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Abstract: Accumulating studies have demonstrated that non-coding RNAs (ncRNAs), including small non-coding 
RNAs (small ncRNAs) and long non-coding RNAs (lncRNAs), are involved in tumor growth in lung cancer (LC). 
However, the specific role of DGCR5 in LC progression is not yet clear. In the present study, we found that DGCR5 
was downregulated and miR-1180 was upregulated in the sera and tissues of LC patients and was correlated with 
poor prognosis. We also found that DGCR5 suppressed proliferation, migration and invasion of LC cell lines H520 
and H1299. In addition, a luciferase reporter gene assay was used to investigate the regulatory relationship be-
tween DGCR5 and miR-1180. Furthermore, we suggested that DGCR5 inhibited the expression of AKT, GSK-3β, and 
β-catenin by targeting miR-1180. Based on these findings, DGCR5 might serve as a potential target for the develop-
ment of effective anti-neoplastic therapies in lung cancer.
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Introduction

Lung cancer, including non-small cell LC (NS- 
CLC) and small cell LC (SCLC), is a principle 
cause of cancer-associated mortality in both 
developed and developing countries [1, 2]. In 
2016, LC accounted for 224390 new cases 
and 158080 deaths in the United States, and 
most of the LC patients (approximately 80%) 
had NSCLC [3, 4]. Despite the substantial  
progress in novel treatments in the last few 
decades, the five-year relative survival of LC  
is only 10-15% [5, 6]. The high incidence and 
poor prognosis of LC are mainly due to the lack 
of effective measures for diagnosis and treat-
ment, and patients are often diagnosed at ad- 
vanced stages [7-9]. The current therapies for 
LC patients mainly include chemotherapy and 
radiotherapy, with very limited therapeutic effi-
cacy and several unexpected side effects [8, 
10-12]. Therefore, it is urgent to determine the 
underlying molecular mechanisms of LC.

Non-coding RNAs (ncRNAs), characterized by 
the lack of coding potential, consist of two sub-
groups according to their relative size-small 

non-coding RNAs (sncRNAs, shorter than 200 
nucleotides) and long non-coding RNAs (lnc- 
RNAs, longer than 200 nucleotides) [13-16]. 
The subgroup of small ncRNAs include the  
well-documented microRNAs (miRNAs), which 
are only 22 nucleotides in length and have 
been reported as being the primary regulators 
of expression of numerous genes by control- 
ling the translation of mRNA into proteins [17, 
18]. Previous studies have indicated that miR-
NAs are involved in regulating many biological 
processes in various cancers [19, 20]. In addi-
tion to miRNAs, increasing evidence has also 
indicated that lncRNAs are involved in the pa- 
thogenesis of LC. Li et al. have reported that 
lncRNA prostate cancer-associated transcript  
6 (PCAT6) is upregulated in LC, and knockdown 
of lncRNA PCAT6 promotes proliferation and 
invasion of tumor cells [21]. lncRNA urothelial 
carcinoma-associated 1 (UCA1) has been found 
to be upregulated in NSCLC tissues, and over-
expression of lncRNA UCA1 has been shown  
to inhibit tumor cell growth by increasing the 
miR-193a-3p target gene ERBB4 [22]. Recent- 
ly, a novel lncRNA DiGeorge syndrome critical 
region gene 5 (DGCR5) was found to be down-
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regulated in hepatocellular carcinoma (HCC), 
and low expression of DGCR5 was closely as- 
sociated with poor five-year survival rate [23]. 
However, few studies have reported the role  
of DGCR5 in LC. 

miRNAs, a class of non-coding RNA approxi-
mately 20 nucleotides long, are involved in 
post-transcriptional regulation, which affects 
biological processes by targeting the 3’-UTR of 
target genes [24-26]. Studies have indicated 
that miRNAs play important roles in the de- 
velopment of human cancers [24, 27]. In this 
study, we will explore the functional relevance 
of miR-1180 in LC.

In the present study, we explored the expres-
sion levels of DGCR5 and miR-1180 in the sera 
and tissues of LC patients, their correlation 
with poor prognosis, the regulatory relationship 
between DGCR5 and miR-1180, and the influ-
ence of DGCR5 on the proliferation, migration 
and invasion of LC cells through miR-1180. In 
addition, we demonstrated the effect of DGC- 
R5 on the regulation of expression of AKT, GSK-
3β, and β-catenin through miR-1180. Therefore, 
this study was conducted to determine whe- 
ther DGCR5 is associated with LC and to iden-
tify the underlying molecular mechanisms.

Materials and methods

Clinical specimens

This study was approved by the ethical commit-
tee of Sir Run Run Shaw Hospital. The tissues 
and sera used in this study were collected from 
LC patients in Sir Run Run Shaw Hospital from 
June 2012 to June 2014. None of the patients 
had undergone radiotherapy or chemotherapy 
before surgical resection. Adjacent normal tis-
sues were collected from a site at least 5 cm 
away from the tumor, and all samples were 
examined histologically. Informed consent was 
obtained from every patient. All tissue samples 
were store at -80°C. In addition, 5 ml of blood 
was collected from 40 patients with LC as well 
as from healthy controls; the serum was sepa-
rated by centrifugation after 2 hr, and the su- 
pernatant was frozen at -80°C until analysis.

