
RESEARCH PAPER

LncRNA PSMG3AS1 promotes proliferation of non-small cell lung cancer cells by 
sponging miR-613 to upregulate SphK1
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ABSTRACT
PSMG3-AS1 is a characterized oncogenic lncRNA in breast cancer, while its role in other cancers 
remains unclear. This study was to investigate the role and underlying mechansim of PSMG3- 
AS1 in non-small cell lung cancer (NSCLC). In this study, we found that PSMG3-AS1 could 
interact with miR-613. The expression of PSMG3-AS1 was upregulated in NSCLC, while the 
expression of miR-613 was downregulated in NSCLC. However, PSMG3-AS1 and miR-613 were 
not significantly correlated with each other. In NSCLC cells, PSMG3-AS1 and miR-613 over-
expression failed to regulate the expression of each other. Interestingly, PSMG3-AS1 overexpres-
sion led to upregulated SphK1, a downstream target of miR-613. In addition, PSMG3-AS1 
overexpression reduced the inhibitory effects of miR-613 on NSCLC cell proliferation. 
Therefore, PSMG3-AS1 may promote the proliferation of NSCLC cells by sponging miR-613 to 
upregulate SphK1.
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Introduction

Lung cancer is the most common type of malig-
nancy and also the leading cause of cancer deaths 
[1]. According to the latest GLOBOCAN statis-
tics, lung cancer caused 1,761,007 deaths, which 
are the 18.4% of all cancer deaths [2]. In the same 
year, 2,093,876 new cases of lung cancer were 
diagnosed, accounting for 11.6% of all cancer 
cases [2]. Smoking is the major cause of lung 
cancer [3,4]. However, lung cancer also affects 
never-smoker [5,6]. In effect, more than 10% 
lung cancers occur in never-smokers, especially 
females [5]. At present, the molecular pathogen-
esis of lung cancer remains elusive, and the 
unclear molecular mechanism of this disease 
challenges the development of novel treatment 
approaches [7].

Even in smokers, smoking is not sufficient for 
the occurrence and development of lung cancer 
[5,6], indicating the involvement of other factors, 
such as molecular pathways [7,8]. Understanding 

the functionality of the molecular pathways pro-
vides novel insights to the development of targeted 
therapy, which aimed to regulate cancer-related 
gene expression to suppress cancer development 
[9,10]. Besides proteins, cancer development and 
progression also requires the involvement of non- 
coding RNAs (ncRNAs), such as long (> 200 nt) 
ncRNAs (lncRNAs), which are not involved in 
protein synthesis but regulate gene expression to 
promote or suppress cancer [11,12]. However, the 
function of most lncRNAs in cancer biology 
remains unclear. PSMG3-AS1 is a novel oncogenic 
lncRNA identified in breast cancer [13], while its 
role in other cancers is unknown. Our bioinfor-
matics analysis revealed the possible interaction 
between PSMG3-AS1 and miR-613, which plays 
tumor suppressive roles by targeting SphK1 [14]. 
This study was therefore carried out to analyze the 
interactions among PSMG3-AS1, miR-613 and 
SphK1 in non-small cell lung cancer (NSCLC), 
which is a major subtype of lung cancer.
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Materials and methods

Research subjects

This study was approved by Ningbo Medical 
Center Lihuili Eastern Hospital Ethics 
Committee. A total of 64 patients with NSCLC 
(gender: 40 males and 24 females; age: 45 to 
69 years; mean age: 54.3 ± 5.8 years) were enrolled 
at this hospital between March 2017 and June 
2019. Patients with a history of malignancies 
were not included. Patients complicated with 
other severe clinical disorders or the ones with 
initiated therapy were also excluded from this 
study. Patients were diagnosed by histopathologi-
cal biopsy. During biopsy, paired NSCLC and 
adjacent (within 3 cm around tumors) non- 
tumor tissues were collected from each patient. 
All tissue samples were stored in liquid nitrogen 
before use. Based on AJCC staging system, the 64 
patients included 14, 15, 19 and 16 cases at stage I, 
II, III and IV, respectively. All patients signed 
informed consent.

Cell culture

A549, MDA-T120 (human NSCLC cell line) and 
BEAS-2B (human normal lung epithelial cells) 
were used. All the cell lines were purchased from 
ATCC (USA). Cells were cultivated in a medium 
composed of 10% FBS and 90% RPMI-1640 med-
ium. Cell culture conditions were: 37°C, 95% 
humidity and 5% CO2.

