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Abstract. — OBJECTIVE: Many studies have
revealed that long non-coding RNAs (IncRNAs)
are related to various cancers, including col-
orectal cancer (CRC). This study aims to explore
the biological function of IncRNA PSMA3-AS1 in
CRC progression.

MATERIALS AND METHODS: The expression
levels of PSMA3-AS1 and miR-4429 were as-
sessed by RT-qPCR. CRC progression was ex-
plored by cell viability, migration, and invasion
using CCK-8 and transwell assays. The inter-
action between PSMA3-AS1 and miR-4429 was
verified by bioinformatics analysis, Dual-Lucif-
erase assay, and RIP assay.

RESULTS: It was found that PSMA3-AS1 ex-
pression was increased and miR-4429 expres-
sion was decreased in CRC tissues and cells.
In addition, PSMA3-AS1 interference marked-
ly hindered the proliferation, migration, and in-
vasion of CRC cells. MiR-4429 was a direct tar-
get of PSMA3-AS1, and the knockdown of PS-
MA3-AS1 significantly suppressed miR-4429 ex-
pression. The depletion of PSMA3-AS1 inhibit-
ed CRC progression, which was neutralized by
miR-4429 inhibitor.

CONCLUSIONS: PSMA3-AS1 accelerated CRC
progression by regulating miR-4429 expression,
which could be used as a potential therapeutic
target for CRC patients.
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Introduction

Colorectal cancer (CRC) is one of the most
common malignancies'. In the past decade, sig-
nificant advances have been achieved in the di-
agnosis and treatment of CRC*. However, the
unlimited proliferation and high metastasis of
tumors lead to poor prognosis in patients with
CRC’. Therefore, a better understanding of the
potential mechanisms correlated with prolifera-
tion and metastasis in CRC is urgent.

Long non-coding RNAs (IncRNAs) are a
class of RNAs with more than 200 nucleotides
(nts) in length®’. LncRNAs have been shown to
play vital roles in several biological processes,
such as cell apoptosis, metastasis, proliferation,
and invasion®'°, Chen et al'! have demonstrated
the regulatory roles of IncRNAs in multiple
cancers, including CRC. For example, IncRNA
CCATI contributed to CRC tumorigenesis
through suppression of miR-181b-5p'?. LncRNA
FOXD2-ASI facilitated the malignancy of CRC
via the miR-25-3p/Semadc axis". LncRNA
UCALI regulated the miR-143/MYO6 axis to ac-
celerate the development of CRC'. The IncRNA
SLCO4A1-AS1/miR-508-3p axis regulated CRC
development by targeting PARD3". However,
the biological function of PSMA3-AS1 in CRC
remains obscure.
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MicroRNAs (miRNAs) have been reported
to be vital regulators in CRC tumorigenesis'®'®.
The supplementation of miR-1258 suppressed
cell proliferation by regulating E2F8 in CRC".
MiR-4319 inhibited CRC development by di-
rectly targeting ABTB1?. The upregulation of
miR-141 remarkably restrained CRC growth by
regulating TRAF5*. MiR-335-5p suppressed the
proliferation, migration, and invasion of CRC
cells through inhibiting LDHB?>. However, the
exact mechanism by which miR-4429 modulates
the progression of CRC remains unclear.

In this study, IncRNA PSMA3-AS1 facilitat-
ed CRC development via regulating miR-4429.
Our findings revealed that IncRNA PSMA3-AS1
might be a new diagnostic biomarker and thera-
peutic target for CRC treatment.

Materials and Methods

Patients and Specimens

30 pairs of tumor and adjacent healthy tis-
sues were obtained from CRC patients who
had surgical treatment at the Second Affiliated
Hospital of Nanjing Medical University. Spec-
imens were stored at -80°C immediately after
surgical resection. This research was approved
by the Ethics Committee of Nanjing Medical
University (Nanjing, Jiangsu, China). Written
informed consent was obtained from each par-
ticipant.

Cell Culture

Normal colorectal mucosa epithelial cells
(NCM460) and human CRC cell lines (HT29,
SW837, and HCTS8) were purchased from the
American Type Culture Collection (ATCC). All
cells were cultivated with RPMI-1640 medium
(Haoranbio, Shanghai, China) with 10% FBS
(Gibco; Thermo Fisher Scientific, Waltham,
MA, USA). The cells were cultured at 37°C in
a humidified incubator containing 5% CO.,.