Cells culture

Human lung epithelial cells (BEAS-2B), LC cell 
lines (H520, H157, SKMES1, H460, A549, and 

H1299), and human embryonic kidney 293T 
(HEK293T) cells were purchased from American 
Type Culture Collection (ATCC). BEAS-2B, H520, 
H157, H1299 and H460 cells were cultured  
in RPMI 1640 medium (Invitrogen); A549 cells 
were cultured in Ham’s F12 media (Cellgro); 
SKMES-1 cells were cultured in EMEM media 
(Fisher Scientific). HEK293T cells were cultured 
in Dulbecco’s Modified Eagle’s Medium (DMEM; 
Invitrogen, Carlsbad, CA, USA). All media were 
supplemented with 10% fetal bovine serum 
(FBS; Invitrogen, Carlsbad, CA, USA) and peni-
cillin/streptavidin (final concentration 50 μg/
ml; Sigma-Aldrich, St. Louis, MO, USA). All cells 
were cultured at 37°C in a humidified incuba- 
tor constantly supplied with 5% CO2.

Lentiviral vector construction, production and 
transfection

Full-length cDNA for human DGCR5 was am- 
plified by PCR from mRNA of H520 cells and 
inserted into a lentiviral vector. A lentiviral vec-
tor expressing Green Fluorescent Protein (GFP) 
was used as the control. shDGCR5 sequences 
to target human DGCR5 were designed, gener-
ated and cloned into human U6 promoter-con-
taining pBluescript SK (+) plasmid (pU6). U6 
was then cloned into a lentiviral vector. shLUC 
was used as the negative control (NC). The con-
structed vectors and three packaging vectors 
(pMDLg/pRRE, pRSV-REV and pCMV-VSVG) 
were co-transfected into HEK293T cells to pro-
duce viral particles for lentiviral transduction. 
H1299 and H520 cells (5 × 104 cells/well) were 
seeded in 24-well plates and then transduced 
with the lentiviruses using 8 µg/ml polybrene 
(Sigma-Aldrich, St. Louis, MO, USA). 

miRNA transfection

miR-1180 mimics, miR-1180 inhibitors, mimics 
NC, inhibitors NC were obtained from Thermo 
Fisher Scientific, Inc. H1299 cells transduced 
with Lenti-DGCR5 (2 × 105 cells/well) were cul-
tured in 6-well plates and then transfected with 
200 μl mature miR-1180 mimics or mimics NC 
(GenePharma Co., Ltd., Shanghai, China) for 72 
hrs; H520 cells transduced with shDGCR5 (2 × 
105 cells/well) were cultured in 6-well plates 
and then transfected with 200 μl mature miR-
1180 inhibitors or inhibitors NC (GenePharma 
Co., Ltd., Shanghai, China) for 72 hrs. All trans-
fections were completed using Lipofectamine™ 
3000 (Invitrogen, Carlsbad, CA, USA) according 
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to the manufacturer’s protocols. The transfec-
tion efficiency was assessed by qRT-PCR.

qRT-PCR 

Total RNA was extracted using TRIzol (Invitro- 
gen) according to the manufacturer’s instruc-
tions. Then, cDNA synthesis was performed 
using Revert Aid First Strand cDNA Synthesis 
Kit (Thermo Fisher Scientific Inc., Rockford, IL, 
USA). The mRNA expression level was evaluat-
ed by qRT-PCR with SYBR Green PCR Master 
Mix (Applied Biosystems, Warrington, U.K.) and 
an ABI 7500 Real-time PCR system (Applied 
Biosystems). The results were calculated using 
the 2-ΔΔCt method. The primers specific for tar-
get genes and GAPDH (internal loading control) 
were designed and are shown in Table 1.

Western blot analysis

Cells were lysed on ice in radioimmunopre- 
cipitation (RIPA, Pierce Biotechnology, cat. no. 
8990) buffer containing protease inhibitor 
cocktail (Thermo Fisher Scientific, Inc.). The 
BCA protein assay kit (Qcbio Science Techno- 
logies Co., Ltd., Shanghai, China) was used to 
the detection of protein concentration. Total 
protein (30 µg) was separated by 10% SDS-
PAGE and transferred to PVDF membranes 
(Bio-Rad Laboratory, USA). The membranes 
were blocked with 5% skim milk (BD Biosci- 
ences) and incubated with primary antibodies 
overnight at 4°C. The next day, the membranes 
were incubated with horseradish peroxidase 
(HRP)-conjugated secondary antibodies (Sig- 

ma-Aldrich cat. #A6154) for 2 hrs at room tem-
perature. Protein levels were measured using 
an ECL system (Amersham Pharmacia Bio- 
tech). The results were analyzed with Image 
Lab Software version 4.1 (Bio Rad). The pri- 
mary antibodies were anti-β-catenin antibody 
(dilution 1:1000; Abcam, #2982), anti-AKT anti-
body (dilution 1:1000, Cell Signaling, Boston, 
MA, USA; 4685), anti-p-AKT antibody (dilution 
1:1000, Cat. No. 4058s, Cell Signaling Techno- 
logy Inc., Danvers, MA, USA), anti-GSK3β anti-
body (dilution 1:1000, Abcam, Cat. No. ab757- 
45) and anti-GAPDH antibody (dilution 1:1000; 
Santa Cruz Biotechnology, Santa Cruz, CA, USA, 
Cat. No. sc-365062).

