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Abstract. Lung adenocarcinoma, characterized by its early and 
aggressive local invasion and high metastatic potential, is the 
most frequently observed histological type of non‑small‑cell 
lung cancer (NSCLC). Visceral pleural invasion (VPI) caused 
by peripheral lung adenocarcinomas is closely associated with 
the poor prognosis of patients with NSCLC. The association 
between VPI and some clinicopathological characteristics 
has been observed in the past few decades. However, the 
molecular mechanism of VPI in lung adenocarcinomas is 
unknown. In the present, the expression level of microRNA 
(miR‑)135b and epidermal growth factor receptor (EGFR) 
mutations using the reverse transcription‑quantitative poly-
merase chain reaction and DNA sequencing, respectively. In 
addition, the present study aimed at exploring the association 
between the miR‑135b level, EGFR mutations and VPI in 
peripheral lung adenocarcinoma. The results of the present 
study demonstrated that miR‑135b was significantly upregu-
lated in lung adenocarcinoma compared with adjacent normal 
tissue and positively associated EGFR mutations in peripheral 
lung adenocarcinoma. Furthermore, it was identified that 
lung adenocarcinomas with EGFR mutations and miR‑135b 

overexpression were more likely to invade visceral pleura. 
Taken together, these findings indicate that miR‑135b over-
expression is positively associated with mutations to EGFR, 
which may promote the development of peripheral lung adeno-
carcinomas by the formation of VPI. This indicates that the 
two factors may serve as prognostic markers and molecular 
targets for the treatment of peripheral lung adenocarcinomas.

Introduction

Lung cancer, the most common cause of cancer‑associated 
mortality in women and men worldwide (1,2), has a high invasive 
and metastatic potential, which leads to drug resistance and treat-
ment failure (3). A total of 85% of all cases of lung cancers are 
of the non‑small cell lung cancer (NSCLC) histotype, of which 
lung adenocarcinoma is the most frequent type (accounting for 
40%) (4). Although advances in treatment have been made in 
recent years, patients with lung adenocarcinoma continue to 
have poor prognoses when the disease is detected at an advanced 
clinical stage (5). Owing to its growth site in the periphery of 
the lung, adenocarcinoma readily invades the pleural cavity (6). 
Visceral pleural invasion (VPI) has been regarded as a patho-
logical descriptor and a poor independent prognostic factor for 
the past several decades in NSCLC (7‑9). In addition to the 
current Tumor‑Node‑Metastasis (TNM) classification recom-
mendations (10), in which T1 tumors with VPI are upgraded 
to T2a, T2a tumors with VPI should be classified as T2b (11). 
Evidence indicates that patients suffering with VPI had a poorer 
prognosis, even when adjusting for tumor size (12‑14). In addi-
tion, VPI is also associated with extensive N2 involvement (9) 
and lymph node metastasis (9,15,16), which reflects the fact that 
malignant tumor cells can move to the cervical venous circula-
tion through the mediastinal lymphatic vessels, leading to a 
greater incidence of mortality (8). VPI has long been recognized 
as an important clinical factor by thoracic surgeons, medical 
oncologists and radiation oncologists when treating patients with 
NSCLC. Although a number of studies have focused on VPI 
in NSCLC (7,8,14), few have assessed the role of VPI in lung 
adenocarcinomas, let alone explored the molecular mechanism.

The epidermal growth factor receptor (EGFR), one of 
the members of the ErbB receptor family, is activated by 

Peripheral lung adenocarcinomas harboring epithelial 
growth factor receptor mutations with microRNA‑135b 
overexpression are more likely to invade visceral pleura

HANBO LE1*,  XIAOLING WANG2*,  YAO ZHA2,  JIE WANG2,  WANGYU ZHU2,  
ZHINAN YE2,  XIAOGUANG LIU2,  HAIJIE MA2  and  YONGKUI ZHANG1

1Department of Cardio‑Thoracic Surgery, Lung Cancer Research Center; 2Laboratory of Cytobiology and Molecular 
Biology, The Affiliated Zhoushan Hospital of Wenzhou Medical University, Zhoushan, Zhejiang 316004, P.R. China

Received May 24, 2016;  Accepted August 11, 2017

DOI: 10.3892/ol.2017.7195

Correspondence to: Dr Haijie Ma, Laboratory of Cytobiology and 
Molecular Biology, The Affiliated Zhoushan Hospital of Wenzhou 
Medical University, 739 Dingshen Road, Lincheng Street, Zhoushan, 
Zhejiang 316004, P.R. China
E‑mail: haijie215@163.com

Mr. Yongkui Zhang, Department of Cardio‑Thoracic Surgery, Lung 
Cancer Research Center, The Affiliated Zhoushan Hospital of 
Wenzhou Medical University, 739 Dingshen Road, Lincheng Street, 
Zhoushan, Zhejiang 316004, P.R. China
E‑mail: zyk801801@126.com

*Contributed equally

Key words: peripheral lung adenocarcinomas, epithelial growth 
factor receptor mutations, microRNA‑135b, visceral pleural invasion, 
invasion



