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Abstract: Circulating microRNAs (miRNAs) have been demonstrated as robust and promising biomarkers for non-
small cell lung cancer (NSCLC). Our aim was to determine the significance of serum exosomal miR-382 in NSCLC. 
Circulating exosomes were collected from 126 patients with NSCLC and 60 normal controls before treatment and 
one month after surgery. The circulating exosomal miR-382 expression was measured with quantitative RT-PCR 
(qRT-PCR) in all the participants. Our findings demonstrated that circulating exosomal miR-382 was very reduced 
in NSCLC. In addition, it showed high accuracy for discriminating NSCLC patients from healthy subjects. Interest-
ingly, serum exosomal miR-382 improved the diagnostic accuracy of carcinoembryonic antigen (CEA). Moreover, its 
level increased significantly one month following surgical resection. Reduced circulating exosomal miR-382 was 
positively associated with poor clinical variables. NSCLC cases with lower serum exosomal miR-382 suffered worse 
overall survival (OS) and serum exosomal miR-382 was independently associated with OS. Taken together, circulat-
ing exosomal miR-382 is a robust biomarker for evaluating the progression of NSCLC. 
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Introduction

Lung cancer is the most common cause of can-
cer death, and non-small cell lung cancer (NS- 
CLC) is the major subtype [1, 2]. Despite great 
progress in treating NSCLC, the overall survival 
of NSCLC remains dismal [3]. Due to no obvious 
clinical symptoms and the lack of early detec-
tion methods, most NSCLC cases are first diag-
nosed at an advanced stage [4, 5]. Therefore, 
identification of robust biomarkers is of great 
significance to improve the outcome of NSCLC.

MicroRNAs (miRNAs) are non-coding RNAs 
involved in regulating many processes such as 
growth, differentiation and development [6]. 
Evidence has demonstrated that miRNAs are 
key players for cancer initiation and progres-
sion, and they can function as either oncogen- 
es or tumor suppressors [7, 8]. Exosomes are 
membrane vesicles which contain many active 
molecules including miRNAs [9]. Exosomal miR-
NAs can be isolated from the blood and stably 

detected, making them attractive for the detec-
tion of cancer, including NSCLC. For instance, 
serum exosomal miR-126, miR-126b, and miR-
17-5p showed good performance for NSCLC 
diagnosis and prognosis [10-12]. 

miR-382 is located at the14q32 cluster and 
involved in tumor development [13]. miR-382 is 
dramatically decreased in NSCLC and plays a 
tumor suppressive role NSCLC [14, 15]. How- 
ever, the diagnostic and prognostic role of circu-
lating exosomal miR-382 in NSCLC is unknown. 
The current study aimed to measure circulating 
exosomal miR-382 levels in NSCLC, and further 
analyze its value for diagnosis and prognosis 
prediction of NSCLC.

Materials and methods

Patients and blood samples

The study was approved by the Ethics Com- 
mittee of Sichuan Cancer Hospital & Institute, 
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and written informed consent was obtained 
from all the NSCLC patients and healthy sub-
jects. This study cohort included 126 NSCLC 
subjects who underwent surgery and sixty 
healthy volunteers. The clinical information of 
NSCLC cases was presented in Table 1. Venous 
blood samples were taken from the NSCLC sub-
jects prior to any treatment. Within 1 h after 
sample collection, the serum was harvested by 
centrifugation at 3,000 r/min for 20 min, and 
then stored at -80°C. The exosomes were iso-
lated and purified with ExoQuick Exosome 
Precipitation Solution (SBI, Mountain View, CA, 
USA). 

RNA isolation and qRT-PCR 

Total RNA was extracted from exosomes with 
mirVana PARIS RNA isolation kit (Ambion, 
Foster City, CA, USA). The TaqMan miRNA 
Reverse Transcription Kit (Applied Biosyste- 
ms, Foster City, CA, USA) was used to gene- 
rate cDNA. The cDNA amplification was con-

with Kaplan-Meier plots. Univariate and multi-
variate analyses were performed to identify 
independent risk variables. P<0.05 was consid-
ered significant.

