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Abstract. The determination of biomarkers in the blood 
specific for lung adenocarcinoma (LUAD) and lung squamous 
cell carcinoma (LUSC) is crucial for the selection of effec‑
tive treatment strategies and the prediction of prognosis. The 
purpose of the present study was to analyze the differentially 
expressed genes (DEGs) in LUSC and LUAD from The Cancer 
Genome Atlas  (TCGA) database. In order to identify the 
potential biomarkers for non‑small cell lung cancer (NSCLC) 
for clinical diagnosis, bioinformatics was used to analyze 
the DEGs of two subtypes of NSCLC, LUAD and LUSC. 
Exosomes were isolated from the serum of patients with 
LUAD or LUSC and identified using transmission electron 
microscopy, nanoparticle tracking analysis and western blot 
analysis. A total of four differential exosomal mRNAs were 
selected for validation with serum samples from 70 patients 
with NSCLC via reverse transcription‑quantitative polymerase 
chain reaction. Receiver operating characteristic curves were 
established to evaluate the clinical diagnostic value of four 
DEGs for patients with LUAD and LUSC. The analysis based 
on TCGA data revealed the DEGs in LUSC and LUAD: A 
total of 1,619 genes were differentially expressed in patients 
with LUSC and LUAD. DEGs analyzed by Gene Ontology 
and Kyoto Encyclopedia of Genes and Genomes enrich‑
ment analyses revealed that inflammation‑related signaling 
pathways, such as complement pathways, and multiple 
autoimmune diseases, such as systemic lupus erythematosus 
and asthma were mainly enriched in LUAD. The cell cycle, 
Hippo signaling pathway, Rap1 signaling pathway and Wnt 
signaling pathway were the main signaling pathways enriched 
in LUSC. The combination of tumor protein P63  (TP63), 
keratin 5 (KRT5), CEA cell adhesion molecule 6 (CEACAM6) 

and surfactant protein B (SFTPB) improved the specificity and 
sensitivity in the diagnosis of different lung cancer subtypes. 
Exosomal TP63, KRT5, CEACAM6 and SFTPB mRNAs can 
thus be used as biomarkers to differentiate between LUSC and 
LUAD, and may provide a novel strategy for their differential 
diagnosis and treatment.

Introduction

Lung cancer is the most common type of tumor and is has 
the highest mortality rate worldwide  (1). The incidence 
rate of lung cancer was 11.6%  and mortality rate was 
18.4% worldwide in 2018 (1). The majority of patients with 
lung cancer (>80%) are diagnosed with non‑small cell lung 
cancer (NSCLC) (2). There are two main subtypes of NSCLC: 
Lung adenocarcinoma  (LUAD) and lung squamous cell 
carcinoma (LUSC) (3,4). Different subtypes of NSCLC are 
related to different molecular biological characteristics (5,6). 
LUAD, for example, arising from the distal airway, is often 
associated with the mutation of the KRAS gene. By contrast, 
LUSC, occurring in the proximal airway, is often associated 
with the deletion of chromosome 3p (7,8). To date, limited 
information is available on the molecular variations between 
the two subtypes, which are considered to be the reason for the 
different responses to treatment. Patients with LUSC survive 
longer compared with those with LUAD following treatment 
with ipilimumab (9), while patients with LUAD most likely 
benefit from the use of gefitinib, a drug targeting epithelial 
growth factor receptor (EGFR) kinase mutation (10). These 
differences in tumor biology and drug response suggest the 
importance of accurately distinguishing LUAD from LUSC. 
Recently, it has been found that mRNAs can distinguish LUSC 
from LUAD (11); thus, the determination of differential gene 
expression may aid in distinguishing between the two subtypes.

Exosomes are extracellular vesicles secreted by cells; they 
exist in urine, plasma, lavage fluid, serous cavity effusion, 
cerebrospinal fluid and other body fluids (12,13). They have a 
lipid bilayer with a diameter of 30‑150 nm, and their contents 
include DNA, RNA, protein and lipids (14,15). Exosomes are 
released through cells into the circulation and body fluids. 
Studies have demonstrated that exosomes have different 
protein and RNA contents in healthy subjects and patients 
with cancer, which provides the basis for their use as diag‑
nostic markers (16). However, it remains unknown whether the 
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aforementioned molecular diagnostic markers are carried by 
exosomes in patients with NSCLC, and whether they can be 
used to distinguish between LUSC and LUAD.