LE et al:  EGFR MUTATIONS AND miR-135b OVEREXPRESSION ARE ASSOCIATED WITH VPI IN NSCLC7932

the binding of its extracellular domain to specific ligands, 
including EGF and transforming growth factor‑α (TGFα), 
which causes trans‑autophosphorylation of EGFR and 
activation of the intracellular tyrosine kinase activity ulti-
mately leading to cell proliferation, survival, invasion, and 
metastasis (17,18). Approximately 10% of Western and 40% 
of Asian patients with lung cancer harbor somatic EGFR 
mutations (19), which have a notable role in the pathogenesis 
of lung cancer (20), particularly in lung adenocarcinomas. 
Tsai et al (21) found that lung adenocarcinomas harboring the 
EGFR‑L858R mutation tended to invade the adjacent pleural 
cavity and be involved in the formation of malignant pleural 
effusion (MPE). Shi et  al  (22) analyzed the associations 
between EGFR mutations and clinicopathological factors 
in lung adenosquamous cell carcinoma cases and found 
that the incidence of positive pleural invasion was higher in 
patients positive for the EGFR‑L858R mutation than that in 
those negative for the mutation. In addition, NSCLC patients 
with EGFR mutations are sensitive to EGFR tyrosine kinase 
inhibitors (TKIs) such as gefitinib (23). Of the different types 
of EGFR mutations, exon 19 deletions and missense muta-
tions (L858R) in exon 21 are the two predominant types, and 
have been found to be the most powerful biologic predictors 
of EGFR TKI sensitivity (24). Although studies investigating 
clinical and histological characteristics of patients harboring 
EGFR mutations have been published in recent years (19‑22), 
the prognostic value of EGFR mutations in patients with 
peripheral lung adenocarcinomas exhibiting VPI is uncer-
tain.

MicroRNAs (miRNAs/miRs), a class of small non‑coding, 
highly conserved single‑stranded RNAs, can serve as onco-
genes or tumor suppressors when the expression is dysregulated 
in malignancies (25). For example, miR‑483‑5p promotes the 
epithelial‑mesenchymal transition (EMT), which is frequently 
accompanied by the invasive, metastatic transformation of 
lung adenocarcinoma cells (26). miR‑543 inhibits the prolif-
eration and metastasis of colorectal cancer (CRC) cells, which 
indicates that it may serve as a favorable diagnostic and 
biomarker for CRC metastasis (27). However, the potential to 
use molecules similar to these for cancer diagnosis has not yet 
been systematically explored. A previous study revealed that 
microRNA expression could be used to distinguish between 
tumors of different developmental origin, and between tumors 
and normal tissue, and reflect the state of cellular differentia-
tion (28). miRNAs may serve as useful clinical biomarkers for 
the screening of high‑risk populations and detection of solid 
tumors in the early stages of cancer progression, and may 
also be novel targets for cancer therapy (29,30). Valeri et al 
demonstrated that use of anti‑miR‑135b in CRC mouse models 
has substantial therapeutic potential, which indicated that 
miRNAs are a promising therapeutic target  (30). Previous 
findings demonstrated that miR‑135b was upregulated in 
many types of cancer, including colorectal cancer  (31), 
hepatocellular carcinoma  (32), head and neck squamous 
cell carcinoma (33) and NSCLC (3). Additionally, miR‑135b 
participates in the development and progression of cancer by 
promoting the proliferation, invasion and metastasis of tumor 
cells, (34). Although Lin et al (3) demonstrated that miR‑135b 
can promote lung cancer cell invasion in vitro and metastasis 
in vivo, the role of miR‑135b in lung adenocarcinomas was not 

clear. In addition, the role of miR‑135b in the formation of VPI 
has not yet been reported.

Despite the general appreciation of the role of VPI in lung 
cancer dissemination, little is known about the molecular char-
acteristics and gene expression profile that may attract cancer 
cells to the pleural space (35). In order to study the association 
between the miR‑135b level, EGFR mutations and VPI in 
peripheral lung adenocarcinoma, the present study examined 
the expression level of miR‑135b and EGFR mutations using 
the reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) and DNA sequencing, respectively. The results of 
the present study demonstrated that miR‑135b was significantly 
upregulated in lung adenocarcinoma compared with adjacent 
normal tissue and positively associated EGFR mutations in 
peripheral lung adenocarcinoma. Furthermore, it was identified 
that lung adenocarcinomas with EGFR mutations and miR‑135b 
overexpression were more likely to invade visceral pleura. The 
present study highlights the significance of miR‑135b and EGFR 
mutations with VPI; therefore, the present study provides poten-
tial drug targets in peripheral lung adenocarcinoma therapy.

