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ABSTRACT

The incidence of lung adenocarcinoma has been increasing recently in smokers.
The molecular target therapy has been developed for lung adenocarcinoma patients
harboring EGFR gene mutation. However, the treatment modalities for patients
without mutation are currently limited. Thus, analysis of EGFR gene mutation status
at early stage is important strategy to classify the patients for improving treatments
and prognosis efficiently. This study aimed to identify microRNA (miRNA) signature
in relation to mutation status in EGFR gene in early stage of lung adenocarcinoma
male patients with smoking history. MiRNA profiles were assessed by microarray
in paired plasma and tissue pooled from 10 EGFR wild type (EGFR-wt) and 10 EGFR
mutated (EGFR-mut) patients. Expressions of selected miRNAs were verified further
by real-time qRT-PCR in 83 plasma samples consisting of 55 EGFR-wt patients and
28 EGFR-mut patients and their correlation with clinicopathological parameters and
EGFR gene mutation status were evaluated. We found that seven miRNAs (miR-16-5p,
miR-23a-3p, miR-103a-3p, miR122-5p, miR-223-3p, miR-346 and miR-451a) were
differentially expressed in stage I and stage I+II. Especially, miR-23a-3p was only
miRNA shown higher expression in EGFR-wt patients than EGFR-mut patients. Thus,
our findings could be useful non-invasive biomarkers to differentiate mutation status
in EGFR gene in smoker lung adenocarcinoma male patients.

INTRODUCTION classified into adenocarcinoma, squamous cell carcinoma,
and large cell carcinoma. Incidence of squamous cell

Lung cancer is one of the most lethal malignancies carcinoma used to be the predominant form of NSCLC,

and the most common cause of cancer-related death [1]. however, it has been replaced by adenocarcinoma since
Non-small cell lung cancer (NSCLC), which accounts last few decades [2, 3]. Somatic mutations in the epidermal
of about 85% of all lung cancers, is histopathologically growth factor receptor (EGFR) gene occur in more than
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half cases of lung adenocarcinoma in Japan [4] and those
are associated with good responsiveness to EGFR tyrosine
kinase inhibitors (TKIs), gefitinib and erlotinib [5, 6].

Interestingly, epidemiological studies have revealed
that EGFR gene mutations are more common in female
than male and occur significantly to non-smokers
rather than smokers [4]. Cigarette smoking is well
established risk factor and is a significant contributor to
morbidity and mortality for lung cancer. Our previous
epidemiological study has shown that Japanese males
with smoking history has about 7.9 times risk to develop
lung adenocarcinoma in EGFR-wt males (unpublished
data). Therefore, the comprehensive studies on genetic
alterations such as driver and passenger gene mutations
associated with smoking in male patients with lung
adenocarcinoma have been extensively conducted last
decades. However, identification of genetic mutation for
early detection and molecular target treatment of smoker
male adenocarcinoma patients remain to be elucidated.

MicroRNAs (miRNAs), small non-cording RNAs
with 18-25 nucleotides in length that negatively regulate
mRNA expression through direct inhibition of translation
or induction of mRNA degradation, are key contributors to
smoking response, tumorigenesis and treatment response
and exert a wide range of biological function [7-10].
Because of their prolonged stability in bloodstream and
relatively easy to detect, several studies have suggested
that serum and plasma miRNA (hereafter referred to
as circulating miRNAs) have great potential benefit in
clinical application as non-invasive biomarkers for disease
detection, diagnosis and prognosis, and susceptibility to
molecular targeted therapy [11-17].

Previous studies have identified several
unique miRNA expression profiles related to EGFR
mutational status and sensitivity to EGFR TKIs in lung
adenocarcinoma tissues [18, 19]. Some type of miRNAs
differentially expressed in wt or mut EGFR expressing
tumor tissues have been shown significant association with
smoking history, and the results, however, are inconclusive
among studies probably due to possible confounding
effects in patient cohorts investigated [20, 21]. Of
note, several studies have reported that the expression
patterns of miRNAs in tissues are significantly different
from those in bloodstream in the presence or absence of
smoking history [15, 22]. For example, miR-20a, miR-
233, miR-21 and miR-145 are upregulated and let-7i-
3p and miR-154-5p are downregulated in serum sample
from smokers with lung adenocarcinoma [12, 23, 24].
Despite the accumulating evidence on circulating miRNA
expression profiles related to EGFR mutational status
as similar to the cases of tissues samples, there are still
limited studies regarding the association between smoking
history related miRNA signatures and EGFR mutational
status. Recently, it has been shown that circulating
miRNA-122 and miRNA-195 have prognostic value in
predicting EGFR mutation and overall survival of female

non-smokers with advanced stage lung adenocarcinoma
[25]. Nevertheless, little is known about smoking history
associated circulating miRNAs which can predict EGFR
mutational status and prognosis of smoker males with lung
adenocarcinoma. Smoking has a strong causal effect on
the generation of lung adenocarcinoma unaccompanied
EGFR mutation in males, therefore, identification of
EGFR mutational status distinguishable specific miRNAs
in male smokers would be effective biomarker for
early diagnose of patients given either TKI therapy or
conventional chemotherapy.

Here, we conducted an explorative miRNA
expression study in plasma and surgically resected tumor
tissues from smoker males with lung adenocarcinoma
harboring wild type and mutated EGFR gene using
miRNA microarray and qRT-PCR, and found a group of
miRNAs correlating with the EGFR mutational status,
especially in early stage of male smoker patients.