Cell Transfection

Short hairpin RNA (shRNA) targeting PS-
MA3-AS1 (shPSMA3-ASI), negative control
(shNC), miR-4429 mimics, control group (NC
mimics), miR-4429 inhibitor, and negative con-
trol (NC inhibitor) were purchased from Gene-
Pharma (Shanghai, China). HT29 and SW&37
cells were transfected with these oligonucleotides
using Lipofectamine 2000 transfection reagent
(Invitrogen, Carlsbad, CA, USA).

RT-gqPCR

Total RNA was extracted from tissues or cells
using TRIzol (TaKaRa Bio, Inc., Dalian, China).
Subsequently, synthesis of cDNA was performed
using PrimeScript RT Reagent kit (TaKaRa Bio,
Inc., Dalian, China). RT-qPCR was conducted
using the SYBR Green PCR kit (TaKaRa Bio,
Inc., Dalian, China). U6 and GAPDH were ad-
opted as the internal controls. The relative ex-
pression of genes was analyzed using the 2744¢d
method.

Cell Counting Kit-8 (CCK-8) Assay

HT29 and SW837 cells were incubated in
96-well plates (1x10* cells per well) and cultured
for 0, 24, 48, or 72 h. Then, 10 pL. CCK-8 solu-
tion was added to each well and appended for 2 h
incubation. The optical density (OD) of each well
was detected at a wavelength of 450 nm using a
microplate reader.

Transwell Assay

For the migration assay, transfected cells
(1x10%) in serum-free culture medium were add-
ed to the upper chamber. Afterward, 10% FBS
was added to the lower chamber. After 24 h,
0.1% crystal violet was performed stain cells, and
cells were counted under a light microscope. For
cell invasion, the chamber was precoated with
Matrigel (Becton Dickinson, Franklin Lakes, NJ,
USA). The other steps were consistent with the
cell migration assay.

Dual-Luciferase Reporter Assay

The wild-type (WT) or mutant (Mut) report-
er plasmids of PSMA3-ASI (PSMA3-ASI-WT
and PSMA3-AS1-Mut) were obtained from Ge-
nePharma (Shanghai, China). Then, HT29 and
SW837 cells were co-transfected with PSMA3-
ASI-WT or PSMA3-ASI-Mut and miR-4429
mimics or NC mimics using Lipofectamine 3000
transfection reagent. The Luciferase activities
were determined by the Dual-Luciferase Report-
er System.

RIP Assay

RIP assay was carried out using Magna RIP
RNA-Binding Protein Immunoprecipitation Kit
(Millipore, MA, USA). The transfected cells were
dissolved in RIP lysis buffer, and then, cell lysate
was incubated with magnetic beads bound with
the Ago2 antibody. IgG was used as a control
group. Then, immunoprecipitated RNA was de-
tected RT-qPCR assay.
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Statistical Analysis

The data were assessed using GraphPad Prism
7 (LaJolla, CA, USA) and expressed as the mean
+ standard deviation (SD). Student’s ¢-test or a
one-way ANOVA was used to evaluate the dif-
ferences between groups. Survival analysis was
performed using Kaplan-Meier survival curves
and log-rank tests. The correlation between PS-
MAZ3-AS1 and miR-4429 level was assessed by
Pearson’s correlation analysis. p<0.05 represent-
ed statistical significance.

Results

PSMA3-AS1 Was Highly Expressed
in CRC

To investigate the function of PSMA3-ASI in
CRC, its expression was detected in CRC tissues
by RT-qPCR. The results revealed that a distinct
upregulation of PSMA3-ASI level in CRC tissues
compared to adjacent normal tissues (Figure 1A).
Then, PSMA3-ASI expression was measured in
CRC cells. The data showed that PSMA3-AS1
expression was remarkably enhanced in CRC
cells (HT29, SW837, and HCTS8) compared with
normal cells NCM460 (Figure 1B). Furthermore,
as shown in Figure 1C, the high expression of
PSMA3-ASI in CRC patients displayed poor-
er prognosis. Taken together, PSMA3-ASIl was
prominently upregulated in CRC and might be
implicated in the development of CRC.

Interference of PSMA3-AS1 Suppressed
CRC Progression

To explore the biological function of PS-
MA3-AS1 in CRC, HT29 and SW&837 cells
were transfected with three shRNAs against PS-
MAZ3-ASI or shNC. The transfection efficiency
in HT29 and SW837 cells was confirmed by
RT-qPCR (Figure 2A). CCK-8 assay indicated
that the depletion of PSMA3-ASI1 impeded the
viability of HT29 and SW837 cells (Figure 2B).
Moreover, PSMA3-ASI1 silencing resulted in a
restriction of cell migration and invasion in HT29
and SW837 cells (Figure 2C and D). Overall,
these results demonstrated that the knockdown
of PSMA3-AS1 could restrain the proliferation,
migration, and invasion of CRC cells.

