense RNA 1 (UBXN10-AS1) in cancer. Our aim was to explore the role and 
underlying mechanism of UBXN10-AS1 in the occurrence of colon adenocarcinoma (COAD). Real- 
time quantitative PCR and Western blotting were performed to determine the expression of 
UBXN10-AS1, miR-515-5p, and Slit guidance ligand 3 (SLIT3). Cell Counting Kit-8 and wound 
healing scratch assays were performed to measure COAD cell proliferation and migration. 
A xenograft assay was performed to examine tumor growth in vivo. Luciferase reporter and 
RNA immunoprecipitation (RIP) assays were used to determine the binding interaction among 
miR-515-5p, UBXN10-AS1, and SLIT3. The results showed that UBXN10-AS1 and SLIT3 were 
expressed at low levels in COAD tissues, while miR-515-5p was expressed at high levels. UBXN10- 
AS1 overexpression suppressed tumor growth in vitro and in vivo. The luciferase reporter and RNA 
RIP assays demonstrated that UBXN10-AS1 targeted miR-515-5p, which in turn targeted SLIT3. 
Functionally, miR-515-5p overexpression reversed the inhibition of COAD cell proliferation and 
migration by UBXN10-AS1 overexpression, and SLIT3 overexpression counteracted the oncogeni-
city of miR-515-5p. Our study shows that UBXN10-AS1 modulates the miR-515-5p/SLIT3 axis, 
thereby resulting in the inhibition of COAD cell proliferation and migration.
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Introduction

Colon cancer is a frequently diagnosed gastroin-
testinal malignancy of the bowel. According to the 
GLOBOCAN database, approximately 1,148,515 
new cases and 576,858 deaths were recorded in 
2020 globally, ranking fifth in terms of incidence 
and mortality among human neoplastic disorders 
[1]. Tobacco use, environmental pollution, exces-
sive alcohol consumption, and obesity increase the 
risk of colon cancer and the economic burden [2]. 
Tremendous progress has been made in the diag-
nostic and therapeutic modalities for colon cancer 
[3]; however, the prognosis of metastatic colon 
cancer remains poor. Importantly, colon adeno-
carcinoma (COAD) accounts for 95% of colon 
cancer cases, and the 5-year overall survival is 
approximately 65%. Therefore, elucidation of the 
mechanisms underlying COAD progression is 

needed to explore how disease interventions may 
be improved.

Long non-coding RNAs (lncRNAs) are a major 
subclass of non-coding RNAs that are longer than 
200 nucleotides. Increasing evidence has demon-
strated that non-coding transcriptomes are critical 
for the complex regulation that occurs during 
physiological and pathological processes [4–6]. 
For decades, many lncRNAs have been reported, 
and their cellular functionalities have been char-
acterized in association with COAD [7,8]. For 
example, Zhou et al. explored 10 prognostic autop-
hagy-related lncRNAs by analyzing RNA sequen-
cing data of a COAD cohort from TCGA [7]. The 
lncRNA SNHG17 is unregulated in COAD tissues 
and promotes the formation of malignant pheno-
types of COAD cells [9]. An oncogenic function 
for lncRNA ZEB1-AS1 has also been reported in 
COAD [10]. In addition, highly expressed lncRNA 
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USP2-AS1 displays positive association with nega-
tive prognostic factors exhibited by patients with 
COAD. By contrast, there have been few reports to 
date regarding the 623-bp lncRNA UBXN10-AS1 
[11]. Shao et al. reported that UBXN10-AS1 is 
expressed at low levels in prostate cancer tissues 
and is related to patient prognosis [12]. However, 
the role of UBXN10-AS1 in COAD remains 
unknown.

The Slit guidance ligand 3 (SLIT3) gene is 
located on 5q34-q35.1 and consists of 37 exons. 
SLIT3 is broadly expressed in normal tissues and 
encodes a 37-kDa protein that interacts with 
roundabout homolog receptors to affect cell 
migration. Originally, SLIT3 was found to play 
a role in the central nervous system [13]. 
Increasing evidence indicates that it also has 
a role in cancer. For example, SLIT3 deficiency 
inhibits hepatocellular carcinoma progression 
both in vitro and in vivo [14]. Its anti- 
tumorigenic role has also been reported in studies 
on thyroid cancer [15]. However, little is known 
about its function in the progression of COAD.