The purpose of the present study was to analyze the 
differentially expressed genes (DEGs) in LUSC and LUAD 
from The Cancer Genome Atlas (TCGA) database. mRNAs 
were identified as potential molecular diagnostic markers to 
distinguish LUSC and LUAD using bioinformatics analyses, 
and these molecular markers were verified using exosomes 
from the serum of patients with NSCLC.

Materials and methods

Microarray datasets. Gene expression profile analysis data 
were obtained from TCGA database (https://portal.gdc.cancer.
gov/). The data of LUSC and LUAD tissues were used in the 
present study. The microarray data included 504 cases of 
LUSC and 522 cases of LUAD. EdgeR‑3.30.0 software was 
used to analyze the DEGs (17). The corrected P‑value was 
obtained for the false discovery rate (FDR) using the Benjamini 
and Hochberg (BH) method. mRNAs with FDR  <0.01, 
fold change >2 and median of trans per million (TPM) >5 were 
defined as having statistically significant differential expres‑
sion. According to the National Center for Biotechnology 
Information database (https://www.ncbi.nlm.nih.gov), genes 
corresponding to these mRNAs were identified.

Bioinformatics analysis. The present study used the Database 
for Annotation, Visualization and Integrated Discovery 
(DAVID) bioinformatics web server (https://david.ncif crf.
gov/tools.jsp/) as a tool to explore the potential function of 
differentially expressed DEGs by performing Gene Ontology 
(GO; www.geneontology.org/) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway‑enrichment analysis. 
GO functional enrichment analysis of DEGs was performed 
using the GO online database (http://www.geneontology.org). 
KEGG database (http://www.genome.jp/kegg) was used to 
analyze the functions involved in the pathways. The P‑value 
indicates the importance of pathways and related genes. 
According to the order of the P‑value, the terms/pathways 
with P<0.01 were selected for the network. As the number 
of terms/pathway‑related genes was countless, the data were 
filtered to produce the network, with 30 terms/pathways main‑
tained for each network. According to the specific standard: 
Due to the large number of genes screened out, 30 genes 
with the most obvious changes were chosen and GO analysis 
and KEGG analysis performed. if there were too many 
genes (>30) with P<0.01, the threshold P‑value was further 
reduced (P<0.001 or P<0.0001 and so on). The final filtered 
terms/pathways included ~30 genes, or <30 genes.

Clinical patients. A total of 16  patients with LUSC and 
54 patients with LUAD were recruited from the Department 
of Thoracic Surgery, Fourth Hospital of Hebei Medical 
University (Shijiazhuang, China) between October 2017 and 
October 2018. There were 38 males and 32 females (mean 
age ± SD, 65±9.8 years; age range, 54‑73 years). The inclu‑
sion criteria were as follows: i) All patients were diagnosed 
with LUSC or LUAD by histopathological or cytological 
examination. The exclusion criteria were as follows: i) Patients 

with multiple types of cancer; ii)  patients with the tumor 
site originating from the lung; iii) patients with pulmonary 
metastasis; iv) patients with hemolysis, hyperlipidemia and 
other abnormal blood diseases; v)  and patients who had 
received radiotherapy or chemotherapy. The samples were 
collected from the Department of Thoracic Surgery of the 
Fourth Hospital of Hebei Medical University. The study was 
approved by the Ethics Committee of the Fourth Hospital of 
Hebei Medical University. Informed consent was signed by all 
patients or their families.

Blood collection and separation of plasma exosomes. A total 
of 5 ml venous blood samples were collected from all subjects, 
centrifuged within 4 h at 3,000 x g for 15 min at 4˚C, and 
the serum on the upper layer was collected. Hemolysis was 
avoided during the whole process, if hemolysis was found, 
samples were collected again. The samples were labeled and 
stored at ‑80˚C. The separation of exosomes was performed 
by ultracentrifugation, as previously described  (18). The 
serum samples were thawed on ice and centrifuged at 4˚C 
for 30 min at 10,000 x g. The samples were then centrifuged 
at 100,000 x g at 4˚C for 120 min. The precipitate was then 
resuspended in 2‑3 ml 1X PBS and filtered using a 0.22‑µm 
aperture filter. The mixture was centrifuged again for 120 min 
at 100,000 x g at 4˚C.

Transmission electron microscopy (TEM). A 10 µl exosomes 
solution was placed on a copper mesh and incubated at room 
temperature for 1 min. After washing with sterile distilled 
water, the exosome was contrasted by uranyl acetate solu‑
tion for 1 min. The sample was then dried for 2 min under 
incandescent light. The copper mesh was observed and photo‑
graphed under a transmission electron microscope (H‑7650; 
Hitachi Ltd.).

