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Abstract. The present study aimed to investigate the expres‑
sion of serum exosomal miR‑23b‑3p in non‑small cell lung 
cancer (NSCLC) and to determine its diagnostic efficacy for 
NSCLC. From October, 2017 to October, 2019, 80 patients 
with NSCLC, 60 patients with pneumonia and 30 healthy 
subjects undergoing physical examination were enrolled 
at the People's Hospital of Yangzhong City. Serum samples 
were collected from the 3 groups of patients. The expression 
of miR‑23b‑3p in exosomes was detected by RT‑qPCR. The 
Chi‑squared test was used to analyze the expression level 
of miR‑23b‑3p in exosomes, and the patients with NSCLC 
were divided into 2 groups according to the expression level. 
The association between the patient clinicopathological 
parameters and receiver operating characteristic (ROC) 
curves was used to evaluate the diagnostic efficacy of serum 
exosomal miR‑23b‑3p in NSCLC. The expression level of 
serum exosomal miR‑23b‑3p in the patients with NSCLC 
was significantly higher than that in patients with pneumonia 
(t=10.332, P<0.001) and healthy subjects (t=12.810, P<0.001); 
serum exosomal miR‑23b‑3p was significantly associated with 
tumor size, depth of invasion, liver metastasis and TNM stage 
(P<0.05). The area under the curve (AUC) for miR‑23b‑3p was 
0.915 (95% CI, 0.84‑0.92), the optimal relative expression of 
miR‑23b‑3p was 3.46, the sensitivity of diagnosis was 87.4%, 
and the specificity was 93.8%, all higher than that of carcino‑
embryonic antigen (CEA). The ROCAUC of NSCLC was 0.645 
(95% CI, 0.641‑0.772) and for Cyfra21‑1 it was 0.745 (95% CI, 
0.701‑0.812). Compared with the patients with pneumonia 
and the healthy subjects, the patients with NSCLC exhibited 
a higher level of serum exosomal miR‑23b‑3p. On the whole, 
these findings indicate that miR‑23b‑3p has a higher clinical 
diagnostic efficacy and may thus be a potential biomarker for 
the early diagnosis of NSCLC.

Introduction

Lung cancer is one of the most common malignant tumors, and 
its incidence and mortality rank first in China (1). Non‑small 
cell lung cancer (NSCLC) is the most common pathological 
subtype, accounting for approximately 80% of the total 
number of lung cancer cases. The early symptoms of NSCLC 
are not obvious and the diagnosis is difficult, leading to the 
fact that the majority of patients are already in the middle and 
late stages of the disease at the time of diagnosis, thus severely 
threating the efficacy of surgical treatment (2,3). The 5‑year 
survival rate of patients with stage I NSCLC is 80%, while 
that of patients with advanced NSCLC is only 15%, and the 
post‑operative recurrence rate is very high (4). Therefore, it 
is of utmost clinical significance to identify specific tumor 
markers for the early diagnosis and treatment of NSCLC (5).

MicroRNAs (miRNAs or miRs) are endogenous 
non‑coding small‑molecule RNAs expressed in various types 
of tissues, and can be used for the regulation of the proliferation, 
differentiation and apoptosis of cells (6). Exosomes are a type 
of membrane vesicle (30‑150 nm) containing a variety of RNA 
and proteins, which can be secreted under both normal and 
pathological conditions. Exosomes are one of the main vectors 
of miRNA transport and can stably exist in the circulatory 
system (7). There are a number of miRNAs with a dysregu‑
lated expression in patients with NSCLC. These miRNAs 
can be released into the circulation through exosome release. 
Serum exosomal miRNA can become a tumor biomarker of 
NSCLC (8). miR‑23b‑3p is one of the newly discovered and 
identified miRNAs, which is highly expressed in colon cancer, 
liver cancer and gastric cancer (9‑11). In the present study, 
the expression of miR‑23b‑3p in serum exosomes in NSCLC, 
patients with pneumonia and healthy subjects was compared 
and analyzed, and the diagnostic efficacy of miR‑23b‑3p in 
serum exosomes in NSCLC was discussed.

