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Abstract: LncRNA MNX1-AS1 is known to be involved in progression of several tumor types. However, few studies 
have investigated the molecular mechanism of MNX1-AS1 in lung adenocarcinoma (LAC). To explore the function of 
MNX1-AS1 in the pathogenesis of LAC, qRT-PCR was performed to show MNX1-AS1 expression. MNX1-AS1 expres-
sion in LAC cells was suppressed by siRNA to detect the biologic behavior. The relationships among miR-34a, MNX1-
AS1 and SIRT1 were confirmed by pull-down and dual-luciferase reporter assay. Whether MNX1-AS1 was involved 
in LAC by targeting miR-34a/SIRT1 axis was verified. MNX1-AS1 was up-regulated in LAC, and over-expression of 
MNX1-AS1 was significantly associated with lymph node metastasis and poor prognosis. In A549 and H1299 cells, 
cell proliferation, migration, and invasion were suppressed, the cell cycle was regulated, as well as apoptosis was 
increased after silencing MNX1-AS1. Mechanistically, MNX1-AS1 served as a ceRNA of miR-34a to down-regulate 
miR-34a expression. SIRT1 is targeted by miR-34a and its expression is regulated by MNX1-AS1 and miR-34a. Up-
regulation of SIRT1 salvaged the effect of silencing MNX1-AS1 on A549 and H1299 cells, to some extent. These 
results showed that MNX1-AS1 contributes to LAC progression by targeting the miR-34a/SIRT1 axis.
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Introduction

Lung cancer has the highest incidence and 
mortality in the world, with 1.8 million deaths 
estimated in Global Cancer Statistics 2018 [1]. 
85% lung cancer cases are diagnosed as non-
small cell lung cancer (NSCLC) [2]. Lung adeno-
carcinoma (LAC) is a predominant pathologic 
type of NSCLC, accounting for nearly 50% [3]. 
Although therapeutic strategies have made 
advances, the 5-year survival rate of lung can-
cer remains poor [4]. Thus, to understand the 
molecular mechanisms is crucial to explore 
effective therapeutic targets, and improve the 
prognosis. 

LncRNA is a member of the non-coding RNA 
family, and the length is >200 nucleotides. 
Aberrant expression of many lncRNAs plays a 
crucial role in cancers [5-7]. Emerging evidence 
reveals that lncRNA can serve as a proto-onco-
gene or tumor suppressor gene to regulate the 
growth, survival and metastasis of various can-

cers. LncRNA DANCR plays a critical role in gas-
tric or cervical cancer progression, and can 
enhance cancer cell proliferation, migration, 
and invasion [8, 9]. DGCR5 targets the miR-
211-5p/EPHB6 axis to restrain cell growth and 
invasion in NSCLC [10]. LncRNA MNX1-AS1, 
known as MNX1 antisense RNA1, is located in 
the cytoplasm and has been shown to partici-
pate in the progression of ovarian cancer [11], 
breast cancer [12], and other cancers [13]. For 
example, MNX1-AS1 promotes the aggressive-
ness of hepatocellular carcinoma (HCC) cells by 
mediating miR-218-5p, and downstream cop-
per metabolizes the MURR1 domain 8 [14]. 
MNX1-AS1 is over-expressed in NSCLC accord-
ing to a previous study, and MNX1-AS1 could 
enhance the cell growth, migration and inva-
sion [15]. However, the function of MNX1-AS1 in 
the molecular pathogenesis of LAC remained 
unknown. 

In this study, MNX1-AS1 expression in LAC tis-
sues was detected and its correlation with the 
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clinical pathologic features and prognosis was 
analyzed. The function of MNX1-AS1 in LAC 
cells was explored, and the mechanism where-
by MNX1-AS1 is involved in LAC progression 
was investigated through targeting the miR-
34a/SIRT1 axis. This might be a novel signaling 
pathway for LAC progression and a novel thera-
peutic target.

Materials and methods

Clinical tissues samples and data collection

Data of 118 LAC patients who visited the No. 
988 Hospital of PLA Joint Logistic Support 
Force from Jan, 2015 to Dec, 2018 were col-
lected. The LAC tissues and the paired adja- 
cent (≥1 cm) tissues were obtained during the 
resection and deposited into liquid nitrogen. All 
patients were diagnosed by imaging and path- 
ology, and without receiving chemotherapy or 
radiotherapy treatment before surgery. All pa- 
tients signed informed consent and received 
regular follow-up, up to Jun, 2020. Survival  
time refers to the time from the operation to 
death. The clinicopathologic and follow-up  
data were statistically analyzed (Table 1 and 
Supplementary Data 1). This research was 
approved by the Ethics Committee of No. 988 

Hospital of PLA Joint Logistic Support Force 
(No. 988YY20042LLSP).

