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Purpose: Lung adenocarcinoma (LUAD) is a most common malignant tumor, even worse 
for diseases with relatively poor prognosis. Non-coding RNAs have the potential to be 
biomarkers for the prognosis of various cancers. LncRNA DRAIC and miR-3940-3p have 
been screened as dysregulated RNAs in LUAD. The clinical significance and biological 
function of lncRNA DRAIC and miR-3940-3p in LUAD were assessed in this study.
Patients and Methods: A total of 122 cases of LUAD patients with complete clinical 
information were enrolled. The expression levels of lncRNA DRAIC and miR-3940-3p were 
determined via RT-qPCR in LUAD tissues and cells. The relationship between lncRNA 
DRAIC or miR-3940-3p expression and the clinicopathological features of patients was 
analyzed based on the Pearson Chi-square test. For the prognostic value, the Kaplan– 
Meier plot and multi-variate Cox proportional regression analysis were introduced. Finally, 
the effect of lnc DRAIC and miR-3940-3p on the LUAD cellular function was investigated 
by CCK-8 and Transwell assay.
Results: lnc DRAIC was upregulated in LUAD tissues and cells, but miR-3940-3p was 
downregulated. Both of them showed significant associations with and TNM stage, lymph 
node metastasis, and a poor prognosis. Lnc-DRAIC and miR-3940-3p have the potential as 
independent prognostic factors for LUAD. Furthermore, the inhibition of lnc DRAIC can 
inhibit cell proliferation, migration, and invasion of LUAD partly as a ceRNA of miR-3940- 
3p.
Conclusion: lncRNA DRAIC/miR-3940-3p axis may be involved in the progression of 
LUAD and can be developed to promising prognostic factors, which may provide new 
insights into the treatment of LUAD.
Keywords: lung adenocarcinoma, lncRNA DRAIC, miR-3940-3p, progression, prognosis

Introduction
The prognosis outcome of cancer patients is one of the main factors that guide the 
subsequent treatment, especially for lung cancer with a 19% 5-year relative survival 
rates.1 Lung cancer, as a heterogeneous disease, comprises several subtypes based 
on pathologic and clinical relevance, in which non-small cell lung carcinoma 
(NSCLC) is the main subtype2. Furthermore, the recognition of histologic subtypes 
of NSCLC, including lung adenocarcinoma (LUAD) as the most frequent subtype, 
has become important as a determinant of therapy options in this disease.3 In recent 
years, the identification of abnormalities in the molecular level from a large propor-
tion of patients has allowed the emergence of personalized targeted therapies and 
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has opened new horizons to create new prognosis markers 
for these patients.4 In turn, utilizing the prognostic predic-
tive biomarkers to identify patients’ survival outcomes has 
given targeted agents and biotherapies treatment more 
possibilities and personalization.5 Therefore, it has clinical 
significance to identify applicable prognostic biomarkers 
to guide individualized treatment and improve unfavorable 
prognosis of LUAD patients.

Apart from the protein-coding genes, non-coding 
RNAs (ncRNAs), comprising long ncRNAs (lncRNAs), 
microRNAs (miRNAs), and other RNA classes, are an 
emerging class of transcripts that are coded by the genome 
but mostly not translated into proteins.6 Among ncRNAs, 
lncRNAs are transcripts that are longer than 200 nucleo-
tides, while miRNAs are small cellular RNAs with 18 to 
24 nucleotides.7 Although not involving in protein transla-
tion, ncRNAs act as crucial players in a variety of cellular 
and physiologic functions.8 The significance of lncRNAs 
and miRNAs in the carcinogenesis process has been suc-
cessively underscored, and increasing studies also reported 
their aberrant expressions in lung cancer samples.9–12 This 
aberrant expression of lncRNAs and miRNAs has an indi-
cative role in patients’ outcomes in LUAD. For instance, 
high expression of miR-130b was associated with unfavor-
able clinical factors and serves as a biomarker for poor 
prognosis for patients with LUAD.13 Benefited from 
integrated bioinformatics analysis, five lncRNAs 
(DIAPH2-AS1, FOXN3-AS2, LINC00652, MEG3, and 
RHPN1-AS1) have been reported to affect the occurrence 
and development of LUAD by regulating the expression 
levels of target genes.14 Similarly, lncRNA DRAIC (lnc 
DRAIC) and miR-3940-3p have been reported as survival- 
related lncRNA or miRNA in patients with LUAD from 
TCGA database.15,16 However, the detailed clinical signif-
icance and effects of lnc DRAIC and miR-3940-3p on 
LUAD have not been investigated and underscored.

