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MicroRNA-141 Is a Biomarker for Progression of Squamous Cell
Carcinoma and Adenocarcinoma of the Lung: Clinical Analysis of
125 Patients
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Lung cancer is the most common malignant tumor worldwide. MicroRNA has become an ideal biomarker
for cancer diagnosis, prognosis and therapy. The relationship between microRNA-141 and non-small cell
lung cancer (NSCLC) is contradictory. Thus, in current study, we aimed to investigate the level of
microRNA-141 in NSCLC tissues and to evaluate its potential clinical value. This study enrolled 125
NSCLC patients (75 males and 50 females) with a median age of 61 years (range, 23-90 years). NSCLC
patients included 23 squamous cell carcinomas (SCCs), 101 adenocarcinomas (ADCs) and 1 large cell
carcinoma. The expression level of microRNA-141 was significantly higher in NSCLC tissues than in
adjacent lung tissues (P < 0.001), detected by real time RT-PCR. Receiver operating characteristic (ROC)
exhibited a moderate diagnostic value of microRNA-141 for NSCLC with the area under curve of 0.707.
The microRNA-141 expression increased with the larger tumor size (P = 0.002), lymph node metastasis (P
= 0.018) and advanced stage (P = 0.022) in NSCLC patients. For subgroup analysis, microRNA-141
expression in SCC was correlated with tumor size (r = 0.490, P = 0.018), and in ADC, microRNA-141 level
was positively associated with tumor size (r = 0.222, P = 0.026), lymph node metastasis (r = 0.242, P =
0.015) and TNM stage (r = 0.210, P = 0.035). Furthermore, univariate analysis revealed that the expression
of microRNA-141 was an independent prognostic indicator of ADC. In conclusion, microRNA-141 is a
potential biomarker for the molecular diagnosis and risk stratification of NSCLC.
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Introduction

Lung cancer, as one of the leading causes of cancer-
related death worldwide, has resulted in rising death rates,
with approximate 1.4 million deaths per year all over the
world (Jemal et al. 2011; De Mello et al. 2013). Lung can-
cer is divided into two major pathological categories: small
cell lung cancer (SCLC, 13%) and non-small cell lung can-
cer (NSCLC, 87%) (DeSantis et al. 2014). NSCLC, includ-
ing squamous cell carcinoma (SCC), adenocarcinoma
(ADC), adenosquamous cell carcinoma and large cell carci-
noma (LCC), accounts for roughly 80-87% of all lung can-
cer cases (Jemal et al. 2011), while the occurrence of SCLC
is much lower. Furthermore, the treatment patterns were

different between SCLC and NSCLC patients, especially
the chemotherapy (Kuwabara et al. 2009), as well as molec-
ular targeted therapy (Lauro et al. 2014; Asai et al. 2014).
The most effective treatment for early NSCLC is surgical
resection (Gazala et al. 2013). However, nearly 2/3 of
patients with NSCLC are diagnosed at an advanced or met-
astatic stage of disease. In the circumstances, the most ben-
eficial treatment is chemotherapy and/or concurrent admin-
istration of chemotherapy and radiation. In addition, usage
of specific inhibitors (such as gefitinib, erlotinib, afatinib,
crizotinib) is effective for those patients with a mutation in
the epidermal growth factor receptor (EGFR) gene or rear-
rangement of the anaplastic lymphoma kinase (ALK) gene
(Chen et al. 2013a; Gridelli et al. 2014). Nevertheless, on
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account of late stage diagnosis and high frequency of drug
resistance, the 5-year survival rate in patients is only 17%
in the United States (Siegel et al. 2014; DeSantis et al.
2014). The unfavorable outcome is due to the relatively
inadequate understanding of the molecular mechanisms
involved in lung carcinogenesis (Brothers et al. 2013).
Thus, there is an urgent requirement to discover new early
detection markers and novel therapeutic targets of NSCLC.
However, the treatment of SCLC is still given priority to
chemotherapy (Asai et al. 2014).