Prediction of MNX1-AS1 expression in LAC

MNX1-AS1 expression in tumor and normal tis-
sue, and the association between MNX1-AS1 
and overall survival of LAC, were analyzed 
based on data obtained from the Cancer 
Genome Altas (TCGA) database.

Cell culture and transfection

A549, H1299, H1650, and HCC827 cells 
(human LAC cell lines) and BEAS-2B cells were 
purchased from the Beina Chuanglian Bio- 
technology Research Institute (Beijing, China). 
Two small interfering RNAs (siRNA) of MNX1-
AS1 (Sequences: 5’-GAACAACGCAGACAACA- 
UA-3’, or 5’-CUGCCUGCAUGCUUUACCA-3’), the 
corresponding scramble siRNA (si-NC), pcD-
NATM 3.1, and pcDNA3.1-SIRT1 overexpression 
vector were constructed by Shanghai Gene- 
Pharma Co., Ltd.

All cells were placed in RPMI-1640 medium 
(Thermo Fisher, USA) with 10% FBS and 1% 
streptomycin-penicillin (Gibco, USA) to culture 
in an incubator at 37°C and 5% CO2. The  
transfection was completed following the 
instructions for Lipofectamine®RNAiMAX Rea- 
gent (Thermo Fisher, USA).

Real-time fluorescence quantitative PCR as-
says (qRT-PCR)

Total RNA was extracted by TRIzol reagent 
(Thermo Fisher, USA), and was reverse tran-
scribed into cDNA using a PrimeScriptTM RT 
reagent Kit (Takara, Japan). qRT-PCR assay  
was conducted to detect the levels of MNX1-
AS1, miR-34a, and SIRT by a 7900HT Fast 
Real-Time PCR System (Applied Biosystems, 
USA) using cDNA as a template. Fast SYBR 
Green Master Mix with GAPDH or U6 as a refer-
ence gene, was used. The relative mRNA levels 
were calculated by using the 2-ΔΔCt method.

CCK-8 assay

Each group of cells was incubated in 96-well 
plates with 5×103/well and three replicate 
wells. After being grown for 24, 48, or 72 h, 10 
μl/well CCK-8 solution was diluted and added 
in, continuing incubation for 4 h. The optical 

Table 1. Characteristics of LAC patients [n (%)]
Gender Male 74 (62.71)

Female 44 (37.29)
Age (years, 

_
x±s) 63.28±9.08

Smoke Yes 55 (46.61)
No 63 (53.39)

Operation mode Thoracoscope 64 (54.24)
Open 54 (45.76)

Tumor size <3 cm 60 (50.85)
≥3 cm 58 (49.15)

Differentiation grade Poor 52 (44.07)
Moderate 34 (28.81)
Well 32 (27.12)

TNM stage I+II 37 (31.36)
III+IV 81 (68.64)

Lymph node metastasis N0 57 (48.31)
N1 61 (51.69)

Adjuvant chemotherapy Yes 61 (51.69)
No 57 (48.31)

Outcomes Death 70 (59.32)
Survival 48 (40.68)
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Figure 1. MNX1-AS1 was up-regulated in LAC tissues. A: MNX1-AS1 expression in the tumor tissue was higher than 
that in the normal tissues shown by the TCGA data. B: Kaplan-Meier survival plots showed that there was no correla-
tion between MNX1-AS1 and prognosis according to TCGA data. C: MNX1-AS1 expressions in LAC tissues and adja-
cent normal tissues were detected by qRT-PCR. D: qRT-PCR was employed to detect MNX1-AS1 expression in LAC 
patients with lymph node metastasis compared to no lymph node metastasis. E: Kaplan-Meier curve analysis of the 
association between MNX1-AS1 expression and overall survival in LAC patients. *P<0.05, **P<0.01 and ***P<0.001.

Table 2. Associations between clinicapathological data and MNX1-AS1 in LAC patients
MNX1-AS1 expression

t/χ2 P
High (n=59) Low (n=59)

Gender Male 36 (61.02) 38 (64.41) 0.145 0.703
Female 23 (38.98) 21 (35.59)

Age (years, 
_
x±s) 63.49±9.41 63.07±8.83 0.252 0.801

Smoke Yes 31 (52.54) 24 (40.68) 1.669 0.196
No 28 (47.46) 35 (59.32)

Operation mode Thoracoscope 31 (52.54) 33 (55.93) 0.137 0.712
Open 28 (47.46) 26 (44.07)

Tumor size <3 cm 32 (54.24) 28 (47.46) 0.543 0.461
≥3 cm 27 (45.76) 31 (52.54)