In the present study, we found that the lncRNA 
UBXN10-AS1 is downregulated in COAD tissues 
and is predominantly localized in the cytoplasmic 
fraction of COAD cells. After performing bioinfor-
matics analysis, it was predicted that SLIT3 may be 
downstream of the UBXN10-AS1-mediated 
ceRNA network, exerting effects on apoptosis 
and cell proliferation. Therefore, SLIT3 was con-
sidered as a gene of interest in COAD. 
Bioinformatics analysis revealed that miR-515-5p 
is the only miRNA that can connect UBXN10-AS1 
and SLIT3. Moreover, miR-515-5p is of interest 
because of its role in different cancers, similar to 
that of other miRNAs [16–18]. MiR-515-5p pro-
motes breast cancer progression by regulating the 
Hippo signaling pathway [19]; it also regulates 
prostate cancer cell growth and metabolism [20]. 
MiR-515-5p is downregulated in metastasized tis-
sues in in vivo lung xenografts, and its exogenous 
expression can suppress cancer metastasis [21]. 
However, the function of miR-515-5p in COAD 
remains unexplored.

In our study, we hypothesized that UBXN10-AS1, 
miR-515-5p, and SLIT3 play a role in COAD pro-
gression. Therefore, the purpose of our study was to 
explore the expression and functionality of UBXN10- 

AS1 in COAD and determine the UBXN10-AS1- 
mediated mechanism in COAD progression.

Methods

Patient tissues and cell lines

Surgical COAD tissues and their corresponding 
uncancerous tissues were collected from COAD 
patients diagnosed at the Clinical Medical College 
& Affiliated Hospital of Chengdu University 
Hospital. Informed consent was obtained from the 
patients included. Ethical approval was obtained 
from the Ethics Committee of the Clinical Medical 
College & Affiliated Hospital of Chengdu University.

Normal colon (FHC) and colorectal cancer 
(HCT116, SW480, and SW620) cell lines were 
purchased from the American Tissue Collection 
Center (ATCC, USA) and maintained in DMEM 
containing 10% FBS and 1% streptomycin/penicil-
lin at 37°C and 5% CO2.

Cell transfection

All transfections were carried out using Lipo3000 
(Invitrogen, USA), as specified by the manufacturer. 
The packaged lentivirus vectors for UBXN10-AS1- 
overexpression (LV-UBXN10-AS1) and empty len-
tivirus vectors (LV-NC), pcDNA 3.1-SLIT3 for 
SLIT3 overexpression and empty pcDNA 3.1 vectors 
(NC), si-UBXN10-AS1 for UBXN10-AS1 silencing, 
si-SLIT3 for SLIT3 silencing, and si-NC were 
obtained from GenePharma (Shanghai, China) 
along with miR-515-5p mimic or mimic NC. For 
UBXN10-AS1 overexpression, the LV-UBXN10- 
AS1 or LV-NC vectors were introduced in 5 × 106 

SW480 and SW620 cells (70% confluence) at an 
MOI of 20–30. At 72 h post-transfection, its effi-
ciency was verified using RT-qPCR. For transfection 
of pcDNA 3.1-SLIT3, miR-515-5p mimic, or their 
matching NCs, the indicated vectors or mimics were 
transfected in 4 × 105 SW480 and SW620 cells (70% 
confluence) for 48 h. The efficiency of transfection 
was determined by RT-qPCR or Western blotting.

Real-time quantitative PCR (RT-qPCR)

Total RNA extraction was performed using the 
TRIzol reagent. RNA reverse transcription into 
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cDNA was performed with a TonkBio™ RT reagent 
Kit (TonkBio, USA) or a One Step miRNA cDNA 
Synthesis Kit (HaiGene, Biotech Co. Ltd, China) 
according to the manufacturer’s instructions. 
qPCR was performed using Universal SYBR 
Green qPCR Supermix (US EVERBRIGHT® INC., 
China). The qPCR data were analyzed by the 
2−ΔΔCt method [22] with normalization relative to 
GAPDH or U6. The primers used are listed in 
Table 1.