MicroRNAs are a class of small, endogenous, non-
coding RNAs that modify the expression of protein-coding
genes by binding the sequence to the 3’-untranslated region
(3’-UTR) of target mRNA, leading to the repression of
translation or degradation of the mRNA (Guz et al. 2014;
Kang and Lee 2014; Oom et al. 2014; Ritchie and Rasko
2014). MicroRNAs play critical roles in tumorigenesis,
tumor cell proliferation, migration, invasion, metastasis and
angiogenesis (Iuliano et al. 2013; Di Leva et al. 2014). A
large number of microRNAs have been aberrantly found in
NSCLC, and many of them contribute to NSCLC develop-
ment and progression (Chen et al. 2013b; Xia et al. 2014b;
Xia et al. 2014a). The role of microRNAs may be altered
between NSCLC (Hu et al. 2008) and SCLC (Liu and Chen
2011), thus we only focus on NSCLC. There are many fac-
tors influencing the prognosis of lung SCC and ADC. For
example, high expression levels of MutS homologue 2
(MSH2) had a better outcome in SCC. However, increased
MSH2 expression was a poor prognostic factor in ADC
patients (Vageli et al. 2012). Vascular invasion was an
independent prognostic factor in ADC, whereas it was not
significant for SCC patients (Usui et al. 2013). Patients
with SCC with the interleukin-10 non-ATA haplotype had
poorer overall survival and relapse-free survival than those
with the ATA haplotype. However, interleukin-10 haplo-
type was not directly correlated with the clinical outcome
of patients with ADC (Wang et al. 2013). MicroRNA-662,
-192 and -192* were confirmed as independent prognostic
factors in SCC patients, while there was no similar findings
in ADC (Skrzypski et al. 2014).

Has-microRNA-141, a member of an evolutionarily
conserved family of microRNAs, locates in chromosome 12
and belongs to the same cluster as has-miR-200c. Growing
evidence has indicated that abnormal expression/function of
microRNA-141 was associated with tumorigenesis and car-
cinoma progression of various human cancers (Zhou et al.
2014; Liu et al. 2014; Chen et al. 2014b). MicroRNA-141,
as a tumor suppressor, was down-regulated in numerous
cancer types, such as gastric cancer (Chen et al. 2014a),
hepatocellular carcinoma (Wu et al. 2014) and pancreatic
cancer (Zhao et al. 2013). To date, 3 articles have reported
the role of microRNA-141 in NSCLC. However, the results
were contradictory (Liu et al. 2012; Mei et al. 2014; Tejero
et al. 2014). Mei et al. (2014) and Liu et al. (2012) found
that the expression of microRNA-141 in NSCLC tissues
were up-regulated, whereas Tejero et al. (2014) showed that

the level of microRNA-141 in NSCLC tissues was not sig-
nificantly different from that in the adjacent non-cancerous
lung tissues. In addition, Liu et al. (2012) found that the
high expression of microRNA-141 was associated with
poor prognosis of NSCLC. However, Tejero et al. (2014)
showed that high microRNA-141 expression correlated
with shorter overall survival in ADC, but not in SCC.
Moreover, the relationship between microRNA-141 level
and clinicopathological parameters has been not studied in
NSCLC. Therefore, we examined the expression of
microRNA-141 in 125 paired NSCLC and adjacent non-
cancerous lung tissues, and evaluated its contribution to the
NSCLC progression. Furthermore, we studied the relation-
ship between microRNA-141 and the status of EGFR, a
mature molecular target for the personalized therapy in
NSCLC, including EGFR amplification, EGFR protein
expression and EGFR mutations sensitive to tyrosine kinase
inhibitor (TKI) treatment.

Materials and Methods

Patients and tissue samples

One hundred twenty-five paired formalin-fixed, paraffin embed-
ded (FFPE) NSCLC tissues and adjacent non-cancerous lung tissues
were obtained from the patients who underwent primary surgical
resection of NSCLC between January, 2012 and February, 2014 at the
First Affiliated Hospital of Guangxi Medical University in China.
The Ethical Committee of First Affiliated Hospital, Guangxi Medical
University, China approved the current research, and informed con-
sent was obtained from all patients involved. All samples were
reviewed and diagnosed by two independent pathologists. Table 1
showed the main clinical characteristics for all 125 patients. Median
age was 61 years (range, 23-90) and 60% cases were males. One
hundred and one (80.8%) patients were ADC, 23 (18.4%) SCC and 1
(0.8%) LCC. Fifty-four (43.2%) patients had TNM stage I or II dis-
ease. Median follow-up was 13 months (range, 1-50.6) for 57
patients. The EGFR status was detected as previously reported (Chen
etal. 2011,2012, 2013b).