Results

Circulating exosomal miR-382 was reduced in 
NSCLC 

Serum exosomal miR-382 was dramatically 
reduced in NSCLC cases compared to normal 
controls (P<0.0001) (Figure 1A). NSCLC pa- 
tients with ≥5 cm tumor size (P<0.0001, Figure 
1B), positive lymph node metastasis (P< 
0.0001, Figure 1C), or advanced TNM stage 
(P<0.0001, Figure 1D) had lower serum exo-
somal miR-382 levels. One month after sur-
gery, serum exosomal miR-382 levels were 
detected. Of all patients, 108 patients showed 
increased serum exosomal miR-382 expres-
sion while 18 patients demonstrated decreased 
expression. As presented in Figure 2, circulat-

Table 1. Correlation between clinical variables and serum exosomal 
miR-382 expression
Variable Number High miR-382 Low miR-382 P-value
Age (years) 0.3691
    <60 55 30 25
    ≥60 71 33 38
Gender 0.1349
    Male 82 45 37
    Female 44 18 26
Smoking status 0.4692
    No 52 28 24
    Yes 74 35 39
Differentiation 0.0627
    Well 31 20 11
    Moderate/Poor 95 43 52
Vascular invasion 0.0718
    No 72 41 31
    Yes 54 22 32
Tumor size (cm) 0.0121
    <5 56 35 21
    ≥5 70 28 42
Lymph node metastasis 0.0065
    No 75 45 30
    Yes 51 18 33
TNM stage <0.0001
    I/II 67 46 21
    III/IV 59 17 42

ducted with SYBR Premix 
DimerEraser kit (TaKaRa, Da- 
lian, China) on the ABI Pri- 
sm 7900HT Detection Sy- 
stem (Applied Biosystems). 
Cel-miR-39 was added as a 
control. The relative circulat-
ing exosomal miR-382 level 
was determined with 2-ΔΔCt 
method. 

Statistical analysis

The data were analyzed by 
GraphPad Prism 8.0 (Gra- 
phPad Software, La Jolla,  
CA, USA). The differences in 
serum exosomal miR-382 in 
different groups were deter-
mined by The Mann-Whitney 
U-test. The correlations be- 
tween clinical variables and 
circulating exosomal miR-
382 levels were analyzed  
by the chi-square test. Rec- 
eiver-operating characteris-
tic (ROC) analysis was per-
formed to determine the dis-
criminative performance of 
circulating exosomal miR-
382. The overall survival (OS) 
differences were analyzed 
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ing exosomal miR-382 was markedly increased 
after surgery (P<0.0001). 

Diagnostic performance of circulating exosom-
al miR-382 in NSCLC

We compared the performance of circulating 
exosomal miR-382 and CEA for discriminating 
NSCLC cases from healthy subjects. For serum 
exosomal miR-382, the sensitivity was 76.2% 
and the specificity was 86.7% with an AUC of 
0.902. For CEA, the sensitivity was 74.6% and 
the specificity was 81.7% with an AUC of 0.852. 
More importantly, the AUC of combined serum 
exosomal miR-382 and CEA was 0.953 with 
92.9% sensitivity and 88.3% specificity for dif-

Figure 1. A. The level of circulating exosomal miR-382 was markedly lower in NSCLC patients. B-D. Circulating exo-
somal miR-382 was lower in NSCLC patients with ≥5 cm tumor size or those with lymph node metastasis or at an 
advanced TNM stage.

Figure 2. Circulating exosomal miR-382 level was 
markedly increased one month after surgery.
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ferentiating NSCLC patients from controls 
(Figure 3).

Reduced circulating exosomal miR-382 was 
associated with poor clinicopathologic mea-
sures in NSCLC

The NSCLC patients were split into high (n=63) 
and low serum exosomal miR-382 (n=63) 
groups using the median value. As presented in 
Table 2, reduced circulating exosomal miR-382 
was positively associated with tumor size (P= 
0.0121), lymph node metastasis (P=0.0065), 
and TNM stage (P<0.0001). No significant cor-
relation was found between circulating exo-
somal miR-382 and age, gender, smoking sta-
tus, differentiation, or vascular invasion.