Patients and methods

Patient information. The present study was approved by the 
Ethics Committee of the People's Hospital of Yangzhong City. 
Patients who participated in this research, signed the informed 
consent and had complete clinical data. A total of 80 patients 
with NSCLC and 60 patients with pneumonia were included in 
the present study. They were admitted to the People's Hospital 
of Yangzhong City from October, 2017 to October, 2019. 
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During the same period, 30 healthy subjects in the physical 
examination center were included as the controls. The inclu‑
sion criteria were as follows: All patients with NSCLC were 
confirmed by histopathological examination, and staging was 
conducted according to the latest TNM stage 8 version of lung 
cancer (12). All patients with pneumonia were confirmed by 
clinical examination and did not receive antibiotics or other 
relevant treatment prior to specimen collection. The healthy 
subjects were those who had a regular medical examination 
in the physical examination center of our hospital for >2 years 
and did not have tumors in any part of the body. The exclusion 
criteria were as follows: Patients with NSCLC and pneumonia 
with incomplete clinical data, or healthy subjects with incom‑
plete physical examination results. A total of 80 patients with 
NSCLC, 60 patients with pneumonia and 30 healthy subjects 
were included. Among the 80 patients with NSCLC, 54 were 
male and 26 were female. The mean age was (51.67±4.96) years. 
Smoking was found in 47 cases, accounting for 58.75%. There 
were 41 cases of adenocarcinoma and 39 cases of squamous 
cell carcinoma. As regards the clinical stage, 50 patients had 
stage I‑II disease and 30 patients had stage III‑IV disease. 
There were 49 cases of lymph node metastasis. Among the 
60  patients with pneumonia, 36 were males and 24 were 
females. The mean age was (51.23±4.42) years. There were 
31 smokers, accounting for 51.67%. Among the 30 healthy 
patients, 17 were males and 13 were females. The average age 
was (50.14±3.57) years. There were 17 smokers, accounting for 
56.67%. No statistically significant differences were found in 
sex, age and smoking status between the patients with NSCLC 
and those with pneumonia and the healthy subjects (P>0.05).

Instruments and reagents. The Jem‑100cx II transmission 
electron microscope was purchased from Hitachi, Ltd., and the 
nano‑particle tracking analyzer Nanosight NS300 was from 
Malvern Instruments. The spectrophotometer was from Bole 
Life Medicine Products (Shanghai) Co., Ltd.; the exosome extrac‑
tion kit was obtained from Applied Biosystems, Inc.. The 7500 
real‑time time PCR instrument was from Applied Biosystems; 
Thermo Fisher Scientific, Inc.. The reverse transcription kit and 
qPCR Kit from also from Applied Biosystems; Thermo Fisher 
Scientific, Inc., and the total RNA extraction kit and (TRIzol) 
reagent were from Invitrogen; Thermo Fisher Scientific, Inc.

Collection of blood samples. Fasting venous blood was 
collected from all patients and the healthy controls. Serum 
was obtained following centrifugation and stored at ‑80˚C for 
analysis. At the same time, 2 ml blood samples were collected 
from each subject and sent to the nuclear medicine department 
for carcinoembryonic antigen (CEA) and Cyfra21‑1 detection 
(the normal upper limit of CEA and Cyfra21‑1 as indicated in 
the kit instructions was 5 and 7 µg/l, respectively).

Extraction and identification of serum exosomes. A total of 
400 µl serum samples were gradually melted on an ice surface. 
The exosome extraction kit from Applied Biosystems, Inc. was 
used and the serum exosomes were extracted strictly according to 
the instructions provided with the kit. The exosomal samples were 
placed under an electron microscope to observe the morphology 
of the particles. The exosomal samples were diluted 5,000‑, 
10,000‑ or 20,000‑fold to yield concentrations between 108 and 

109/ml. The NanoSight NS300 instrument (Malvern Panalytical) 
was used for detection, the threshold was set to 5, and all detection 
parameters were kept unaltered during the detection process.