RNA preparation, reverse transcription and quantitative real-time
PCR

Total RNAs were extracted from FFPE cancer and non-cancer-
ous tissues by using miRNeasy FFPE Kit (QIAGEN, KJ Venlo,
Netherlands) under the manufacturer protocol. Reverse transcription
(RT) and qPCR kits were applied to evaluate expression of
microRNA-141 as described previously (Chen et al. 2011, 2012,
2013b; Rong et al. 2014). Previously, we found that the combination
of microRNA-191 and microRNA-103 was the most stable house-
keeping microRNA by using NormFinder and geNorm. This combi-
nation was used in the current study for the detection of
microRNA-141 expression. The primers for microRNA-141,
microRNA-191 and microRNA-103 were included in TagMan®
MicroRNA Assays (4427975, Applied Biosystems, Life Technologies
Grand Island, NY, 14072, USA). Sequence of microRNA and refer-
ences used in the paper are: microRNA-141 (Applied Biosystems
Cat. No. 4427975-000463): UAACACUGUCUGGUAAAGAUGG;
microRNA-191 (Applied Biosystems Cat. No. 4427975-000490):
CAACGGAAUCCCAAAAGCAGCU; microRNA-103 (Applied
Biosystems Cat. No. 4427975-000439): AGCAGCAUUGUACAG
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Table 1. The relationship between microRNA-141 and clinicopathological parameters in NSCLC.

microRNA-141 relevant expression(2°9)

Clinicopathological feature n
Mean + s.D. t P-value
Tissue NSCLC 125 7.235+£7415 4.724* <0.001
Adjacent non-cancerous lung 125 3.678 £4.625
Age (years) <60 57 8.067 = 9.040 1.151 0.252
>60 68 6.537 +5.689
Gender Male 75 7.193 £8.220 —0.076 0.940
Female 50 7.296 £ 6.091
Smoking No 38 7.751 £10.367 0.304 0.762
Yes 30 7.130 +£4.706
Tumor size (cm) <3 60 5.145 + 8.654 —3.133 0.002
>3 65 9.164 +5.442
Lymph node metastasis No 56 5.508 £4.415 —2.389 0.018
Yes 69 8.635 +8.947
Vascular invasion No 90 7.645 £ 8.0423 0.993 0.323
Yes 35 6.178 +£5.442
TNM I-1I 54 5.498 £4.052 —2.323 0.022
HI-1v 71 8.555+8.993
Pathological grading I 17 6.292£5.110 0.236° 0.791
I 78 7.559 +8.528
111 30 6.924 +5.164
Histological classification Adenocarcinoma 101 6.751 £ 7.819 -1.210° 0.302
Squamous cell carcinoma 23 9.138 £ 5.097
Large cell carcinoma 1 12.3
EGEFR amplification No 39 6.769 £4.310 —1.187 0.24
Yes 18 8.401 +5.817
EGFR protein expression low 40 7.282 £4.529 —0.007 0.995
high 17 7.291 + 5.668
EGFR mutation Wild type 44 7.451£4.716 0.476 0.636
Mutation® 13 6.719£5.416

*Paired ¢ student’s test was performed.

®One-way analysis of variance (ANOVA) test was performed.

°EGFR mutation included short in-frame deletions in exon 19 and point mutations that result in a substitution of arginine for

leucine at codon 858 (L858R) in exon 21.

Smoking history was collected for only 68 cases and EGFR amplification, protein expression and mutation were detected in 57

cases.

GGCUAUGA. The reverse primers were also used for the reverse
transcription with TagMan® MicroRNA Reverse Transcription Kit
(4366596, Applied Biosystems, Life Technologies Grand Island, NY,
14072, USA) in a total volume of 10 ul. Real-time qPCR for
microRNA was performed with Applied Biosystems PCR7900. The
microRNA-141 expression in FFPE experiment was calculated with
the formula 2°4 (Chen et al. 2013b; Dang et al. 2013, 2014).