Luciferase reporter assay 

H1299 cells were cultured in 24-well plate  
at a density of 5 × 104 cells/well and cotrans-
fected with miR-1180 mimic, mimic negative 
control, WT or Mut 3’-UTR of DGCR5, and 
Renilla plasmid (RL-SV40, Promega). Cells were 
collected and lysed in Passive Lysis Buffer 
(Promega, WI, USA) 48 hrs after transfection. 
The relative fluorescence value was detected 
using a Dual-Luciferase® Reporter Assay Kit 
(Promega). The Dual-Luciferase Reporter Assay 
System (Promega, Wisconsin, WI, USA) was 
used to analyze the data.

Cell proliferation assay 

The transfected H1299 and H520 cells were 
seeded in 96-well plates with 100 μL medium 
(10% FBS) at a density of 2 × 103 cells/well and 
cultured at 37°C with 5% CO2. Twenty microli-
ters of MTT solution (5 mg/ml) was added into 
each well at a given point in time. Then, the 
cells were incubated for 4 hrs at 37°C. Two hun-
dred microliters of dimethyl sulfoxide (DMSO) 
was added into each well to dissolve the forma-
zan product for 10 mins at room temperature. 
The absorbance at 490 nm was measured 
using an Elx800 Reader (Bio-Tek Instruments 
Inc., Winooski, VT, USA).

Colony formation assay

Transfected H1299 and H520 cells (500 cells/
well) were seeded in 6-well plates. The plates 
were incubated for 14 days at 37°C, and the 
medium was replaced every 3 days. Then, the 
cells were washed with PBS, fixed with 4% para-
formaldehyde and then stained with 0.5% crys-
tal violet. Images of colonies were obtained 

Table 1. Primer sequences for qRT-PCR analysis
Gene Primer sequences
GAPDH Forward: 5’-TATGATGATATCAAGAGGGTAGT-3’

Reverse: 5’-TGTATCCAAACTCATTGTCATAC-3’
DGCR5 Forward: 5’-CCAAGCCTGTCTGTGTGTTC-3’

Reverse: 5’-GGGAGACACAGACCACAAGA-3’
miR-1180 Forward: 5’-CAGAAACAGCCATCCCAGAG-3’

Reverse: 5’-GCCTTCAGCAGGATGTCAAT-3’
U6 Forward: 5’-CTCGCTTCGGCAGCACA-3’

Reverse: 5’-AACGCTTCACGAATTTGCGT-3’
AKT Forward: 5’-ACGTAGCCATTGTGAAGGAGG-3’

Reverse: 5’-TGCCATCATTCTTGAGGAGGAA-3’
β-catenin Forward: 5’-GACTTCACCTGACAGATCCAAG-3’

Reverse: 5’-AGCTGAACAAGAGTCCCAAG-3’
GSK3β Forward: 5’-CTGGGACGACATGGAGAAAA-3’

Reverse: 5’-AAGGAAGGCTGGAAGAGTGC-3’
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using a microscope. The number of the colo-
nies was counted.

Cell migration and invasion assays

The migratory and invasive abilities were de- 
tected using Transwell cell culture chambers 
(Corning Costar Corp, Cambridge, MA, USA) 
with or without 10 µl Matrigel (diluted 1:3; BD 
Biosciences, San Jose, CA, USA). Transfected 
H1299 and H520 cells (5 × 105/200 μl) were 
added to upper chambers, and complete medi-
um was added to the lower chambers. After 
incubation at 37°C for 24 hrs, migratory and 
invasive cells were fixed using 4% paraformal-
dehyde and stained with 0.1% crystal violet 
solution. Five randomly selected fields from 
each membrane were counted using a light 
microscope. 

Statistical analysis

The data are presented as the mean values ± 
standard deviation (SD), and differences were 
considered statistically significant at P < 0.05. 

and the results also revealed that DGCR5 was 
downregulated in the sera of LC patients com-
pared with the sera of healthy controls (P < 
0.05, Figure 1B). The relationship between DG- 
CR5 expression and different clinicopatholo- 
gic features (age, gender, lymph node metasta-
sis, distant metastasis, and TNM stage) was 
analyzed (Table 2). In addition, the LC patients 
were divided into high expression group and 
low expression group according to the expres-
sion level of DGCR5 (median split), and Kaplan-
Meier analysis was used to assess the effect of 
DGCR5 on LC prognosis. We found that higher 
expression of DGCR5 was associated with lon-
ger survival in LC patients (P < 0.05, Figure 1C). 
The change in expression of DGCR5 was fur-
ther analyzed by qRT-PCR in pre-operation and 
post-operation sera of LC patients (n = 29). The 
data showed that DGCR5 expression was in- 
creased in the post-operation sera compared 
with that in the pre-operation sera (P < 0.001, 
Figure 1D). These results demonstrated that 
DGCR5 expression was downregulated in LC 
tissues and correlated with poor outcome of  
LC patients.