Differentiation grade Poor 28 (47.46) 24 (40.68) 0.550 0.759
Moderate 16 (27.12) 18 (30.51)
Well 15 (25.42) 17 (28.81)

TNM stage I+II 16 (27.12) 21 (35.59) 0.984 0.321
III+IV 43 (72.88) 38 (64.41)

Lymph node metastasis No 19 (32.20) 38 (64.41) 12.251 <0.001
Yes 40 (67.80) 21 (35.59)

Adjuvant chemotherapy Yes 33 (55.93) 28 (47.46) 0.848 0.357
No 26 (44.07) 31 (52.54)
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Table 3. Multivariate Cox regression analysis of 
prognostic factors for LAC patients

HR 95% CI P
TNM stage (III+IV vs. I+II) 2.647 1.417-4.948 0.002
MNX1-AS1 (High vs. Low) 2.776 1.685-4.573 0.000
HR, hazard ration; 95% CI, 95% confidence interval.

density (OD) at 450 nm on the microplate read-
er (Thermo Fisher, USA) was measured.

Transwell assay

Cell migration was assayed using Transwell 
chambers without Matrigel (Corning, USA). For 
invasion measurement, the Transwell cham-
bers were coated with Matrigel. 1×105 cells 
were seeded in the upper chamber with 1 ml 
RPMI-1640 with free serum. RPMI-1640 com-
plete medium with 20% FBS was put into the 
lower chamber. After being cultured for 24 h, 
the cells attached on the lower chamber were 
fixed and stained. The stained cells were count-
ed and photographed under a microscope, in 
five random views for each group.

Flow cytometry assay

For cell cycle: Each group of cells was suspend-
ed and adjusted to 1×106/ml. After being with 
PBS, the cells were fixed at least for 2 h by  
70% ethanol at -20°C. After being washed with 
PBS for twice, the cells were incubated with 
500 μl PI in the darkness for 30 min at room 
temperature, and analyzed by flow cytometry 
(FACS Calibur, BD, Shanghai, China), imme- 
diately.

For apoptosis: Each group of cells was collect-
ed and suspended in Binding buffer, adjusted 
to 1×105/ml. Then the cells were stained with 5 
μl Annexin V-APC for 15 min and 10 μl 7-ADD  
for 5 min at 4°C in the dark, using Annexin 
V-APC/7-ADD apoptosis kit (Abnova, AmyJet 
Scientific Inc, Wuhan). The amount of apoptotic 
cells was detected by flow cytometry.

RNA pull down assay

LAC cells were transfected with biotinylated 
miR-34a-wild type (bio-miR-34a-wt), biotinylat-
ed miR-34a-mutation (bio-miR-34a-mut) or 
biotinylated-NC (bio-NC) (Guangzhou RiboBio 
Co., Ltd.), respectively. After 48 h, the trans- 
fected cells were treated with lysis buffer. The 

cell lysate was incubated with M-280 Strept- 
aidin magnetic beads (Invitrogen, USA), accord-
ing to protocol. After elution, the bound RNAs 
were purified using Trizol and we measured 
MNX1-AS1 levels by qRT-PCR.

Dual-luciferase reporter assay

Bioinformatic databases (TargetScan or Star- 
Base V2.0) were utilized to predict the miRNA 
targeted by MNX1-AS1 and the mRNA targeted 
by miR-34a.

The wt or mut fragments of MNX1-AS1 or  
SIRT1 3’-UTR containing the miR-34a bind- 
ing sites were cloned into the pmiR-GLO 
(Invitrogen, USA) respectively, named MNX1-
AS1-wt, MNX1-AS1-mut, SIRT1-wt and SIRT1-
mut. The recombinant pmiR-GLO and miR-34a 
mimic or miR-NC (Guangdong, RiboBio Co.,  
Ltd.) were co-transfected into 293T cells. 48 h 
after transfection, the Dual-Luciferase® Re- 
porter (DLRTM) Assay system (Promega, USA) 
was used to caculate the relative luciferase 
activity.

Western blotting

Proteins were extracted with RIPA lysis buffer 
with 0.1 mM phenylmethylsulfonyl fluoride 
(Beyotime), and separated using 10% SDS-
PAGE. After being transferred and blocked, the 
primary antibodies to SIRT1 and β-actin 
(1:1000, Abcam, Britain) were incubated over 
night at 4°C. The secondary antibody was 
added and incubated for 1 h at room tempera-
ture after washing for 3 times. Then, chemilu- 
minesence reagent (Cell Signaling Technology, 
USA) was employed to observe the protein 
bands. Image J (National Institutes of Health, 
USA) was used for quantitative analysis, to cal-
culate SIRT1 relative expression, with β-actin 
as the internal reference.