So, in this study, the expression level of lnc DRAIC 
and miR-3940-3p was determined in LUAD tissues and 
adjacent normal tissues, as well as in cells. Based on the 
aberrant expressions, the predictive value of lnc DRAIC 
and miR-3940-3p in LUAD was estimated. Further, their 
effects on LUAD cell function were investigated.

Materials and Methods
Human LUAD Specimens
Our study comprised 122 patients diagnosed with 
LUAD at The First Affiliated Hospital of China 

Medical University with adequate clinical information, 
and 122 pairs of LUAD tissues and normal adjacent 
(NA) tissues were collected. All patients underwent 
surgical resection from 2011 to 2015. Before surgery, 
no one has received any treatment targeted at LUAD. 
Tissue samples obtained from the surgery were fresh- 
frozen and stored at −80°C until analysis. Patients’ over-
all survival monitoring was performed via telephone 
follow-up from the day of surgery. The staging of 
LUAD at diagnosis was classified according to the 
seventh edition of the International Association for the 
Study of Lung Cancer (IASLC) tumor, node, metastasis 
(TNM) classification, seventh edition. All patients pro-
vided written informed consent, and the Ethics 
Committee of The First Affiliated Hospital of China 
Medical University approved the study protocol. All 
studies were performed in accordance with the ethical 
guidelines of the World Medical Association Declaration 
of Helsinki (revised in 2008).

Cell Lines Culture and Transfection
A set of four human LUAD cells, Calu-3, HCC827, 
NCI-H441, and NCI-H1975, and a kind of control 
cells, BEAS-2B cells (an immortalized human bronchial 
epithelial cell line) were purchased and utilized in this 
study. All the cells were purchased from the ATCC 
(Manassas, USA). The RPMI 1640 medium (Corning, 
USA) containing 10% FBS (Corning, USA) was pre-
pared for the culture of all cells. The cultured condition 
was in the humidified incubator perfused 5% CO2 and 
95 air at 37 °C.

Lnc-DRAIC targeting siRNA (si-DRAIC, 5ʹ- 
GCUCAACAACGAAAAGCAA-3ʹ), non-specific control 
siRNA (si-RNA, 5ʹ-UAGCGACUAAACACAUCAA-3ʹ), 
miR-3940-3p mimic (miR mimic, 5ʹ-CAGCCCGGAUCC 
CAGCCCACUU-3ʹ), miRNA mimic negative control 
(mimic NC, 5ʹ-CUCGGGCCAUCCCAGCCCACUU-3ʹ), 
miR-3940-3p inhibitor (miR inhibitor, 5ʹ- AAGUGGGC 
UGGGAUCCGGGCUG-3ʹ), and negative control inhibi-
tor (inhibitor NC, 5ʹ-AAGUGGGCUGGGAUGGCCCG 
AG-3ʹ) were purchased from BioRN Life Science 
(Nanjing, China). The procedures for transfection of cells 
were carried out using Lipofectamine™ 3000 Transfection 
Reagent (ThermoFisher, USA) in line with the manufac-
turer’s protocol. Shortly, cells were seeded in 6-well 
plates, incubated with transfection reagent, and indicated 
sequence. As a negative control, cells were transfected 
with mimic NC or si-NC or inhibitor NC instead. Mock 
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transfection was prepared as cells incubated solely with 
RPMI 1640 medium.

Plasmid Constructs and Dual-Luciferase 
Reporter Assay
Human 3´-UTR sequences containing lnc DRAIC pre-
dicted binding sites with miR-3940-3p were amplified by 
BioRN Life Science and inserted into the pGL3-basic 
luciferase vector (Promega, USA) formed DRAIC-WT. 
Constructs containing mutagenized miR-3940-3p binding 
sites as DRAIC-MUT were obtained from BioRN Life 
Science. Plasmids were transfected into Calu-3 and 
HCC827 cells. 7h later, the cells were transfected again 
with mimic NC or miR-mimic. After 24 h, luciferase 
activities were quantified using the Dual-Luciferase 
Reporter Assay System (Promega, USA).