Cell transfection

With pcDNA 3.1 vector as backbone, expression 
vectors of PSMG3-AS1 and SphK1 were con-
structed. Mimic of miR-613 and negative con-
trol (NC) miRNA were purchased from Sigma- 
Aldrich. MDA-T120 cells were transfected with 
miRNA (40 nM) and/or 10 nM vector using 
Lipofectamine 2000 (Invitrogen, USA). Tow 
control groups, including NC (empty vector- 
or NC miRNA-transfected cells) and Control 
(C, untransfected cells) were included. 
Subsequent experiments were performed 48 h 
later.

Dual luciferase activity assay

With pGL3 vector (Promega Corporation) as 
backbone, luciferase vector of PSMG3-AS1 was 
constructed. To analyze the interaction between 
PSMG3-AS1 and miR-613, luciferase activity 
assay was performed by co-transfecting MDA- 
T120 cells with PSMG3-AS1 luciferase vector + 
miR-613 mimic (miR-613 group) or PSMG3-AS1 
luciferase vector + NC miRNA (NC group). 
Luciferase activity was measured and compared 
at 48 h later.

RNA sample preparations

Isolation of total RNA from paired tissue samples 
and MDA-T120 cells was performed using 
RNAzol reagent (Sigma-Aldrich). MiRNA was 
harvested by precipitating and washing RNA sam-
ples with 85% ethanol. Genomic DNA was 
removed by digesting RNA samples with DNase I 
(Takara).

RT-qPCR

The digested RNA samples were subjected to 
reverse transcriptions using Tetro Reverse 
Transcriptase (Bioline) to prepare cDNA samples. 
With cDNA samples as template, qPCR reactions 
were performed using QuantiTect SYBR Green 
PCR Kit (QIAGEN) with GAPDH as internal con-
trol to analyze the expression levels of PSMG3- 
AS1 and SphK1. Levels of mature miR-613 expres-
sion were measured using All-in-OneTM miRNA 
qRT-PCR Detection Kit (GeneCopoeia) with U6 as 
internal control. PCR reactions were performed in 
triplicates and the method of 2−ΔΔCq was used for 
data normalization.

Western blot

Isolation of protein samples from MDA-T120 cells 
was performed using RIPA buffer (Invitrogen). 
BCA assay (Invitrogen) was performed to measure 
protein concentrations. Protein samples were 
denatured in boiling water for 10 min, followed 
by protein separation using 10% SDS-PAGE gel. 
PVDF membranes were used to transfer proteins 
and blocking was performed in 5% nonfat milk 
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(PBS) for 2 h at room temperature. After that, 
SphK1 (ab61148, 1: 1400, Abcam) and GAPDH 
(ab9485, 1: 1400, Abcam) primary antibodies 
were used to incubate with the membranes for 
14 h at 4°C. After that, membranes were incubated 
with lgG-HRP secondary antibody (ab6721, 
1:1400, Abcam) for 2 h at room temperature. 
Signal production was performed using ECL 
(Sigma-Aldrich, USA). Data were processed using 
Image J v1.48 software.

Cell proliferation analysis

Following transfections, A549 and MDA-T120 
cells were subjected to cell proliferation assay 
using CCK-8 kit (Sigma-Aldrich). Briefly, 5000 
cells were transferred to each well of a 96-well 
cell culture plate and cells were cultivated at 37° 
C. OD values at 450 nm were measured every 24 h 
for a total of 96 h. At 4 h before the measurement 
of OD values, CCK-8 solution was added into each 
well to reach final concentration of 10%.

Cell apoptosis assay

A549 and MDA-T120 cells were digested with 
trypsin at 72 h post-transfection, followed by col-
lection by centrifugation at 1,000 rpm for 5 min. 
Cells were cleaned twice and centrifuged at 1,000 
rpm for 5 min. The collected cells were fixed with 
1 ml ethanol at 4°C overnight. The follow experi-
ment referred to the instruction of eBioscience 
Annexin V Apoptosis Detection Kit APC 
(Invitrogen™, USA), the treated cells were detected 
by flow cytometry (BD., USA).