Statistical analysis

All data were analyzed by SPSS Statistics soft-
ware (V.19.0, IBM). All data that coincided with 
a normal distribution were expressed as (

_
x±s). 

Differences between two groups were analyzed 
by Student t-test or χ2 test. The differences in 
MNX1-AS1 in LAC and adjacent tissues were 
measured by paired t-test. The survival of LAC 
patients in the two groups was compared and 
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analyzed by Kaplan-Meier curve and Cox re- 
gression. P<0.05, was considered significant.

Results

MNX1-AS1 is up-regulated in LAC tissues

The TCGA cohort data showed that MNX1-AS1 
expression in tumor tissues was higher than 
that in normal tissue, with a significant differ-
ence (Figure 1A). MNX1-AS1 was not associat-
ed with overall survival according to Kaplan-
Meier plots from the TCGA data (Figure 1B). It 
was also found that MNX1-AS1 was up-regulat-
ed in LAC tissues (Figure 1C). Low MNX1-AS1 
and high MNX1-AS1 groups were divided 
according to the median (2.23) of MNX1-AS1 
expression, to estimate the correlation bet- 
ween MNXS-AS1 and clinicopathologic data 
(Table 2). There was a difference in MXN1- 
AS1 expression between metastasis and non-
metastasis groups, and the MNX1-AS1 expres-
sion was elevated in the metastasis group 
(Figure 1D). Furthermore, LAC patients with 
high MNX1-AS1 had a lower survival rate 
(Figure 1E). MNX1-AS1 was an independent 
prognostic factor for LAC, and the risk of poor 
prognosis for LAC patients with high MNX1-AS1 
was 2.776 fold higher than for those with low 
MNX1-AS1, as shown by Cox-regression analy-
sis in Table 3. The results suggest that MNX1-
AS1 is a prognostic indicator in LAC.

MNX1-AS1 promotes proliferation, migration, 
and invasion of LAC cells

Similar to the clinical result, MNX1-AS1 was 
also up-regulated in LAC cells, compared to  
the BEAS-2B, with the most significance in 
A549 and H1299 (Figure 2A). To explore the 
effect of MNX1-AS1 on the biologic behavior of 
LAC cells, two siRNAs against MNX1-AS1 were 
made to restrain MNX1-AS1 expression in  
A549 and H1299 cells, respectively (Figure 
2B). As shown in Figure 2C, si-MNX1-AS1 sup-
pressed cell proliferation. si-MNX1-AS1 mark-
edly suppressed migration and invasion, both 
in A549 and H1299 cells (Figure 2D). The re- 

sults revealed that MNX1-AS1 enhanced the 
proliferation, migration, and invasion of both 
A549 and H1299 cells.

MNX1-AS1 regulates the cell cycle, and inhib-
its apoptosis in LAC cells

The cell cycle was analyzed to verify whether 
MNX1-AS1 could regulate it to affect cell prolif-
eration or apoptosis. The results showed that 
si-MNX1-AS1 blocked the cells in the G1 phase 
(Figure 3A). si-MNX1-AS1 promoted cell apop-
tosis, in both A549 and H1299 cells (Figure 
3B). Thus, it was concluded that MNX1-AS1 
regulates the cell cycle and inhibits apoptosis 
in A549 and H1299 cells.

MNX1-AS1 functions as a miRNA sponge for 
miR-34a

A growing body of research suggests that 
lncRNA, as a miRNA sponge regulates miRNA 
expression and biological functions [16, 17]. 
miR-34a expression was lower in LAC tissues 
than in normal tissues, and was negatively cor-
related with MNX1-AS1, shown in Figure 4A, 
4B. The bioinformatic databases predicted that 
miR-34a was targeted by MNX1-AS1, and the 
binding site is shown in Figure 4C. The lucifer-
ase activity of MNX1-AS1-wt was inhibited  
by a miR-34a mimic (Figure 4D). Compared to 
the bio-miR-34a-mut and bio-NC, MNX1-AS1 
expression in bio-miR-34a-wt was increased, 
suggesting that bio-miR-34a-wt directly inter-
acts with miR-34a (Figure 4E). Moreover, miR-
34a expression was up-regulated by si-MNX1-
AS1 in A549 and H1299 cells (Figure 4F). The 
above data suggest that miR-34a is targeted 
and regulated by MNX1-AS1 in A549 and 
H1299 cells.