Statistical analysis

The statistical analyses were performed using SPSS 20.0 soft-
ware (SPSS, Inc., Munich, Germany). Paired sample #-test was used
to compare the difference of microRNA-141 expression between
NSCLC tissue and adjacent non-cancerous lung tissue. Comparisons
between unpaired groups were conducted using the student #-test.
One-way analysis of variance (ANOVA) test was used to analyze the
correlation between the expression levels of microRNA-141 and

pathological grading and histological classification. Receiver operat-
ing characteristic (ROC) curve was generated to evaluate the power
of microRNA-141 to distinguish the NSCLC patients from non-can-
cerous lung tissue. Survival analysis was estimated by the Kaplan-
Meier method, and the log-rank test was used to compare the survival
between groups. Cox proportional hazard regression model was
applied to analyze the risk factors for NSCLC. A P-value less than
0.05, which was calculated by two-tailed test, was considered statisti-
cally significant.

Results
Expression of microRNA-141 in NSCLC tissues
The microRNA-141 expression levels were signifi-
cantly higher in NSCLC tissues compared with adjacent
non-cancerous lung tissues (P < 0.001, Fig. 1A). For sub-
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Fig. 1. MicroRNA-141 expression and its diagnostic value in NSCLC.
Quantitative real-time RT-PCR was performed to detect the expression of microRNA-141 in non-small cell lung cancer
(NSCLC) and the paired adjacent non-cancerous lung tissue (A). *P < 0.001. ROC curve of microRNA-141 level in
NSCLC (B). The area under curve (AUC) of microRNA-141 was 0.707 (95% CI 0.643~0.771).
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Fig. 2. Relationship between microRNA-141 expression and some clinicopathological features in NSCLC.
A: lymphatic metastasis; B: tumor size; C: clinical TNM stages. *P < 0.05.

group of histological classification, microRNA-141 expres-
sion levels were both elevated in SCC or ADC, compared
with corresponding lung tissues (P < 0.01). Furthermore,
ROC curve was performed to identify the diagnostic value
of microRNA-141 level in NSCLC. The area under curve
(AUC) of microRNA-141 was 0.707 (95% CI 0.643~0.771,
P <0.001). The cut-off value for microRNA-141 was 3.32.
The sensitivity and specificity were 64.8% and 64.8%,
respectively (Fig. 1B). Meanwhile, ROC curve was per-
formed to identify the diagnostic value of microRNA-141
level in SCC. The AUC of microRNA-141 was 0.750 (95%
CI 0.662~0.837, P < 0.001). The cut-off value for
microRNA-141 was 5.54. The sensitivity and specificity
were 73.9% and 69.2%, respectively. For ADC, the AUC
of microRNA-141 was 0.622 (95% CI 0.553~0.691, P =
0.001). The cut-off value for microRNA-141 was 3.32.
The sensitivity and specificity were 62.4% and 58.4%,
respectively.

Relationship between microRNA-141 expression and clini-
copathological parameter in NSCLC

Higher expression of microRNA-141 was found in the
groups of larger tumor size, lymph node metastasis and
TNM stage III-IV than in the corresponding groups (all P <

0.05, Table 1, Fig. 2A-C). Moreover, according to
Spearman correlation test, microRNA-141 expression level
was found to correlate with tumor size (»r = 0.272, P =
0.002), lymph node metastasis (» = 0.211, P = 0.018) and
TNM stage (= 0.205, P = 0.022). However, no significant
relationship was detected between microRNA-141 level
and other clinicopathological parameters, such as age, gen-
der, smoke, vascular invasion, pathological grading, histo-
logical classification, EGFR amplification, EGFR protein
expression and EGFR mutation status (all P > 0.05, Table
1). For subgroup analysis, the relationships between
microRNA-141 and clinicopathological parameter in SCC
or ADC are shown in Tables 2 and 3, respectively.
According to Spearman correlation test, microRNA-141
expression level in SCC was found to correlate with tumor
size (r = 0.490, P=0.018). While in ADC, microRNA-141
level was positive association with some clinicopathologi-
cal parameters, such as tumor size (»r = 0.222, P = 0.026),
lymph node metastasis (» = 0.242, P = 0.015) and TNM
stage (»=0.210, P =0.035).