RESULTS

MiRNA expression profiling for selecting
candidates

Clinicopathological characteristics are shown in
Table 1. To choose miRNAs which shows statistically
significant different expression according to EGFR
mutational status in smoker males with early stage of lung
adenocarcinoma, we attempted to obtain comparative
miRNA profiles using paired plasma and tumor tissues
from same patients. Microarray was performed using
paired plasma and tissue samples, each was pooled from
10 EGFR-wt and 10 EGFR-mut patients respectively, of
both were diagnosed as stage I by pTNM staging. The
correlation coefficient of plasma miRNA profiles was
0.971, indicating that EGFR-wt patients and EGFR-mut
patients share a similar miRNA expression repertoire
(Figure 1A). The similar trend was also observed for
tissue miRNAs (Figure 1B). Further, in both EGFR-wt
and EGFR-mut subjects, although strong correlation was
found between plasma and tissue miRNA intensity per se
(Figure 1C and 1D), the ratios of EGFR-mut/EGFR-wt
miRNA between plasma and tissues showed no correlation
in our samples (Figure 1E), indicating that expression ratio
between plasma miRNA and tissue miRNA is extremely
differed even though contents of both miRNA profile are
similar. We sorted these miRNAs with respect to their
hybridization intensity ratio and selected 15 miRNAs
from plasma miRNA profiles and 2 miRNAs from tissue
miRNA profiles among miRNAs with a two-fold or higher
intensity ratio (Supplementary Table 1 and 2). As shown
in Table 2, while 5 miRNAs (miR-192-5p, miR-194-5p,
miR-346, miR-4704-3p, miR-6765-3p) were expressed
higher in pooled EGFR-wt patients, 12 miRNAs (miR-16-
5p, miR-23a-3p, miR-92b-3b, miR-103a-3p, miR-122-5p,
miR-223-3p, miR-451a, miR-619-5p, miR-1246, miR-
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Table 1: Patients characteristics and EGFR mutation status

Variables No. EGFR status wt / mut (%) P-value
Age (y)
<70 44 28 /16 (63.6% / 36.4%) 0.59
>70 39 27 /12 (69.2% / 30.8%)
Smoking history
Never smoker 15 4/11(26.7% / 73.3%) <0.0003
Smokers 68 51717 (75.0% / 25.0%)
<30 pack-years (15) 5710 (33.3% / 66.7%)
>30 pack-years (48) 41/7 (85.4% / 14.6%)
unknown (5) 570 (100% / 0%)
Disease stage
Stage I 52 (45Y) 35/17(67.3%/32.7%) 0.96
Stage 11 20 (139 13/7(65.0% /35.0%)
Stage I11 11 (107 7/ 4 (63.6% / 36.4%)

“indicates the number of smoker patients.

1290, miR-4732-5p, miR-6778-5p) were expressed higher
in pooled EGFR-mut patients.

Confirmation of candidate miRNAs by real-time
qRT-PCR

To confirm the expression patterns of 17 candidate
miRNAs, real-time qRT-PCR (hereafter referred to as
qRT-PCR) for each miRNA was performed with 83
plasma samples consisting of 55 EGFR-wt and 28 EGFR-
mut patients. Here, we included the patients with non-
smoking history to investigate the association of miRNA
expressions with smoking history. The result confirmed
that elevated expression of miR-192-5p (p=0.807) and
reduced expressions of miR-16-5p (p=0.19), miR-23a-
3p (p=0.373), miR-122-5p (p=0.093), miR-223-3p
(p=0.168), miR-451a (p=0.174), miR-619-5p (p=0.44),
miR-1290 (p=0.487), and miR-6778-5p (p=0.101) in
EGFR-wt patients compared with EGFR-mut patients
were consistent with the results obtained from microarray
analysis (Table 3, Figure 2A). On the other hand, the
expression patterns of other miRNAs, elevated expressions
of miR-92b-3p (p=0.687), miR-103a-3p (p=0.928), miR-
1246 (p=0.663), and miR-4732-5p (p=0.594) and reduced
expressions of miR-194-5p (p=0.066), miR-346 (p=0.302),
miR-4704-3p (p=0.051), and miR-6765-3p (p=0.532) in
EGFR-wt patients compared with EGFR-mut patients, was
not consistent with those shown by microarray analysis.
The result indicated that about half of 17 miRNAs showed
similar expression tendency in both assays. The lack of
consistency in two analyses was considered due to the
difference in detection platforms between microarray

(hybridization) and qRT-PCR. The result of qRT-PCR
analysis showed that there was no statistically significant
difference for any of the 17 miRNAs between EGFR-wt
patients and EGFR-mut patients when looking at all stages
of disease.

Since microarray analysis was done using only stage
I lung adenocarcinoma specimens, we reanalyzed these
17 miRNAs qRT-PCR data of 83 lung adenocarcinoma
samples with stratification by stage at diagnosis. The
result revealed that the expression levels of four miRNAs,
miR-16-5p (p=0.038), miR-122-5p (p=0.003), miR-194-
S5p (p=0.037) and miR-346 (p=0.017) were statistically
significant higher in mutated EGFR patients compared
with EGFR-wt patients in disease stage I (Table 3, Figure
2B).

Stratification of miRNAs by smoking status and
pTNM stage classification

To determine whether selected 17 miRNAs
show a positive correlation with smoking and disease
progression, we classified the results of qRT-PCR by
smoking status and disease stages (I-I1I). After exclusion
of 15 non-smoker patients, a total of 68 smoker lung
adenocarcinoma patients consisted of 45 cases of stage I,
13 cases of stage II and 10 cases of stage III (Table 1)
were further analyzed. Initially, when the correlation of
17 miRNA expressions with EGFR status was examined
in smokers of all stages, significant differences were found
in two miRNAs, miR-122-5p (p=0.048) and miR-223-3p
(p=0.012), which showed higher expression in EGFR
mutated patients compared with EGFR-wt patients (Table
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Figure 1: Pairwise correlation comparison of miRNA expression profiles between EGFR-wt and EGFR-mut in plasma
and tumor tissues. Intensity scatter plots of plasma (A) and tissue (B) derived miRNA expression for EGFR-wt versus EGFR-mut.
Intensity scatter plots of miRNA expression for plasma miRNA versus tissue miRNAs in EGFR-wt (C) and in EGFR-mut (D). (E) indicates
scatter plots of miRNA fold ratio of EGFR-mut/EGFR-wt between plasma and tissue. Correlation coefficients (CC) for each comparison

are shown.
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Table 2: Microarray analysis revealed 17 differentially expressed miRNAs over 2-fold in different EGFR status