Prognostic significance of circulating exosomal 
miR-382 in NSCLC 

As illustrated in Figure 4A, the NSLCC cases in 
the low circulating exosomal miR-382 group 
exhibited a significantly worse OS (P=0.0038). 
Based on the changed pattern of circulating 
exosomal miR-382 after surgery, the patients 
were divided into an upregulation group (n= 
108) and downregulation group (n=18). During 
the follow up, all 18 patients were diagnosed  
as relapsed. Patients in the downregulation 
group had shorter OS (P<0.0001, Figure 4B). 
Furthermore, univariate analysis revealed that 
circulating exosomal miR-382 (HR=3.34, 95% 

CI=1.98-4.96, P=0.009), lymph node metasta-
sis, tumor size, and TNM stage were strongly 
associated with OS. By multivariate analysis, 
serum exosomal miR-382 (HR=3.47, 95% 
CI=2.13-5.14, P=0.007) was an independent 
risk variable for OS (Table 2). 

Discussion

The role of miR-382 has been explored in 
NSCLC. For instance, miR-382 was dramatical-
ly reduced in NSCLC tissue specimens. miR-
382 upregulation markedly suppressed the 
cancer cell activity through targeting LMO3 
[14]. Similarly, miR-382 overexpression sup-
pressed NSCLC tumorigenicity and displayed a 
significant anti-tumor activity through regulat-
ing SETD8 [15]. The findings were in line with 
our results. Circulating exosomal miR-382 lev-
els were greatly reduced in NSCLC. In addition, 
its levels were markedly increased one month 
after surgery. Combining circulating exosomal 
miR-382 and CEA improved the discriminative 
power of NSCLC. Moreover, reduced circulating 
exosomal miR-382 was positively correlated 
with poor clinical variables. The patients with 
decreased circulating exosomal miR-382 after 
surgery had shorter OS. In univariate and multi-
variate analyses, low serum exosomal miR-382 
was correlated with poor prognosis for NSCLC. 
The data demonstrated that circulating exo-
somal miR-382 may be a robust biomarker for 
NSCLC.

To date, the tumor-suppressive functions of 
serum exosomal miR-382 have been reported 
in other cancers. miR-382 was reduced in 
colorectal cancer (CRC) tissues and cell lines. 
Forced expression of miR-382 remarkably 
attenuated cancer cell proliferation, growth, 
and migration through directly silencing SP1 
[16], NR2F2 [17] and enhanced chemosensitiv-
ity [18]. In glioma, miR-382 was inversely cor-
related with SETD8 expression. SETD8 overex-
pression highly promoted carcinogenesis in 
vitro and in vivo [19]. Enhanced miR-382 
expression provides a tumor-suppressive effect 
through inhibiting cell proliferation and invasion 
in prostate cancer (PC) cells, and vice versa. 
COUP-TFII was its downstream target gene [20]. 

Interestingly, miR-382 seems to play a contra-
dictory role in some cancer types. MiR-382 was 
frequently overexpressed in gastric adenocarci-
noma tissues [21]. Similarly, miR-382 was sig-

Figure 3. ROC curves were constructed to evaluate 
the diagnostic potential of serum exosomal miR-382, 
CEA, and circulating exosomal miR-382 + CEA.
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nificantly increased in breast cancer (BC), and 
it was demonstrated as an independent factor 
for the poor prognosis of BC. In vitro analysis 
showed that miR-382-5p overexpression sig-
nificantly promoted BC cell clonogenicity by 
directly targeting RERG [22]. Thus, the complex 
regulatory function of miR-382 in tumor war-
rants further exploration.

In summary, the expression level of circulat- 
ing exosomal miR-382 is markedly reduced in 

NSCLC. In addition, decreased circulating exo-
somal miR-382 was correlated with aggressive 
clinical features and unfavorable outcome. 
Collectively, circulating exosomal miR-382 is a 
novel and robust biomarker for evaluating the 
prognosis of NSCLC.
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