Nanoparticle tracking analysis (NTA). The measure‑
ment of exosome size and particle concentration was 
performed according to the manufacturer's protocol using a 
ZetaView PMX 110 (Particle Metrix GmbH). Izon Control 
Suite software v.3.3.2.2000 (Izon Science Ltd.) was used to 
analyze the data.

Western blot analysis. Total exosome protein was extracted 
from the exosome samples using RIPA lysis buffer (Invitrogen; 
Thermo Fisher Scientific, Inc.) with PMSF protease inhibitor 
(Invitrogen; Thermo  Fisher Scientific, Inc.). The protein 
quality of samples were calculated by the BSA standard 
protein solutions curve with PierceTM BCA Protein Assay Kit 
(cat. no. 23,225; Thermo Fisher Scientific Inc.). The samples 
(30 µg per lane) were separated via SDS‑PAGE (12% gel) 
for the western blot analysis. The proteins were transferred 
to PVDF membranes and blocked with evaporated skimmed 
milk for 1 h at 37˚C and incubated overnight at 4˚C with 
primary antibodies. The membranes were then incubated for 
2 h at 37˚C with sheep anti‑rabbit secondary antibody conju‑
gated with HRP (1:10,000; cat.  no. RS0002; ImmunoWay 
Biotechnology) or sheep anti‑mouse secondary antibody 
conjugated with HRP (1:10,000; cat. no. RS0001; ImmunoWay 
Biotechnology). The protein bands were exposed using 
ECL blotting detection reagents (cat. no. P0018; Beyotime 
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Institute of Biotechnology). The primary antibodies were as 
follows: Anti‑CD63 [1:1,000; cat. no. sc‑5275 (M), Santa Cruz 
Biotechnology, Inc.], anti‑ALG‑2 interacting protein  X 
(1:1,000; ALIX; cat. no. sc‑53540; Santa Cruz Biotechnology, 
Inc.), anti‑calnexin (1:1,000; cat. no. 10427‑2‑AP; ProteinTech 
Group, Inc.) and anti‑tumor susceptibility gene 101 protein 
(1:1,000; TSG101; cat. no. sc‑136111; Santa Cruz Biotechnology, 
Inc.) were used for western blot analysis. Calnexin was the 
exosome‑negative marker.

RNA isolation and reverse transcription‑quantitative PCR 
(RT‑qPCR). Following the suspension of exosomes with 
1 ml PBS, total RNA was extracted from the exosomes using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
The RNA concentration was measured using a Nanodrop 
2000 UV‑Vis spectrophotometer (Nanodrop Technologies; 
Thermo Fisher Scientific, Inc.). A total of 1 µg total RNA 
was reverse transcribed into cDNA according to the manu‑
facturer's protocol by using the PrimeScript™ RT reagent 
kit (cat.  no.  RR037A; Takara Bio Inc.). qPCR was then 
performed using Premix Ex Taq™ reagent (cat. no. RR390A; 
Takara  Bio, Inc.). The thermocycling conditions were as 
follows: Predenaturation at 95˚C for 5 min, denaturation at 
95˚C for 15 sec, annealing at 58˚C for 30 sec, extension at 72˚C 
for 30 sec, a total of 40 cycles; extension at 72˚C for 10 min. 
GAPDH was used as an internal control. The relative expres‑
sion levels of DEGs in serum samples were evaluated using the 
2‑ΔΔCq method (19). The primer sequences are listed in Table I. 
All experiments were repeated three times. RT‑qPCR analysis 
is highly sensitive, and its accuracy can be affected by RNA 
quantity, transcription efficiency, amplification efficiency and 
experimental procedures between samples (20). To avoid bias, 
normalization of gene expression is an essential step (20). The 
most common practice is to compare a target gene expression 
with an internal reference gene  (21). Housekeeping genes, 
such as β‑actin (ACTB), glyceraldehyde‑3‑phosphate dehy‑
drogenase (GAPDH), and solute carrier family 25 member 6 
(SLC25A6) (22‑24) have been used extensively for RT‑qPCR 
analysis. However, under any given experimental condition, 
the expression of these commonly used reference genes may 
vary substantially (25,26). In order to ensure the accuracy 
of the results, β‑actin (ACTB) and solute carrier family 25 
member 6 (SLC25A6) were used as internal references in the 
present study.