Western blot analysis

Cell pellets were collected and sonicated in pre- 
cooled RIPA lysis buffer before successive centri-
fugations. The supernatants were collected and 
their protein concentrations were determined 
using a DC protein assay. Total lysate (30 µg) 
was separated by 10% SDS-PAGE. A semi-dry 
transfer system (Bio-Rad, USA) was used to trans-
fer the proteins to PVDF membranes. After treat-
ment with 10 mL of blocking buffer at room 
temperature, the membranes were successively 
treated with 10 mL of blocking buffer containing 
1:1,000 anti-SLIT3 or anti-GAPDH. The next day, 
bands were detected following incubation with 
a secondary antibody for 1 h at room temperature. 
ECL reagents were used to visualize the bands.

Cell proliferation assay

Cell Counting Kit-8 (CCK8, MCE, China) was 
used to assess cell proliferation in vitro, as 
described previously [23]. Cells (104–105 cells/ 
well) were seeded into 96-well plates and cultured 
in a CO2 incubator at 37°C for 24, 48, 72, and 96 h. 
Subsequently, 10 μL of CCK8 reagent was added to 
the wells, and the plate was incubated for 1 h. The 

absorbance was measured at 450 nm using a micro-
plate reader.

Cell migration assay

Wound healing assay was performed to assess cell 
migration, as reported previously [24]. Cells (104– 
105 cells/well) were cultured in 24-well tissue cul-
ture plates until they reached 70–80% confluence. 
A wound-like gap was created in the wells using 
a 200 µL micropipette tip. Cells were grown for an 
additional 24 h and then fixed with 3.7% parafor-
maldehyde for 30 min. The fixed cells were stained 
with 1% crystal violet for 30 min. Microscope 
images of the stained monolayers were captured 
at 0 h and 24 h.

Luciferase reporter assay

Luciferase reporter assays were performed to 
confirm the direct interaction among miR-515- 
5p, UBXN10-AS1, and SLIT3. The luciferase 
reporter vectors were pmirGLO luciferase con-
structs fused with the wild-type (WT) UBXN10 
fragment that binds miR-515-5p or the 3ʹ UTR of 
SLIT3 (UBXN10-AS1-WT, SLIT3-WT) or the 
corresponding mutant (MUT) fragment 
(UBXN10-AS1-MUT, SLIT3-MUT) obtained 
from Cobioer Biosciences Co. Ltd. Cells at 70– 
80% confluence were transfected with miR-515- 
5p mimic or NC coupled with UBXN10-AS1-WT 
/UBXN10-AS1-MUT or SLIT3-WT/SLIT3-MUT 
vectors. After 48 h, the cell luciferase signals 
were quantified using a Luciferase Reporter 
Assay Substrate Kit (Abcam, USA) as previously 
described [25].

Luciferase activity was calculated as follows:
Luciferase activity = Firefly luciferase/Renilla 

luciferase.

RNA immunoprecipitation (RIP) assay

Cells (5 × 106) were sonicated using a Bioruptor. 
After removal of cell debris, the remaining lysate 
was added to antibody-coupled beads containing 
AGO2 or IgG. The immunoprecipitated RNA 
complex was collected and uncrosslinked. Finally, 
RNA extraction was performed as previously 
described for RT-qPCR [26].

Table 1. PCR primers used in this study.
Gene Primer type Sequence

UBXN10-AS1 Forward 5ʹ-GTTGCATAGGTCCCTCGGTT-3ʹ
Reverse 5ʹ-AGACGAGCAGAAACACCACC-3ʹ

miR-515-5p Forward 5ʹ-TTCTCCAAAAGAAAGCACTTTCTG-3ʹ
Reverse 5ʹ-TGGTGTCGTGGAGTCG-3ʹ

SLIT3 Forward 5′- AGCGCCTTGACCTGGACA −3
Reverse 5′- TCGGCGTGCTCTGGAAAA −3′

miR-515-5p Forward 5ʹ-CTCGCTTCGGCAGCACA-3ʹ
Reverse 5ʹ-ACGCTTCACGAATTTGCGT-3ʹ

GAPDH Forward 5ʹ-GAGAAACCTGCCAAGTATGATGAC-3ʹ
Reverse: 5ʹ-GGAGTTGCTGTTGAAGTCAC-3ʹ
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Subcellular distribution

UBXN10-AS1 nucleus/cytoplasm localization in 
SW480 and SW620 cells was determined using 
a Nuclear and Cytoplasmic Extraction Kit 
(Thermo Fisher Scientific, USA) according to the 
manufacturer’s instructions [27].