Figure 1. DGCR5 was downregulated in the sera and tissues of LC patients 
and was associated with poor prognosis. A. DGCR5 expression was detected 
by qRT-PCR in LC samples and corresponding normal lung tissues (n = 48, 
*P < 0.05). B. qRT-PCR was used to analyze the expression level of DGCR5 
in the sera of LC patients (n = 40) and healthy controls (n = 40, *P < 0.05). 
C. Kaplan-Meier survival analysis was used to assess the effect of DGCR5 on 
LC prognosis (P < 0.05). D. qRT-PCR was performed to measure the changes 
in the expression of DGCR5 between pre-operation and post-operation se-
rum samples from LC patients (n = 29, P < 0.01).

SPSS 21.0 (SPSS, Inc., Chi- 
cago, IL, USA) and Graph- 
Pad (GraphPad Prism Soft- 
ware, La Jolla, CA, USA) were 
used to perform the analy- 
ses.

Results

DGCR5 was downregulated 
in the sera and tissues of LC 
patients and was associated 
with poor prognosis

To estimate the expression 
status and possible prognos-
tic impact of DGCR5 in LC,  
the expression level of DG- 
CR5 was determined by qRT-
PCR in LC samples and corre-
sponding normal lung tissues 
from 48 patients. The results 
indicated that DGCR5 was ex- 
pressed at a lower level in  
LC tissues than in the adja-
cent normal tissues (P < 0.05, 
Figure 1A). DGCR5 expres-
sion was also analyzed in the 
sera of LC patients (n = 40) 
and healthy controls (n = 40), 
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DGCR5 inhibited proliferation, migration and 
invasion of LC cells

To investigate the roles of DGCR5 on prolifera-
tion, migration and invasion of LC cells, we first 
analyzed the expression level of DGCR5 using 
qRT-PCR in human lung epithelial cells (BEAS-
2B) and LC cell lines (H520, H157, SKMES1, 
H460, A549, and H1299) and found that it was 
dramatically decreased in the LC cell lines com-
pared with that in BEAS-2B cells. Among the LC 
cells, the expression level of DGCR5 was lowest 
in H1299 cells and highest in H520 cells (*P < 
0.05 and **P < 0.01, Figure 2A). Therefore, we 
selected the H1299 and H520 cells as target 
cells. In our study, H1299 cells were transduc- 
ed with GFP-encoding lentivirus (Lenti-GFP, 
control) and DGCR5 lentivirus (Lenti-DGCR5). 
H520 cells were transduced with shLuc (lentivi-
ral vector-mediated shRNA against Luc, con-
trol) and shDGCR5 (lentiviral vector-mediated 
shRNA against DGCR5). First, the expression 
level of DGCR5 was detected by qRT-PCR, and 
the results showed that DGCR5 was expression 
was markedly high in the H1299 cells transfect-
ed with Lenti-DGCR5 compared with the cells 
transfected with Lenti-GFP (P < 0.001); more-
over, DGCR5 expression was significantly low in 
H520 cells transfected with shDGCR5 com-
pared with those transfected with shLuc (P < 
0.001, Figure 2B). Furthermore, MTT and colo-
ny formation assays were performed to mea-

the miRNAs that may interact with DGCR5 
using RegRNA (Supplementary Table 1). The 
cutoff for the mfe was set at -26, because the 
lower free energy represented a more stable 
interaction between the miRNA and lncRNA. In 
addition, we performed gene microarray analy-
sis to screen for differentially expressed miR-
NAs associated with LC (data not shown). Thus, 
5 miRNAs including let-7b, miR-1180, miR-324-
5p, miR-663, and miR-762 were selected. Fur- 
thermore, qRT-PCR was performed to validate 
the expression levels of these miRNAs in H520 
and H1299 cells. Our results revealed that miR-
1180 was expressed at the lowest level in DG- 
CR5-overexpressing H1299 cells and was ex- 
pressed at the highest level in DGCR5-silen- 
ced H520 cells (Figure 3A, 3B). Therefore, miR-
1180 was selected for further study.

miR-1180 was upregulated in the sera and 
tissues of LC patients and was correlated with 
poor prognosis

To further evaluate the expression level of miR-
1180 in LC, qRT-PCR was used. We found that 
miR-1180 expression was elevated in LC tis-
sues compared with that in the paired non-
tumor tissues (n = 48, ***P < 0.001, Figure 
4A). miR-1180 was also upregulated in the sera 
of LC patients compared with those of healthy 
controls (n = 40, ***P < 0.001, Figure 4B). The 

Table 2. The relationship between DGCR5 expression 
level (ΔCt) and clinicopathological features of LC patients

Characteristics No. of  
patients (%)