Statistical analysis. All data are analyzed using SPSS 
(version 22.0; IBM Corp.) and GraphPad Prism (version 6.0; 
GraphPad Software, Inc.) software. EdgeRv.3.30.0 software 
was used to analyze the DEGs (17). The P‑value was corrected 
for FDR using the Benjamini and Hochberg (BH) method (27). 
mRNAs with FDR  <0.01, fold change  >2 and a median 
TPM >5 were defined as having a statistically significant 
differential expression. Fisher's exact test was used to calculate 
the significance (P‑value) of the GO and KEGG enrichment 
analyses. The means of the expression of four DEGs in the 
LUSC and LUAD group were compared using an independent 
t‑test. The association between gene expression and clinical 
biological parameters was analyzed using the Chi‑square test 
or Fisher's test. The logistic regression model of generalized 
linear models (R programming language) was used to model 

the ΔCq data of 70 cases, and the single gene and four gene 
combinations were analyzed, respectively. A receiver operating 
characteristic (ROC) curve was drawn for each model and the 
area under the curve (AUC) of the model was calculated to 
evaluate the performance. P<0.05 was considered to indicate a 
statistically significant difference.

Results

DEGs of LUSC and LUAD. In order to determine the specific 
mRNA profiles of serum exosomes in patients with LUSC and 
LUAD, 1,026 patients with NSCLC, including 504 LUSCs 
and 522 LUADs from TCGA database were analyzed using 
bioinformatics. The purpose of this study was to analyze 
the DEGs of LUSC and LUAD, and explore these genes in 
order to distinguish between LUSC and LUAD. Therefore, 
samples from healthy individuals or adjacent non‑cancerous 
samples were not used. Following the data analysis, a total 
of 1,619 genes were identified as differentially expressed in 
patients with LUSC and LUAD. Considering that the markers 
in tissues are diluted by the RNA from other tissue sources 
when they are detected in blood, the markers with a high 
expression were selected. In the present study, 17 DEGs with a 
median TPM >1,000 were selected from the LUSC and LUAD 
group. Furthermore, hierarchical cluster analysis was applied 
to the 17 DEGs (Fig. 1). Among these, eight of the 17 DEGs 
were upregulated in the LUSC and downregulated in the LUAD 
group; nine of the 17 DEGs were upregulated in the LUAD 
and downregulated in the LUSC group (Table II) (28‑43).

Table I. Sequences of the primers.

Gene	 Sequence

TP63	
  Forward	 5'‑CTCCAACACCGACTACCCAG‑3'
  Reverse	 5'‑GCGGATAACAGCTCCCTGAG‑3'
KRT5	
  Forward	 5'‑GGGCGAGGAATGCAGACTC‑3'
  Reverse	 5'‑ACTGCCATATCCAGAGGAAACA‑3'
CEACAM6	
  Forward	 5'‑TCTTGTGAATGAAGAAGCAACCG‑3'
  Reverse	 5'‑CACAGCATCCTTGTCCTCCA‑3'
SFTPB	
  Forward	 5'‑GCTGGACAGGGAAAAGTGC‑3'
  Reverse	 5'‑TGGATACACTGGAGAGGGCT‑3'
ACTB	
  Forward	 5'‑CCTCGCCTTTGCCGATCC‑3'
  Reverse	 5'‑CATGCCCACCATCACGC‑3'
SLC25A6	
  Forward	 5'‑GGCCTACTTCGGCGTGTAC‑3'
  Reverse	 5'‑CGAAGGGGTAGGACACCACG‑3'

TP63, tumor protein  P63; KRT5, keratin  5; CEACAM6, CEA cell 
adhesion molecule 6; SFTPB, surfactant protein B; ACTB, β‑actin; 
SLC25A6, solute carrier family 25 member 6.

https://www.spandidos-publications.com/10.3892/ol.2021.12510
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Biological function and signaling pathway enrichment anal‑
ysis of DEGs. The DEGs of LUAD and LUSC were analyzed 
using the DAVID database (https://david.ncif crf.gov/tools.jsp/). 
DEGs in LUAD were mainly enriched in multiple biological 
processes, such as the ‘regulation of complement activation’, 
‘signaling pattern recognition receptor activity’, ‘pattern 
recognition receptor signaling pathway’ and the ‘negative 
regulation of epithelial‑to‑mesenchymal transition’, ‘BMP 
receptor binding’ and ‘tight junction’ (Fig. 2A). However, 
DEGs in LUSC were mainly enriched in multiple biological 
processes, such as ‘cell division’, ‘mitotic nuclear division’, the 
‘G1/S transition of mitotic cell cycle’ , ‘mitotic sister chromatid 
segregation’, ‘spindle pole’ and ‘spindle microtubule’ 
(Fig. 2B). Complement activation is an important early event 
in the inflammatory response. However, DEG enrichment in 
LUAD was higher compared with that of DEGs in LUSC in 
the complement activation pathway, indicating that there was 
a more prominent association with the inflammatory response.