Detection of miR‑23b‑3p in exosomes. The same amount 
(100 µl) of exosomes was used for each sample. Total RNA 
was extracted from the exosomal samples using TRIzol 
reagent and purified by a silica gel adsorption column (Life 
Technologies; Thermo Fisher Scientificc, Inc.). cDNA was 
obtained by reverse transcription. The reaction conditions 
were as follows: 16˚C for 15 min, 42˚C for 60 min, 85˚C for 
5 min, and 4˚C for 5 min. miR‑23b‑3p expression in exosomes 
was detected quantitatively by fluorescent dye participation 
method [SYBR‑Green, Tiangen Biotech (Beijing) Co., Ltd.]. 
The primer sequences were as follows: miR‑23b‑3p forward, 
5'‑TCA​CGG​TCC​AGT​TTT​CCC​AG‑3' and reverse, 5'‑GGA​
AGG​AGG​CAA​ATC​CAG​CT‑3'; miRNA‑39 forward, 5'‑TGG​
AAA​GGA​CGA​AAC​ACC​GT‑3' and reverse, 5'‑ATT​TGC​GTG​
TCA​TCC​TTG​CG‑3. The expression level of miR‑23b‑3p in 
exosomes was calculated using the 2‑ΔΔCq method (13) and 
miRNA‑39 was used as the external reference gene.

Statistical analysis. SPSS 18.0 statistical software was used to 
analyze the data. The measurement data are expressed as the 
means ± standard deviation (SD). One‑way variance analysis 
followed by the LSD test was used for comparisons between 
multiple groups. The counting data were expressed by case 
number and rate (%), and the Chi‑squared (χ2) test was used 
for comparisons between groups. The diagnostic efficacy of 
serum exosomal miR‑23b‑3p, serum CEA and Cyfra21‑1 in 
NSCLC was evaluated by receiver operating characteristic 
(ROC) curve analysis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Identif ication of serum exosomes. The structure and 
morphology of the serum exosomes extracted from the samples 
of the 3 groups of study subjects were relatively similar (data 
not shown). Under an electron microscope, the serum exosome 
sample from a patient with NSCLC exhibited a lipid bilayer 
membrane with cystic round particles with a diameter of 
approximately 100 nm (Fig. 1). NanoSight revealed that the 
serum exosome particles were uniformly dispersed, and the 
diameter of the exosome body was approximately 50‑180 nm, 
the distribution curve exhibited a single peak normal distribu‑
tion and the peak value was approximately 104 nm (Fig. 2).

Expression of miR‑23b‑3p in serum exosomes. A significant 
difference was observed in the expression of miR‑23b‑3p in 
serum exosomes from the patients with NSCLC, the patients 
with pneumonia and the healthy subjects (F=16.202, P<0.01). 
The expression level of serum exosomal miR‑23b‑3p in patients 
with NSCLC was significantly higher than that in patients with 
pneumonia (t=10.332, P<0.001) and healthy subjects (t=12.810, 
P<0.001; Fig. 3).

Association between serum exosomal miR‑23b‑3p and clini‑
copathological parameters of patients with lung cancer. The 
80 patients with NSCLC were divided into the high expression 
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group and low expression group according to the relative expres‑
sion level of miR‑23b in exosomes (median relative expression 
level of mir‑23b‑3p in exosomes was 3.98). There were 40 cases 
with a high exosomal miR‑23b‑3p expression and 40 cases with 
a low exosomal miR‑23b‑3p expression. There was a significant 
association between serum exosomal miR‑23b‑3p and tumor 
size, depth of invasion, liver metastasis and TNM stage (Table I).

Diagnostic efficacy of miR‑23b‑3p in serum exosomes in 
NSCLC. ROC curve analysis was used to evaluate the diag‑
nostic efficacy of serum exosomal miR‑23b‑3p in NSCLC. The 
area under the curve of serum exosomal miR‑23b‑3p was 0.915 
(95% CI: 0.84‑0.92). The optimal critical value of miR‑23b‑3p 
relative expression was 3.46, the diagnostic sensitivity was 
87.4%, and the specificity was 93.8%. The area under the ROC 
curve (AUC) for serum CEA, a traditional tumor marker, was 

0.645 (95% CI, 0.641‑0.772) in the diagnosis of NSCLC. The 
critical value of CEA relative expression was 7.46, the diag‑
nostic sensitivity was 67.4% and the specificity was 66.8%. 
The AUC of serum Cyfra21‑1 for the diagnosis of NSCLC was 
0.745 (95% CI, 0.701‑0.812), the critical value of Cyfra21‑1 
relative expression was 8.56, and the diagnostic sensitivity and 
specificity were 70.4 and 71.8%, respectively (Fig. 4).