Signal intensity (Global normalization, ratio)

miRNA EGFR-wt EGFR-mut origin wt/mut
miR-16-5p 10.20 140.30 plasma 0.07
miR-23a-3p 12.90 83.90 plasma 0.15
miR-92b-3p 41.60 166.70 plasma 0.25
miR-103a-3p ND 47.30 plasma -
miR-122-5p 11.60 110.20 plasma 0.11
miR-192-5p 140.20 14.40 tissue 9.74
miR-194-5p 222.90 2.90 tissue 76.86
miR-223-3p ND 80.70 plasma -
miR-346 21.40 5.10 plasma 4.20
miR-451a 78.50 749.70 plasma 0.10
miR-619-5p 142.60 370.90 plasma 0.38
miR-1246 67.50 623.40 plasma 0.11
miR-1290 9.50 124.10 plasma 0.08
miR-4704-3p 48.40 ND plasma -
miR-4732-5p 30.80 107.50 plasma 0.29
miR-6765-3p 140.50 57.20 plasma 2.46
miR-6778-5p 75.50 350.40 plasma 0.22

4, Figure 3A). Next, stratification of miRNA expressions
by disease stage revealed that in both stage I and stage I-+I1
disease, six miRNAs, miR-16-5p (p=0.023), miR-103a-3p
(p=0.042), miR-122-5p (p=0.006), miR-223-3p (p=0.020),
miR-346 (p=0.017) and miR-451a (p=0.038) showed
higher expression in EGFR-mut patients compared with
EGFR-wt patients, whereas expression of miR-23a-3p
(p=0.009) was higher in EGFR-wt patients (P values of
either stage I or stage I/II are exhibited) (Table 4, Figure
3B). Of note, statistical significance of miR-23a-3p, miR-
103a-3p, miR-223-3p and miR-451a were only seen when
smoker patients were subjected to analysis, indicating
that expressions of these miRNAs are associated with
smoking. On the other hand, significance of miR-194-5p
expression in EGFR-mut patients including both smoker
and non-smoker patients were disappeared in smoker
patients, indicating that this miRNA is not associated with
smoking status. Among smokers, no significant differences
were seen between current- and former-smokers in all 17
miRNAs expression level. It was the same for stratified
early stage groups, with the exception of miR-16-5p and
miR-451a of smoker stage I group (p=0.03 and 0.0499,
respectively; Supplementary Table 3). Interestingly, the
expression levels of miR-16-5p, miR-122-5p and miR-
346 showed reverse trend between EGFR-wt patients and

EGFR-mut patients as disease stage advanced, however
statistical significance was not observed due to small size
of EGFR-mut patients with stage II and stage III disease.

DISCUSSION

Since the molecular target therapy against NSCLC
patients harboring somatic mutations in EGFR genes has
been evolved, clinical sequencing for mutations in EGFR
gene is therefore an important step in the treatment-
decision pathway [26]. Expression profiling of miRNAs
associated with EGFR mutational status in tumor tissues
and bloodstream have been extensively investigated to
translate specific miRNAs as prediction biomarker [18, 25,
27, 28]. However, there are still limited studies regarding
to circulating miRNA expression signatures which enable
to distinguish mutation status of EGFR gene in lung
adenocarcinoma male patients with smoking history.
Therefore, identification and validation of such miRNA
signatures as a diagnostic tool is important to decide
whether those patients get TKI treatment prior to surgical
operation to improve the outcome.

In this study, we used miRNA microarray analysis
in initial screening of miRNAs which differentially
expressed in smoker male patients with stage I lung
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Table 3: qRT-PCR quantification of 17 miRNAs in all 83 patients with stage stratification

All patients All stage (83) Stage I (52) Stage I+I1 (72) Stage IT+III (31)
miRNA wt (55) mut (28) P-value wt (35) mut (17) P-value wt (48) mut (24) P-value wt(20) mut (11) P-value
miR-16-5p 2.1 2.0 0.190 2.0 0.8 0.038 22 1.7 0.061 2.8 2.5 0.887
miR-23a-3p 8.0 8.0 0.373 8.4 9.8 0.207 8.1 8.6 0.268 7.4 7.4 0.951
miR-92b-3p 17.3 19.8 0.687 16.2 19.4 0.320 17.1 19.8 0.494 21.3 21.9 0.924
miR-103a-3p 7.2 7.4 0.928 7.2 6.5 0.462 7.4 7.2 0.495 7.7 8.4 0.611
miR-122-5p 7.7 7.2 0.093 7.6 5.7 0.003 7.6 6.7 0.041 8.1 8.5 0.338
miR-192-5p 8.3 8.6 0.807 8.3 8.2 0.486 8.3 8.6 0.771 8.5 8.9 0.381
miR-194-5p 12.1 11.1 0.066 12.6 11.2 0.037 12.3 11.2 0.092 11.8 11.0 0.707
miR-223-3p 6.5 5.6 0.168 6.1 52 0.110 6.5 5.6 0.066 6.8 6.3 0.887
miR-346 14.9 13.9 0.302 14.8 13.0 0.017 14.9 13.6 0.141 15.1 16.0 0.095
miR-451a 0.6 0.2 0.174 0.3 -0.4 0.055 0.6 0.04 0.070 1.1 0.5 0.951
miR-619-5p 13.3 12.8 0.440 133 11.9 0.129 133 13.0 0.487 12.5 13.1 0.611
miR-1246 7.5 7.7 0.663 7.3 7.0 0.333 7.5 7.5 0.473 7.6 7.9 0.476
miR-1290 17.7 17.1 0.487 16.2 16.1 0.362 17.7 16.9 0.383 19.6 21.8 0.535
miR-4704-3p  20.0 16.2 0.051 19.8 15.1 0.085 204 15.7 0.053 20.4 21.1 0.549
miR-4732-5p  14.4 15.0 0.594 14.1 17.9 0.675 14.4 15.2 0.772 234 12.0 0.131
miR-6765-3p  22.1 20.5 0.532 233 20.9 0312 22.1 20.5 0.307 21.3 20.4 1.000
miR-6778-5p 143 13.5 0.101 13.7 12.9 0.102 14.3 13.3 0.074 14.8 13.7 0.427

The expression levels of miRNAs were calculated by using the delta Ct method (dCt = Ct

The P-values were determined by Mann-Whitney U test. Bold: P<0.05.