Total RNA Isolation and Quantitative 
Real-Time Polymerase Chain Reaction 
(RT-qPCR)
Tissue samples were previously processed in QIAzol Lysis 
Reagent (Qiagen, Germany) according to the handbook. 
Total RNA from tissue and cell samples was extracted 
using the RNeasy Extraction Kit (Qiagen) in line with the 
manufacturer’s instructions. For the analysis of lnc DRAIC 
levels, total RNA was reverse-transcribed using the High- 
Capacity cDNA Reverse Transcription Kit (Applied 
Biosystems, USA). Lnc DRAIC expression assay was per-
formed using the TaqMan™ Non-coding RNA Assay on 
a QuantStudio™ 3 Real-Time PCR System (Applied 
Biosystems), and transcript expression was normalized to 
the GAPDH levels by using the 2−ΔΔCt formula. The pri-
mers for lnc DRAIC were 5ʹ-AATGAGGCGAGGGCT 
GGGGAACCTA-3ʹ (forward) and 5ʹ-TTGAGGGCGG 
AGGGTCGGAAATGGC-3ʹ (reverse). The primers for 
GAPDH were 5ʹ- CCCTTCATTGACCTCAACTACA-3ʹ 
(forward) and 5ʹ-ATGACAAGCTTCCCGTTCTC-3ʹ 
(reverse). To measure the expression of miR-3940-3p, the 
cDNAs were reverse-transcribed by TaqMan miRNA RT 
kit (Applied Biosystems). The assay was performed using 
the appropriate TaqMan miRNA assay on a QuantStudio™ 
3 Real-Time PCR System (Applied Biosystems). The endo-
genous control used the ubiquitously expressed U6b snRNA 
(U6) to normalize miRNA expression by the 2−ΔΔCt for-
mula. The primer for miR-3940-3p was 5ʹ-CTCA 
AGGACCACCGCATC-3ʹ (forward); The primers for U6 
were 5ʹ- CTCGCTTCGGCAGCACA-3ʹ (forward) and 5ʹ- 

AACGCTTCACGAATTTGCGT-3ʹ (reverse). Each plate 
was determined in duplicate, and shown as mean ± SD of 
five independent biological assays.

Cell Proliferation Accessed by Cell 
Counting Kit-8 (CCK-8) Assay
To estimate growth curves of Calu-3 and HCC827 cells, 
cells were starved by serum deprivation and then released 
to growth by reexposure to a complete medium containing 
serum. In brief, cells at a concentration of 3×103 were 
seeded into 96-well plates. Before detected, CCK-8 solu-
tion (Dojindo, Japan) was added at 0, 24, 48, 72 h and 
incubate for 2 hours at 37°C and 5% CO2. Cell prolifera-
tion curve was based on the corresponding normalized OD 
values at 450nm by a multifunctional microplate reader 
(Thermo Fisher Scientific, USA) and each point showed 
the mean of three independent samples.

Cell Migration and Invasion Determined 
by Transwell Assay
Cell migration and invasion were detected using HTS 
Transwell-96 System with 8 μm membrane pore size 
(Corning, USA). For invasion assay, the upper surface of the 
chambers was coated with Matrigel (BD Biosciences) pre-
ciously, but for migration assay not. Subsequently, cell suspen-
sion (containing 1×105 cells) without FBS was placed at the 
upper chamber, and 500 μL RPMI-1640 medium with 10% 
FBS was placed at the lower chamber. After incubation at 
37°C with 5% CO2 for 24h (migration) or for 48 h (invasion), 
the cells that did not pass through were wiped off, and the 
passed cells were fixed, stained, and counted in five random 
visual fields. Each experiment was performed in triplicate.