Discussion

NSCLC is the most common malignant tumor in China, which 
severely threatens the health of residents and places a heavy 

Figure 3. Relative expression of miR‑23b‑3p in serum exosomes from the 
patients in the 3 groups. The same amount (100 µl) of exosomes was used 
for each sample. NSCLC, non‑small cell lung cancer. *P<0.05 and **P<0.05 
vs. healthy group and/or pneumonia group.

Figure 1. Morphology of serum exosomal particles (from a patient with 
non‑small cell lung cancer) under an electron microscope (magnifica‑
tion, x50,000). Under an electron microscope, exosomes exhibited a round 
double‑layer membrane and coated particles, approximately 100 nm in 
diameter.

Figure 2. Detection of diameter and concentration of exosomes by NanoSight. 
The diameter of exosomes particles was 70‑180 nm. The distribution was 
even, and there was a single peak, 104 nm.

Figure 4. miR‑23b‑3p and CEA in serum exosomes and ROC curve analysis 
for the diagnosis of NSCLC. NSCLC, non‑small cell lung cancer; CEA, 
carcinoembryonic antigen.
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burden on families and society. The search for non‑invasive 
serum markers for patients with NSCLC is of utmost impor‑
tance for the early diagnosis and follow‑up evaluation of 
patients with lung cancer (14). Surgery combined with simulta‑
neous radiotherapy and chemotherapy can improve the clinical 
cure rate of early‑stage NSCLC; however, there is still a lack of 
effective treatment for patients with advanced disease, whose 
survival rate is <15%. No significant improvements have been 
made in this field for a number of years (15). Thus, it is of 
utmost clinical significance to explore early NSCLC diag‑
nostic markers.

miRNAs, short chain non‑coding RNAs, play a key role in 
the occurrence and progression of cancer, and have gradually 
become molecular markers for cancer diagnosis and prog‑
nosis (16,17). In recent years, a large number of studies have 
indicated that the expression of miRNAs in tumor tissues or 
cells differs from that in normal tissues, and this differential 
expression is closely related to tumorigenesis and progres‑
sion. miRNAs are potential molecular markers of tumors 
and can play an important role in the early diagnosis and 
prognosis of tumors (18,19). It has been found that a variety 
of miRNAs, such as miR‑17, miR‑190b, miR‑19a, miR‑19b, 
miR‑26b and miR‑375, are related to the occurrence and 

progression of NSCLC, and have certain diagnostic value 
for NSCLC (20,21). A recent study (22) also demonstrated 
that serum miRNA is expected to be a diagnostic marker of 
NSCLC.

Although serum miRNAs are valuable for the diagnosis 
of clinical NSCLC, there are certain shortcomings: The 
composition of serum is complex and the source of miRNAs is 
unknown, which affects the specificity of the detection results. 
miRNAs in serum are also affected by a number of enzymes, 
resulting in poor stability (23). Recently, it has been found that 
there is a certain difference in the expression profiles between 
serum miRNAs and serum exosomes. Compared with serum 
miRNAs, serum exosomes are less disturbed and have better 
stability (24). miRNAs exist stably in serum exosome bodies 
and are less affected by various enzymes in serum. The 
samples can be obtained in a non‑invasive manner, which 
renders serum exosomal miRNAs a non‑invasive and reliable 
tumor biomarkers (25).

In the present study, exosomes in serum were directly 
extracted using a serum exosome extraction kit. Examination 
by a transmission electron microscope and a NasoSight 
instrument revealed that there was a large number of 
high‑abundance exosome particles in the samples of the 3 

Table I. Association between serum exosomal miR‑23b‑3p expression and clinicopathological parameters of patients with 
NSCLC.