adenocarcinoma harboring either wild type or mutated
EGFR genes. In initial screening, we found that total
84 circulating miRNAs were differentially expressed
with a two-fold or higher intensity ratio in either EGFR-
wt patients or EGFR-mut patients. Because of limited
availabilities of Exiqgon miRNA qPCR primers as well
as published literatures, we selected 17 miRNAs and
subsequently confirmed their specificity in increased
number of plasma samples consisting of disease stage I
to III by qRT-PCR analysis. The results revealed that no
miRNA was confirmed a significant difference between
the EGFR status with the usual 5% significance level and
the expression levels of miRNAs were rather reversed
between EGFR-wt patients and EGFR-mut patients in
many cases when compared miRNA microarray with
qRT-PCR assay (Table 2, Table 3). One possible reason
for this controversial result is considered that patient(s)
representing the outliers which was far from the median
value of total 83 patients was included in pooled samples
used for initial screening by microRNA microarray.
In fact, the result of one patient (72 years old, smoker,
EGFR-mut L858R) showed extremely higher expression
of almost all miRNAs than other patients in qRT-PCR.
Another possible reason is that the expression level of
some miRNAs is closely related to cancer progression

Ct ). Each median value is shown.

test ath-miR-159%

[29, 30]. For example, Tanaka Y, et al. have reported
that in esophageal squamous cell carcinoma, expression
of circulating exosomal miR-21 was correlated with
advanced tumor classification, positive lymph node status,
and the presence of metastasis with inflammation and
clinical stage without inflammation [31]. Therefore, the
large difference in miRNA expressions among diagnostic
stages is also as one of factors that caused inconsistency
in the results from miRNA microarray assay (only stage
I) and qRT-PCR assay (including stage I, II and III).
Stratified analysis of stage I patients revealed significant
higher expression of 4 out of 17 miRNAs in EGFR-mut
group (miR-16-5p, miR-122-5p, miR-194-5p and miR-
346). Further stratified analysis of smoker stage I patients
successfully identified additional 3 miRNAs, miR-23a-3p,
miR-223-3p and miR-451a as smoking responsive miRNA
in early stage lung adenocarcinoma and upregulation of
miR-23a-3p was strongly higher in EGFR-wt genotype
while upregulation of miR-223-3p and miR-451a were
significantly higher in EGFR-mut genotype. This is the
first study suggesting the diagnostic value of these miRNA
as potential biomarkers whose alteration would be able to
distinguish EGFR gene mutation status of male smoker
patients with early stage lung adenocarcinoma.
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In agreement with our observation, several studies
have recently revealed upregulation of miR-23a, miR-194
and miR-223 in plasma and oral mucosa from smokers
with lung adenocarcinoma and plasma miR-223-3p has
been shown significant association with a higher risk for
disease progression [12, 32, 33]. Further, miR-23a and
miR-192 are known to express higher in male patients than
female patients, indicating their gender specificity [33]. On
the other hands, meta-analysis of miRNA expressions in
lung cancer tissues has found downregulation of miR-451a
as the disease progresses, which acts as tumor suppressor
miRNA in gastric cancer and melanoma, however, its
expression in body fluids was not examined and also not
associated with smoking [18, 34-37]. Importantly, none
of these studies have succeeded to show the association of
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targeting oncogenes such as RAS and HMGA?2 is known
to be selectively secreted into extracellular environment
via exosomes to maintain tumorigenic and metastatic
propensities of gastric cancer cells [45]. Consistent
with our results of increased amounts of those miRNAs
in plasma from lung adenocarcinoma patients, several
studies have similarly detected upregulation of tumor
suppressor miRNAs in body fluid in different types of
cancer such as gastric cancer and breast cancer [46, 47].
Thus, observation of elevated expression of such miRNAs
in plasma in this study also suggests that their secretion
from tumor tissue would probably promote tumorigenesis
of lung adenocarcinoma. In addition, it has more recently
been found that tumor suppressor gene induced senescent
cells modulate immune response which promotes
establishment of the inflammatory microenvironment
which contributes to metastasis [48]. While miRNA-194,
a typical p53 responsive miRNA has been shown to trigger
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the replicative senescence of MEF cells by potentially
inhibiting the DNMT3A expression [49], miR-122-5p has
been identified as senescence-associated miRNA in normal
human lung fibroblasts [50]. Therefore, tumor suppressor
miRNAs discharged from lung adenocarcinoma also
may play a major role in induction of senescence of
cells around proximal and distant tissues to promote the
metastasis of lung adenocarcinoma to brain, bone and
liver.

We are aware of the limitation of our study. First,
some data was censored; sample size of the patients
with advanced stages was relatively small. In addition,
we did not investigate the mutations of KRAS and ALK
genes in EGFR-wt patients, which play a major role in
the progression of lung adenocarcinoma and are mutually
exclusive from EGFR gene mutations [51]. Therefore, a
further study will be needed to confirm whether or not
miRNA signatures identified in this study is associated
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Table 4: qRT-PCR quantification of 17 miRNAs in 68 smoker patients with stage stratification

Smokers All stage (68) Stage I (45) Stage I+I1I (58) Stage II+I1I (23)
miRNA wt (51) mut (17) P-value wt (33) mut (12) P-value wt(44) mut (14) P-value wt(18) mut(5) P-value
miR-16-5p 22 1.4 0.104 2.0 0.6 0.023 2.3 1.0 0.020 3.0 3.0 0.587
miR-23a-3p 8.1 9.8 0.060 8.4 10.6 0.009 8.1 10.1 0.022 7.7 6.5 0.538
miR-92b-3p 17.3 20.1 0.318 16.2 19.8 0.062 16.9 19.8 0.215 21.4 21.9 0.923
miR-103a-3p 7.2 6.5 0.158 7.2 6.0 0.055 7.4 6.4 0.042 8.0 8.6 0.745
miR-122-5p 7.7 6.7 0.048 7.5 5.3 0.006 7.6 59 0.011 8.4 10.3 0.403
miR-192-5p 8.4 8.9 0.736 8.3 8.4 0.752 8.4 8.7 0.713 8.7 93 0.290
miR-194-5p 12.1 11.2 0.215 12.6 11.5 0.284 12.3 11.5 0.288 11.8 9.9 0.398
miR-223-3p 6.5 4.6 0.012 6.1 4.5 0.020 6.5 4.5 0.003 6.9 59 0.491
miR-346 14.9 13.6 0.063 14.8 12.8 0.017 14.9 13.0 0.019 15.1 15.8 0.325
miR-451a 0.6 -0.1 0.104 0.1 -1.1 0.038 0.8 -0.3 0.027 1.1 0.6 0.857
miR-619-5p 13.3 12.8 0.663 13.3 12.4 0.341 13.3 13.0 0.836 12.8 14.9 0.857
miR-1246 7.6 7.0 0.199 7.3 6.9 0.303 7.7 6.9 0.172 7.7 7.6 0.638
miR-1290 17.0 16.5 0.212 16.0 12.2 0.292 17.5 15.6 0.119 19.6 18.7 0.878