Tumor formation in nude mice

Ten BALB/c-nu/nu male mice (body weights 18– 
20 g) were purchased from the Animal Resource 
Center at the Wuhan Institute of Virology, 
Chinese Academy of Sciences, China. The mice 
were housed in cages with appropriate temperature 
and humidity and a 12-h light/dark cycle. SW480 
cells containing LV-UBXN10-AS1 or LV-NC were 
injected subcutaneously in the left armpit of nude 
mice. Starting at four days post-implantation, tumor 
volumes were recorded every four days. Tumor 
volume = (longest diameter of the tumor) × (short-
est diameter)2 × 0.5 [28]. The tumor weights were 
recorded on day 28 after the mice were euthanized.

Statistical analyses

Statistical analyses were performed using the 
GraphPad Prism 9.0 software. The results are pre-
sented as mean ± SD (n = 3). Comparisons 
between groups were performed using the 
unpaired Student’s t-test and those among groups 
using one-way ANOVA followed by Tukey’s post 
hoc test. Statistical significance was set at P < 0.05.

Results

In this study, we aimed to explore the expression 
and functionality of UBXN10-AS1 in COAD 
in vitro and in vivo. The UBXN10-AS1-mediated 
mechanism involved in COAD progression was 
further investigated. Our findings revealed that 
UBXN10-AS1 inhibits the progression of COAD 
by sponging miR-515-5p to upregulate SLIT3.

UBXN10-AS1 may regulate the miR-515-5p/ 
SLIT3 axis in COAD

The expression of UBXN10-AS1 was downregu-
lated in COAD samples based on the GEPIA 

database (Figure 1a), suggesting that its negative 
effect on COAD warranted further exploration. 
The key gene (SLIT3) involved in apoptosis and 
cell proliferation was identified using STRING 
analysis from the mRNA microarray 
(GSE126095) with adjusted P < 0.05 and logFC < 
−2 (Figure 1b). Next, to identify the miRNA con-
necting UBXN10-AS1 and SLIT3, miRDB was 
used to predict miRNAs that could bind to 
UBXN10-AS1, while starBase was used to predict 
miRNAs that could bind to SLIT3. Finally, miR- 
515-3p was confirmed to be the common miRNA 
between miRDB and starBase (Figure 1c).

UBXN10-AS1 overexpression inhibits COAD 
tumorigenesis

To analyze the effect of UBXN10-AS1 expression 
in COAD, RT-qPCR analysis was performed to 
detect its expression in COAD cells and tissues. 
As depicted in Figure 2(a,b), UBXN10-AS1 expres-
sion was low in COAD cells and tissues; moreover, 
in SW480 and SW620 cells, its expression was 
reduced by approximately 0.5-fold. Next, we deter-
mined the subcellular localization of UBXN10-AS1 
in SW480 and SW620 cells. The results showed 
that UBXN10-AS1 was primarily enriched in the 
cytoplasm (Figure 2c), suggesting that it may carry 
out its functions via translational and posttransla-
tional modifications in the cytoplasm. Therefore, 
we performed in vivo and in vitro assays to assess 
the impact of UBXN10-AS1 overexpression on 
COAD progression. Both SW480 and SW620 
cells were successfully transfected with the vectors 
to overexpress UBXN10-AS1, as evidenced by the 
high expression of UBXN10-AS1 in cells from 
both the cell lines (Figure 2d). CCK8 assays 
showed that UBXN10-AS1 overexpression caused 
an impaired proliferation in COAD cells 
(Figure 2e). Meanwhile, the wound healing assay 
proved that UBXN10-AS1 overexpression 
impaired the COAD cell migration (figure 2f). 
Subsequently, the anti-tumorigenic role of 
UBXN10-AS1 overexpression was assessed in 
SW480 xenografted nude mice. We subcuta-
neously injected SW480 cells infected with LV- 
UBXN10-AS1 vectors or LV-NC vectors into 
BALB/c mice and then monitored the tumor 
growth. As shown in Figure 2g, LV-UBXN10- 
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AS1 cell-derived xenograft tumors were smaller 
than those in the NC groups. Moreover, LV- 
UBXN10-AS1 cell-derived xenograft tumors grew 
more slowly than those in the NC groups. Our 
findings show that UBXN10-AS1 plays an anti- 
tumorigenic role in COAD in vitro and in vivo.

