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Abstract

Purpose  We investigated whether miRNA expression
profiles can distinguish and predict outcome of non-small-
cell lung carcinoma (NSCLC) patients with different his-
tological subtypes.

Methods High-throughput microarray was used to mea-
sure miRNA expression levels in six NSCLC samples.
Subsequently, quantitative reverse transcription polymer-
ase chain reaction (QRT-PCR) was used to verify findings
in an independent set of 54 squamous-cell lung carcinomas
(SCC), 51 lung adenocarcinomas (AD), and paired adjacent
non-neoplastic lung tissue.

Results We showed that, compared to adjacent non-neo-
plastic lung tissues, the expressions of miR-125a-5p and let-
7e were decreased in AD and SCC samples, while increased
expressions of miR-93, miR-205, and miR-221 were
observed in SCC samples. In addition, miR-205 expression
was significantly higher in SCC patients with lymph node
metastasis. Lower let-7e expression was associated with
lymph node metastasis, >3 cm tumor size, and differenti-
ation of the NSCLC AD subtype. High levels of miR-100
expression also correlated with the AD subtype in current
smokers. Moreover, induction of miR-93 and miR-205
expressions and reduction of let-7e were strongly associated
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with shorter overall survival in SCC patients, whereas AD
patient survival was only associated with reduced let-7e.

Conclusions We identified differential expression profiles
of miRNAs in AD and SCC. More importantly, in addition
to morphology and immunocytochemistry approaches, we
report that miR-93, miR-205, miR-221, and let-7e may
represent novel biomarkers for differential diagnosis and
prognosis of certain NSCLC subtypes or be new targets of
histology-specific treatments. Furthermore, our results
suggest a strong correlation between high expression of
miR-100 and AD patients with history of heavy smoking.

Keywords MicroRNAs - Expression - Quantitative
RT-PCR - Non-small-cell lung carcinoma - Histological
subtypes - Cigarette smoking

Introduction

Lung carcinoma is the most common cause of cancer
incidence and cancer-related deaths worldwide. Among the
non-small-cell lung cancer (NSCLC) patients, squamous-
cell lung carcinoma (SCC) and lung adenocarcinoma (AD)
represent the two major subtypes. Despite improvements in
early diagnosis and development of new chemo-or/and
targeted therapies, the overall 5-year survival rate remains
low (Miller 2005). Patients with AD and SCC are normally
treated with surgical resection, followed by radiation and/
or chemotherapy. However, the outcomes for the two
NSCLC subtypes are different, possibly due to the unique
histopathological characteristics between them.
MicroRNAs (miRNAs) are a group of small non-protein-
coding RNAs that demonstrate distinctive temporal and/or
spatial expression patterns. These expression profiles have
been successfully used to distinguish tumors from normal
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tissues and from different developmental origin, and have
great potential to diagnose the cytological and histological
origins of tissues with unclear differentiated phenotypes (Lu
et al. 2005). Recently, study of miRNA profiles in NSCLC
patients has unveiled a potential new tool in predicting
diagnosis and prognosis (Lu et al. 2005). However, the
actual role miRNAs played in distinguishing patients with
certain NSCLC subtypes has not been established; this
approach is particularly promising for helping to identify
novel therapeutic targets that may enhance our ability to
understand and treat the two types of patients.

Studies have shown that miRNAs can be used to define
some NSCLC subtypes (Bishop et al. 2010; Landi et al.
2010; Raponi et al. 2009). Yanaihara and colleagues
(Yanaihara et al. 2006) identified six miRNAs (miR-205,
miR-99b, miR-203, miR-202, miR-102, and miR-204) that
were expressed at distinct levels in lung AD and SCC
subtypes. miR-99b and miR-102 expressions, for example,
were higher in AD than in SCC. Landi and colleagues
(Landi et al. 2010) also reported different miRNA
expression profiles in patients with AD and SCC and
demonstrated their role in prognosis. For example, high
levels of miR-155 and miR-146b were strongly associated
with poor overall survival of SCC patients. Thus, an
aberrant expression profile of miRNAs might be a signifi-
cant indicator for the different subtypes of lung cancer.

In this study, we investigated the miRNA expression
profile in patients with AD and SCC subtypes and exam-
ined the potential correlation of different miRNA expres-
sion to treatment outcomes and prognosis.