Statistical Analysis
Differential expression levels between the LUAD tissues 
or cells and the normal ones were compared by unpaired 
t-test. Assessment of difference between groups was car-
ried out with a one-way ANOVA test. Associations 
between patients’ clinicopathological characteristics and 
lnc DRAIC or miR-3940-3p were evaluated using the 
Pearson Chi-Square test. The predictive performances of 
the biomarker candidates were accessed by multi-Cox 
regression. The correlations between overall survival and 
the expression level of lnc DRAIC or miR-3940-3p were 
estimated via the Kaplan–Meier curves (the Log rank test). 
P values of less than 0.05 were thought as statistically 
significant.
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Results
Aberrant Expression of lnc DRAIC and 
miR-3940-3p Were Detected in LUAD 
Tissues and Cells
From RT-qPCR assay, lnc DRAIC and miR-3940-3p 
expression were found with an aberrant level in human 
LUAD tissue and cells. The expression of lnc DRAIC in 
LUAD tissues was significantly increased compared to 
the matched adjacent normal tissues, as well as in 
LUAD cells and normal lung cells (P < 0.01, 
Figure 1A and B). The miR-3940-3p expressions were 
obviously downregulated in LUAD tissues and cells 
than those in para-cancer normal tissues and cells (P < 
0.001, Figure 1C and D).

Expression Levels of lnc DRAIC and 
miR-3940-3p are Correlated with 
Clinicopathological Factors of LUAD
Based on the mean value of lnc DRAIC (0.868) and miR- 
3940-3p (0.759), the patients were classed into low 
expression and high-expression groups, respectively. The 
expression levels of lnc DRAIC and miR-3940-3p were 
included in the Chi-square analysis respectively to access 
the correlation with various clinicopathological features 
(Table 1). There was significant relevance between lnc 
DRAIC and TNM stage (P=0.020), metastasis to lymph 
nodes (P=0.014), and vascular invasion (P=0.020). miR- 
3940-3p was significantly correlated to the TNM stage 
(P=0.020), metastasis to lymph nodes (P=0.039). 

Figure 1 The expression level of lnc DRAIC and miR-3940-3p in LUAD tissues and cell lines. (A) The expression of lnc DRAIC was increased in LUAD tissues than adjacent 
normal tissues (***P < 0.001). (B) The expression of lnc DRAIC in LUAD cell lines (Calu-3, HCC827, NCI-H441, and NCI-H1975) was higher than in normal human 
bronchial epithelial cell line (BEAS-2B) (**P < 0.001, ***P < 0.001). (C) The expression of miR-3940-3p in LUAD tissues was higher than in adjacent normal tissues (***P < 
0.001). (D) The expression of miR-3940-3p in LUAD cell lines (Calu-3, HCC827, NCI-H441, and NCI-H1975) was elevated when compared to normal cell (BEAS-2B) 
(***P < 0.001).

https://doi.org/10.2147/CMAR.S320616                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 8370

Liu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


However, there was no statistically significant correlation 
between lnc DRAIC or miR-3940-3p with other features.

High Expression of lnc DRAIC Predicts 
Unfavorable Prognosis of LUAD Patients
Considering the correlation between lnc DRAIC level and 
unfavorable clinical factors, the clinical significance of lnc 
DRAIC in LUAD was worthy to explore further, so Kaplan– 
Meier curves with the Log rank test and Cox regression 
analysis were employed. The 5-year survival rate of the 
LUAD patients whose tumors expressed high levels of lnc 
DRAIC (45.3%) was significantly lower than that of the 
patients whose tumors expressed low levels of lnc DRAIC 
(65.5%). The results of Kaplan–Meier analysis indicated that 
patients with high expression of lnc DRAIC tended to show 
shorter overall survival compared with the low-expression 

patients (P=0.008, Figure 2A). More importantly, among the 
including features, a high lnc DRAIC level can act as 
a prognosis biomarker in an independent manner (Table 2).

Low Expression of miR-3940-3p Was 
Associated with Poor Prognosis of LUAD 
Patients
The prognostic value of miR-3940-3p was also explored. 
When the LUAD patients were stratified into a low (n=64) 
and a high (n=58) groups with the mean value of the relative 
miR-3940-3p level, the 5-year survival rate of the LUAD 
patients with low level of miR-3940-3p was 37.5%, which 
was significantly lower than that of the patients whose 
tumors expressed high level of miR-3940-3p (74.1%). 
Besides, the Kaplan–Meier plot also showed that LUAD 
patients with a low level of miR-3940-3P expression had 

Table 1 Clinicopathological Parameters and the Expression of Lnc DRAIC and miR-3940-3p Expression in LUAD

Patients 
(n= 122)

Low lnc DRAIC 
Expression 

(n= 58)

High lnc DRAIC 
Expression 

(n= 64)