To investigate the important ways of DEGs, KEGG 
pathway analysis was performed. According to the expression 
of DEGs, three signaling pathways with the highest enrich‑
ment in LUAD were ‘complement and coagulation cascades’, 
‘Staphylococcus aureus infection’, ‘cell adhesion molecules’ 
and ‘tight junction’ (Fig. 3A). However, three signaling path‑
ways with the highest enrichment in LUSC were the cell cycle, 
p53 signaling pathway and pathways in cancer (Fig. 3B).

Identification of exosomes. The characteristics of exosomes 
were identified by TEM, western blot analysis and NTA, and 
the plasma exosomes of one patient with lung cancer (Fig. 4A) 
were observed under a transmission electron microscope. It 
was observed that the structure of plasma exosomes included 
a lipid bilayer membrane and had a size <200 nm. In addition, 
Alix, TSG101 and CD63, protein markers of plasma‑derived 
exosomes, were observed in exosomes and the whole cell 
extract, whereas calnexin was the exosome‑negative marker. 

There were two bands of Alix in the whole cell lysate, with 
the top band indicating non‑specific staining. As the protein 
modification level of TSG101 in different types of samples 
differs, the whole cell lysate band was smaller compared 
with that of the plasma exosome, which is a normal phenom‑
enon (36). Due to the different glycosylation levels of CD63, 
the bands were diffuse with a fragment size of 30‑60 kDa (44). 
Therefore, the protein bands of CD63 in exosomes were shal‑
lower, but were also distributed in this region (30‑60 kDa). 
Due to the antibody used, calnexin presented two bands with 
the lower band corresponding to calnexin (band size, 90 kDa) 
and the upper 120 kDa band being non‑specific (Fig. 4B). 
Furthermore, NTA revealed that the diameter of the exosomes 
was 25‑235 nm, enriched at 99.2 nm and the concentration 
was ~4.2x107 particles/ml (Fig. 4C). In addition, Alix, TSG101 
and CD63, protein markers of plasma‑derived exosomes, were 
observed in exosomes and the whole cell extract, whereas 
Calnexin was the exosome‑negative marker. There were two 
bands of Alix in the whole cell lysate, with the top band 
indicating non‑specific staining. As the protein modification 
level of TSG101 in different types of samples differs, the 
whole cell lysate band was smaller compared with that of the 
plasma exosome, which is a normal phenomenon (36). Due to 
the different glycosylation levels of CD63, the bands were 
diffuse with a fragment size of 30‑60 kDa (44). Therefore, 
the protein bands of CD63 in exosomes were shallower, but 
were also distributed in this region (30‑60 kDa). Due to the 
antibody used, calnexin presented two bands with the lower 
band corresponding to calnexin (band size, 90 kDa) and the 
upper 120 kDa band being non‑specific (Fig. 4C).

Exosomal tumor protein  P63 (TP63), keratin  5 (KRT5), 
CEA cell adhesion molecule 6 (CEACAM6) and surfactant 
protein B (SFTPB) mRNA as biomarkers for distinguishing 
LUAD from LUSC. To confirm the feasibility of these genes in 
differentiating LUAD from LUSC, TP63, KRT5, CEACAM6 

Figure 1. Cluster analysis of 17 types of differentially expressed mRNAs based on The Cancer Genome Atlas database. Red color represents upregulation and 
green represents downregulation. LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.
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and SFTPB were selected for verification. A total of four 
differentially expressed exosomal mRNAs were selected for 
validation with serum samples from 70 patients with NSCLC 
(54 patients with LUAD and 16 patients with LUSC) using 
RT‑qPCR. In order to ensure the accuracy of the results, 
ACTB and SLC25A6 were used as internal references in the 
present study. As shown in Fig. 5A and B, exosomal TP63 
and KRT5 mRNA levels were significantly upregulated in 
patients with LUSC (P<0.01) compared with those in patients 
with LUAD. However, exosomal CEACAM6 and SFTPB 
mRNA levels were significantly upregulated in patients with 
LUAD compared with those in patients with LUSC, with 
ACTB as the internal control (P<0.01 and P<0.05, respec‑
tively; Fig. 5C and D). Similarly, as shown in Fig. 5E and F, 
exosomal TP63 and KRT5 mRNA levels were significantly 
upregulated in patients with LUSC (P<0.01) compared with 
those in patients with LUAD. However, exosomal CEACAM6 
and SFTPB mRNA levels were significantly upregulated in 
patients with LUAD compared with those in patients with 
LUSC, with SLC25A6 as an internal control (P<0.01 and 
P<0.05, respectively; Fig. 5G and H).