Materials and methods

Specimens. A total of 65 paraffin‑embedded peripheral lung 
adenocarcinoma tissue and corresponding pericarcinomatous 
tissue that had been surgically excised between January 2012 
and October 2014 from the Affiliated Zhoushan Hospital of 
Wenzhou Medical University (Zhejiang, China) were used in 
this study. No patient received radiotherapy, chemotherapy or 
any other antineoplastic therapy prior to surgery. The cases 
were divided into those of adenocarcinoma in situ/minimally 
invasive adenocarcinoma (AIS/MIA) and invasive adeno-
carcinoma (IAC); there were 40 cases (61.5%) of AIS/MIA 
and 25 cases (38.5%) of IAC. In total, 21 patients were male 
(32.3%) and 44 were female (67.7%). The median age was 
56 years (range, 31‑83 years) (Table I). At least three qualified 
and certified pathologists conducted strict identification of the 
tissues, the classification of each sample was undetermined 
until at least two‑thirds of the recognized experts reached a 
consensus. Staging and pathological classification standard 
reference to the World Health Organization classification of 
lung cancer, 2011 (36). The present study was approved by 
the Ethics Committee of the Affiliated Zhoushan Hospital of 
Wenzhou Medical University.

Total RNA extraction. Total RNA, including miRNA, was 
extracted from 65 paraffin‑embedded samples of tumor 
tissue and corresponding pericarcinomatous tissue using 
RecoverAll™ Total Nucleic Acid Isolation kit (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) and the concentration 
and purity of total RNA was measured using the Q‑3000 
micro‑ultraviolet spectrophotometer (Quawell Technology, 
Inc., San Jose, CA, USA). Total RNA was extracted and stored 
at ‑80˚C until use.

Taqman‑based RT‑qPCR. The isolated total RNA was reverse 
transcribed using TaqMan MicroRNA Reverse Transcription kit 
(Life Technologies; Thermo Fisher Scientific, Inc.) for mature 
microRNA‑135b and U6 internal control by MyCycler Thermal 
Cycler (Bio‑Rad Laboratories, Inc., Hercules, CA, USA). 
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Reaction conditions were: 16˚C for 30 min, 42˚C for 30 min, 
and 85˚C for 5 min. PCR was then performed on cDNA using 
TaqMan 2X Universal PCR Master Mix with no AmpErase 
Uracil‑N‑Glycosylase and TaqMan Human MiRNA Assay kits 
(cat nos. miR‑135b, 002261; U6, 001973; Applied Biosystems; 
Thermo Fisher Scientific, Inc.) on an Applied Biosystems 7500 
real‑time PCR system (Thermocycling conditions were: 95˚C 
for 10 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C 
for 1 min). All qPCR reactions were performed in triplicate. The 
quantity of miR‑135b in each peripheral lung adenocarcinoma 
tissue was calculated using the 2‑ΔΔCq method (37) by SDS 2.0.1 
software (Applied Biosystems; Thermo Fisher Scientific, Inc.), 
ΔΔCq=ΔCq (cancer group)‑ΔCq(adjacent cancer group), where 
ΔCq=Cq(miR‑135b)‑Cq(U6).

Genomic DNA extraction. Genomic DNA was isolated 
from paraffin‑embedded lung adenocarcinoma tissue using 
the DNA FFRPE Tissue kit (Qiagen, Inc., Valencia, CA, 

USA), according to the manufacturer's instructions. The 
concentration and purity of total DNA was measured using 
a Q‑3000 micro‑ultraviolet spectrophotometer (Quawell 
Technology, Inc.). DNA was authenticated by 1.2% agarose gel 
electrophoresis.

PCR and product purification. PCR was used to analyze 
exons 19 and 21 of the EGFR gene. The primers used were: 
exon 19 forward, 5'‑CCC​CAG​CAA​TAT​CAG​CCT​TA‑3' and 
reverse, 5'‑TGT​GGG​AGA​TGA​GCA​GGG​TCT‑3'; and exon 21 
forward, 5'‑GAA​TTC​GGA​TGC​AGA​GCT​TC‑3' and reverse, 
5'‑TCA​TTC​ACT​GTC​CCA​GCA​AG‑3'. The reaction system 
was determined as follows: 10X Buffer 5 µl, 5X Q‑Solution 
10 µl, 100 mmol dNTP 0.1 µl (Applied Biosystems; Thermo 
Fisher Scientific, Inc.), 2.5 units Hot‑Star Taq DNA poly-
merase (Qiagen, Inc.), 50 ng template DNA 5 µl, ddH2O up 
to 50 µl. PCR thermocycling conditions: 95˚C for 15 min; 
94˚C for 15 sec, 60˚C for 30 sec, 72˚C for 1 min, 10 cycles; 94˚C  
for 15 sec; 56˚C for 30 sec, 72˚C for 1 min, 25 cycles; 72˚C 
for 10 min. PCR products was authenticated by 1.5% agarose 
gel electrophoresis and purified using the EasyPure PCR 
Purification kit (Beijing Transgen Biotech Co., Ltd., Beijing, 
China), according to the manufacturer's instructions.