P value Low miR-3940- 
3p Expression 

(n= 64)

High miR-3940- 
3p Expression 

(n= 58)

P value

Gender

Male 64 30 34 0.877 32 32 0.568
Female 58 28 30 32 26

Age, years

≤60 51 24 27 0.928 26 25 0.782
>60 71 34 37 38 33

Smoking
No 64 33 31 0.350 35 29 0.605
Yes 58 25 33 29 29

Tumor Size, cm

<3 66 36 30 0.093 30 36 0.093
≥3 56 22 34 34 22

Differentiation
Moderate–well 63 35 28 0.067 36 27 0.284
Poor 59 23 36 28 31

TNM Stage

I–II 82 45 37 0.020 37 45 0.020
III–IV 40 13 27 27 13

Lymph Node 
Metastasis

Negative 79 44 35 0.014 36 43 0.039
Positive 43 14 29 28 15

Vascular Invasion
Negative 104 54 50 0.020 51 53 0.069
Positive 18 4 14 13 5

Abbreviations: LUAD, lung adenocarcinoma; TNM, tumor, node, metastasis.
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a significantly shorter overall survival than those with a high 
level (P=0.004, Figure 2B). Furthermore, based on the result 
of Cox regression, a low miR-3940-3p level was signifi-
cantly correlated with unfavorable survival in an indepen-
dent manner (Table 3). Taken together, miR-3940-3p can be 
an independent predictor for prognosis of LUAD patients.

lnc DRAIC Could Bind to miR-3940-3p
LncRNASNP2 database (http://bioinfo.life.hust.edu.cn/ 
lncRNASNP#!/) showed that lnc DRAIC carries putative 
miR-3940-3p targeting sites (Figure 3A). The expression 
level of miR-3940-3p was significantly negatively asso-
ciated with lnc DRAIC expression level in paired tumor 

tissues and normal tissues (Pearson r=−0.8233, P < 
0.0001, Figure 3B). Transfection of si-DRAIC can 
increase miR-3940-3p level in Calu-3 and HCC827 cells 
(P < 0.01, Figure 3C and D). Besides, we constructed 
luciferase reporters containing WT-DRAIC or MUT- 
DRAIC to co-transfect with miR-3940-3p mimic and 
found miR-3940-3p mimics can reduce the luciferase 
activities of the reporter vector containing wild-type WT- 
DRAIC, but not influence the empty vector or mutant 
reporter vector in Calu-3 and HCC827 cells (P < 0.001, 
Figure 3E and F). Based on these results, lnc DRAIC 
could bind to miR-3940-3p as competing endogenous 
RNA (ceRNA).

Figure 2 Kaplan–Meier curves. (A) Kaplan–Meier curve of patients based on lnc DRAIC expression (Log rank P = 0.008). (B) Kaplan–Meier curve of patients based on miR- 
3940-3p expression (Log rank P = 0.004).

Table 2 Cox Regression Analysis of Lnc DRAIC Expression and 
the Clinicopathological Features of LUAD Patients

HR 95% CI P value

Gender 1.220 0.669–2.225 0.517

Age 1.617 0.866–3.019 0.131
Smoking 1.196 0.649–2.206 0.566

Tumor size 1.556 0.829–2.293 0.169

Differentiation 2.135 1.149–3.966 0.016
TNM stage 1.925 1.017–3.643 0.044

Lymph node metastasis 2.146 1.084–4.249 0.029

Vascular invasion 2.230 1.121–4.433 0.022
lnc DRAIC 2.485 1.303–4.738 0.006

Abbreviations: LUAD, lung adenocarcinoma; TNM, tumor, node, metastasis.

Table 3 Cox Regression Analysis of miR-3940-3p Expression 
and the Clinicopathological Features of LUAD Patients

HR 95% CI P value

Gender 1.474 0.783–2.776 0.229

Age 1.489 0.810–2.736 0.200
Smoking 1.066 0.590–1.926 0.831

Tumor size 1.259 0.706–2.246 0.435

Differentiation 1.521 0.855–2.707 0.154
TNM stage 1.933 1.026–3.642 0.042

Lymph node metastasis 2.379 1.172–4.828 0.016

Vascular invasion 2.279 1.155–4.497 0.018
miR-3940-3p 2.403 1.252–4.609 0.008

Abbreviations: LUAD, lung adenocarcinoma; TNM, tumor, node, metastasis.
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Effect of lnc DRAIC and miR-3940-3p on 
Cell Proliferation of LUAD Cells
Further, we tried to explore the effects of lnc DRAIC and 
miR-394-3p on the proliferation of LUAD cells. The si- 
DRAIC can successfully reduce the expression of lnc 
DRAIC but increased the expression level of miR-3940- 