DGCR5
Mean ± SD P value

Total no. of patients 48
    Age (year)
        > 60 35 (72.9) 11.28 ± 1.04 0.615
        ≤ 60 13 (27.1) 11.46 ± 1.24
    Gender
        Male 38 (79.2) 11.05 ± 1.49 0.444
        Female 10 (20.8) 11.48 ± 1.85
    Lymphatic metastasis
        N0 29 (60.4) 11.14 ± 1.24 0.023*
        N1-N2 19 (39.6) 11.99 ± 1.19
    Distal metastasis
        M0 39 (81.3) 11.21 ± 1.28 0.189
        M1 9 (18.7) 11.85 ± 1.38
    TNM stage
        0 & I & II 40 (83.3) 11.25 ± 1.78 0.287
        III & IV 8 (16.7) 12.04 ± 2.34
*Indicates P < 0.05.

sure the proliferative abilities of the 
transfected H520 and H1299 cells. As 
shown in Figure 2C and 2D, DGCR5  
significantly suppressed cell growth of 
H1299 and H520 cells. Silencing of 
DGCR5 significantly accelerated the 
proliferative abilities of H1299 and 
H520 cells (P < 0.001). Furthermore, 
the impacts of DGCR5 on cell migration 
and invasion were evaluated by Trans- 
well assays in vitro. The results reve- 
aled that DGCR5 markedly inhibited 
migration and invasion of LC cells. 
Silencing of DGCR5 clearly promoted 
the migration and invasion of LC cells  
(P < 0.001, Figure 2E). These data sug-
gested that DGCR5 was involved in  
regulating the proliferation, migration 
and invasion of LC cells.

Screening for DGCR5-regulated miR-
NAs in LC

To investigate the relationships betw- 
een DGCR5 and miRNAs, we predicted 
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results of Kaplan-Meier survival analysis also 
showed that higher expression of miR-1180 
was associated with shorter survival in LC pa- 
tients (P < 0.05, Figure 4C). MiR-1180 expres-
sion was then analyzed by qRT-PCR in pre-oper-
ation and post-operation sera of LC patients (n 
= 29), and the results revealed that miR-1180 
expression was lower in the post-operation 
sera compared with that in the pre-operation 
sera (P < 0.001, Figure 4D). We also found that 
miR-1180 was significantly related to TNM sta- 
ge (P = 0.025) by clinicopathological analysis of 
LC tissues (Table 3). In addition, the relation-
ship between DGCR5 and miR-1180 in LC tis-
sues and sera was analyzed. The result indicat-
ed that there was a negative correlation betw- 
een DGCR5 and miR-1180 expression in LC tis-
sues (R2 = 0.11, P = 0.021, Figure 4E) and sera 
(R2 = 0.138, P = 0.018, Figure 4F). Therefore, 
we speculated that DGCR5 regulates miR-1180 
expression in LC.

DGCR5 suppressed proliferation, migration 
and invasion of LC cells by targeting miR-1180

To determine whether DGCR5 interacts with 
miR-1180 to regulate transcription in LC cells, 

hibitors NC, or shDGCR5 and miR-1180 inhi- 
bitors. The results from qRT-PCR showed that 
DGCR5 inhibited miR-1180 expression, and 
miR-1180 mimics promoted miR-1180 expres-
sion. Silencing of DGCR5 promoted miR-1180 
expression, and miR-1180 inhibitors suppress- 
ed miR-1180 expression (***P < 0.001, Figure 
5B). Subsequently, we performed MTT assay to 
detect the proliferative ability of LC cells and 
found that DGCR5 markedly inhibited prolifera-
tion of LC cells, and miR-1180 mimics promot-
ed it via DGCR5 in H1299 cells (***P < 0.001, 
Figure 5C). Similarly, silencing of DGCR5 sig- 
nificantly increased the proliferation of LC  
cells, and miR-1180 inhibitors reduced the 
DGCR5-silencing-induced increase in prolifera-
tion (***P < 0.001, Figure 5D). Furthermore, 
we found that DGCR5 significantly decreased 
migration and invasion of H1299 cells, and 
miR-1180 mimics blocked this DGCR5-induced 
decrease (***P < 0.001, Figure 5E). Silencing 
of DGCR5 significantly promoted the migration 
and invasion of H520 cells, and miR-1180 in- 
hibitors then inhibited this DGCR5-silencing-
induced promotion (***P < 0.001, Figure 5F). 
Therefore, we suggested that DGCR5 suppre- 

Figure 2. DGCR5 inhibited proliferation, migration and invasion of LC cells. A. The relative expression of DGCR5 was 
detected by qRT-PCR in human lung epithelial cells (BEAS-2B) and LC cell lines (H520, H157, SKMES1, H460, A549, 
and H1299, *P < 0.05, **P < 0.01). B. H1299 cells were transduced with GFP-expressing lentivirus (Lenti-GFP, 
control) and DGCR5 lentivirus (Lenti-DGCR5). H520 cells were transduced with shLuc (lentiviral vector-mediated 
shRNA against Luc, control) and shDGCR5 (lentiviral vector-mediated shRNA against DGCR5). Then, qRT-PCR was 
used to detect the expression level of DGCR5 (***P < 0.001). C. MTT assay was performed to detect the prolifera-
tive abilities of the transfected H520 and H1299 cells (***P < 0.001). D. The clonogenic capacities were measured 
by the colony formation assay in the transfected H520 and H1299 cells (***P < 0.001). E. Transwell assays were 
performed to analyze the migration and invasion abilities of H1299 cells transduced with Lenti-GFP or Lenti-DGCR5 
and H520 cells transduced with shLuc or shDGCR5 (Magnification, × 200, ***P < 0.001).