MiR-515-5p is a target of UBXN10-AS1 in 
COAD

Considering the enrichment of UBXN10-AS1 in 
the cytoplasm, bioinformatic target prediction 
conducted in the present study revealed that 
UBXN10-AS1 shared complementary base pairs 
with miR-515-5p (Figure 3a). The interaction 
between miR-515-5p and UBXN10-AS1 was veri-
fied using luciferase reporter assays. As shown in 
Figure 3b, miR-515-5p mimic transfection reduced 
the UBXN10-AS1-WT-mediated luciferase activity 
but had no impact on UBXN10-AS1-MUT- 
mediated luciferase activities. Moreover, the 
results of the RNA RIP experiment demonstrated 
abundant precipitation of miR-515-5p and 

UBXN10-AS1 in the AGO2 pellets (Figure 3c), 
hinting toward the coexistence of UBXN10-AS1 
in the same RNA-induced silencing complex. We 
also noted the abundant expression of miR-515-5p 
in the SW480 and SW620 cells as well as in the 
COAD tissues (Figure 3d,e). Furthermore, Pearson 
analysis showed a prominent correlation between 
miR-515-5p and UBXN10-AS1 in the COAD tis-
sues (figure 3f). Thus, we concluded that 
UBXN10-AS1 targets miR-515-5p.

UBXN10-AS1 regulates COAD cell 
proliferation and migration by sponging 
miR-515-5p

Rescue assays were performed to elucidate whether 
the interplay between UBXN10-AS1 and miR-515-5p 
influences COAD progression. We first tested miR- 
515-5p expression in the SW480 and SW620 cells 
transfected with miR-515-5p mimic or LV-UBXN10- 
AS1. As shown in Figure 4a, RT-qPCR results 
revealed a drastic reduction of miR-515-5p expres-
sion in COAD cells transfected with LV-UBXN10- 

Figure 1. UBXN10-AS1 might be the upstream of miR-515-5p/SLIT3 axis in COAD. (A) The expression of UBXN10-AS1 in COAD 
samples and normal samples from GEPIA database. B The GO enrichment of upregulated genes in GSE126095 was performed by 
STRING. GSE126095, mRNA expression microarray. **P < 0.001. C The miR-515-5p might bind to UBXN10-AS1 and SLIT3 by the 
prediction of miRDB and starBase. miRDB, an online tool for prediction of miRNAs sponged by UBXN10-AS1. starBase, an online tool 
for prediction of miRNAs targeting SLIT3.
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AS1, which was completely reversed by the simulta-
neous transfection of the cells with LV-UBXN10-AS1 
and miR-515-5p mimic, indicating that UBXN10- 
AS1 can downregulate miR-515-5p expression in 
COAD cells. The CCK8 assays demonstrated that 

the increased proliferation caused by the miR-515- 
5p mimic could be offset by concomitant transfection 
with LV-UBXN10-AS1 (Figure 4b). Meanwhile, the 
pro-migratory effect of the miR-515-5p mimic on the 
SW480 and SW620 cells was counteracted by LV- 

Figure 2. TRIM28 promotes prostate cancer tumorgenesis in vitro and in vivo. A. RT-qPCR analysis assessing UBXN10-AS 
expression was detected in COAD cells and FHC cells. *P < 0.05,**P < 0.001 vs. FHC. B. RT-qPCR analysis assessing UBXN10-AS 
expression was detected in COAD tissue and normal tissues. **P < 0.001. C. Subcellular localization of UBXN10-AS1 in SW480 and 
SW620 cells. D. UBXN10-AS expression in SW480 and SW620 cells infected with Lv-UBXN10-AS and Lv-NC by RT-qPCR. E. CCK8 assay 
determining the proliferation of cells in (D). F. Wound healing assay assessing the migration of cells in (D). G. UBXN10-AS1 
overexpression inhibits in vivo tumor growth. The tumor volume and weight were significantly lower in the UBXN10-AS- 
overepxression group than those in the NC group. (D-G) Empty vector, empty lentivirus vectors. UBXN10-AS1-OE, UBXN10-AS1- 
overexpressing lentivirus vectors. **P < 0.001 vs. empty vectors.
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UBXN10-AS1 transfection (Figure 4c). As described 
above, LV-UBXN10-AS1 reduced miR-515-5p 
expression via ceRNA activity and influenced 
COAD cell proliferation and migration.