Cell invasion assay

After 48 h of transfection, the cells were trans-
ferred to serum-free medium for 24 h. Transwell 
chambers were situated into a 24-well plate. The 
bottom of the transwell chamber was coated with 
Matrigel (1: 8, Invitrogen™, USA). The cells were 
seeded into chamber at a density of 1 × 105 

cells·mL−1. Additionally, 200 μL cell suspension 
was included in the apical chamber covered with 
Matrigel. After the cells were normally cultured for 
about 24 h, the cells from apical chamber were 
fixed for 15 min with 4% paraformaldehyde, and 

stained with 0.5% crystal violet solution for 
15 min. Finally, the invasive cells were measured 
under an inverted microscope in 5 randomly 
selected visual fields. All investigations involved 
at least 3 wells, each repeated in triplicate.

Colony formation assay

A549 and MDA-T120 cells were harvest at 48 h 
post-transfection. A single-cell suspension was 
obtained through trypsinization and filtration 
through a 40 m filter; the cells were then seeded 
into a 6-well plate containing 0.35% soft agar. 
After about 2 weeks, colonies were stained with 
crystal violet and observed by microscope. Each 
sample was analyzed in triplicate, and this experi-
ment was performed three times.

Statistical analysis

Data of triplicates were expressed as mean ± SD. 
Paired t test was used to compare paired tissues. 
Unpaired t test was used to compare two indepen-
dent groups. ANOVA Tukey’s test was used to 
compare multiple groups. Correlations were ana-
lyzed by linear regression. p < 0.05 was statistically 
significant.

Results

PSMG3-AS1 interacted with miR-613

IntaRNA 2.0 (http://rna.informatik.uni-freiburg. 
de/IntaRNA/Input.jsp) was used to predict the 
base pairs can be formed by PSMG3-AS1 and 
miR-613. It was observed that PSMG3-AS1 and 
miR-613 could form multiple base pairs (Figure 
1a). To analyze the interaction between PSMG3- 
AS1 and miR-613, luciferase activity assay was 
performed by co-transfecting MDA-T120 cells 
with PSMG3-AS1 luciferase vector + miR-613 
mimic (miR-613 group) or PSMG3-AS1 luciferase 
vector + NC miRNA (NC group). Compared with 
NC group, relative luciferase activity was signifi-
cantly lower in miR-613 group, indicating direct 
interaction between them (Figure 1b).
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PSMG3-AS1 and miR-613 expression was altered 
in NSCLC

The expression of PSMG3-AS1 and miR-613 in 
paired NSCLC and non-tumor tissues was mea-
sured by RT-qPCR. Compared with NSCLC tis-
sues, the expression of PSMG3-AS1 were 
significantly increased in non-tumor tissues 
(Figure 2a, p < 0.001). In contrast, the expression 
of miR-613 was significantly decreased in NSCLC 
tissues compared with non-tumor tissues (Figure 
2b, p < 0.001).

PSMG3-AS1 and miR-613 were not significantly 
correlated with each other

Linear regression was performed to analyze the 
correlations between the expression levels of 
PSMG3-AS1 and miR-613 across NSCLC (Figure 
3a) and non-tumor (Figure 3b) tissues. It was 
observed that expression levels of PSMG3-AS1 

and miR-613 were significantly negative correla-
tion with each other in NSCLC.

PSMG3-AS1 and miR-613 overexpression failed 
to regulate the expression of each other

RT-qPCR were used to detect the base expression 
of PSMG3-AS1 and miR-613 in A549, MDA-T120 
and BEAS-2B cells. Since the expression of 
PSMG3-AS1 and miR-613 in MDA-T120 cells 
was the highest among all the cell lines (Figure 
4a), the MDA-T120 cells were chosen to investi-
gate the relationship between PSMG3-AS1 and 
miR-613. MDA-T120 cells were transfected with 
PSMG3-AS1 expression vector or miR-613 mimic 
to analyze the interaction between PSMG3-AS1 
and miR-613. Overexpression of PSMG3-AS1 
and miR-613 was confirmed by RT-qPCR (Figure 
4b, p < 0.05). Compared with C and NC group, 
PSMG3-AS1 and miR-613 overexpression failed to 

Figure 1. PSMG3-AS1 interacted with miR-613 IntaRNA 2.0 was used to predict the base pairs could be formed by PSMG3-AS1 and 
miR-613 (a). To analyze the interaction between PSMG3-AS1 and miR-613, luciferase activity assay was performed by co-transfecting 
MDA-T120 cells with PSMG3-AS1 luciferase vector + miR-613 mimic (miR-613 group) or PSMG3-AS1 luciferase vector + NC miRNA 
(NC group). This experiment was performed in triplicate and mean values were presented and compared.*,p < 0.05.
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significantly affect the expression of each other 
(Figure 4c).