Materials and methods
Patients and samples

NSCLC and matched adjacent non-cancerous tissues were
excised from patients undergoing surgery at the Zhoushan
Hospital from January 2008 to December 2010. The tissue
specimen was immediately transported to the clinical
pathologic laboratory. Each sample was placed in a cryo-
vial, flash-frozen in liquid nitrogen for 30 min, and then
stored at —80 °C until use in analysis. The cytology
specimens, which contained the majority of tumor cells and
were used to study the expression of miRNAs, were for-
malin-fixed and stained with hematoxylin and eosin
(H&E). All cases were reviewed by two pathologists, and
the diagnosis was confirmed according to the recently
published guidelines from the recent national comprehen-
sive cancer network (NCCN). Moreover, there was no
major evidence of inflammation or other underlying lung
diseases in the tumor species. Figure 1a shows the standard
H&E staining of SCC, while Fig. 1b shows the
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pathological changes in the AD subtype. The clinicopath-
ological parameters are presented in Table 1.

All samples were obtained with patient informed con-
sent. The study was approved by the Hospital’s Ethical
Research Committee.

RNA and miRNA isolation

Total RNA was isolated from six lung carcinomas and
matched adjacent non-neoplastic tissues using the TRIzol
reagent (Invitrogen, USA), according to the manufacturer’s
instructions. The purified RNA was subsequently used in
microarray analysis. miRNAs were extracted from 100 mg
of cancer samples and adjacent non-cancerous tissues using
a commercially available miRNA isolation kit (Applied
Biosystems Inc. (ABI), USA) and following the manufac-
turer’s protocol. RNA concentration was determined using
the NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, USA).

miRNA microarray and data analysis

Three—five microgram of total RNA was labeled by ligation
of an RNA linker, pCp-Cy3, to the miRNA 3’-end. Agilent
microarray slides were then incubated with the labeled RNA
and washed, according to the manufacturer’s instructions.
Arrays were scanned using the Agilent Microarray Scanner
at the fixed PMT setting of 600 and a scan resolution of
61 x 21.6 mm. A total of 509 miRNAs passed the initial
screening criteria of median normalized fluorescence signal.
The microarray hybridization images were analyzed using
SpotReader software (Niles Scientific, USA).

Quantitation of miRNAs by quantitative reverse
transcription polymerase chain reaction (QRT-PCR)

Expression of miRNA was quantified by qRT-PCR using
ABT’s human TagMan MicroRNA Assay Kit. The reverse
transcription reaction was carried out with ABI’s TagMan
MicroRNA Reverse Transcription Kit at 16 °C for 30 min,
42 °C for 30 min, and 85 °C for 5 min. PCR amplification
was performed using miRNAs-specific primers. The reac-
tion mixtures were incubated in an ABI 7500 Fast Real-
Time PCR system at 95 °C for 10 min, followed by 40
cycles of 95 °C for 15 s and 60 °C for 1 min. The cycle
threshold (Ct) values were calculated by the SDS 2.0.1
software from ABI.

Sample score and statistical analysis
The differences in the expression levels detected by miRNA

microarray were assessed by a two-sided paired ¢ test within
significance analysis of microarrays (SAM). The nine
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Table 1 Clinicopathological characteristics of patients with NSCLC
evaluated by miRNA microarray and qRT-PCR

Characteristics Microarray qRT-PCR
All patients, n 6 105
Mean age, years 56 58

<60, n 4 52

>60, n 2 53
Range, n 46-74 40-72
Sex, n

Male 6 83

Female 0 22
Smoking, n

Non-smokers 0 36

Current smokers 6 67
Tumor size, n

0-3 cm 3 20

>3 cm 3 85
Histological classification, n

AD 3 51

SCC 3 54
Differentiation, n

Moderate—well 2 37

Poor 4 68
Lymph node, n

Negative 5 60

Positive 1 45
Stage classification, n

Stage I/I1 4 69

Stages III and IV 2 36

Fig. 1 Immunohistochemical morphology (H&E staining) of lung
adenocarcinoma and squamous-cell lung carcinoma subtypes. Lung
tumors from a SCC and b AD patients were inflated, fixed in

differentially expressed miRNAs and two small nuclear (sn)
RNAs, U6 snRNA and U48 snRNA, were measured in
triplicate by qRT-PCR. The average Ct for each triplicate
(AvgCrinir20s,  AVECinie3, AVECimiraa1,  AVEClniroe
AVgCtinons AVEClminerzes AVECtnirio0, AVEClmir125a-5ps
AvgCtye, and AvgCtyyg) was calculated. Fold changes in
gene expression were calculated by the equation for 274A¢
normalized with  ACt = [AvgCtyirna — (AvgCtys +
AvgCtusg)2] and AACt = [ACtnscLe — ACton-neoplastic
lung tissue] (Livak and Schmittgen 2001). Statistical analysis
was performed with SPSS 11.5 and Graphpad Prism 5.0
statistical software packages. Homogeneity variance, one-
way ANOVA, or Mann—Whitney test was used to analyze
the correlation between expression of miRNAs and clini-
copathological features of the patients. The Pearson corre-
lation test was used to analyze the correlation between
expression of miR-100 and smoking status of AD patients.
Survival was estimated by the Kaplan—-Meier method, and
the log-rank test was used to compare the survival distri-
bution between groups. Cox’s hazard regression model was
used to analyze the risk factors for patients with lung can-
cer. A P value <0.05 was considered significant.