ROC curves were drawn to evaluate the clinical diagnostic 
value of four DEGs (TP63, KRT5, CEACAM6 and SFTPB) 
for patients with LUAD and LUSC. ROC curves were calcu‑
lated using ACTB and SLC25A6 for modeling. The AUC of 
exosomal TP63 was 0.682 (95% CI, 0.526‑0.837), and the 
sensitivity and specificity were 74.1 and 62.5%, respectively, 

based on ACTB (Fig.  6A). The AUC of exosomal KRT5 
was 0.683 (95%  CI,  0.525‑0.842), and the sensitivity and 
specificity were 79.6 and 62.5%, respectively, based on ACTB 
(Fig.  6B). The AUC of exosomal CEACAM6 was 0.681 
(95% CI, 0.547‑0.814), and the sensitivity and specificity were 
87.5 and 53.7%, respectively, based on ACTB (Fig. 6C). The 
AUC of exosomal SFTPB was 0.686 (95% CI, 0.533‑0.838), 
and the sensitivity and specificity were 43.7 and 90.7%, respec‑
tively, based on ACTB (Fig. 6D). In addition, the combination 
of TP63, KRT5, CEACAM6 and SFTPB yielded an AUC of 
0.757 (95% CI, 0.625‑0.889) with a sensitivity of 75.0% and 
specificity of 72.2%, indicating a greater efficacy compared 
with that obtained by any one marker alone, based on ACTB 
(Fig. 6E). Similarly, the AUC of exosomal TP63 was 0.716 
(95% CI, 0.560‑0.872), and the sensitivity and specificity were 
61.1 and 75.0%, respectively, based on SLC25A6 (Fig. 6F). The 
AUC of exosomal KRT5 was 0.715 (95% CI, 0.586‑0.844), and 
the sensitivity and specificity were 81.3 and 66.7%, respec‑
tively, based on SLC25A6 (Fig. 6G). The AUC of exosomal 
CEACAM6 was 0.730 (95%  CI,  0.592‑0.869), and the 
sensitivity and specificity were 81.3% and 66.7%, respectively, 
based on SLC25A6 (Fig. 6H). The AUC of exosomal SFTPB was 
0.701 (95% CI, 0.548‑0.855), and the sensitivity and specificity 
were 50.0 and 87.0%, respectively, based on SLC25A6 (Fig. 6I). 
In addition, the combination of TP63, KRT5, CEACAM6 and 
SFTPB yielded an AUC of 0.822 (95% CI, 0.699‑0.945) with 
a sensitivity of 62.5% and specificity of 88.89%, indicating 

Figure 2. GO annotation analysis of differentially expressed mRNAs between LUAD and LUSC based on The Cancer Genome Atlas database. (A) Biological 
functions in LUAD and (B) LUSC. The blue column represents the degree of enrichment. The orange line represents the number of genes enriched. GO, Gene 
Ontology; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.
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a greater efficacy compared with that obtained by any one 
marker alone, based on SLC25A6 (Fig. 6J).

Although two internal reference genes were used, the 
statistical results were basically consistent (Figs. 5 and 6), and 
the combined use of the four genes improved the ability to 
distinguish LUAD from LUSC. These aforementioned results 
demonstrated that exosomal TP63, KRT5, CEACAM6 and 
SFTPB mRNA were potential clinical diagnostic markers for 
distinguishing LUAD from LUSC.