Gene sequencing for EGFR mutation status. Sequencing 
reaction system: 1 µl BigDye, 0.5 ml BigDye seqBuffer, 1 M 
primer, 1 µl PCR products that have been purified, 1.5 µl 
ddH2O (96˚C for 1 min; 96˚C for 10 sec, 50˚C for 5 sec, 
60˚C for 4 min, followed by 25 cycles) (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The PCR products of 
sequencing reaction were purified using the ethanol and 
EDTA precipitation method (19), and dissolved with Hi‑Di 
Formamide, followed by 95˚C for 4 min, ice water for 4 min, 
then separated by electrophoresis with ABI3100XL genetic 
analyzer. The original sequencing results were analyzed 
using ABI Sequencing Analysis V5.4 software (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The occurrence 
of EGFR mutations were confirmed by comparative analysis 
between the results on ABI SeqScap software version 5 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) and the 
reference EGFR gene sequence (19), in combination with 
manual checking.

Statistical analysis. Statistical analyses were performed using 
SPSS v.21.0 (IBM Corp., Armonk, New York) and GraphPad 
Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA). 
Paired Student's t‑test was used to analyze the difference in 
the expression of miR‑135b between 65 pairs of peripheral 
lung adenocarcinomas and adjacent non‑cancerous tissue. 
Mann‑Whitney U‑test was used to compare the expression 
level of miR‑135b in different pathological classification of 
lung adenocarcinomas. Pearson's χ2 test and Fisher's exact 
test were used to evaluate the association between miR‑135b 
expression and clinicopathological characteristics in periph-
eral lung adenocarcinomas, the association between EGFR 
mutation status and clinicopathological characteristics, the 
association between miR‑135b overexpression and EGFR 
mutations, and the association between EGFR mutations with 
miR‑135b overexpression and VPI. P<0.05 was considered to 
indicate a statistically significant difference.

Table I. Patient characteristics and demographic data.

Characteristics	 Patients, n (%)

Sex	
  Male	 21 (32.3)
  Female	 44 (67.7)
Age, years	
  ≥60 	 25 (38.5)
  <60 	 40 (61.5)
Smoking status	
  Yes	 14 (21.5)
  No	 51 (78.5)
TNM clinical stage	
  0	 26 (40.0)
  IA	 22 (33.8)
  IB‑IV	 17 (21.2)
Tumor size, cm	
  ≥3	 60 (92.3)
  >3	 5 (7.7)
Site	
  Left	 28 (43.1)
  Right	 37 (56.9)
CEA, µg/ml	
  ≥5	 8 (12.3)
  <5	 57 (87.7)
VPI	
  Yes	 17 (26.2)
  No	 48 (73.8)
Histological types	
  AIS/MIA	 40 (61.5)
  IAC	 25 (38.5)

TNM, Tumor‑Node‑Metastasis; CEA, carcinoembryonic antigen; 
VPI, visceral pleural invasion; AIS, adenocarcinoma in situ; MIA, 
minimally invasive adenocarcinoma; IAC, invasive adenocarcinoma.
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Results

miR‑135b is markedly upregulated in invasive lung 
adenocarcinoma compared to AIS/MIA. miR‑135b expres-
sion was analyzed by TaqMan RT‑qPCR, relative to the 
endogenous control U6 snRNA, in 65 paired lung adenocar-
cinomas and adjacent non‑cancerous lung tissue specimens. 
Compared with the adjacent tissue, miR‑135b expression 
was downregulated in 15 lung adenocarcinomas tissues 
(15/65, 23.1%) and upregulated in 50 (50/65, 76.9%). The 
results revealed that miR‑135b is significantly upregulated 
in lung adenocarcinomas, compared with the adjacent 
non‑cancerous tissue (P=7.1248x10‑8) (Fig. 1A), indicating 
that miR‑135b may promote the development of lung 
adenocarcinomas.

To evaluate the biological functions of miR‑135b in periph-
eral lung adenocarcinomas, the expression of miR‑135b was 
analyzed in AIS/MIA and IAC. The present study revealed 
that miR‑135b was expressed at a higher level in IAC (P=0.006, 
Mann‑Whitney U‑test) (Fig. 1B) than AIS/MIA, which further 
indicated that miR‑135b overexpression was associated with 
the invasiveness of lung adenocarcinomas.

Additionally, Pearson's χ2 test and Fisher's exact test were 
used to evaluate the association between miR‑135b expres-
sion and clinicopathological characteristics in peripheral 
lung adenocarcinomas. There was no significant statistical 
difference between miR‑135b expression and the following 
clinicopathological characteristics: gender, tumor size, 
smoking, tumor site, TNM clinical stage, carcinoembryonic 
antigen (CEA) levels and VPI. By contrast, higher levels of 
miR‑135b were found in patients with peripheral lung adeno-
carcinoma of advanced age (≥60 years of age) (P=0.008) 
(Table II).

EGFR mutation rate in invasive lung adenocarcinoma was 
higher than that in AIS/MIA. Of the 65 samples of peripheral 
lung adenocarcinoma in the present study, 23 were positive 
for EGFR mutations (35.4%), with 20% (13 cases) and 15.4% 
(10 cases) positive for mutations in exons 19 and 21, respec-
tively. The in‑frame deletions in exon 19 include 9 incidences 
of the ΔE746‑A750 mutation, 1 incidence of the ΔL747‑A750 
mutation and 3 incidences of the ΔL747‑S752 mutation, 
whereas the point mutations in exon 21 were 9 incidences of 
L858R and one incidence of L861Q.