PSMA3-AS1 Acted as a Sponge
for MiR-4429

It has been declared that IncRNAs are impli-
cated in tumorigenesis by competitively bind-
ing with miRNAs. StarBase was performed to
predict the binding sites of PSMA3-AS1 and
miR-4429 (Figure 3A). To further affirm this
prediction, Luciferase reporter assay was uti-
lized by establishing luciferase reporter vec-
tors PSMA3-AS1I-WT and PSMA3-AS1-Mut.
Results indicated that transfection of miR-
4429 mimics reduced the Luciferase activity of
PSMA3-AS1-WT reporter in HT29 and SW837
cells, but had no significant effect on PSMA3-
ASI1-Mut activity (Figure 3B). RIP assay in-

Relative PSMA3-AS1 expression
Relative PSMA3-AS1 expression

Overall Survival

—— Low PSMA3-AS1 Group
= High PSMA3-AS1 Group
Logrank p=0.015

0.8
I

n(high)=15
=H 5

0.6

0.4

Percent survival

0.2

0.0

Figure 1. PSMA3-ASI was highly expressed in CRC. A, The expression levels of PSMA3-AS1 in CRC tissues (n=30) and
adjacent normal tissues (n=30) were measured by RT-qPCR. B, The expression levels of PSMA3-AS1 in normal colorectal
mucosa epithelial cells (NCM460) and human CRC cell lines (HT29, SW837, and HCTS) were detected by RT-qPCR. C,
Kaplan-Meier analysis indicated the association between PSMA3-AS1 expression and the overall survival of CRC patients.

The data were presented as mean + SD (*p < 0.05).
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Figure 2. Interference of PSMA3-ASI1 suppressed CRC progression. A, PSMA3-ASI expression levels in HT29 and SW837
cells transfected with shNC or shPSMA3-ASI lines (shPSMA3-AS1#1, shPSMA3-AS1#2, and shPSMA3-AS1#3) were
detected by RT-qPCR. B, CCK-8 assay was used to detect viability of HT29 and SW837 cells transfected with shNC or
shPSMA3-AS1 (shPSMA3-AS1#1, shPSMA3-AS1#2, and shPSMA3-AS1#3). C, and D, Transwell assay was used to measure
migration and invasion of HT29 and SW837 cells transfected with shANC or shPSMA3-AS1 (shPSMA3-AS1#1, shPSMA3-
AS1#2, and shPSMA3-AS1#3) (magnification x40). The data were presented as mean + SD (*p < 0.05).

dicated that PSMA3-AS1 and miR-4429 were
highly enriched by Ago2, but the enrichment
effect of IgG was not evident (Figure 3C).
Subsequently, RT-qPCR assay displayed that
miR-4429 was decreased in CRC tissues and
cells (Figure 3D and E). Moreover, there was
an inverse correlation between PSMA3-ASI
and miR-4429 in CRC tissues (Figure 3F). In
addition, miR-4429 expression was increased
in HT29 and SW837 cells by depleting PS-
MA3-AS1 (Figure 3G). Collectively, these re-
sults indicated that PSMA3-ASI directly tar-
geted miR-4429 in CRC cells.

PSMA3-AS1 Regulated Cell Viability,
Migration, and Invasion in CRC Cells
by Sponging MiR-4429

To further investigate whether PSMA3-AS1
could regulate the progression of CRC by
sponging miR-4429, shNC, shPSMA3-ASI#l,
shPSMA3-ASI#1+NC inhibitor, and shPS-
MA3-AS1#1+miR-4429 inhibitor was transfected
into HT29 and SW837 cells. The inhibition of
miR-4429 abolished the suppressive effects of
PSMA3-ASI silencing on PSMA3-ASI level in
HT29 and SW837 cells (Figure 4A). The deple-
tion of PSMA3-AS1 remarkably suppressed the
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Figure 3. PSMA3-ASI acted as a sponge for miR-4429. A, The predicted binding sites of PSMA3-AS1 and miR-4429. B,
The Luciferase activity of HT29 and SW837 cells co-transfected with the miR-4429 mimics and PSMA3-AS1-WT or PSMA3-
AS1-Mut was detected Dual-Luciferase reporter assay. C, Correlations between PSMA3-AS1 and miR-4429 detected by RIP
assay. D, The expression of miR-4429 in CRC tissues (n=30) and adjacent normal tissues (n=30) were detected by RT-qPCR.
E, The expression of miR-4429 in normal colorectal mucosa epithelial cells (NCM460) and human CRC cell lines (HT29,
SW837, and HCT8) was measured by RT-qPCR. F, The relationship between PSMA3-AS1 and miR-4429 expressions in CRC
tissues. G, The expression of miR-4429 in HT29 and SW837 cells transfected with shNC or shPSMA3-AS1#1 was analyed by

RT-qPCR. The data were presented as mean £ SD (*p < 0.05).

viability, migration, and invasion of HT29 and
SW837 cells, whereas the effects could be coun-
teracted by miR-4429 inhibitor (Figure 4B-D). In
summary, our results revealed that PSMA3-AS1
accelerated the progression of CRC by regulating
miR-4429.