miR-4704-3p  20.4 15.1 0.057 19.8 13.9 0.157 20.7 13.9 0.060 20.7 20.9 0.833
miR-4732-5p  14.4 152 0.628 14.1 15.2 1.000 14.4 15.2 0.740 24.0 14.1 0.414
miR-6765-3p  23.5 20.9 0.332 23.9 20.9 0.208 23.5 20.6 0.136 223 22.8 1.000
miR-6778-5p  13.2 14.4 0.089 13.0 13.7 0.207 13.0 14.4 0.059 13.8 14.9 0.325

The expression levels of miRNAs were calculated by using the delta Ct method (dCt = Ct Ct ). Each median value is shown.

The P-values were determined by Mann-Whitney U test. Bold: P<0.05.

test ath-miR-159%

with higher risk for disease progression and whether or
not upregulation of miR-23a-3p is associated with other
major genetic alterations.

In conclusion, in this explorative study, we identified
circulating miRNA signature with significantly different
expression associated with EGFR gene mutational status
in Japanese smoker males with lung adenocarcinoma.
Further investigation is essential to develop new miRNA
signatures as discriminable non-invasive prediction
biomarker of mutation status of EGFR gene in smoker
male with lung adenocarcinoma and other tumors types
and also to evaluate whether the findings is applicable to
smoker male patients of other races.

MATERIALS AND METHODS

Clinical samples

All patients in this study were recruited from
Okayama University Hospital between 2010 and 2015.
The patients were newly diagnosed and histologically
confirmed primary lung adenocarcinoma. The patient
characteristics are shown in Table 1. The male lung
adenocarcinoma specimens consisted of 55 EGFR-wt
patients and 28 EGFR-mut patients, and their median age

was 70. 52 patients had stage I disease, 20 stage II, and 11
stage III. 68 cases were from ever smoker with a median
smoke exposure of 45 pack-years (29 cases were current
smokers and 39 cases were former smokers) and 15 cases
were never smokers. Five ever smokers had no pack-years
data. 83 plasma samples consisting of 55 EGFR-wt and
28 EGFR-mut and surgically resected specimens of 20
lung adenocarcinomas consisting of 10 EGFR-wt and 10
EGFR-mut were obtained from male lung adenocarcinoma
patients. Plasmas from patients with a previous medical
history of cancer, radiotherapy or chemotherapy before
surgery were pre-excluded. All patients were given
written informed consent. The study was approved by the
Bioethics Committee of Okayama University Medical
School.

MicroRNA extraction

MiRNA was extracted from 200 pl of plasma
samples using the mirVana PARIS Protein and RNA
Isolation System (Thermo Fisher Scientific) according
to the manufacturer’s instructions. Since no miRNA has
been established as a house-keeping gene in the plasma,
we added 4 fmol of synthetic Arabidopsis thaliana miRNA
ath-miR-159a (plasma spiked-in control) to each plasma

www.impactjournals.com/oncotarget

Oncotarget



sample as an external control to monitor the quality of
RNA extraction and analysis. From lung adenocarcinoma
tissue samples, total RNA containing small RNA was
extracted using TRIsol® reagent (Thermo Fisher
Scientific) according to the manufacturer’s protocol, and
the concentrations were determined using Nano drop
(Thermo Fisher Scientific). The total RNA extracts were
stored at -80°C until required.

MicroRNA profiling by microarray

The blood plasmas were pooled from 10 EGFR-
wt patients and 10 EGFR-mut patients respectively for
microarray analysis. Total RNA containing small RNA
was also pooled equally for each 10 lung adenocarcinoma
tissues as well as plasmas. MiRNA profiling was
examined using a Toray 3D-Gene® miRNA oligo chip
Human miRNA version 21 (Toray) on which 2,565 probes
were mounted. The expression level of each miRNA
was normalized using the median signal strength for the
entire gene in each chip. Raw data was deposited to Gene
Expression Omnibus (GEO Accession No. GSE102222
and GSE102223).

Detection of plasma miRNA by qRT-PCR

For miRNA quantitative RT-PCR assay, we used
the Locked Nucleic Acid (LNA)-based miRNA qPCR
platform from Exiqon: hsa-miR-16-5p, hsa-miR-23a-
3p, hsa-miR-92b-3p, hsa-miR-103a-3p, hsa-miR-122-
5p, hsa-miR-192-5p, hsa-miR-223-3p, hsa-miR-346,
hsa-miR-451a, hsa-miR-619-5p, hsa-miR-1246, hsa-
miR-1290, hsa-miR-4704-3p, hsa-miR-4732-5p, hsa-
miR-6765-3p and hsa-miR-6778-5p. Total RNA was used
for cDNA synthesis using MiRCURY LNA Universal
cDNA Synthesis Kit II (Exiqon). The cDNA was diluted
and qRT-PCR was carried out using specific, pre-defined
microRNA primer pairs and the ExiLENT SYBR Green
Master Mix (Exiqon) using an ABI7300 instrument
(Applied Biosystems). Two miRNAs (hsa-miR-194-
Sp and ath-miR-159a) were quantified using TagMan
MicroRNA Assay Kit. All steps were performed following
the manufacturer’s protocol. To identify the differentially
expressed miRNAs, the expression levels were calculated
with Delta Ct method (Delta Ct=Ct _-Ct .. ).
Statistical analysis

The categorical variables of EGFR status were
compared using the chi square or Fisher’s exact test, as
appropriate. Statistical analysis of miRNA expression was
performed using Mann-Whitney U test to determine any
significant difference between two groups. P-values < 0.05
were considered statistical significant. SPSS (IBM) was
used for statistical analysis.