The EGFR mutation rate in IAC was 60%, which was 
significantly higher than that in AIS/MIA (20%) (P=0.001) 
(Fig. 2A), demonstrating that EGFR mutation was positively 
associated with the invasion of lung adenocarcinoma.

Additionally, Pearson's χ2 test and Fisher's exact test 
were used to evaluate the association between EGFR 
mutation status and clinicopathological characteristics 
in peripheral lung adenocarcinomas. Higher EGFR 
mutation rates were observed in peripheral lung adenocar-
cinoma patients with characteristics including advanced 
age (P=0.035), large tumor (P=0.033), advanced TNM 
stage (P=0.001), high level of CEA (P=0.011) and visceral 
pleural invasion (P=0.001) (Table  III). Of note is that 
patients harboring EGFR mutations had a higher incidence 
of VPI (52.2%) than those with wild‑type EGFR (11.9%) 
(P=0.000412; Fig. 2B).

Expression level of miR‑135b in EGFR mutation group is 
higher than that in EGFR wild‑type group. According to 
the aforementioned results, it appears that high expression 
levels of miR‑135b and EGFR mutations were positively 
associated with the invasion of peripheral lung adenocar-
cinoma. To investigate whether miR‑135b was associated 
with mutations to EGFR, the 65 cases were divided into the 
EGFR mutation and EGFR wild‑type groups. The expression 
levels of miR‑135b in the EGFR mutation group were signifi-
cantly higher than that in EGFR wild‑type group by χ2 test 
(P=0.020; Table IV) and Mann‑Whitney U‑test (P=0.025; 
Fig. 3A), which revealed that miR‑135b expression was posi-
tively associated with mutations to EGFR. Thus, we can also 
consider that the peripheral lung adenocarcinomas patients 
harboring EGFR mutations usually have higher expression 
levels of miR‑135b.

Table II. Statistical analysis between miR‑135b expression and 
clinicopathological characteristics.

	 miR‑135b
	 Expression in ADC (T/N)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
		  Not
Variable	 Overexpressing	 overexpressing	 P‑valuea

Sex			   0.368
  Male	 17	 4	
  Female	 31	 13	
Age, years			   0.008
  ≥60	 23	 2	
  <60	 25	 15	
Tumor size, cm			   0.297
  ≥3	 6	 0	
  <3	 42	 17	
Smoking			   0.425
  Yes	 12	 2	
  No	 36	 15	
Site			   0.572
  Left	 22	 6	
  Right	 26	 11	
TNM clinical			   0.058
stage
  0‑IA	 32	 16	
  IB‑IV	 16	 1	
CEA, µg/ml			   0.171
  ≥5	 8	 0	
  <5	 40	 17	
VPI			   0.058
  Yes	 16	 1	
  No	 32	 16	

aCalculated using Pearson's χ2 test. miR‑135b, microRNA‑135b; 
TNM, Tumor‑Node‑Metastasis; CEA, carcinoembryonic antigen; 
VPI, visceral pleural invasion; ADC, adenocarcinoma; T, lung adeno-
carcinoma tissue; N, adjacent normal tissue.
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Peripheral lung adenocarcinomas harboring EGFR muta‑
tions with miRNA‑135b overexpression are more likely to 
invade visceral pleura. As a poor prognostic indicator in 
lung cancer, VPI can be caused by invasion of lung cancer. 
As aforementioned, the expression level of miR‑135b was 
positively associated with mutations to EGFR; the two had a 
synergistic role in the invasion of peripheral lung adenocar-
cinoma. Thus, the association between miR‑135b expression, 
EGFR mutation status and VPI was analyzed. Analysis using 
Pearson's χ2 and Fisher's exact tests revealed that peripheral 
lung adenocarcinomas harboring EGFR mutations with 
miR‑135b overexpression (60%) were more likely to invade 
the visceral pleura (Fig.  3B) compared with other groups 
(11%) (P=0.000086; Table V). Table VI shows the association 
between clinicopathological characteristics and VPI. Statistical 
analysis revealed the following clinicopathological factors as 
significant: Sex, age, tumor size, smoking, TNM stage, serum 
CEA level, EGFR mutation status, which demonstrated that 

VPI is a poor prognostic predictor for patients with lung 
adenocarcinomas In addition, patients harboring EGFR muta-
tions with miR‑135b overexpression have higher incidence in 
the elderly (P=0.000119), lager tumor size (P=0.019), advanced 
TNM classification (P=0.000086) and VPI (P=0.000086) 
(Table VII).