PSMG3-AS1 overexpression led to upregulated 
SphK1

Previous study reported that miR-613 promoted 
cell proliferation by targeting sphk1 in bladder 
cancer [14]. This result indicated that PSMG3- 
AS1 may competitive sponge miR-613 to regulate 
the expression of sphk1. To investigate whether 
PSMG3-AS1 can serve as an internal sponge of 
miR-613, and the effects of PSMG3-AS1 and 
miR-613 overexpression on the expression of 
SphK1, RT-qPCR (Figure 5a) and western blot 
(Figure 5b) were employed. It was observed that 
miR-613 overexpression led to down regulating 
the expression of SphK1. PSMG3-AS1 overexpres-
sion played an opposite role and attenuated the 
role of miR-613 (p < 0.05).

PSMG3-AS1 regulate the malignant behavior of 
NSCL cells through miR-613/SphK1 axis

The effects of PSMG3-AS1, miR-613 and SphK1 
on the proliferation of MDA-T120 and A549 cells 
were analyzed by CCK-8 assay. It was observed 
that miR-613 led to the decreased cell proliferation 
rate. PSMG3-AS1 and SphK1 overexpression 
played an opposite role, and PSMG3-AS1 over-
expression also inhibited the role of miR-613 over-
expression (Figure 6 A, p < 0.05). On the other 
hand, flow cytometry assay was employed to inves-
tigate the effect of PSMG3-AS1-miR-613/SphK1 
axis on apoptosis. Knockdown of PSMG3-AS1 
increased the apoptosis, miR-613 and PSMG3- 
AS1 co-transfection enhanced this effect, but the 
effect was partially rescued by Sphk1 co-expression 
(Figure 6 B, p < 0.05). The transwell assay and 
clone formation assay were also employed to 
detect the effect of PSMG3-AS1-miR-613/SphK1 
axis on cell invasion and tumor formation. 

Figure 2. The expression of PSMG3-AS1 and miR-613 was altered in NSCLC Expression levels of PSMG3-AS1 (a) and miR-613 (b) in 
paired NSCLC and non-tumor tissues were measured by RT-qPCR. PCR reactions were performed in triplicates and mean values were 
compared by performing paired t test. ***,p < 0.001.

Figure 3. PSMG3-AS1 and miR-613 were not significantly correlated with each other Linear regression was performed to analyze the 
correlations between the expression levels of PSMG3-AS1 and miR-613 across NSCLC (a) and non-tumor (b) tissues.

CELL CYCLE 833



PSMG3AS1 overexpression enhanced the both 
effects, miR-613 and PSMG3-AS1 co-transfection 
attenuated these effects, and the effects were also 
partially re-enhanced by Sphk1 co-expression 
(Figure 6 C&D, p < 0.05)

Discussion

The interactions among PSMG3-AS1, miR-613 
and SphK1 in NSCLC were analyzed in NSCLC. 
We found that the expression PSMG3-AS1 and 

Figure 4. PSMG3-AS1 and miR-613 overexpression failed to regulate the expression of each other (a). RT-qPCR result of base 
expression of PSMG3-AS1 and miR-613 in A549, MDA-T120 and BEAS-2B cells. This experiment was performed in triplicate and mean 
values were presented and compared.*, p < 0.05. MDA-T120 cells were transfected with PSMG3-AS1 expression vector or miR-613 
mimic to analyze the interactions between PSMG3-AS1 and miR-613. Overexpression of PSMG3-AS1 and miR-613 was confirmed by 
RT-qPCR (b). The effects of PSMG3-AS1 and miR-613 overexpression on expression of each other were also analyzed by RT-qPCR (c). 
Experiments were performed in triplicate and mean values were compared.*, p < 0.05.
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miR-613 was altered, and PSMG3-AS1 might 
sponge miR-613 to upregulate SphK1, thereby 
promoting cancer cell proliferation.

The function of PSMG3-AS1 has only been 
investigated in breast cancer [13]. It has been 
reported that PSMG3-AS1 is overexpressed in 
breast cancer and may sponge miR-143-3p to pro-
mote the migration and proliferation of cancer 
cells [13]. Based on our knowledge, the involve-
ment of miR-143-3p in other types of malignan-
cies remains unclear. Our study is the first to 
report the upregulation of PSMG3-AS1 in 
NSCLC. In addition, PSMG3-AS1 overexpression 
led to increased proliferation rate of cancer cells. 
Therefore, PSMG3-AS1 may play oncogenic roles 
in NSCLC by promoting tumor growth.