Discussion

Recently, a number of studies have demonstrated that exosomes 
can carry biomarkers, and have diagnostic and prognostic 
value (45‑47). Although certain studies have demonstrated that 
mRNAs in peripheral blood can be used as biomarkers for the 
clinical diagnosis of LUAD and LUSC (48,49), to the best of 
our knowledge, there is currently no relevant research available 
on the mRNAs from exosomes. In the present study, exosomes 
were isolated from patient serum and the diagnostic value of 
exosomes as biomarkers to distinguish LUAD from LUSC 
was investigated. Due to the endocytic origin of exosomes, the 
composition of exosomes reflects the composition of parental 
cells; exosomes represent potential substitutes for primi‑
tive cells (50). It is well known that exosomes are stable and 

are relatively difficult to degrade, and can be used to identify 
original cells (51). The formation of exosomes is associated 
with cell secretion and involves a variety of proteins, such as 
Rab proteins (Rab27A/B), heat shock protein 70, TSG101, Alix 
and tetraspanins (CD9, CD63, CD81 and CD82); these proteins 
are considered to be the exosome markers for identifying true 
exosomes (50,52). As exosomes can be easily obtained and 
identified from most body fluids, they may become a prom‑
ising biomarker for lung cancer (53). In the present study, Alix, 
TSG101 and CD63 were selected as markers for identifying 
true exosomes. The results revealed that the exosome markers 
were positive, indicating that exosomes were successfully 
extracted.

It has been shown that multiple genes can be used as 
potential biomarkers for the diagnosis and prognosis of 
lung cancer (54,55). However, to the best of our knowledge, 
there are currently limited studies available on the effective 
molecular diagnostic markers of LUAD and LUSC. Based on 
TCGA database, the present study identified eight DEGs that 
were overexpressed in patients with LUSC compared with 
those with LUAD; and nine DEGs that were downregulated in 
patients with LUSC compared with those with LUAD.

In addition, KEGG and GO analyses were performed 
on these DEGs. The results demonstrated that LUAD was 
associated with the GO term ‘BMP receptor binding’. Bone 

Figure 3. Kyoto Encyclopedia of Genes and Genomes pathway analysis of differentially expressed mRNAs between LUAD and LUSC based on The Cancer 
Genome Atlas database. (A) Tumor‑related pathways in LUAD and (B) LUSC. The blue column represents the degree of enrichment. The orange line repre‑
sents the number of genes enriched. LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.
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morphogenetic proteins (BMPs) belong to the transforming 
growth factor β superfamily (56). Deng et al (57) observed 
that the mRNA level of BMP5 was higher in LUAD tissue 
compared with that in LUSC tissue. In the present study, ‘Tight 
junction’ was obviously enriched in LUAD, in both GO and 
KEGG analyses. Tight junctions belong to epithelial cells 
when forming intercellular junction complexes (58). Claudins 
are major components of tight junctions (59), and Claudin‑2 is 
highly expressed in LUAD tissues and increases cell prolifera‑
tion (60). In the present study, LUSC was associated with the 
GO terms ‘Spindle pole’ and ‘Spindle microtubule’. Abnormal 
spindle‑like microcephaly‑associated protein (ASPM) is a 
type of microtubule‑associated centrosome protein, which 
plays an important role in cell development (61). ASPM is 
mainly expressed in the ventricular zone of posterior fossa, 
and participates in the functional regulation of spindle tissue 
and cytokinesis (62). Yuan et al (63) demonstrated that ASPM 
promoted the progression of LUSC by targeting CDK4. The 
present study demonstrated that the p53 signaling pathway 
was upregulated in LUSC. The key role of p53 mutation in 
malignant transformation, histological progress, invasion 
and metastasis of lung cancer has been confirmed in lung 
cancer models in vitro and in vivo (64,65). Smoking is closely 
associated with p53 mutation  (66), which may explain the 
universality of p53 alterations in LUSC. These results suggest 

that DEGs affect the development of LUSC and LUAD via 
different pathways. Therefore, the screened DEGs can be used 
as markers to distinguish LUSC from LUAD.

Considering the expression level and relatively high 
specificity of exosome‑derived DEGs in peripheral blood, 
TP63, KRT5, CEACAM6 and SFTPB were selected for 
follow‑up experiments. TP63 and KRT5 levels were more 
concentrated in LUSC cases. It is well known that TP63 is 
a biomarker of squamous cell carcinoma (67,68). The results 
of the present study revealed that TP63 expression in LUSC 
was significantly higher compared with that in LUAD. It has 
been demonstrated that TP63 can regulate cell proliferation 
and plays a key role in squamous cell carcinoma (69,70). The 
results indicated that cell cycle‑related molecular pathways 
play an important role in the development of squamous 
cell carcinoma. KRT5 protein is mainly expressed in basal 
keratinocytes of the epidermis and its overexpression is 
a unique feature of squamous cell carcinoma (32). Similar 
results were also obtained in a recent study (71). The afore‑
mentioned results provide a theoretical basis for the use of 
TP63 and KRT5 as clinical biomarkers for the diagnosis 
of LUSC. The expression of CEACAM6 and SFTPB from 
exosomes was higher in LUAD compared with in LUSC. It 
has been demonstrated that CEACAM6 is expressed at low 
levels in laryngeal squamous cell carcinoma cell lines (72), 