Discussion

The latest classification of lung adenocarcinoma was raised 
by the International Association for the Study of Lung 
Cancer/American Thoracic Society/European Respiratory 
Society in 2011, which suggested three adenocarcinoma 
subtypes: AIS, MIA, and IAC (38). It is hypothesized that 
the development of lung adenocarcinomas may be a stepwise 
process triggered by the sequential accumulation of genetic 
and epigenetic changes from atypical adenomatous hyper-
plasia (AAH) to AIS, and ultimately to IAC (36). A previous 
study indicated that the overall survival (OS) rate of AIS was 
100% and patients with MIA had ~100% OS rate if the disease 
was completely resected (39); however, lepidic‑predominant 
ADC, acinar‑predominant ADC, papillary predominant ADC, 
micropapillary predominant ADC, solid with mucin produc-
tion‑predominant ADC and invasive mucinous ADC exhibited 
93, 67, 74, 62, 58 and 76% OS rate if the disease was completely 

Table III. Statistical analysis between EGFR mutation status 
and clinicopathological characteristics in peripheral lung 
adenocarcinomas.

	 Mutation status of
	 EGFR in ADC (T/N)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Mutated	 Wild type 	 P‑value

Sex			   0.154
  Male	 10	 11	
  Female	 13	 31	
Age, years			   0.027
  ≥60	 13	 12	
  <60	 10	 30	
Tumor size, cm			   0.033
  ≥3	 5	 1	
  <3	 18	 41	
Smoking			   0.108
  Yes	 8	 6	
  No	 15	 36	
Site			   0.105
  Left	 13	 15	
  Right	 10	 27	
TNM stage			   <0.001
  0‑IA	 11	 37	
  IB‑IV	 12	 5	
CEA, µg/ml			   0.011
  ≥5	 6	 1	
  <5	 17	 41	
VPI			   <0.001
  Yes	 12	 5	
  No	 11	 37	

Calculated using Pearson's χ2 test. miR‑135b, microRNA‑135b; 
ADC, adenocarcinoma; TNM, Tumor‑Node‑Metastasis; CEA, 
carcinoembryonic antigen; VPI, visceral pleural invasion.

Table IV. Patients harboring EGFR mutations have higher 
expression levels of miR‑135b than those with wild‑type EGFR.

	 miR‑135b
	 Expression in ADC (T/N)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Overexpressing	 Underexpressing	 P‑valuea

Mutant EGFR 	 21	   2	 0.020
Wild‑type EGFR 	 27	 15	

aCalculated using Pearson's χ2 test. miR‑135b, microRNA‑135b; 
ADC, adenocarcinoma; EGFR, epithelial growth factor receptor.

Table V. Peripheral lung adenocarcinomas harboring EGFR 
mutations with miR‑135b overexpression are more likely to 
invade visceral pleura.

Variable	 Total	 VPI	 No VPI	 P‑valuea

miR‑135b overexpression,	 21	 12	 9	 <0.001
mutated EGFR
No miR‑135b overexpression,	 2	 0	 2	 0.970
mutated EGFR
miR‑135b overexpression,	 27	 4	 23	 0.080
wild‑type EGFR
No miR‑135b overexpression,	 15	 1	 14	 0.105
wild‑type EGFR

aCalculated using Pearson's χ2 test. miR‑135b, microRNA‑135b; 
miR‑135b, microRNA‑135b; VPI, visceral pleural invasion.
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resected, respectively  (40). Owing to the highly similar 
patient outcomes, AIS and MIA are combined into a single 
category (36). On the other hand, Tsuta et al (40) suggested 
that AIS and MIA should be reclassified as tumor in situ. 
Samples were therefore divided into two groups: AIS/MIA 
and IAC. Peripheral lung adenocarcinoma, which arises in the 
peripheral lung parenchyma, represents the dominant histo-
logical subtype of all lung cancers (41) and frequently leads to 
aggressive local invasion and metastatic phenotypes (42,43). 
In this retrospective study, 65 peripheral lung adenocarcinoma 
samples were collected and tested for EGFR mutation status 
and miR‑135b expression level. Mutations to EGFR and 
miR‑135b overexpression were positively associated with the 
invasion of lung adenocarcinomas, which may supplement the 
molecular mechanism of invasiveness.

Lung cancer arises through the progressive accumulation 
of mutations in oncogenes and tumor‑suppressor genes (42). 
Mutation of EGFR, the most common targetable driver mutation 

in advanced lung adenocarcinoma with the mutation rate 
varying between 43.5 and 76.6% in Asian cohorts and between 
9.6 and 29.8% in non‑Asian cohorts, has attracted increasing 
attention  (44). Numerous studies have detailed the close 
association between lung cancer invasion and EGFR mutation 
status (45‑47). Kadota et al (46) found that lepidic predominant 
adenocarcinoma tumors were statistically more likely to have 
activating EGFR mutations compared with other subtypes, 
with no EGFR mutations observed in AIS specimens and low 
mutation levels in MIA specimens. Soh et al (47) also found 
the number of EGFR mutations was increased in 39.5 and 50% 
of non‑invasive and invasive lesions, respectively. Yoshida et al 
found that EGFR mutations in AAH and bronchioloalveolar 
carcinoma (BAC) were less frequent than those detected in 
invasive adenocarcinoma (48), which indicated that EGFR 
mutations might have a role in the multi‑stage pathogenesis of 
lung adenocarcinoma. The present study observed the same 
phenomenon: Patients with invasive lesions had higher EGFR 