Figure 3. Screen for DGCR5-regulated miRNAs in LC cells. A. The expression 
of selected miRNAs let-7b, miR-1180, miR-342-5p, miR-663 and miR-764 
was confirmed by qRT-PCR in DGCR5 overexpressing H1299 cells. B. The ex-
pression of selected miRNAs was confirmed by qRT-PCR in DGCR5-silenced 
H520 cells (*P < 0.05).

we hypothesized that DGCR5 
directly regulates miR-1180 
expression and cloned the 
wild-type or mutant DGCR5 
into pGL3-basic luciferase re- 
porter vector. Luciferase re- 
porter gene assays demon-
strated that DGCR5 weak-
ened the luciferase activity 
(***P < 0.001, Figure 5A). In 
addition, we treated H1299 
cells with Lenti-GFP, Lenti-
DGCR5, Lenti-DGCR5 and mi- 
mics NC, or Lenti-DGCR5 and 
miR-1180 mimics and treat- 
ed H520 cells with shLuc, 
shDGCR5, shDGCR5 and in- 
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Figure 4. miR-1180 was upregulated in the sera and tissues of LC patients and was correlated with poor prognosis. 
A. Relative mRNA expression of miR-1180 was detected by qRT-PCR in LC tissues and paired non-tumor tissues (n 
= 48, ***P < 0.001). B. miR-1180 expression was analyzed by qRT-PCR in the sera of LC patients (n = 40) and 
healthy controls (n = 40, ***P < 0.001). C. Kaplan-Meier survival analysis was conducted according to miR-1180 
expression level in LC patients. D. qRT-PCR was used to detect miR-1180 expression in the pre-operation and post-
operation serum samples of LC patients (n = 29, P < 0.05). E. Analysis of correlation between DGCR5 and miR-1180 
in LC tissues (n = 48, R2 = 0.11, P < 0.05). F. Analysis of correlation between DGCR5 and miR-1180 in LC sera (n = 
40, R2 = 0.138, P < 0.05).

Table 3. The relationship between miR-1180 expression 
level (ΔCt) and clinicopathological features of LC patients

Characteristics No. of  
patients (%)

miR-1180
Mean ± SD P value

Total no. of patients 48
    Age (year)
        > 60 35 (72.9) 10.45 ± 1.35 0.329
        ≤ 60 13 (27.1) 10.86 ± 1.05
    Gender
        Male 38 (79.2) 10.43 ± 1.31 0.741
        Female 10 (20.8) 10.58 ± 1.08
    Lymphatic metastasis
        N0 29 (60.4) 10.13 ± 1.37 0.418
        N1-N2 19 (39.6) 10.43 ± 1.02
    Distal metastasis
        M0 39 (81.3) 11.32 ± 1.47 0.345
        M1 9 (18.7) 10.82 ± 1.13
    TNM stage
        0 & I & II 40 (83.3) 11.52 ± 1.28 0.025*
        III & IV 8 (16.7) 10.34 ± 1.49
*Indicates P < 0.05.

ssed proliferation, migration and inva-
sion of LC cells by targeting miR-1180.

DGCR5 decreased the expression 
levels of AKT, GSK-3β, and β-catenin 
through miR-1180

In addition, we further analyzed the 
impacts of DGCR5 on the expression 
levels of AKT, GSK-3β, and β-catenin 
through miR-1180. The expression lev-
els of AKT, GSK-3β, and β-catenin were 
measured by qRT-PCR and Western 
blotting. The results showed that the 
expression levels of AKT, GSK-3β, and 
β-catenin were markedly downregulat-
ed in H1299 cells transfected with 
Lenti-DGCR5 compared with those in 
cell transfected with Lenti-GFP (***P < 
0.001). The expression levels of AKT, 
GSK-3β, and β-catenin were also dra-
matically increased in H1299 cells 
transfected with Lenti-DGCR5 and miR-
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1180 mimics compared with cells transfected 
with Lenti-DGCR5 and mimics NC (***P < 
0.001, Figure 6A and 6C). Similarly, silencing  
of DGCR5 markedly promoted the expression 
of AKT, GSK-3β, and β-catenin, and then miR-
1180 inhibitors abrogated the DGCR5-silen- 
cing-induced promotion (***P < 0.001, Figure 
6B and 6D).