Abbreviations

EGFR, epidermal growth factor receptor; NSCLC,
non-small cell lung cancer; miRNA, microRNA; qRT-
PCR, quantitative real-time polymerase chain reaction;
wt, wild type; mut, mutated.

Author contributions

SI and YK performed the experiments. TH and ST
collected the patient specimens. SI, YK, AS, KS and HK
analyzed data. SI and HK designed the study, supervised
the experiments and wrote the manuscript.

ACKNOWLEDGMENTS

We thank the subjects and their families for
participating in this study, and the clinicians for their
contributions. This work was supported by Grant-in-Aid
from the Smoking Research Foundation (S.1.).

CONFLICTS OF INTEREST

The authors disclose no potential conflicts of
interest.

REFERENCES

Hecht SS. Lung carcinogenesis by tobacco smoke. Int
J Cancer. 2012; 131:2724-32. https://doi.org/10.1002/
ijc.27816.

Devesa SS, Shaw GL, Blot WJ. Changing patterns of lung
cancer incidence by histological type. Cancer Epidemiol
Biomarkers Prev. 1991; 1:29-34.

Toyooka S, Maruyama R, Toyooka KO, McLerran D, Feng
Z, Fukuyama Y, Virmani AK, Zochbauer-Muller S, Tsukuda
K, Sugio K, Shimizu N, Shimizu K, Lee H, et al. Smoke
exposure, histologic type and geography-related differences
in the methylation profiles of non-small cell lung cancer.
Int J Cancer. 2003; 103:153-60. https://doi.org/10.1002/
1jc.10787.

Tokumo M, Toyooka S, Kiura K, Shigematsu H, Tomii
K, Aoe M, Ichimura K, Tsuda T, Yano M, Tsukuda K,
Tabata M, Ueoka H, Tanimoto M, et al. The relationship
between epidermal growth factor receptor mutations and
clinicopathologic features in non-small cell lung cancers.
Clin Cancer Res. 2005; 11:1167-73.

Sequist LV, Joshi VA, Janne PA, Muzikansky A, Fidias
P, Meyerson M, Haber DA, Kucherlapati R, Johnson BE,
Lynch TJ. Response to treatment and survival of patients
with non-small cell lung cancer undergoing somatic EGFR
mutation testing. Oncologist. 2007; 12:90-8.

Emery IF, Battelli C, Auclair PL, Carrier K, Hayes DM.
Response to gefitinib and erlotinib in Non-small cell lung

www.impactjournals.com/oncotarget

114694

Oncotarget



10.

11.

13.

14.

16.

17.

cancer: a restrospective study. BMC Cancer. 2009; 9:333.
https://doi.org/10.1186/1471-2407-9-333.

Advani J, Subbannayya Y, Patel K, Khan AA, Patil
AH, Jain AP, Solanki HS, Radhakrishnan A, Pinto SM,
Sahasrabuddhe NA, Thomas JK, Mathur PP, Nair BG, et
al. Long-term cigarette smoke exposure and changes in
miRNA expression and proteome in non-small-cell lung
cancer. OMICS. 2017; 21:390—403. https://doi.org/10.1089/
omi.2017.0045.

Orellana EA, Kasinski AL. MicroRNAs in cancer: A
historical perspective on the path from discovery to therapy.
Cancers (Basel). 2015; 7:1388-405. https://doi.org/10.3390/
cancers7030842.

Frixa T, Donzelli S, Blandino G. Oncogenic microRNAs:
Key players in malignant transformation. Cancers (Basel).
2015; 7:2466-85. https://doi.org/10.3390/cancers7040904.

Li C, Lyu J, Meng QH. MiR-93 promotes tumorigenesis
and metastasis of non-small cell lung cancer cells by
activating the PI3K/Akt pathway via inhibition of LKB1/
PTEN/CDKNI1A. J Cancer. 2017; 8:870-9. https://doi.
org/10.7150/jca.17958.

Inamura K, Ishikawa Y. MicroRNA In lung cancer: Novel
biomarkers and potential tools for treatment. J Clin Med.
2016; 5:E36. https://doi.org/10.3390/jcm5030036.

Geng Q, Fan T, Zhang B, Wang W, Xu Y, Hu H. Five
microRNAs in plasma as novel biomarkers for screening
of early-stage non-small cell lung cancer. Respir Res. 2014;
15:149. https://doi.org/10.1186/s12931-014-0149-3.

Bianchi F, Nicassio F, Marzi M, Belloni E, Dall’olio V,
Bernard L, Pelosi G, Maisonneuve P, Veronesi G, Di Fiore
PP. A serum circulating miRNA diagnostic test to identify
asymptomatic high-risk individuals with early stage lung
cancer. EMBO Mol Med. 2011; 3:495-503. https://doi.
org/10.1002/emmm.201100154.

Montani F, Marzi MJ, Dezi F, Dama E, Carletti RM, Bonizzi
G, Bertolotti R, Bellomi M, Rampinelli C, Maisonneuve
P, Spaggiari L, Veronesi G, Nicassio F, et al. miR-Test: a
blood test for lung cancer early detection. J Natl Cancer
Inst. 2015; 107:djv063. https://doi.org/10.1093/jnci/djv063.
Wozniak MB, Scelo G, Muller DC, Mukeria A, Zaridze
D, Brennan P. Circulating microRNAs as non-invasive
biomarkers for early detection of non-small-cell lung
cancer. PLoS One. 2015; 10:e0125026. https://doi.
org/10.1371/journal.pone.0125026.

Hou J, Meng F, Chan LW, Cho WC, Wong SCC. Circulating
plasma microRNAs as diagnostic markers for NSCLC.
Front Genet. 2016; 7:193. https://doi.org/10.3389/
fgene.2016.00193.