Variable	 miR‑23b‑3p low expression group	 miR‑23b‑3p high expression group	 P‑value

Sex			   0.400
  Male	 28	 26	
  Female	 12	 14	
Size of tumors (cm)			   0.019
  <5	 22	 20	
  ≥5	 18	 20	
Differentiation degree			   0.161
  High/moderate	 25	 26	
  Poor	 15	 14	
Depth of invasion			   0.029
  pT1	 10	 11	
  ≥pT2	 30	 29	
Lymphatic metastasis			   0.136
  No	 15	 16	
  Yes	 25	 24	
Liver metastasis			   0.032
  No	 32	 37	
  Yes	 8	 3	
Peritoneal carcinomatosis			   0.248
  No	 31	 30	
  Yes	 9	 10	
TNM staging			   0.034
  I	 13	 12	
  II	 12	 13	
  III	 8	 7	
  IV	 7	 8	
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groups. At present, there are 4 main methods reported in the 
literature for the extraction and purification of exosomes: 
Ultracentrifugation, immunomagnetic bead method, poly‑
ethylene glycol precipitation method and the kit method (26). 
In the present study, the kit from Applied Biosystems, Inc. 
was used to extract and confirm the high purity and abun‑
dance of serum exosomes, which provided the basis for 
subsequent research  (26). In this study, it was found that 
the purified serum samples contained a large number of 
exosome particles. The expression of miR‑23b‑3p in serum 
exosomes of patients with NSCLC was significantly higher 
than that of patients with pneumonia and healthy controls. 
ROC curve analysis was used to evaluate the diagnostic 
efficacy of miR‑23b‑3p in NSCLC. The results suggested 
that serum exosomal miR‑23b‑3p was more effective in 
the diagnosis of NSCLC. CEA and Cyfra21‑1 are common 
traditional biomarkers in the diagnosis of NSCLC and for 
monitoring tumor recurrence (27). In the present study, it 
was found that the AUC of miR‑23b‑3p was greater than that 
of CEA and Cyfra21‑1, and the sensitivity and specificity of 
miR‑23b‑3p were greater than those of CEA and Cyfra21‑1. 
In comparison, miR‑23b‑3p in serum exosomes was superior 
to the traditional tumor markers, CEA and Cyfra21‑1, in the 
diagnosis of NSCLC.

The results of the present study demonstrated that there 
was a statistically significant association between serum 
exosomal miR‑23b‑3p and tumor size, depth of invasion, 
liver metastasis and TNM stage in patients with NSCLC, 
suggesting that exosomal miR‑23b‑3p was closely related to 
the clinical progress of NSCLC. It has been reported (8‑10) 
that miR‑23b‑3p plays an important role in the progression of 
colon cancer, liver cancer and gastric cancer, which is consis‑
tent with the results of the present study. It has been found 
that miR‑23b‑3p is an important miRNA that plays the role 
of a proto‑oncogene. The results of whole gene sequencing 
of cancer and normal tissues in patients with NSCLC have 
demonstrated that the expression in NSCLC tissues seems to 
be significantly higher than that in healthy cancer tissues (28). 
A high expression of miR‑23b‑3p was considered to be a 
molecular marker of a poor prognosis in a single sample of 
114 NSCLC patients (28). In the present study, the expression 
of miR‑23b‑3p in the serum of patients with NSCLC was not 
investigated. A recent study reported that a high expression 
of miR‑23b‑3p in serum exosomes was a marker of a poor 
prognosis of patients with pancreatic cancer (29). Although 
its involvement in the development and progression of 
pancreatic cancer has not yet been elucidated, it may promote 
the progress of pancreatic cancer by regulating annexin A2 
expression (30). The above‑mentioned results indicate that 
miR‑23b‑3p may regulate the expression of different related 
target genes in different tumor types, and may generally 
play a role similar to that of a proto‑oncogene. The results 
of the present study initially confirmed that serum exosomal 
miRNA was closely related to the occurrence and progression 
of NSCLC. Since the detection of serum exosomal miRNA 
can be obtained in a non‑invasive manner, it may become a 
non‑invasive diagnostic marker of NSCLC.

In conclusion, the present study demonstrates that 
miR‑23b‑3p is highly expressed in serum exosomes of patients 
with NSCLC and has a high diagnostic efficacy for NSCLC; 

thus, it may become a novel diagnostic marker for NSCLC. 
However, further studies are required with an increased 
number of samples in order to further explore the asocia‑
tion between serum exosomal miRNA and NSCLC, so as to 
provide reference for the early clinical diagnosis and treatment 
of NSCLC.
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