Discussion

lncRNAs, one of the most important classes of 
non-coding RNAs, are thought to be critical 
gene regulators via their binding to correspond-
ing mRNAs [28]. An increasing number of stud-
ies have found that lncRNAs participate in the 
development and progression of some cancers 

Figure 5. DGCR5 suppressed proliferation, migration and invasion of LC cells by targeting miR-1180. (A) The rela-
tive fluorescence was detected by the luciferase reporter gene assay in H1299 cells co-transfected with wild = type 
DGCR5 or mutant DGCR5 and miR-NC or miR-1180 (***P < 0.001). H1299 cells were transduced with Lenti-GFP, 
Lenti-DGCR5, Lenti-DGCR5 and mimics NC or Lenti-DGCR5 and miR-1180 mimics; H520 cells were transduced 
with shLuc, shDGCR5, shDGCR5 and inhibitors NC or shDGCR5 and miR-1180 inhibitors. miR-1180 expression was 
detected by qRT-PCR (B, ***P < 0.001). The proliferative abilities of H1299 and H520 cells were assessed by MTT 
assay (C and D, ***P < 0.001). The migration and invasion of H1299 and H520 cells were measured by Transwell 
assay (E and F, Magnification, × 200, ***P < 0.001).
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[28, 29]. In our study, we found that DGCR5 
was downregulated in the sera and tissues of 
LC patients, higher expression of DGCR5 was 
associated with longer survival in LC patients, 
and DGCR5 expression was increased in post-
operation sera compared with that in pre-oper-
ation sera. These data indicated that downreg-
ulated DGCR5 in LC patients was associated 
with poor prognosis. In addition, we found that 
DGCR5 inhibited the proliferation, migration 
and invasion of LC cells.

Accumulating evidence has demonstrated that 
miRNAs have crucial biological functions in 
tumors, including cell proliferation, inflamma-
tion and metastasis by targeting mRNAs [30, 
31]. Studies have also confirmed that lncRNAs 
has the ceRNA activity by acting as miRNA 
sponges, and they play important roles in hu- 
man development [32]. In our study, we reve- 
aled that miR-1180 was upregulated in the 
sera and tissues of LC patients, higher expres-
sion of miR-1180 was associated with shorter 

survival in LC patients, and miR-1180 expres-
sion was decreased in post-operation sera 
compared with that in pre-operation sera. 
Therefore, we suggested that upregulated of 
miR-1180 was associated with poor prognosis 
in LC. Furthermore, our results showed that 
there was a negative correlation between the 
expression of DGCR5 and miR-1180 in LC tis-
sues and sera. DGCR5 negatively regulated 
miR-1180 expression. DGCR5 suppressed the 
proliferation, migration and invasion of LC cells 
by targeting miR-1180. Another study has dem-
onstrated that miR-1180 enhanced prolifera-
tion and apoptotic resistance in hepatocellular 
carcinoma [33].

Akt, a serine/threonine kinase, is a key re- 
gulator downstream of phosphatidylinositol-3 
kinase (PI3K) that regulates numerous intracel-
lular signals, affects cell responses to extrinsic 
stimuli and modulates cell proliferation and 
survival [34, 35]. Glycogen synthase kinase 3 
(GSK-3) is a highly conserved serine/threonine 

Figure 6. DGCR5 decreased the expression levels of AKT, GSK-3β, and β-catenin through miR-1180. (A) The mRNA 
expression levels of AKT, GSK-3β, and β-catenin were analyzed by qRT-PCR in H1299 cells transfected with Lenti-
GFP, Lenti-DGCR5, Lenti-DGCR5 and mimics NC or Lenti-DGCR5 and miR-1180 mimics (***P < 0.001). (B) The 
expression levels of AKT, GSK-3β, and β-catenin were detected by qRT-PCR in H520 cells transfected with shLuc, 
shDGCR5, shDGCR5 and inhibitors NC or shDGCR5 and miR-1180 inhibitors (***P < 0.001). The protein levels of 
AKT, p-AKT, GSK-3β, and β-catenin were measured by Western blotting in transfected H1299 (C) and H520 cells (D). 
GAPDH was used as the loading control.
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protein kinase that can generate two related 
protein homologs (GSK-3a and GSK-3β) [36]. 
GSK-3 has important functions in many cellular 
processes through its activity as a glycogen 
synthase [37]. This protein kinase is highly ac- 
tive in resting cells but is inhibited in response 
to cellular signals, including hormone and grow- 
th-factor activation of receptor-tyrosine kinas-
es, resulting in the activation of protein kinase 
B (PKB/Akt) [38]. GSK-3 has important effe- 
cts on various cellular processes such as gene 
expression, cell division, glycogen metabolism, 
survival and apoptosis. GSK-3 has two iso-
forms: GSK-3α (51 kDa), regulated by phos-
phorylation at Ser21 and Tyr279, and GSK-3β 
(47 kDa), regulated by Ser9 and Tyr216 [39]. 
Akt can phosphorylate GSK-3β at Ser9, and the 
phosphorylated GSK-3β, due to its decreased 
GSK-3 activity, is associated with tumorigene-
sis [40]. GSK-3 is also a major component of 
the Wnt-signaling pathway [37]. A part of the 
GSK-3 protein is closely related to the Axin-
scaffolding protein, which binds adenomatous 
polyposis coli (APC) and β-catenin during cellu-
lar dormancy [41]. GSK-3-mediated phosphory-
lation of β-catenin targets leads to ubiquiti- 
nation and proteosome-mediated degradation 
[42]. One study has also indicated that β-cate- 
nin has a significant effect on Wnt/β-catenin 
signaling through the canonical pathway [43]. 
In the absence of the Wnt/β-catenin signaling 
pathway, β-catenin is bound to axin, adenoma-
tous polyposis coli (APC), and GSK-3β. GSK-3 
can phosphorylate β-catenin at Ser37, Ser33, 
and Thr41, activating ubiquitylation before pro-
teosomal degradation [44, 45]. Signaling th- 
rough Wnt can downregulate GSK-3β and sta- 
bilize β-catenin. Stable β-catenin is translocat-
ed from the cytoplasm to nucleus and plays an 