MiR-613 plays tumor suppressive roles in multi-
ple types of cancers including NSCLC [15]. In a 
recent study, Li et al. reported that miR-613 was 
downregulated in NSCLC and targeted CDK4 to 
induce cell cycle arrest, thereby suppressing cell 
proliferation [15]. Consistently, our study also 
revealed the downregulation of miR-613 in 
NSCLC and its inhibitory effects on cancer cell 
proliferation. In another study, Yu et al. showed 
that miR-613 could target SphK1 to suppress the 
proliferation and migration of bladder cancer cells 
[14]. In this study, we showed that miR-613 could 
also target SphK1 to inhibit the proliferation of 
NSCLC cells. Therefore, miR-613 may target mul-
tiple oncogenes to play tumor suppressive roles in 
NSCLC.

Interestingly, our study showed that miR-613 
and PSMG3-AS1 could directly interact with 

each other, while they failed to regulate the 
expression of each other. In addition, the expres-
sion levels of miR-613 and PSMG3-AS1 were 
also negatively correlated across NSCLC 
patients. Besides being the target of miRNAs, 
lncRNAs can also serve as the spongy of 
miRNAs to suppress their functions [16]. Our 
study showed that PSMG3-AS1 competitive 
sponged miR-613 to regulate SphK1 expression 
and NSCLC cell malignant phenotype.

In previous study, SphK1 was regarded as a 
prognostic and predictive value indicator pro-
tein in many solid tumors [17]. The increased 
expression of SphK1 in patients with NSCLC 
always indicates tumor progression and poor 
survival outcome [18]. SphK1 was a hub gene 
to regulate the chemotherapy drug induced 
apoptosis in many solid tumors including 
NSCLC [19,20]. It was close related to the 
tumor cells multidrug resistance (MDR), but 
its up-stream regulation mechanism was still 
ambiguous and lacked specificity in NSCLC 
[21,22]. Given the highly expression specificity 
of non-coding RNA, PSMG3-AS1/miR-613 axis 
may reveal a more specificity regulation path-
way for SphK1 in this study. Taken together, 
the PSMG3-AS1/miR-613-SphK1 axis may pro-
vide a novel target for clinical diagnose and 
therapy.

In conclusion, PSMG3-AS1 is overexpression in 
NSCLC and miR-613 is downregulated in NSCLC. 
PSMG3-AS1 may sponge miR-613 to upregulate 
SphK1, thereby regulating cancer cell malignant 
phenotype.

Figure 5. PSMG3-AS1 overexpression led to upregulated SphK1 The effects of PSMG3-AS1 and miR-613 overexpression on the 
expression of SphK1 were analyzed by RT-qPCR (a) and western blot (b). Experiments were performed in triplicate and mean values 
were compared.*, p < 0.05.
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Figure 6. PSMG3-AS1 regulate the malignant behavior of NSCL cells through miR-613/SphK1 axis. (a)The effects of PSMG3-AS1, miR- 
613 and SphK1 on the proliferation of MDA-T120 and A549 cells were analyzed by performing CCK-8 assay. Experiments were 
performed in triplicate and mean values were compared.*p < 0.05, ** p < 0.05 vs NC; # p < 0.05, vs pcDNA3.1-PSMG3AS1. (b) 
Apoptosis rate for cells which were transfected with or without pcDNA3.1+ NCmiRNA+siNC, si-PSMG3-AS1, si-PSMG3AS1+ miR613 or 
si-PSMG3AS1+ miR613+ pCDNA3.1-SphK1, respectively. Data are presented as mean ± SD from three independent experiments. ** 
p < 0.01 vs NC. # p < 0.05; ## p < 0.01 vs si-PSMG3-AS1. (c)Cell invasion ability of cells transfected by PSMG3-AS1 with or without 
miR-613 mimic or pcDNA3.1-SphK1 transfection was detected by cell invasion assay. Data are presented as mean ± SD from three 
independent experiments. * p < 0.05, vs NC; # p < 0.05, vs pcDNA3.1-PSMG3-AS1. (d)Colony formation ability of cells transfected by 
PSMG3-AS1 with or without miR-613 mimic or pcDNA3.1-SphK1 transfection was detected by soft agar colony formation assay. Data 
are presented as mean ± SD from three independent experiments. * p < 0.05, ** p < 0.01 vs NC; # p < 0.05, vs pcDNA3.1- PSMG3- 
AS1.
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Figure 6b. continue
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