SLIT3 is a target of miR-515-5p

After determining the effect of the ceRNA activity of 
UBXN10-AS1 on miR-515-5p, we further sought to 
identify the mRNA controlled by the UBXN10-AS1 
/miR-515-5p axis. Prediction with the starBase soft-
ware revealed a highly matched sequence between 
miR-515-5p and 3ʹ UTR of SLIT3 (Figure 5a). This 

prediction was further validated by luciferase repor-
ter assays, which demonstrated that miR-515-5p 
dramatically reduced the luciferase activity of 3ʹ 
UTR SLIT3-WT (Figure 5b). In contrast to the 
high expression of miR-515-5p in COAD cells and 
tissues, we found clear evidence of the downregula-
tion of SLIT3 (Figure 5c,d). Further correlation 
analysis showed that SLIT3 was inversely correlated 
with miR-515-5p expression (Figure 5e). More 
importantly, UBXN10-AS1 overexpression induced 
increased expression of SLIT3, while its silencing 
drastically reduced SLIT3 expression in the SW480 
and SW620 cells (figure 5f). All these data 

Figure 3. UBXN10-AS1 targeted miR-515-5p directly in COAD. A. By means of searching on starBase, miR-515-5p was predicted 
to have the potentials to bind with UBXN10-AS1. B. Luciferase reporter assay in SW480 and SW620 cells after co-transfection with 
miR-515-5p mimic or NC and UBXN10-AS1-WT or UBXN10-AS1-MUT. **P < 0.001 vs. mimic-NC. C. RIP assay was implemented, and 
relative enrichment of miR-515-5p and UBXN10-AS1 was detected by RT-qPCR. **P < 0.001 vs. Anti-IgG. D. The relative expression of 
miR-515-5p in SW480 and SW620 cells. **P < 0.001 vs. FHC. E. The relative expression of miR-515-5p in COAD tissues. **P < 0.001. 
F. Correlation between the expression of miR-515-5p and UBXN10-AS1 in COAD tissues was analyzed by Pearson’s correlation 
analysis.
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determined the ceRNA activity of UBXN10-AS1, 
miR-515-5p, and SLIT3.

MiR-515-5p regulates COAD cell proliferation 
and migration by downregulation of SLIT3

After validating the direct binding and regulation of 
miR-515-5p on SLIT3 mRNA, we further explored 
whether SLIT3 is required for miR-515-5p activity 
during COAD malignancy. We transfected the 
SW480 and SW620 cells with miR-515-5p mimic, 
pcDNA-SLIT3 vector (OE), and OE+miR-515-5p 
mimic. Western blotting showed that overexpres-
sion of miR-515-5p markedly reduced SLIT3 
expression, which was restored by additional 
pcDNA-SLIT3 transfection (Figure 6a). In vitro 
assays demonstrated that ectopic SLIT3 expression 

reduced proliferation and migration, while the anti- 
proliferation and anti-migration effects of SLIT3 
overexpression were nullified by the miR-515-5p 
mimic (Figure 6b,c). Collectively, miR-515-5p exerts 
its anti-tumorigenic effect by downregulating SLIT3.

Upregulation of SLIT3 neutralizes 
UBXN10-AS1-mediated tumor-suppression 
in vitro

To further elucidate the role of SLIT3 in UBXN10- 
AS1-mediated tumor repression, we introduced the 
UBXN10-AS1-OE vectors into the SW620 and 
SW480 cells coupled with si-SLIT3. Western blots 
showed significant si-SLIT3-mediated nullification 
of increased SLIT3 expression by UBXN10-AS1-OE 
vectors (Figure 7a). Functionally, upon SLIT3 silen-
cing, the proliferative and migratory rates of the 