important role as a transcription cofactor of T 
cell factor (TCF). Therefore, GSK-3β is correlat-
ed with the β-catenin gene regulation mechan- 
ism. 

In summary, DGCR5 and miR-1180 were differ-
entially expressed and were correlated with 
prognosis of LC. DGCR5 inhibited proliferation, 
migration and invasion of LC cells via miR-
1180. DGCR5 could directly or indirectly down-
regulate the expression of AKT, GSK-3β, and 
β-catenin through miR-1180 (Figure 7). There- 
fore, there is conclusive evidence that the low 
expression of DGCR5 is involved in the deve- 
lopment of LC, and thus, it may serve as a 
potential therapeutic target for LC. 
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Supplementary Table 1. Part I RegRNA predited 
DGCR5 regulated miRNAs

No. miRNA ID Location Len Minimum 
free energy

1 hsa-let-7b 494~519 26 -27.7
2 hsa-miR-1180 59~82 24 -26.4
3 hsa-miR-1181 30~52 23 -28.8
4 hsa-miR-1183 432~458 27 -26.4
5 hsa-miR-1225-3p 2050~2072 23 -29.2
6 hsa-miR-1233 2437~2455 19 -26.8

2437~2455 19 -26.8
7 hsa-miR-1254 3090~3121 32 -26.7
8 hsa-miR-1296 2435~2457 23 -26.3

2511~2537 27 -27.2
9 hsa-miR-1469 2909~2929 21 -30.6
10 hsa-miR-1470 3009~3029 21 -30.3
11 hsa-miR-1538 2905~2932 28 -28.9
12 hsa-miR-185* 2230~2252 23 -26.5
13 hsa-miR-1976 1885~1905 21 -28.1
14 hsa-miR-2277-3p 2439~2459 21 -27.2
15 hsa-miR-2861 985~1003 19 -29.2
16 hsa-miR-298 824~851 28 -26.3
17 hsa-miR-3130-5p 69~89 21 -33.8

69~89 21 -33.8
18 hsa-miR-3132 1399~1422 24 -27.7

3044~3066 23 -26.9
19 hsa-miR-3154 1286~1307 22 -26.2
20 hsa-miR-3177 2977~2997 21 -28
21 hsa-miR-3180-3p 71~97 27 -30.3

71~97 27 -30.3
71~97 27 -30.3

22 hsa-miR-3180 74~97 24 -28.2
74~97 24 -28.2

23 hsa-miR-3181 46~69 24 -28.9
24 hsa-miR-3189 339~365 27 -26.6
25 hsa-miR-3194 2054~2075 22 -27.3
26 hsa-miR-3196 107~126 20 -26.2
27 hsa-miR-324-5p 2051~2073 23 -26.6
28 hsa-miR-339-3p 3154~3174 21 -27.4
29 hsa-miR-3605-3p 2879~2905 27 -27.3
30 hsa-miR-3619 2832~2853 22 -30.2
31 hsa-miR-3621 104~123 20 -29.3
32 hsa-miR-3907 321~341 21 -27
33 hsa-miR-3937 458~480 23 -29.9
34 hsa-miR-3943 2042~2071 30 -33.9
35 hsa-miR-3944 38~69 32 -41.6
36 hsa-miR-4254 2667~2687 21 -27.5
37 hsa-miR-4259 475~498 24 -29.1
38 hsa-miR-4292 54~71 18 -28.2
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39 hsa-miR-4298 2244~2266 23 -27
40 hsa-miR-4322 987~1006 20 -26.7
41 hsa-miR-486-5p 2863~2884 22 -28.8
42 hsa-miR-508-5p 142~163 22 -28.1
43 hsa-miR-612 3095~3119 25 -29.1

850~881 32 -26.93
44 hsa-miR-637 1932~1955 24 -27.1

2966~2989 24 -31.6
45 hsa-miR-638 80~115 36 -35.8
46 hsa-miR-657 1850~1871 22 -27.2
47 hsa-miR-661 979~1001 23 -26.8
48 hsa-miR-663 107~129 23 -37.7

455~478 24 -32.3
49 hsa-miR-665 820~840 21 -26.6

2527~2545 19 -26.3
50 hsa-miR-762 44~67 24 -31.2

304~334 31 -26.91
51 hsa-miR-939 456~476 21 -30.2

3090~3114 25 -29.4
52 hsa-miR-940 3016~3048 33 -28.1