Correlation between microRNA-141 expression and prog-
nosis of ADC patients
As the survival data was limited, we could only
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Table 2. The relationship between microRNA-141 and clinicopathological parameters in lung squamous cell carcinoma.

Clinicopathological feature

microRNA-141 relevant expression(29)

Mean =+ s.D. t P-value

Tissue Squamous cell carcinoma 23 9.138 £5.097 7.611% <0.001
Adjacent non-cancerous lung 23 0.895+1.001

Age (years) <60 15 10.277 + 4.966 1.051 0.146
>60 8 7.004 +4.933

Gender Male 18 9.262 +5.036 0.216 0.831
Female 5 8.692 £ 5.895

Smoke No 12 8.637 + 5.445 —0.484 0.633
Yes 11 9.686 + 4.884

Tumor size (cm) <3 7 5443 +5.114 —2.578 0.018
>3 16 10.756 +4.298

Lymph node metastasis No 11 9.026 £5.127 —-0.99 0.922
Yes 12 9.241 £5.294

Vascular invasion No 20 9.949 +4.948 2.121 0.046
Yes 3 3.733 £ 1.665

TNM -1 10 8.175 +4.486 —0.788 0.439
HI-1v 13 9.879 +5.582

Pathological grading I 0 - 0.504° 0.486
I 16 8.634 £ 5.305
I 7 10.291 +4.758

EGFR amplification No 17 8.488 +4.575 -1.031 0.314
Yes 6 10.980 + 6.467

EGFR protein expression low 18 8.517+£4.715 —-1.115 0.277
high 5 7.291 +5.668

EGFR mutation Wild type 23 9.138 £5.097 - -
Mutation® 0

2Paired ¢ student’s test was performed.
®One-way analysis of variance (ANOVA) test was performed.

°EGFR mutation included short in-frame deletions in exon 19 and point mutations that result in a substitution of arginine for leucine

at codon 858 (L858R) in exon 21.

explore the relationship between microRNA-141 expression
and prognosis of ADC. We employed Kaplan-Meier
method, log-rank test and univariate Cox proportional haz-
ard regression model to analyze the survival of ADC
patients with the expression of microRNA-141 and other
clinicopathological features. Among the 57 patients fol-
lowed up, 26 had higher microRNA-141 levels, compared
to the mean level of 5.5464, and 31 had lower microRNA-
141 levels. The survival of high microRNA-141 expression
group was 12.1 + 2.6 months, significantly shorter than that
of the low expression group (24.2 + 3.6 months, P = 0.037,
Fig. 3) as shown with Kaplan-Meier method. No other
clinicopathological parameters showed significant impact
on survival of ADC. Furthermore, univariate analysis of
overall survival revealed that the relative level of
microRNA-141 expression (P = 0.041) was prognostic indi-
cator for ADC (Table 4).

Discussion
MicroRNA-141 expression has been reported to be

down-regulated or up-regulated in different malignancies,
which raises a controversial issue for the role of
microRNA-141. Several research groups have reported the
expression level of microRNA-141 in NSCLC. Tejero et al.
(2014) found no significant difference in microRNA-141
expression between NSCLC (SCC n = 70 and ADC n = 73)
and their adjacent non-cancerous lung tissues in a Spanish
population. Inversely, in the present study, microRNA-141
level was 1.97-fold higher in NSCLC (all n = 125: SCC n =
23, ADC n = 101, and LCC n = 1) than in the paired adja-
cent non-cancerous lung tissues. These results were con-
cordant with the studies with small size of NSCLC patients
(all n="70: SCC n =36 and ADC n = 34) (Liu et al. 2012)
and NSCLC (n = 12) (Mei et al. 2014). The number of
SCC may be a factor for the contradicting results. Since the
studies of Liu et al. (2012), Mei et al. (2014) and ours were
all based on Chinese NSCLC patients, it could be possible
that microRNA-141 expression may be related to the race,
e.g., microRNA-141 may play a different role in the
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Table 3. The relationship between microRNA-141 and clinicopathological parameters in lung adenocarcinoma.