Table VII. Association between clinicopathological character-
istics and patients harboring EGFR mutations with miR‑135b 
overexpression.

	 miR‑135b expression status
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Overexpressed	 Not overexpressed	 P‑value

Sex			 
  Male	 10	 11	 0.068
  Female	 11	 33	
Age, years			 
  ≥60	 12	 13	 0.032
  <60	 9	 31	
Tumor size, cm			 
  ≥3	 5	 1	 0.019
  <3	 16	 43	
Smoking status			 
  Yes	 8	 6	 0.055
  No	 13	 38	
Site			 
  Left	 12	 16	 0.114
  Right	 9	 28	
TNM stage			 
  0‑IA	 9	 39	 <0.001
  IB‑IV	 12	 5	
CEA, µg/ml			 
  ≥5	 7	 5	 0.055
  <5	 16	 42	
VPI			 
  Yes	 12	 5	 <0.001
  No	 9	 39	

Calculated using Pearson's χ2 test. EGFR, epithelial growth factor 
receptor; miR‑135b, microRNA‑135b; TNM, Tumor‑Node‑Metastasis; 
CEA, carcinoembryonic antigen; VPI, visceral pleural invasion.

Table VI. The association between clinicopathological 
characteristics and VPI.

Variable	 VPI	 No VPI	 P‑value

Sex			   0.034
  Male	 9	 12	
  Female	 8	 36	
Age, years			   0.002
  ≥60	 12	 13	
  <60	 5	 35	
Tumor size, cm			   <0.001
  ≥3cm	 6	 0	
  <3cm	 11	 48	
Smoking			   0.008
  Yes	 8	 6	
  No	 9	 42	
Site			   0.127
  Left	 10	 18	
  Right	 7	 30	
TNM stage			   <0.001
  0‑IA	 0	 48	
  IB‑IV	 17	 0	
CEA (µg/ml)			   <0.001
  ≥5	 7	 0	
  <5	 10	 38	
EGFR mutation status			   <0.001
  Mutated	 12	 11	
  Wild type	 5	 37	
miR‑135b			   0.058
  Overexpressed	 16	 32	
  Not overexpressed	 1	 16	

Calculated using Pearson's χ2 test. TNM, Tumor‑Node‑Metastasis; 
CEA, carcinoembryonic antigen; VPI, visceral pleural invasion; 
miR‑135b, microRNA‑135b.
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Figure 3. Association between EGFR mutations, miR‑135b and VPI. (A) Patients harboring EGFR mutations have exhibited higher expression levels of 
miR‑135b than ones with wild‑type EGFR. (P=0.025). (B) Patients harboring EGFR mutations with microRNA‑135b overexpression are more likely to invade 
visceral pleura (P=0.000086). A total of 60% of patients harboring EGFR mutation with miR‑135b overexpression had pleural invasion vs. 11% of patients that 
did not. EGFR wt, patients with wild‑type epithelial growth factor receptor; EGFR mt, patients harboring EGFR mutations; ADC, adenocarcinoma; mir‑135b, 
microRNA‑135b; VPI, visceral pleural invasion.

Figure 2. EGFR mutation status in peripheral lung adenocarcinomas. (A) The EGFR mutation rate in invasive lung adenocarcinoma (60%) was higher than 
that in AIS/MIA (20%) (P=0.001). (B) Patients harboring EGFR mutations have a higher incidence of VPI (52.2%) than those with wild‑type EGFR (11.9%) 
(P=0.000412). EGFR wt, patients with wild‑type epithelial growth factor receptor; EGFR mt, patients harboring EGFR mutations; VPI, visceral pleural 
invasion; IAC, invasive adenocarcinoma.

Figure 1. Expression level of miR‑135b in 65 paraffin‑embedded samples. (A) miR‑135b is significantly upregulated in lung adenocarcinomas compared with 
the corresponding para‑carcinoma tissue (P<0.001). (B) miR‑135b is markedly upregulated in invasive lung adenocarcinoma compared to AIS/MIA (P=0.006). 
miR‑135b, microRNA‑135b; AIS/MIA, adenocarcinoma in situ/minimally invasive adenocarcinoma; IAC, invasive adenocarcinoma; ADC, adenocarcinoma; 
T, lung adenocarcinoma tissue; N, adjacent normal tissue.
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mutation rates than those without such lesions. However, EGFR 
mutations were not significantly associated with sex or smoking 
status in the present study, which is inconsistent with previous 
findings that EGFR mutations were more prevalent in women 
and non‑smokers (19). Another study revealed that EGFR muta-
tions facilitated the migration of cancer cells into the pleural 
cavity (49) and had largely focused on advanced‑stage lung 
adenocarcinoma (50), while the present study found that EGFR 
mutations were more prevalent in the elderly (≥60 years of age), 
and those with larger tumors (≥3 cm), aggravated tumor TNM 
classification (IB‑IV), higher CEA levels (≥5 µg/ml) and VPI, 
which demonstrated the positive association between EGFR 
mutations and lung adenocarcinoma progression. The number 
of patients analyzed in the present study was small, and EGFR 
mutation rates may fluctuate owing to variations in geographic 
patient location and methods of examination. Further studies 
are therefore required to confirm the aforementioned results.