Figure 4. Upregulation of miR-515-5p abrogates the anti-tumorigenic effects of UBXN10-AS1 overexpression in COAD cells. 
A. RT-qPCR examining miR-515-5p expression in SW480 and SW620 cells. B. CCK8 assays detected the proliferation of SW480 and 
SW620 cells. C. Scratch wound-healing migration assay examined the migration of SW480 and SW620 cells. Empty vector, empty 
lentivirus vectors. UBXN10-AS1-OE, UBXN10-AS1-overexpressing lentivirus vectors. mimic, miR-515-5p mimic. **P < 0.001 vs. Empty 
vector; &&P < 0.001 vs. mimic-NC; ##P < 0.001 vs. UBXN10-AS1-OE+mimic.
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SW620 and SW480 cells were enhanced; however, 
these effects were almost fully mitigated by UBXN10- 
AS1 overexpression (Figure 7b,c). In summary, 
SLIT3 silencing almost fully eliminated the tumor- 
suppressing role of UBXN10-AS1 in COAD.

Discussion

In the present study, we found that UBXN10-AS1 
is expressed at low levels in COAD tissues and that 
its overexpression suppressed COAD cell prolif-
eration in vitro and in vivo. More importantly, 
we identified that UBXN10-AS1 acts as a tumor 

suppressor partially due to its ceRNA activity to 
regulate the miR-515-5p/SLIT3 axis.

LncRNAs have been reported to be aberrantly 
expressed in various malignancies, and they can 
reshape oncogene or anti-oncogene expression 
epigenetically, transcriptionally, and post- 
transcriptionally, which is why they can serve as 
oncogenes or tumor suppressors [29]. In the past 
several decades, an increasing number of 
lncRNAs have been found to have such functions 
[30]. In keeping with this trend, we found that 
UBXN10-AS1 was downregulated in COAD tis-
sues and cells. To date, the unregulated expres-
sion of UBXN10-AS1 has only been reported in 

Figure 5. miR-515-5p targets SLIT3 directly in COAD. A. The wild-type putative binding sequences of miR-515-5p in the sequence 
of the SLIT3 3ʹ-UTR. B. SLIT3 3ʹ-UTR (WT and MUT) luciferase vectors were co-transfected with miR-515-5p mimic or mimic NC, the 
activity of SLIT3 3ʹ-UTR was measured by luciferase. Renilla was used as control. **P < 0.001 vs. mimic-NC. C. Detection of SLIT3 
expression in SW480 and SW620 cells by RT-qPCR, **P < 0.001 vs. FHC. D. Detection of SLIT3 expression in COAD tissues by RT-qPCR. 
**P < 0.001. E. The relationship between SLIT3 mRNA and miR-515-5p in COAD tissues was determined by Pearson’s correlation 
analysis. F. Western blotting analysis of SLIT3 expression in SW480 and SW620 cells transfected with UBXN10-AS1 overexpression or 
silence. Empty vector, empty lentivirus vectors. UBXN10-AS1-OE, UBXN10-AS1-overexpressing lentivirus vectors. **P < 0.001 vs. 
empty vector, &&P < 0.001 vs. si-NC.
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studies on prostate cancer and thyroid carcinoma 
[12,31], and its function has remained understu-
died. Our gain-of-function analysis demonstrated 
that UBXN10-AS1 overexpression reduced 
COAD cell proliferation and migration in vitro 
and slowed tumor growth in vivo. To the best of 
our knowledge, this is the first study demonstrat-
ing the suppressive effect of UBXN10-AS1 on 
COAD progression in vitro and in vivo.

To identify the UBXN10-AS1-mediated 
mechanism of regulation of COAD progression, 
we compared UBXN10-AS1 expression in the 
cytoplasm and nucleus of SW480 and SW620 
cells. Our subcellular distribution analysis demon-
strated that UBXN10-AS1 was mainly located in 
the cytoplasm, indicating that it can perform cyto-
plasmic functions, such as miRNA sponging. 
Indeed, as evidenced by luciferase reporter and 
RNA RIP assays, UBXN10-AS1 could exert its 

effects via sponging miR-515-5p. MiR-515-5p has 
been reported to be downregulated in several can-
cers, such as prostate and breast cancer, and it can 
function as a tumor suppressor during cancer pro-
gression. For example, prostate cancer patients 
with high-miR-515-5p expression display favor-
able clinical outcomes [20]. Furthermore, miR- 
515-5p overexpression can reduce the malignant 
phenotype of hepatocellular carcinoma cells [32]. 
However, our data show that miR-515-5p was 
abundantly expressed in COAD tissues and cells. 
Here, the functional study of cells also demon-
strated that miR-515-5p can increase COAD cell 
proliferation and migration. Our findings suggest 
that miR-515-5p is an oncomiR in COAD. These 
opposing effects of miR-515-5p suggested that 
miR-515-5p may function as an oncomiR or an 
anti-oncogene in different tumor models. Reports 
of such functions have increased considerably [33]. 