Results

Differential miRNA profiles of adenocarcinoma
and squamous-cell lung cancer assessed by microarray

We initially performed miRNA profiling on six NSCLC
resected tumors and matched adjacent non-neoplastic lung

formalin, paraffin-embedded, and sectioned for histological analysis.
Slides were washed and counterstained with H&E to observe the
morphological changes. Original magnification x400
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tissues, including three squamous-cell lung carcinomas and
three adenocarcinomas, using an Agilent miRNA micro-
array containing 723 human miRNA probes (from version
10.0 of the miRBase sequence database). We compared the
miRNA expression levels detected from SCC and AD and
identified nine differentially expressed miRNAs (Table 2).
Among them, hsa-miR-205, hsa-miR-93, hsa-miR-221, and
hsa-miR-30e were found to be overexpressed in SCC
(P values: 0.024, 0.042, 0.028, and 0.027, respectively). In
contrast, hsa-miR-29b, hsa-miR-29c, hsa-let-7e, hsa-miR-
100 and hsa-miR-125a-5p were found to be more highly
expressed in lung AD (P values: 0.017, 0.012, 0.023, 0.040,
and 0.012, respectively).

Validation of differentially expressed miRNAs
by qRT-PCR

The levels of the nine differentially expressed miRNAs
identified by microarray were confirmed by qRT-PCR
using a subset of 105 samples that included 51 AD and 54
SCC. Since high expression of U48 and U6 snRNA has
been previously reported in both AD and SCC patients,
these molecules were used as positive controls (Thomson
et al. 2006). Results showed that, compared to adjacent
non-neoplastic lung tissues, the expression levels of miR-
125a-5p and let-7e were significantly decreased in AD
samples (P values: 0.0008 and 0.0166, respectively). In the
SCC subtype, the expression levels of miR-93, miR-205,
and miR-221 were increased (P values: 0.0013, 0.0347, and
0.0471, respectively; Fig. 2), but miR-125a-5p and let-7¢
were decreased (P values: <0.0001 and 0.0034, respec-
tively; Fig. 2). In addition, partly consistent with the
findings from microarray, the results of qRT-PCR showed
that the expression level of miR-205, miR-221, and miR-
30e were increased (P values: 0.0003, <0.0001, and

29b, miR-125a-5p, and let-7e were decreased (P values:
0.0082, 0.0187, and 0.0002, respectively; Fig. 3) in SCC
patients compared to AD patients. Note that the expression
levels of miR-29¢, miR-93, and miR-100 had no significant
differences between the two lung carcinoma subtypes
(P values: 0.1168, 0.1024, and 0.8949, respectively;
Fig. 3).

Differentially expressed miRNAs correlated
to clinicopathological parameters of NSCLC

To identify the clinical relevance of miRNA expression in
AD and SCC, the clinicopathological parameters, including
tumor size, lymph node metastasis, differentiation, and
clinical TNM stages, were subjected to correlation analysis
(Table 3). Our results showed that the low expression level
of let-7e was uniquely associated with >3 cm tumor size
and differentiation of lung cancer in AD subtype, but not
with those parameters in SCC. However, SCC patients with
lymph node metastasis and advanced stage were associated
with high-level expression of miR-205 and miR-221,
respectively (Table 3).