microRNA-141 relevant expression(29)
Clinicopathological feature n
Mean =+ s.D. t P-value

Tissue Adenocarcinoma 101 6.751 £7.819 2.704* 0.007
Adjacent non-cancerous lung 101 4.343 +£4.897

Age (years) <60 41 7.155 +10.132 0.428 0.67
>60 60 5.061 £ 5.347

Gender Male 56 6.437 £ 8.978 —0.448 0.655
Female 45 7.141 £ 6.157

Smoke No 26 7.342 +12.060 0.699 0.488
Yes 18 5.281 +£3.785

Tumor size (cm) <3 53 5.105+9.052 0.714 0.026
>3 48 8.568 = 5.744

Lymph node metastasis No 45 4.648 +3.813 —2.484 0.015
Yes 56 8.440 +9.644

Vascular invasion No 70 6.987 £ 8.643 0.455 0.650
Yes 31 6.127 £5.616

TNM I-1IT 44 4.890 + 3.738 -2.139 0.035
1I-1v 57 8.187+£9.676

Pathological grading 1 17 6.292£5.110 0.262° 0.770
11 61 7.200 £9.246
111 23 6.751 +7.819

EGFR amplification No 21 S5.114 +£3.411 -1.178 0.256
Yes 12 7.112 +£5.277

EGFR protein expression  low 22 6.270 +4.209 0.824 0.416
high 11 4.980 +4.303

EGFR mutation Wild type 20 5.269 £3.252 —0.869 0.397
Mutation® 13 6.719£5.416

“Paired ¢ student’s test was performed.
®One-way analysis of variance (ANOVA) test was performed.

°EGFR mutation included short in-frame deletions in exon 19 and point mutations that result in a substitution of arginine for leucine

at codon 858 (L858R) in exon 21.

Smoking history was collected for only 44 cases and EGFR amplification, protein expression and mutation were detected in 33
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Fig. 3. Kaplan-Meier survival curves for NSCLC patients.
NSCLC patients with high microRNA-141 expression
had a significantly poorer prognosis than those with low

expression (P =0.037).

NSCLC of yellow race and white race. However, this
hypothesis needs to be verified and thoroughly investigated.
Besides, for the first time, we employed ROC curve to ana-
lyze the diagnostic value of microRNA-141 level in
NSCLC patients. As a result, ROC demonstrated that
microRNA-141 had a moderate diagnostic value for
NSCLC with the AUC of 0.707. Meanwhile, microRNA-
141 level in SCC had higher diagnosis value than that in
ADC. Together with literatures, the current finding strongly
indicates the possible role of microRNA-141 as an onco-
genic microRNA in NSCLC and the potential characteristic
of microRNA-141 in the carcinogenesis of NSCLC.
Interestingly, we found that the relative expression of
microRNA-141 was lower in the SCC-adjacent tissues than
that in the ADC-adjacent tissues. This difference could not
be explained by the histological morphology, since no obvi-
ous distinction of the adjacent tissues between SCC and
ADC was found, except that in some cases of SCC-adjacent
tissues, squamous metaplasia could be observed. We
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Table 4. Univariate Analysis of clinicopathological factors for overall survival in adenocarcinoma.

Subset HR 95% CI P-value
Age (years) < 60/> 60 0.956 0.470-1.945 0.901
Gender Male/Female 0.779 0.404-1.502 0.456
TNM I-11/11-1V 1.955 0.921-4.153 0.081
Tumor size (cm) <3/>3 1.396 0.725-2.691 0.318
Lymph node metastasis No/Yes 1.351 0.681-2.683 0.389
Vascular invasion No/Yes 1.059 0.562-1.995 0.860
Pathological grading I/1I-111 0.978 0.5-1.914 0.948
Pathological grading I-11/111 0.785 0.306-2.017 0.615
MicroRNA-141 Low/High 1.965 1.027-3.760 0.041

hypothesize that the altered unclarified mechanisms of
microRNA-141 expression in the tumorigenesis of SCC
and ADC lead to the variation of the expression level in
SCC- and ADC-adjacent tissues. Further work should
include absolutely normal lung tissues as controls, and in
vitro and in vivo experiments would also be required to fig-
ure out this issue.