Matikas A, Syrigos KN, Agelaki S. Circulating biomarkers
in non-small-cell lung cancer: Current status and future
challenges. Clin Lung Cancer. 2016; 17:507—-16. https://doi.
org/10.1016/j.cllc.2016.05.021.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bjaanaes MM, Halvorsen AR, Solberg S, Jorgensen L,
Dragani TA, Galvan A, Colombo F, Anderlini M, Pastorino
U, Kure E, Borresen-Dale AL, Brustugun OT, Helland
A. Unique microRNA-profiles in EGFR-mutated lung
adenocarcinomas. Int J Cancer. 2014; 135:1812-21. https://
doi.org/10.1002/ijc.28828.

Han J, Zhao F, Zhang J, Zhu H, Ma H, Li X, Peng L, Sun
J, Chen Z. miR-223 reverses the resistance of EGFR-TKIs
through IGF1R/PI3K/Akt signaling pathway. Int J Oncol.
2016; 48:1855-67. https://doi.org/10.3892/ij0.2016.3401.

Nordquist LT, Simon GR, Cantor A, Alberts WM, Bepler
G. Improved survival in never-smokers vs current smokers
with primary adenocarcinoma of the lung. Chest. 2004;
126:347-51. https://doi.org/10.1378/chest.126.2.347.

Toh CK, Wong EH, Lim WT, Leong SS, Fong KW, Wee
J, Tan EH. The impact of smoking status on the behavior
and survival outcome of patients with advanced non-small
cell lung cancer: a retrospective analysis. Chest. 2004;
126:1750-6. https://doi.org/10.1378/chest.126.6.1750.

Patnaik SK, Yendamuri S, Kannisto E, Kucharczuk JC,
Singhal S, Vachani A. MicroRNA expression profiles of
whole blood in lung adenocarcinoma. PLoS One. 2012;
7:€46045. https://doi.org/10.1371/journal.pone.0046045.
LiuY, Luo F, Wang B, Li H, Xu Y, Liu X, Shi L, Lu X,
Xu W, Lu L, Qin Y, Xiang Q, Liu Q. STAT3-regulated
exosomal miR-21 promotes angiogenesis and is involved
in neoplastic processes of transformed human bronchial
epithelial cells. Cancer Lett. 2016; 370:125-35. https://doi.
org/10.1016/j.canlet.2015.10.011.

Huang J, Wu J, Li Y, Li X, Yang T, Yang Q, Jiang Y.
Deregulation of serum microRNA expression is associated
with cigarette smoking and lung cancer. BioMed Res Int.
2014;2014:364316. https://doi.org/10.1155/2014/364316.
Zhang H, Su'Y, Xu F, Kong J, Yu H, Qian B. Circulating
microRNAs in relation to EGFR status and survival of lung
adenocarcinoma in female non-smokers. PLoS One. 2013;
8:¢81408. https://doi.org/10.1371/journal.pone.0081408.

Ellison G, Zhu G, Moulis A, Dearden S, Speake G,
McCormack R. EGFR mutation testing in lung cancer: a
review of available methods and their use for analysis of
tumour tissue and cytology samples. J Clin Pathol. 2013;
66:79-89. https://doi.org/10.1136/jclinpath-2012-201194.
QulL, LiL, Zheng X, Fu H, Tang C, Qin H, Li X, Wang H,
LiJ, Wang W, Yang S, Wang L, Zhao G, et al. Circulating
plasma microRNAs as potential markers to identify EGFR
mutation status and to monitor epidermal growth factor
receptor-tyrosine kinase inhibitor treatment in patients with
advanced non-small cell lung cancer. Oncotarget. 2017;
8:45807-24. https://doi.org/10.18632/oncotarget.17416.
Zhao Q, Cao J, Wu YC, Liu X, Han J, Huang XC, Jiang
LH, Hou XX, Mao WM, Ling ZQ. Circulating miRNAs is
a potential marker for gefitinib sensitivity and correlation

WWw

.impactjournals.com/oncotarget

114695

Oncotarget



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

with EGFR mutational status in human lung cancers. Am J
Cancer Res. 2015; 5:1692-705.

Hui B, Chen X, Hui L, Xi R, Zhang X. Serum miRNA
expression in patients with esophageal squamous cell
carcinoma. Oncol Lett. 2015; 10:3008—12. https://doi.
0rg/10.3892/01.2015.3642.

Li X, YuZ, LiY, Liu S, Gao C, Hou X, Yao R, Cui L.
The tumor suppressor miR-124 inhibits cell proliferation by
targeting STAT3 and functions as a prognostic marker for
postoperative NSCLC patients. Int J Oncol. 2015; 46:798—
808. https://doi.org/10.3892/1j0.2014.2786.

Tanaka Y, Kamohara H, Kinoshita K, Kurashige J, Ishimoto
T, Iwatsuki M, Watanabe M, Baba H. Clinical impact of
serum exosomal microRNA-21 as a clinical biomarker in
human esophageal squamous cell carcinoma. Cancer. 2013;
119:1159-67. https://doi.org/10.1002/cncr.27895.

Sanfiorenzo C, Ilie MI, Belaid A, Barlési F, Mouroux J,
Marquette CH, Brest P, Hofman P. Two panels of plasma
microRNAs as non-invasive biomarkers for prediction
of recurrence in resectable NSCLC. PLoS One. 2013;
8:€54596. https://doi.org/10.1371/journal.pone.0054596.
Wali RK, Hensing TA, Ray DW, Dela Cruz M, Tiwari AK,
Radosevich A, Jepeal L, Fernando HC, Litle VR, Charlot
M, Momi N, Backman V, Roy HK. Buccal microRNA
dysregulation in lung field carcinogenesis: gender-specific
implications. Int J Oncol. 2014; 45:1209-15. https://doi.
org/10.3892/ij0.2014.2495.

Riquelme I, Tapia O, Leal P, Sandoval A, Varga MG,
Letelier P, Buchegger K, Bizama C, Espinoza JA, Peck
RM, Araya JC, Roa JC. miR-101-2, miR-125b-2 and miR-
451a act as potential tumor suppressors in gastric cancer
through regulation of the PI3K/AKT/mTOR pathway. Cell
Oncol (Dordr). 2016; 39:23-33. https://doi.org/10.1007/
s13402-015-0247-3.