Effect of cigarette smoking on miRNA expression
in NSCLC subtypes

We also tested whether tobacco smoking affected miRNA
expression by comparing smokers versus non-smokers
with the AD and SCC subtypes. Mann—Whitney test
found that miR-100 was significantly higher in current
smokers than that in non-smokers with the AD subtype
(P = 0.0395), while no significant difference was
observed in the SCC subtype patients (P > 0.05). More-
over, expression of miR-100 showed a significant increase
in AD patients who were smoking more than 20 ciga-

0.0253, respectively; Fig. 3), whereas the levels of miR-  rettes/day, or for 20 years or more (Hecht 1999)
Table 2 Comparison of miRNAs P value GM*® in AD GM in SCC Fold change
miRNA expressions in SCC and
SCC versus AD
AD groups (n = 3)
Up-regulated
hsa-miR-205 0.02377* 0.10 5.39 5.29
hsa-miR-93 0.04982%* 0.51 1.49 0.98
hsa-miR-221 0.02799* —0.64 1.17 1.81
AD, lung adenocarcinoma; SCC, hsa-miR-30e 0.02720% 0.19 0.28 0.09
squamous-cell lung carcinoma
£ P <005 dto Down-regulated
ooy as compare O e miR-29b 0.01743* 0.84 ~129 213
a . hsa-miR-29¢c 0.01220%* 0.41 —1.29 —1.70
GM, genometric mean of
miRNAs expression in AD and hsa-let-7e 0.02288* —0.11 —1.29 —1.18
SCC samples compared to hsa-miR-100 0.04058°* 0.06 —1.82 —1.88
adjacent non-neoplastic lung hsa-miR-125a-5p 0.01244* —0.047 ~1.19 —1.24

tissues normalized with EBV
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Fig. 2 qRT-PCR analysis of miRNAs in lung carcinomas and
matched non-cancerous tissues. Total miRNA was isolated from
a lung adenocarcinoma (n = 51), b lung SCC (n = 54), and matched
noncancerous tissues. qRT-PCR was performed to detect expression
levels of miR-93, miR-100, miR-205, miR-221, miR-125a-5p, and
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Fig. 3 qRT-PCR analysis of miRNAs in two subtypes of lung
carcinoma. Total miRNA was isolated from lung adenocarcinoma
(n = 51), lung SCC (n = 54), and matched non-neoplastic tissues.
qRT-PCR was performed to detect expression levels of miR-29b,
miR-29¢c, miR-93, miR-100, miR-205, miR-221, miR-125a-5p, miR-
30e, and let-7e. Unpaired ¢ test was used to compare the differential
expressions between the two subtypes of lung carcinoma. The
expression levels of miR-205, miR-221, and miR-30e were increased
(P values: 0.0003, <0.0001, and 0.0253, respectively), whereas miR-
29b, miR-125a-5p, and let-7e levels were decreased (P values:
0.0082, 0.0187, and 0.0002, respectively) in SCC patients compared
to AD patients. However, the expression level of miR-29c, miR-93,
and miR-100 was not significantly different between the two lung
carcinoma subtypes (P values: 0.1168, 0.1024, and 0.8949,
respectively)

(P values: 0.0017 and 0.048, respectively; Pearson:
r = 04355, P =0.0014, and r = 0.298, P = 0.047,
respectively; Fig. 4). Note that none of the other miRNAs
showed any significant correlations with tobacco smoking
in AD or SCC subtypes.

SCC patients

3 Normal *
B3 SCC

let-7e. Paired ¢ test was used to compare the differential expressions.
In a, the P values for miR-125a-5p and let-7e were 0.0008 and
0.0166, respectively. In b, the P values for miR-93, miR-205, miR-
221, miR-125a-5p, and let-7e were 0.0013, 0.0347, 0.0471, <0.0001,
and 0.0034, respectively. *P < 0.05, as compared to the control

Correlation between expression of miRNAs
and survival of NSCLC patients

Due to the observed differences in the miRNA expression
between the different subtypes, survival analysis was con-
ducted separately for AD and SCC patients. In patients with
AD, only let-7e (median: 0.19) was identified in the analysis
restricted to the overall survival time for the associations
(log-rank test: P = 0.0015; Fig. 5a). A risk prediction
analysis by Cox regression for miRNA expression also
showed that decreased let-7e was significantly associated
with overall survival in AD patients [P = 0.004, hazard ratio
(HR) = 1.04, 95 % confidence interval (CI) 1.01-1.07;
Table 4]. In the SCC patients, we found that expressions of
miR-93 (median: 4.29), miR-205 (median: 19.36), and let-7¢
(median: 0.56) were predictive of overall survival. By
Kaplan—Meier curves, Cox univariate, or multivariate anal-
ysis, these miRNAs showed a significantly higher HR for
poor prognosis (Fig. 5b—e). Patients with high miR-205 and
low let-7e levels had an increased probability of mortality,
which was potentially related to dose dependence
(P = 0.000, HR = 10.11, 95 % CI 3.01-33.96; Table 4).