Figure 6. SLIT3 overexpression offsets the pro-tumorigenic role of miR-515-5p overexpression in COAD. A. The expression 
changes of SLIT3 protein were assessed by Western blots. B. CCK8 assays detected the proliferation capacity of indicated SW480 and 
SW620 cells. C. scratch wound-healing migration assays detected the migration capacity of indicated SW480 and SW620 cells. Empty 
vector, pcDNA 3.1 empty vectors. SLIT3-OE, SLIT3 overexpression vectors. mimic, miR-515-5p mimic. *P < 0.001, **P < 0.001 vs. 
Empty vector; &P < 0.05, &&P < 0.001 vs. mimic-NC; #P < 0.05, ##P < 0.001 vs. SLIT3-OE+mimic.
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Interestingly, a negative correlation between miR- 
515-5p and UBXN10-AS1 also indicated that 
UBXN10-AS1 may at least partially downregulate 
miR-515-5p expression, thus offsetting the its 
oncogenicity in COAD. Our rescue assays showed 
that UBXN10-AS1 overexpression can nullify 
miR-515-5p overexpression-mediated increased 
COAD cell proliferation and migration. These 
results showed that UBXN10-AS1 can sponge 
miR-515-5p and suppress COAD cell proliferation 
and migration.

MiRNA/mRNA interactions enable miRNAs 
to downregulate mRNA expression via targeted 
binding. The regulatory mechanism of miR-515- 
5p in COAD progression has not been pre-
viously reported. In the current study, we iden-
tified SLIT3 as a downstream target of miR-515- 
5p in COAD cells. The tumor suppressor role of 
SLIT3 in thyroid cancer and hepatocellular 

carcinoma has been reported earlier [14,15]. In 
the present study, we found that SLIT3 was 
expressed at low levels in COAD tissues and 
was inversely related to miR-515-5p expression. 
More importantly, SLIT3 overexpression 
enhanced the effect of UBXN10-AS1 overexpres-
sion and inhibited COAD cell proliferation and 
migration. Thus, SLIT3 may have a dual role in 
cancer progression. Meanwhile, miR-515-5p can 
restore the suppressed COAD cell proliferation 
and migration regulated by SLIT3 overexpres-
sion, confirming that miR-515-5p suppresses 
COAD cell activities by targeting SLIT3. This 
relationship was further validated by our subse-
quent results showing that UBXN10-AS1 pro-
moted SLIT3 expression. Thus, UBXN10-AS1 
competitively binds miR-515-5p and stepwise 
abolishes the inhibition of SLIT3 expression, 
resulting in tumor inhibition.

Figure 7. Upregulation of SLIT3 neutralizes UBXN10-AS1’s tumor-suppressionin vitro. A. The expression of SLIT3 protein were 
determined by Western blots. B. CCK8 assays detected the proliferation capacity of indicated SW480 and SW620 cells. C. wound 
healing assay detected the migration capacity of indicated SW480 and SW620 cells. Empty vector, empty lentivirus vectors. UBXN10- 
AS1-OE, UBXN10-AS1-overexpressing lentivirus vectors. si-NC, siRNA negative control. *P < 0.05, **P < 0.001 vs. Empty vector; 
&&P < 0.001 vs. si-NC; #P < 0.05, ##P < 0.001 vs. si-SLIT3+ UBXN10-AS1-OE.
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However, our study has some limitations. First, 
no in vivo assays were performed. Second, the 
UBXN10-AS1-mediated cell functions are com-
plex, and further studies are warranted to fully 
understand its function in COAD progression. 
Third, the sample size was small.

Conclusions

UBXN10-AS1 was expressed at low levels in 
COAD cells, and it may suppress COAD cell pro-
liferation and migration via the miR-515-5p/SLIT3 
axis. Our findings provide further insights into 
lncRNA-associated targets for COAD treatment.
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