SIRT1 is targeted by miR-34a

Early existing evidence confirms that SIRT1  
is a target of miR-34a in cancer [18, 19]. There 
is a binding site for miR-34a on the SIRT1 
3’-UTR (Figure 5A). Figure 5B shows that miR-
34a mimic inhibited luciferase activity in SIR- 

Figure 2. MNX1-AS1 promoted proliferation, migration, and invasion of A549 and H1299 cells. A: MNX-AS1 expres-
sion in LAC cell lines and a normal cell line, BEAS-2B, were analyzed by qRT-PCR. B: MNX1-AS1 expression was 
estimated by qRT-PCR in A549 and H1299 cells after transfection with two siRNAs targeting MNX1-AS1 (si-MNX1-
AS1*1 and si-MNX1-AS1*2). C: The effect of MNX1-AS1 knockdown on the proliferation of A549 and H1299 was 
analyzed by CCK8 assay. D: Transwell assay was used to detect the effect of MNX1-AS1 knockdown on the migration 
and invasion of A549 and H1299 cells. Bar =100 μm. *P<0.05, **P<0.01 and ***P<0.001.
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T1-wt, while SIRT1-mut abolished this effect. 
Meanwhile, si-MNX1-AS1 and miR-34a mimic 
suppressed SIRT1 expression, in both A549 
and H1299 cells (Figure 5C-F). Thus, SIRT1 is a 
target gene of miR-34a and is regulated by miR-
34a and MNX1-AS1.

MNX1-AS1 contributes to LAC progression by 
mediating the miR-34a/SIRT1 axis

SIRT1 expression was restored in A549 and 
H1299 cells co-transfected with si-MNX1-AS1 
and oe-SIRT1 in Figure 6A, 6B. Up-regulation of 

Figure 3. MNX1-AS1 regulates the cell cycle and inhibits apoptosis of A549 and H1299 cells. A: Flow cytometry as-
say was performed to analyze that the effect of MNX1-AS1 knockdown on the cell cycle of A549 and H1299 cells. 
B: Flow cytometry assay was employed to detect the effect of MNX1-AS1 knockdown on the apoptosis of A549 and 
H1299 cells. **P<0.01 and ***P<0.001.

Figure 4. MNX1-AS1 functions as a sponge of miR-34a. A: miR-34a expression in the LAC tissues and adjacent nor-
mal tissues were analyzed by qRT-PCR. B: Negative correlation between MNX1-AS1 and miR-34a in LAC tissues was 
measured by Pearson analysis. C: Potential binding sites for miR-34a on MNX1-AS1 were predicted by bioinformat-
ics. D: Luciferase reporter assay was performed to verify the predicted binding sites between MNX1-AS1 and miR-
34a. E: RNA pulldown assay was employed to detect the direct interaction between MNX1-AS1 and miR-34a in A549 
and H11299 cells. F: qRT-PCR was used to detect miR-34a expression in A549 and H1299 cells after transfection 
with si-MNX1-AS1 or si-NC. **P<0.01 and ***P<0.001. 
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SIRT1 salvaged the proliferation, migration, 
invasion, and apoptosis of MNX1-AS1-silenced 
cells (Figure 6C-E). These data suggest that 
MNX1-AS1 contributes to LAC progression by 
up-regulating SIRT1 by inhibiting miR-34a. 

Discussion 

Recent research showed that lncRNA repre-
sents a crucial position in the development and 
progression of LAC. High expression of lncRNA 