Discussion

It has been demonstrated that aberrant expres-
sion of IncRNAs contributes to the regulation
of multiple cancers, including CRC. Here, we
observed that the depletion of PSMA3-ASI re-
strained the development of CRC cells via spong-
ing miR-4429. The present study demonstrated
for the first time that PSMA3-ASI acted as an
oncogenic role in CRC progression.
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Although various IncRNAs have been report-
ed to play crucial biological functions in multiple
malignant tumors, the molecular mechanisms of
PSMA3-ASI in modulating CRC development
remain largely unknown. PSMA3-ASI has been
confirmed as an oncogene in various cancers.
For example, the overexpression of PSMA3-ASI
accelerated the development of glioma via miR-
302a-3p/RAB22A axis?®. PSMA3-ASI facilitat-
ed lung cancer cell invasion and growth via
regulating miR-4504*. LncRNA PSMA3-ASI
accelerated esophageal cancer growth by regu-
lating miR-101/EZH2 axis®. In this study, PS-
MA3-AS1 was decreased in CRC tissues and
cells, and the high expression of PSMA3-AS1
was associated with poor prognosis in CRC.
Functionally, the knockdown of PSMA3-ASI
significantly inhibited the proliferation, migra-
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Figure 4. PSMA3-ASI regulated cell viability, migration and invasion in CRC cells by sponging miR-4429. A, The expression
of PSMA3-AS1 in HT29 and SW837 cells transfected with shNC, shPSMA3-AS1#1, shPSMA3-AS1#1+NC inhibitor or
shPSMA3-AS1#1+miR-4429 inhibitor was detected by RT-qPCR. B, HT29 and SW837 cells were transfected with shNC,
shPSMA3-AS1#1, shPSMA3-ASI#1+NC inhibitor or shPSMA3-AS1#1+miR-4429 inhibitor, followed by evaluation of cell
viability. C, and D, HT29 and SW837 cells were transfected with shNC, shPSMA3-AS1#1, shPSMA3-AS1#1+NC inhibitor
or shPSMA3-AS1#1+miR-4429 inhibitor, followed by detection of cell migration and invasion (magnification x40). The data

were presented as mean + SD (*p < 0.05).

tion, and invasion of CRC cells. Taken together,
these results indicated that PSMA3-AS1 promot-
ed the development and progression of CRC.
Anastasiadou et al?*® have indicated that
IncRNAs can act as competing endogenous
RNAs (ceRNAs) to modulate miRNAs levels
in human cancers. Of note, SNHG8 facili-
tated gastric cancer development by regulat-
ing miR-491%". TP73-AS1 targeted miR-329-3p
to accelerate cell viability and migration in
cervical cancer?®. MYOSLID exerted ceRNA
roles in gastric cancer via regulating miR-29c-
3p¥. In this study, we predicted the possible
PSMA3-ASl-related ceRNA pathway through
StarBase and identified that PSMA3-ASI act-
ed as a sponge for miR-4429 via Luciferase

reporter and RIP assays. MiR-4429 has been
reported to act as a tumor suppressor in cer-
vical cancer®, gastric cancer’, and clear cell
renal cell carcinoma’?. In addition, previous
studies indicated that several IncRNA, such
as LINC00313%, SNHG12%*, and NR2F2-AS1%
regulated the development and progression of
human cancers by interacting with miR-4429.
In this study, it was found that miR-4429 ex-
pression was downregulated in CRC tissues
and cells, and the depletion of PSMA3-AS1
increased miR-4429 expression through direct
interaction. Moreover, the knockdown of PS-
MA3-ASI1 inhibited the progression of CRC,
which was counteracted following miR-4429
inhibitor transfection.
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Conclusions

We revealed that the depletion of PSMA3-AS1
suppressed cell viability, migration, and invasion
in CRC by regulating miR-4429. This study
suggested that PSMA3-ASI might be a potential
therapeutic target for CRC intervention.
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