3p, which would be pulled down by miR-3940-3p inhibi-
tor in Calu-3 and HCC827 cells (P < 0.001, Figure 4A and 
B). CCK-8 assays showed that the inhibition of lnc 
DRAIC caused by si-DRAIC significantly hindered the 
proliferation rate of LUAD cells in 72h; however, down-
regulation of miR-3940-3p can return the cell growth 

Figure 3 Lnc-DRAIC can bind with miR-3940-3p. (A) Binding sites between the lnc DRAIC and miR-3940-3p. (B) The reverse correlation between expression of lnc 
DRAIC and miR-3940-3p (r=−0.8185, P < 0.0001). (C and D) Downregulation of lnc DRAIC increases the expression level of miR-3940-3p (**P < 0.01). (E and F) The 
luciferase activity of lnc DRAIC was significantly reduced by the overexpression of miR-3940-3p and increased by inhibition of miR-3940-3p (***P < 0.001).

Figure 4 Effect of lnc DRAIC binding miR-3940-3p on LUAD cell proliferation, migration and invasion. (A and B) The expression of lnc DRAIC in Calu-3 and HCC827 cells 
after transfection. (C and D) Inhibitory effect of lnc DRAIC downregulation on the proliferation can be resumed by miR-3940-3p inhibitor. (E and F) Migration-suppressive 
effect of lnc DRAIC downregulation can rescue by miR-3940-3p suppression. (G and H) Invasion-suppressive effect of lnc DRAIC downregulation can be restored by miR- 
3940-3p inhibition. (*P< 0.05, **P < 0.01, ***P < 0.001, ratio to si-NC transfected group; ##P < 0.01, ###P < 0.001, ratio to si-DRAIC+ inhibitor NC co-transfected group).
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ability (P < 0.01, Figure 4C and D). These results implied 
inhibition of lnc DRAIC slowed down cell proliferation of 
LUAD cells, but inhibition of miR-3940-3p can pro-
mote it.

Influence of lnc DRAIC and miR-3940-3p 
on LUAD Cell Migration and Invasion
By transwell assay, the migratory abilities of Calu-3 and 
HCC827 cells were analyzed after different transfections. 
Downregulation of lnc DRAIC can attenuate the migratory 
ability of Calu-3 and HCC827 cells, whereas miR-3940-3p 
inhibitor can recover that (P < 0.01, Figure 4E and F). 
Moreover, the invasive ability of Calu-3 and HCC827 cells 
exhibited a suppression when lnc DRAIC was downregu-
lated by si-DRAIC, nevertheless resumed by miR-3940-3p 
inhibitor (P < 0.05, Figure 4G and H). These results 
implied that lnc DRAIC can promote the migration and 
invasion of LUAD cells but miR-3940-3p suppresses 
them.

Discussion
Lung cancer remains the most common cause of cancer 
death worldwide though advances in screening and onco-
logical treatments continued.17 As the most common his-
tological subtype of NSCLC, the 5-year survival rate of 
LUAD was less than satisfactory showing as 59% for 
localized adenocarcinoma, 31.7% for regional one, and 
only 5.8% if distant metastasis.18 The prognosis of 
LUAD depends on the adenocarcinoma type as well as 
the stage at diagnosis.19 The TNM staging with other 
factors such as the site of metastasis, tumor burden, elig-
ibility has a great impact on prognosis.20 However, the 
performance status and individual variations in the gene 
would influence the predictive effectiveness of these 
factors.21 Correlations between gene variations in LUAD 
and prognosis have been demonstrated by numerous 
studies.22,23 RNA molecules are another significant group 
of molecular factors with the prognostic potential in 
LUAD. NcRNAs have a great impact on the overall sur-
vival of LUAD patients and indicate the personal therapy 
treatment.24,25

Among the ncRNA molecules, lncRNAs are emerging 
multifunctional regulators in many biological processes.26 