Figure 5. SIRT1 was a target gene of miR-34a. A: Potential binding sites for miR-34a on SIRT1 3’-UTR were predicted 
by bioinformatics. B: Luciferase reporter assay was performed to verify the predicted binding sites between miR-
34a and SIRT1. C: SIRT1 mRNA expression in A549 and H1299 cells were analyzed by qRT-PCR after transfection 
with si-MNX1-AS1 or si-NC. D: SIRT1 mRNA expression in A549 and H1299 cells were analyzed by qRT-PCR after 
transfection with miR-34a mimic or miR-NC. E: SIRT1 protein expression in A549 and H1299 cells were analyzed by 
western blotting after transfection with si-MNX1-AS1 or si-NC. F: SIRT1 protein expression in A549 and H1299 cells 
were analyzed by western blotting after transfection with miR-34a mimic or miR-NC. ***P<0.001. 
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Figure 6. Overexpression of SIRT1 rescued the effect of MNX1-AS1 silencing in LAC cells. A: SIRT1 mRNA expression was analyzed by qRT-PCR in A549 and H1299 
cells transfection with si-MNX1-AS1 and pcDNA3.1-SIRT1. B: Western blotting was used to analyze SIRT1 protein expression in A549 and H1299 cells transfection 
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MIR31HG was found in LAC tissues, and it  
was associated with clinical staging, degree  
of differentiation and unfavorable prognosis. 
Knockdown of MIR31HG inhibited proliferation 
and blocked the cell cycle in LAC cells [20]. 
LncRNA DANCR was also reported to be up-
regulated in LAC, and DANCR, as an oncogenic 
lncRNA, promoted tumor cell viability and 
metastasis, and inhibited cell apoptosis by 
directly targeting miR-496 [21]. Our previous 
study found that MNX1-AS1 was overexpressed 
and promoted the malignancy of tumor cells in 
NSCLC [15]. Herein, the results also demon-
strated that MNX1-AS1 was up-regulated and 
associated with lymph node metastasis and 
poor prognosis in LAC, which was not consis-
tent with the TCGA data. In vitro, si-MNX1-AS1 
suppressed the cell proliferation, migration and 
invasion, regulated the cell cycle, and promoted 
apoptosis in LAC cells. Many researchers have 
verified that MNX1-AS1 is a dormant oncogene 
in various cancers. In cervical cancer, MNX1-
AS1 was up-regulated, and promoted cell sur-
vival and viability and suppressed apoptosis 
through activating the MAPK signaling pathway 
[22]. In breast cancer, MNX1-AS1 was also up-
regulated and activated the Akt-mTOR pathway 
to promote cell viability, and induce migration 
and invasion [23]. Lv et al. [24] indicated that 
MNX1-AS1 was over-expressed in ovarian can-
cer patients, and silencing its expression could 
suppress proliferation, migration, block the cell 
cycle at G0/G1 phase, and enhance apoptosis 
by regulating CDK4, cyclin D, Bax and Bcl-2. 
Gao et al. [25] also indicated that MNX1-AS1 
enhanced giloblastoma cell proliferation and 
stimulated migration and invasion by inhibiting 
miR-4443. Yet the function of MNX1-AS1 in the 
molecular pathogenesis of LAC remained large-
ly unclear.

Many studies have demonstrated that lnc- 
RNAs regulate cancer progression, as compet-
ing endogenous RNA (ceRNA) [26, 27]. MNX1-
AS1 interacts with miR-218-5p to promote 
SEC61A1 or COMMD8 expression to enhance 
the progression of colonic adenocarcinoma or 
hepatocellular carcinoma had been reported 

[14, 28]. In lung cancer, MNX1-AS1, as an on- 
cogene, competes with miR-527 to activate 
BRF2 [29]. In the present study, miR-34a was 
down-regulated, and negatively correlated with 
MNX1-AS1 in LAC. Furthermore, MNX1-AS1 
was shown to be a ceRNA of miR-34a and  
negatively regulated miR-34a expression in 
LAC cells. Sirtuin1 (SIRT1), a NAD+-dependent 
deacetylase, had been confirmed to be involved 
in cell proliferation, autophagy, and apoptosis, 
affecting cancer development and progression 
[30]. Recent data suggest that SIRT1 is a target 
of miR-34a, and miR-34a negatively targeted 
SIRT1 and inhibited cell proliferation, in tumor 
progression [31, 32]. In this study, SIRT1 was 
targeted by miR-34a, and regulated by miR-34a 
and MNX1-AS1 in LAC cells. Up-regulation of 
SIRT1 salvaged the influence of silencing 
MNX1-AS1 on the proliferation, migration, inva-
sion, and apoptosis of LAC cells. Thus, it was 
suggested that MNX1-AS1 may promote LAC 
progression by targeting the miR-34a/SIRT1 
axis.

Conclusion

MNX1-AS1 promotes LAC progression by tar-
geting the miR-34a/SIRT1 axis, which may be a 
new mechanism of MNX1-AS1 involvement in 
LAC. The results provide a novel biomarker or 
therapeutic target for LAC. However, there are 
some limitations: First, the association of 
MNX1-AS1 with prognosis needs more investi-
gation. Second, the function of MNX1-AS1 on 
lung cancer growth in vivo should be further 
verified by xenograft experiments. Whether 
MNX1-AS1 participates in LAC progression by 
targeting other target genes also remains to be 
further studied.
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si-NC, and ###P<0.001 vs. si-MNX1-AS1.



MNX1-AS1 in lung adenocarcinoma progression

4988 Am J Transl Res 2022;14(7):4977-4989

Address correspondence to: Jianjun Wang, De- 
partment of Thoracic Surgery, Henan Provincial 
People’s Hospital, People’s Hospital of Zhengzhou 
University, People’s Hospital of Henan University, 
No. 7 Weiwu Road, Jinshui District, Zhengzhou 
450008, Henan, China. Tel: +86-13403791206; 
E-mail: 258913472@qq.com

References

[1] Bray F, Ferlay J, Soerjomataram I, Siegel RL, 
Torre LA and Jemal A. Global cancer statistics 
2018: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin 2018; 68: 394-
424.