Figure 4. Characterization and quantification of exosomes. (A) The representative samples of transmission electron microscopic view of exosomes in patients 
with lung cancer. (B) The representative exosomes isolated from the peripheral blood of lung cancer tissue were examined by western blot analysis for the 
exosomal markers, Alix, TSG101 and CD63. Calnexin was used as a negative control. Alix, ALG‑2 interacting protein X; TSG101, tumor susceptibility gene 
101 protein. (C) The representative samples of size distribution of isolated exosomes using a nanoparticle tracking analyzer.
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whereas it is expressed at high levels in prostate cancer 
and gastric adenocarcinoma (73,74). Hong et al (39) found 
CEACAM6 protein expression in 85.7% of 70 LUAD tissues, 
whereas all LUSC tissues stained negative for CEACAM6, 
which is consistent with the findings of previous studies. 
Borczuk et al (75) demonstrated that SFTPB, a member of 
lung‑specific transcription pathways, played a role in the 
development of LUAD. These findings correspond with the 
results of the present study. At least in part, it was confirmed 
that the four DEGs selected herein may be used as markers 
to distinguish LUSC from LUAD.

In clinical practice, certain patients are highly suspected 
as having malignant tumors or have been confirmed to have 
malignant tumors; however, this cannot be further classified. In 
clinical practice, it is difficult to obtain tumor tissues, or only 
a small number of pathological specimens are obtained, which 
is insufficient for pathological diagnosis as the whole patho‑
logical tissue includes necrotic tissue that cannot be stained 
by immunohistochemistry. In addition, the lipid bilayer of 
exosomes allows for stable cargo, which are relatively difficult 
to degrade (76). If biomarkers for distinguishing pathological 
types in peripheral blood were detected accurately, this method 

Figure 6. Receiving operator characteristic curve of four exosomal DEGs in distinguishing between LADC and LSCC. (A) TP63 based on ACTB; (B) KRT5 
based on ACTB; (C) CEACAM6 based on ACTB; (D) SFTPB based on ACTB; (E) four DEGs based on ACTB; (F) TP63 based on SLC25A6; (G) KRT5 based 
on SLC25A6; (H) CEACAM6 based on SLC25A6; (I) SFTPB based on SLC25A6; (J) four DEGs based on SLC25A6. LUAD, lung adenocarcinoma; LUSC, 
lung squamous cell carcinoma; AUC, area under the curve; DEGs, differentially expressed genes; TP63, tumor protein P63; KRT5, keratin 5; CEACAM6, CEA 
cell adhesion molecule 6; SFTPB, surfactant protein B; ACTB, β‑actin; SLC25A6, solute carrier family 25 member 6.

Figure 5. Relative expression of TP63, KRT5, CEACAM6 and SFTPB from exosomes isolated from two types of non‑small cell lung cancer measured by 
RT‑qPCR. (A) TP63 based on ACTB; (B) KRT5 based on ACTB; (C) CEACAM6 based on ACTB; (D) SFTPB based on ACTB; (E) TP63 based on SLC25A6; 
(F) KRT5 based on SLC25A6; (G) CEACAM6 based on SLC25A6; (H) SFTPB based on SLC25A6. *P<0.05; **P<0.01; TP63, tumor protein P63; KRT5, 
keratin 5; CEACAM6, CEA cell adhesion molecule 6; SFTPB, surfactant protein B; ACTB, β‑actin; SLC25A6, solute carrier family 25 member 6; RT‑qPCR, 
reverse transcription‑quantitative polymerase chain reaction; LUSC, lung squamous cell carcinoma; LUAD, lung adenocarcinoma.
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would improve the efficiency and accuracy of diagnosis, and 
may provide clinical guidance for these patients.

In conclusion, it is evident that TP63, KRT5, CEACAM6 
and SFTPB derived from exosomes may be used as potential 
blood biomarkers for distinguishing LUAD from LUSC. The 
combination of multiple biomarkers may improve the speci‑
ficity and sensitivity of the diagnosis of different lung cancer 
subtypes. Due to the imbalance in LUAD and LUSC sample 
numbers, the statistical results may be deviated. The authors 
aim to further expand the sample size and perform a multi‑
center study in order to investigate the potential use of these 
biomarkers in the diagnosis of LUAD and LUSC.
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