In parallel, a rapidly increasing number of studies have 
unraveled the associations between aberrant lncRNA 
expression and human cancer prognosis.27,28 Lnc-DRAIC 
(also known as RP11-279F6.1 or LOC145837), is a long 

non-coding RNA associated with adverse features of 
breast cancer and advanced clinical stages of nasopharyn-
geal carcinoma patients.29,30 This study tried to explore the 
clinical significance of lnc DRAIC in LUAD. Firstly, the 
expression of lnc DRAIC was found with a significant 
increase in LUAD tissues and cells. This abnormal expres-
sion implied the underly correlation between lnc DRAIC 
and prognosis. By the Chi-square test, the higher lnc 
DRAIC expression level was bound up with TNM III-IV 
stage, metastasis to lymph nodes, and positive vascular 
invasion status. With the verification of the Kaplan– 
Meier plot and Cox regression, patients with high lnc 
DRAIC levels represented shorter survival time and 
lower survival rate and lnc DRAIC level was 
a prognostic predictor in an independent manner. In the 
latest study, lnc DRAIC also showed the ability of prog-
nosis in a 5 immune-related lncRNA signature established 
for predicting prognosis of patients with early-stage 
LUAD.31 All these results indicate that aberrant lnc 
DRAIC level can be developed to be a mighty biomarker 
for LUAD prognosis.

Apart from lncRNAs, miRNAs were also increasingly 
studied with regard to their prognostic value in LUAD.32 

miR-3940-5p has been reported to present significant 
downregulation in NSCLC tissues and correlation with 
clinicopathological features.33,34 But the role of miR- 
3940-3p in LUAD has not been clarified. In this study, 
the expression of miR-3940-3p was determined by RT- 
qPCR, and a downregulated expression level was obtained 
in LUAD tissues and cells. Then, the low expression of 
miR-3940-3p was found to be related to TNM stage and 
metastasis to lymph nodes. Moreover, LUAD patients with 
low miR-3940-3p showed a low survival rate and overall 
survival time. By COX regression, low miR-3940-3p level 
shows excellent ability in poor prognosis prediction of 
LUAD. This finding is in line with the study of Xin 
et al, which constructed a prognostic model with nine 
miRNAs including hsa-mir-3940 by bioinformatics analy-
sis method.16 So, miR-3940-3p was a potential indicator 
for the survival of LUAD patients in an independent 
manner.

Since dysregulation of lncRNAs can play regulatory 
roles in cancers, increasing emphasis has been placed on 
their underlying mechanism in tumors to supply the basis 
of novel molecular targeted therapies.35 Many studies 
have demonstrated lncRNAs involved in competitive 
regulatory interactions and can act as microRNA decoys 
to modulate gene expression, which is known as 
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ceRNA.36,37 In this study, lnc DRAIC has potential bind-
ing sites with miR-3940-3p, and the siRNA of lnc 
DRAIC can significantly increase the expression level 
of miR-3940-3p. Dual-luciferase reporter assay 
confirmed the binding between lnc DRAIC and miR- 
3940-3p. In the cellular function study, downregulation 
of lnc-DARIC can inhibit the proliferative, migratory, 
and invasive capacity of LUAD cells, implying the pro-
motor role of lnc DRAIC in LUAD progression. 
However, the suppression caused by si-DARIC in cell 
function can be restored by downregulation of miR- 
3940-3p, which implied the inhibitor role of miR-3940- 
3p in LUAD progression and further verified the binding 
relationship between lnc DARIC and miR-3940-3p. 
Therefore, it is speculated that lnc DRAIC acting as 
ceRNA of miR-3940-3p promotes the progression of 
LUAD.

This study brought light to the possibility of prognostic 
factors in the LUAD and targeted therapy, but further 
research is needed on a larger number of patients and 
clinical verification.

Conclusion
In conclusion, lnc DRAIC was found to be significantly 
upregulated and miR-3940-3p was downregulated in 
LUAD tissues and cell lines. The dysregulation of lnc 
DRAIC and miR-3940-3p expression showed a great sig-
nificance in the prognosis of LUAD. In addition, inhibition 
of lnc DRAIC significantly suppressed LUAD cell prolifera-
tion, migration, and invasion by sponging miR-3940-3p.
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