[2] Blandin Knight S, Crosbie PA, Balata H, Chud-
ziak J, Hussell T and Dive C. Progress and pros-
pects of early detection in lung cancer. Open 
Biol 2017; 7: 170070.

[3] Jiang WP, Wang Z, Chen G and Jia Y. Prognostic 
significance of centrosomal protein 55 in stage 
I pulmonary adenocarcinoma after radical re-
section. Thorac Cancer 2016; 7: 316-322.

[4] Herbst RS, Morgensztern D and Boshoff C. The 
biology and management of non-small cell 
lung cancer. Nature 2018; 553: 446-454.

[5] Liang YR, Song XJ, Li YM, Chen B, Zhao WJ, 
Wang LJ, Zhang HW, Liu Y, Han DW, Zhang N, 
Ma TT, Wang YJ, Ye FZ, Luo D, Li XY and Yang 
QF. LncRNA BCRT1 promotes breast cancer 
progression by targeting miR-1303/PTBP3 
axis. Mol Cancer 2020; 19: 85.

[6] Zhou T and Gao YJ. Increased expression of 
LncRNA BANCR and its prognostic significance 
in human hepatocellular carcinoma. World J 
Surg Oncol 2016; 14: 8.

[7] Hu XD, Bao JT, Wang Z, Zhang ZG, Gu PJ, Tao F, 
Cui D and Jiang WL. The plasma lncRNA acting 
as fingerprint in non-small-cell lung cancer. Tu-
mour Biol 2016; 37: 3497-3504.

[8] Cao LY, Jin HH, Zheng Y, Mao Y, Fu ZZ, Li X and 
Dong LX. DANCR-mediated microRNA-665 reg-
ulates proliferation and metastasis of cervical 
cancer through the ERK/SMAD pathway. Can-
cer Sci 2019; 110: 913-925.

[9] Mao ZQ, Li H, Du BT, Cui K, Xing YG, Zhao XY 
and Zai SF. LncRNA DANCR promotes migra-
tion and invasion through suppression of ln-
cRNA-LET in gastric cancer cells. Biosci Rep 
2017; 37: BSR20171070.

[10] Kang MF, Shi JQ, Li BH, Luo MQ, Xu SY and Liu 
XL. LncRNA DGCR5 regulates the non-small 
cell lung cancer cell growth, migration, and in-
vasion through regulating miR-211-5p/EPHB6 
axis. Biofactors 2019; 45: 788-794.

[11] Li AH and Zhang HH. Overexpression of lncRNA 
MNX1-AS1 is associated with poor clinical out-

come in epithelial ovarian cancer. Eur Rev Med 
Pharmacol Sci 2017; 21: 5618-5623.

[12] Li JH, Li QJ, Li DH, Shen ZW, Zhang K, Bi ZF and 
Li YJ. Long non-coding RNA MNX1-AS1 pro-
motes progression of triple negative breast 
cancer by enhancing phosphorylation of Stat3. 
Front Oncol 2020; 10: 1108.

[13] Zhang W, Huang LH, Lu XY, Wang KC, Ning XF 
and Liu ZQ. Upregulated expression of MNX1-
AS1 long noncoding RNA predicts poor progno-
sis in gastric cancer. Bosn J Basic Med Sci 
2019; 19: 164-171.

[14] Ji DG, Wang Y, Sun BZ, Yang JH and Luo X. Long 
non-coding RNA MNX1-AS1 promotes hepato-
cellular carcinoma proliferation and invasion 
through targeting miR-218-5p/COMMD8 axis. 
Biochem Biophys Res Commun 2019; 513: 
669-674.

[15] Liu GF, Guo XF, Zhang Y, Liu Y, Li DD, Tang GY 
and Cui SJ. Expression and significance of Ln-
cRNA MNX1-AS1 in non-small cell lung cancer. 
Onco Targets Ther 2019; 12: 3129-3138.

[16] Zhang JP, Xu TS, Liu L, Zhang W, Zhao CW, Li 
SJ, Li JY, Rao NN and Le TD. LMSM: a modular 
approach for identifying lncRNA related miRNA 
sponge modules in breast cancer. PLoS Com-
put Biol 2020; 16: e1007851.

[17] D’Angelo D, Mussnich P, Sepe R, Raia M, Del 
Vecchio L, Cappabianca P, Pellecchia S, Petro-
sino S, Saggio S, Solari D, Fraggetta F and 
Fusco A. RPSAP52 lncRNA is overexpressed in 
pituitary tumors and promotes cell prolifera-
tion by acting as miRNA sponge for HMGA pro-
teins. J Mol Med (Berl) 2019; 97: 1019-1032.