miR‑135b has long been regarded as an oncogenic miRNA 
in different cancer types (3,31‑33). In the present study, the 
expression level of miR‑135b was significantly higher in 
lung adenocarcinoma samples than that in corresponding 
non‑cancerous tissue. Just as previous research has shown that 
miR‑135b can promote lung cancer cell invasion in vitro (3), 
the present study found miR‑135b was markedly upregulated 
in invasive lung adenocarcinoma compared to AIS/MIA, 
which may further demonstrate that miR‑135b can promote 
the development of lung cancer by enhancing the invasiveness 
of tumor cells in vitro and in vivo. Thus, miR‑135b may be 
a novel biomarker for lung cancer progression (30). In addi-
tion, miR‑135b overexpression was pervasive in the elderly 
according to our study and patients with VPI tended to have 
higher levels of miR‑135b (P=0.058).

Different oncogenic pathways can converge to affect the 
same miRNA, for example, miR‑135b overexpression is associ-
ated with gene mutations in many pathways. Valeri et al (30) 
revealed that miR‑135b overexpression is associated with muta-
tions in specific colorectal cancer (CRC) pathways [mutations 
to adenomatous polyposis coli, phosphatidylinositol 3‑kinase 
(PI3K), and SRC proto‑oncogene, non‑receptor tyrosine kinase]. 
PI3K/protein kinase B, rat sarcoma viral oncogene homolog 
(RAS)/mitogen‑activated protein kinase and signal transducer 
and activator of transcription 3 (STAT3) are three major 
downstream pathways activated by EGFR phosphorylation, 
which eventually results in tumor cell proliferation, migration 
and metastasis, and evasion from apoptosis. A previous study 
also revealed that EGFR signaling is required for tumor main-
tenance in human lung adenocarcinoma‑expressing EGFR 
mutants (51). EGFR mutations are hypothesized to promote 
the expression of miR‑135b through the activation of STAT3; 
thus, miR‑135b may be a biomarker and driver of resistance to 
TKI therapy (52‑55). The present study found that miR‑135b 
overexpression is significantly associated with EGFR muta-
tion status, generally lung adenocarcinoma patients harboring 
EGFR mutations have higher miR‑135b expression levels. As 
miRNAs often act as downstream effectors of protein kinases 
or driver genes mutated in cancer (56), miR‑135b may mediate 
its carcinogenic role by participating in these signaling path-
ways. Targeting miR‑135b may therefore represent a strategy 
to increase the specificity and overcome drug resistance to 
EGFR‑mutation‑targeted therapies.

In the present study, VPI was observed in 26.2% (17/65) 
of the surgically resected NSCLC specimens, which nearly 
matched the 26.8% reported by Shimizu et al (57). VPI has a 
higher incidence in patients with large tumors, high CEA levels, 
advanced TNM classification, being elderly (≥60 years of age), 
EGFR mutations and men in the present study, which conformed 
with previous studies that found that VPI was observed signifi-
cantly more frequently in tumors with factors indicative of tumor 
aggressiveness, including poorer histologic grade (57), larger 
tumor size (8) and high serum CEA level (57). In general, VPI in 
lung adenocarcinoma patients indicates an invasive and aggres-
sive biology. Although many studies have reported the existence 
of an association between clinicopathological characteristics and 
VPI in NSCLC (34,58,59), little is known regarding the genetic 
changes or signaling pathways involved in the development of 
VPI in lung adenocarcinoma. Numerous studies have shown 
that the incidence of EGFR mutations in patients with MPE is 
significantly higher than in those without (49,60); however, few 
studies have indicated the association between VPI and EGFR 
mutations. The KRAS gene, a member of the RAS family, is 
a downstream factor of the EGFR signaling pathway (47), and 
Raparia et al (61) found that peripheral lung adenocarcinomas 
harboring KRAS mutations are more likely to invade the visceral 
pleura, suggesting that there may be an association between 
EGFR signaling pathway and visceral pleura involvement. In the 
present study, VPI was positively associated with mutations to 
EGFR. Furthermore, miR‑135b is significantly associated with 
EGFR mutation status and may be a downstream effector in 
EGFR signaling pathway; therefore, we hypothesized that EGFR 
mutations and miR‑135b overexpression can promote the inva-
sion of lung adenocarcinoma through EGFR signaling pathway. 
Finally, lung adenocarcinoma patients harboring EGFR muta-
tions were more likely to exhibit invasion of the visceral pleura 
when miR‑135b was overexpressed, which further indicated the 
potential signaling pathway of EGFR mutations/miR‑135b may 
promote the formation of VPI and miR‑135b may be a good 
biomarker of the tumor progression. Additionally, targeting 
miR‑135b may minimize drug resistance to EGFR mutations 
and increase therapeutic potential.
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