MicroRNAs are proved to be more stable and repro-
ducible than mRNA (Ramshankar and Krishnamurthy
2013). Thus, circulating microRNAs might be considered
as blood-based biomarker in cancer diagnosis and prognosis
(Qu et al. 2011). However, Liu et al. (2012) failed to test
the aberrant microRNA-141 expression in serum of NSCLC
patients. Quantitative RT-PCR results showed that serum
level of microRNA-141 in NSCLC patients was not obvi-
ously different from normal volunteers, which was incon-
sistent with the overexpression in NSCLC tissues. Thus,
the expression profiles of microRNA-141 were variable in
NSCLC tissues and sera, suggesting that serum microRNA-
141 might not truly reflect the level of tumor microRNAs.
We also compared some microRNA profiles in the NSCLC
tissues and their paired serum samples, and found the simi-
lar conflicting expression patterns (data not shown). The
relationship between tissue microRNAs and serum micro-
RNAs is uncertain. Cancer heterogeneity of primary tumor
cells and circulating tumor cells could be one of the poten-
tial explanations for this discrepancy. Thus, the clinical
significance of serum microRNA-141 remains to be deter-
mined.

Regarding the relationship between microRNA-141
expression and clinicopathological parameters, Liu et al.
(2012) determined no association between microRNA-141
level and any clinicopathological feature. In the present
study, microRNA-141 expression with larger tumor was
found to be significantly higher than that with smaller ones.
Meanwhile, microRNA-141 expression was significantly
upregulated in lymph node metastatic group compared to
that in the non-metastatic group. Interestingly, when
NSCLC patients were divided into SCC, ADC and LCC,
we found that microRNA-141 expression level in SCC was
associated with tumor size. Additionally, microRNA-141
expression was correlated with the clinical TNM stage. The

status of tumor size and lymph node metastasis generally
reflects tumor growth, invasion and metastasis and the dis-
ease deterioration. Thus, the result in current study reveals
an obvious relationship between the high expression level
of microRNA-141 and the progression of NSCLC.
Furthermore, patients with high microRNA-141 level
tended to have shorter survival; namely, microRNA-141
was an independent prognostic indicator to predict the
prognosis of NSCLC, which was accordant with Liu et al.
(2012) and Tejero et al. (2014). Hence it may be valuable
to examine microRNA-141 expression for the prediction of
deterioration and prognosis of NSCLC.

Treatment strategies for NSCLC continue to evolve,
most of which have produced positive trial results for
EGFR TKIs in the first-line setting in molecularly targeted
populations (Zheng et al. 2013). Thus, we were also inter-
ested in the relationship between microRNA-141 expres-
sion and the EGFR status. However, no correlation was
found between microRNA-141 level and all EGFR status,
including EGFR amplification, EGFR protein expression
and EGFR mutations in exon 19 and exon 21.

Concerning the mechanism of microRNA-141 being
upregulated in advanced stage of NSCLC, different target
genes and pathways involved could play vital roles.
Diverse target genes and related signaling of microRNA-
141 have been demonstrated in NSCLC. Tejero et al.
(2014) found that overexpression of microRNA-141
reduced KLF6 protein levels and produced an increase of
secretion of VEGFA in vitro and microRNA-141 was asso-
ciated with higher blood micro vessel density in patient
tumor samples. Mei et al. (2014) reported that microRNA-
141 directly targets PH domain leucine-rich-repeats protein
phosphatase 1 (PHLPP1) and PHLPP2, which enhance the
proliferation of NSCLC cells by promoting cell cycle pro-
gression. The in-depth mechanism of microRNA-141
needs further investigation.

In conclusion, microRNA-141 level increases in
NSCLC tissues. The high expression level of microRNA-
141 was closely related to the poor prognosis of NSCLC.
Therefore, microRNA-141 may be a new biomarker for
molecular diagnosis, risk evaluation and prognosis predic-
tion of NSCLC.
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