[18] Xia CX, Shui LY, Lou GH, Ye BJ, Zhu W, Wang J, 
Wu SS, Xu X, Mao L, Xu WH, Chen Z, Liu YN and 
Zheng M. 0404 inhibits hepatocellular carci-
noma through a p53/miR-34a/SIRT1 positive 
feedback loop. Sci Rep 2017; 7: 4396.

[19] Ma W, Xiao GG, Mao J, Lu Y, Song B, Wang LH, 
Fan SJ, Fan PH, Hou ZH, Li JZ, Yu XT, Wang B, 
Wang H, Wang HH, Xu F, Li Y, Liu Q and Li LH. 
Dysregulation of the miR-34a-SIRT1 axis inhib-
its breast cancer stemness. Oncotarget 2015; 
6: 10432-10444.

[20] Qin JB, Ning HC, Zhou Y, Hu Y, Yang L and 
Huang RX. LncRNA MIR31HG overexpression 
serves as poor prognostic biomarker and pro-
motes cells proliferation in lung adenocarcino-
ma. Biomed Pharmacother 2018; 99: 363-
368.

[21] Lu QC, Rui ZH, Guo ZL, Xie W, Shan S and Ren 
T. LncRNA-DANCR contributes to lung adeno-
carcinoma progression by sponging miR-496 
to modulate mTOR expression. J Cell Mol Med 
2018; 22: 1527-1537.

[22] Liu X, Yang Q, Yan JY, Zhang XH and Zheng MY. 
LncRNA MNX1-AS1 promotes the progression 
of cervical cancer through activating MAPK 

mailto:258913472@qq.com


MNX1-AS1 in lung adenocarcinoma progression

4989 Am J Transl Res 2022;14(7):4977-4989

pathway. J Cell Biochem 2019; 120: 4268-
4277.

[23] Cheng Y, Pan YQ, Pan YY and Wang OC. MNX1-
AS1 is a functional oncogene that induces 
EMT and activates the AKT/mTOR pathway 
and MNX1 in breast cancer. Cancer Manag 
Res 2019; 11: 803-812.

[24] Lv Y, Li H, Li FL, Liu PS and Zhao XR. Long non-
coding RNA MNX1-AS1 knockdown inhibits cell 
proliferation and migration in ovarian cancer. 
Cancer Biother Radiopharm 2017; 32: 91-99.

[25] Gao Y, Xu YC, Wang J, Yang X, Wen LL and Feng 
J. lncRNA MNX1-AS1 promotes glioblastoma 
progression through inhibition of miR-4443. 
Oncol Res 2019; 27: 341-347.

[26] Ye YF, Shen A and Liu AW. Long non-coding 
RNA H19 and cancer: a competing endoge-
nous RNA. Bull Cancer 2019; 106: 1152-
1159.

[27] Fang CY, Qiu SL, Sun F, Li W, Wang ZQ, Yue B, 
Wu XS and Yan DW. Long non-coding RNA HN-
F1A-AS1 mediated repression of miR-34a/
SIRT1/p53 feedback loop promotes the meta-
static progression of colon cancer by function-
ing as a competing endogenous RNA. Cancer 
Lett 2017; 410: 50-62.

[28] Ye YQ, Gu BB, Wang Y, Shen SD and Huang  
W. E2F1-mediated MNX1-AS1-miR-218-5p-SE-
C61A1 feedback loop contributes to the pro-
gression of colon adenocarcinoma. J Cell Bio-
chem 2019; 120: 6145-6153.

[29] Liu HB, Han L, Liu ZJ and Gao N. Long noncod-
ing RNA MNX1-AS1 contributes to lung cancer 
progression through the miR-527/BRF2 path-
way. J Cell Physiol 2019; 234: 13843-13850.

[30] Karbasforooshan H, Roohbakhsh A and Karimi 
G. SIRT1 and microRNAs: the role in breast, 
lung and prostate cancers. Exp Cell Res 2018; 
367: 1-6.

[31] Luo Y, Chen JJ, Lv Q, Qin J, Huang YZ, Yu MH 
and Zhong M. Long non-coding RNA NEAT1 
promotes colorectal cancer progression by 
competitively binding miR-34a with SIRT1 and 
enhancing the Wnt/β-catenin signaling path-
way. Cancer Lett 2019; 440-441: 11-22.

[32] Duan K, Ge YC, Zhang XP, Wu SY, Feng JS, 
Chen SL, Zhang LI, Yuan ZH and Fu CH. miR-
34a inhibits cell proliferation in prostate can-
cer by downregulation of SIRT1 expression. 
Oncol Lett 2015; 10: 3223-3227.