Babapoor S, Fleming E, Wu R, Dadras SS. A novel miR-
451a isomiR, associated with amelanotypic phenotype,
acts as a tumor suppressor in melanoma by retarding cell
migration and invasion. PLoS One. 2014; 9:e107502.
https://doi.org/10.1371/journal.pone.0107502.

Li C, Yin Y, Liu X, Xi X, Xue W, Qu Y. Non-small cell
lung cancer associated microRNA expression signature:
integrated bioinformatics analysis, validation and clinical
significance. Oncotarget. 2017; 8:24564-78. https://doi.
org/10.18632/oncotarget.15596.

Chen Q, Hu H, Jiao D, Yan J, Xu W, Tang X, Chen
J, Wang J. miR-126-3p and miR-451a correlate with
clinicopathological features of lung adenocarcinoma: The
underlying molecular mechanisms. Oncol Rep. 2016;
36:909—-17. https://doi.org/10.3892/01.2016.4854.

Zhu X, LiD, YuF, JiaC, Xie J, Ma'Y, Fan S, Cai H, Luo Q,
Lv Z, Fan L. miR-194 inhibits the proliferation, invasion,
migration, and enhances the chemosensitivity of non-small
cell lung cancer cells by targeting forkhead box A1 protein.
Oncotarget. 2016; 7:13139-52. https://doi.org/10.18632/
oncotarget.7545.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Wu X, Liu T, Fang O, Leach LJ, Hu X, Luo Z. miR-
194 suppresses metastasis of non-small cell lung cancer
through regulating expression of BMP1 and p27(kipl).
Oncogene. 2014; 33:1506—14. https://doi.org/10.1038/
onc.2013.108.

Zhang W, Zhang Q, Zhang M, Zhang Y, Li F, Lei P. Analysis
for the mechanism between the small cell lung cancer and
non-small cell lung cancer combing the miRNA and mRNA
expression profiles. Thorac Cancer. 2015; 6:70-9. https://
doi.org/10.1111/1759-7714.12135.

Qin H, Sha J, Jiang C, Gao X, Qu L, Yan H, Xu T, Jiang
Q, Gao H. miR-122 inhibits metastasis and epithelial-
mesenchymal transition of non-small-cell lung cancer
cells. Onco Targets Ther. 2015; 8:3175-84. https://doi.
org/10.2147/0OTT.S91696.

Ma D, Jia H, Qin M, Dai W, Wang T, Liang E, Dong
G, Wang Z, Zhang Z, Feng F. MiR-122 induces
radiosensitization in non-small cell lung cancer cell line.
Int J Mol Sci. 2015; 16:22137-50. https://doi.org/10.3390/
ijms160922137.

Sun CC, Li SJ, Yuan ZP, Li DJ. MicroRNA-346 facilitates
cell growth and metastasis, and suppresses cell apoptosis
in human non-small cell lung cancer by regulation of XPC/
ERK/Snail/E-cadherin pathway. Aging (Albany NY). 2016;
8:2509-24. https://doi.org/10.18632/aging.101080.

Du L, Borkowski R, Zhao Z, Ma X, Yu X, Xie XIJ,
Pertsemlidis A. A high-throughput screen identifies miRNA
inhibitors regulating lung cancer cell survival and response
to paclitaxel. RNA Biol. 2013; 10:1700-13. https://doi.
org/10.4161/rna.26541.

Ohshima K, Inoue K, Fujiwara A, Hatakeyama K, Kanto
K, Watanabe Y, Muramatsu K, Fukuda Y, Ogura S,
Yamaguchi K, Mochizuki T. Let-7 microRNA family is
selectively secreted into the extracellular environment via
exosomes in a metastatic gastric cancer cell line. PLoS
One. 2010; 5:e13247. https://doi.org/10.1371/journal.
pone.0013247.

Zhu C, Ren C, Han J, Ding Y, Du J, Dai N, Dai J, Ma H, Hu
Z, Shen H, Xu Y, Jin G. A five-microRNA panel in plasma
was identified as potential biomarker for early detection of
gastric cancer. Br J Cancer. 2014; 110:2291-9. https://doi.
org/10.1038/bjc.2014.119.

Falcone G, Felsani A, D’Agnano I. Signaling by exosomal
microRNAs in cancer. J Exp Clin Cancer Res. 2015; 34:32.
https://doi.org/10.1186/s13046-015-0148-3.

Ruhland MK, Coussens LM, Stewart SA. Senescence
and cancer: An evolving inflammatory paradox. Biochim
Biophys Acta. 2016; 1865:14-22. https://doi.org/10.1016/j.
bbcan.2015.10.001.

Braun CJ, Zhang X, Savelyeva I, Wolftf S, Moll UM,
Schepeler T, Orntoft TF, Andersen CL, Dobbelstein M. p53-
Responsive micrornas 192 and 215 are capable of inducing
cell cycle arrest. Cancer Res. 2008; 68:10094—104. https://
doi.org/10.1158/0008-5472.CAN-08-1569.

WWw

.impactjournals.com/oncotarget

114696

Oncotarget



50. Markopoulos GS, Roupakia E, Tokamani M, Vartholomatos 51. Subramanian J, Corrales L, Soulieres D, Morgensztern

G, Tzavaras T, Hatziapostolou M, Fackelmayer FO, D, Govindan R. Summary of presentations from the 46th
Sandaltzopoulos R, Polytarchou C, Kolettas E. Senescence- Annual Meeting of the American Society of Clinical
associated microRNAs target cell cycle regulatory genes Oncology (2010) focus on tumor biology and biomarkers
in normal human lung fibroblasts. Exp Gerontol. 2017; related to lung cancer. J Thorac Oncol. 2011; 6:399-403.
96:110-22. https://doi.org/10.1016/j.exger.2017.06.017. https://doi.org/10.1097/JTO.0b013e3182001972.

www.impactjournals.com/oncotarget 114697 Oncotarget