Discussion

Lung cancer is the leading cause of cancer-related deaths
worldwide, and NSCLC accounts for 80 % of all cases of
lung cancer. Early diagnosis for NSCLC is difficult. Biopsy
and fine-needle aspirations are capable of confirming some
advanced lung malignancies; however, recent clinical trials
have indicated that distinct histological subtypes of
NSCLC respond differently to chemotherapy and numer-
ous target-specific treatment agents (Hirsch et al. 2008;
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Table 3 Association between miRNAs and clinicopathological characteristics in patients with AD and SCC NSCLC

n AD (n = 51) (2724¢) n SCC (n = 54) (2724¢)
miR-205 miR-221 let-7e miR-205 miR-221 let-7e
Tumor size
0-3 cm 13 7.06 £ 6.03 0.82 £ 0.76 2.16 £ 0.72 7 47.12 £+ 30.03 6.82 + 5.53 0.85 £+ 0.86
>3 cm 38 4.66 + 6.69 1.61 + 2.86 1.09 £+ 1.03 47 33.90 £+ 59.42 12.48 £+ 13.19 0.45 + 0.60
P value 0.273° 0.349° 0.018%* 0.047%+ 0.307° 0.689"
Lymph node metastasis
Negative 33 552+ 6.84 0.68 + 0.76 1.48 + 1.02 27 29.30 £+ 20.34 9.97 +£ 7.96 0.53 + 0.71
Positive 18 3.86 £ 5.21 493 £ 455 0.97 £ 1.03 27 40.98 + 76.79 13.59 £+ 15.80 0.59 £+ 0.58
P value 0.477* 0.155* 0.074° 0.022%* 0.405* 0.276°
Differentiation
Poor 27 3.58 £4.92 1.00 £+ 1.30 0.99 + 0.91 41 28.07 £+ 23.90 8.60 £+ 7.65 0.67 + 0.70
Moderate—well 24 6.69 + 7.53 1.81 £+ 3.26 1.99 £+ 1.16 13 37.48 £+ 63.30 12.78 + 13.69 0.43 + 0.65
P value 0.395* 0.734* 0.003"* 0.618° 0.318" 0.217°
TNM stage
Stage I/II 34 3.85 £ 4.90 0.65 + 0.70 1.29 + 1.06 35 44.56 + 7.12 9.55 +£ 10.73 0.45 + 0.68
Stage II/IV 17 7.74 £ 843 2.85 £ 3.84 1.05 £ 1.04 19 17.17 £ 16.89 16.45 £ 15.14 0.71 £ 0.68
P value 0.286 0.155 0.431° 0.069* 0.048%* 0.210°
Data are presented as mean £ SD
AD, lung adenocarcinoma; SCC, squamous-cell lung carcinoma
* P < 0.05, as compared to the control
# Man-Whitney U test
° One-way ANOVA
(@) (b)
& 807 50 -
-
1
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= 40 4 - > -
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Expression level of miR-100(2"24%") 197 Expression level of miR-100(224%

Fig. 4 Correlation between the expressions of miR-100 and smoking
status of lung adenocarcinoma patients. The correlation between the
expressions of miR-100 and smoking status of lung adenocarcinoma
patients was carried out by Pearson correlation test. Pearson’s

Scagliotti et al. 2008). Even when tissues are obtained by
resection, tumor classification can be difficult by the con-
ventional diagnostic techniques, including traditional light
microscopy and immunohistochemical staining (Jorda et al.
2009). However, efficacy of targeted therapies is dependent
not only on the presence of particular genetic alterations
but also on the precise NSCLC subtype; otherwise,
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correlation coefficient between the expression level of miR-100 and
a cigarette smoking (per day) (r = 0.435, P = 0.0014) and b smoking
duration (years) (r = 0.298, P = 0.047) is shown

treatment outcome is at best suboptimal and at worst
ineffective.

Several studies have shown that miRNA signatures can
distinguish squamous-cell lung carcinomas from adeno-
carcinomas and are useful prognostic predictors (Bishop
et al. 2010; Landi et al. 2010; Raponi et al. 2009). In the
study presented herein, we found that, as compared to
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Fig. 5 Kaplan—Meier survival curves for AD and SCC patients
according to let-7e, miR-93 and miR-205 expression. Kaplan—-Meier
survival curves for NSCLC patients were obtained based on the
median level of fold change detected for each miRNA. The P value
was calculated using the log-rank analysis showing the difference

adjacent non-neoplastic lung tissues, levels of miR-125a-
S5p and let-7e were decreased in AD and SCC tumor
samples, while miR-93, miR-205 and miR-221 were
uniquely increased in the SCC samples. This was further

between patients with high and low expression levels. Overall
survival time of patients with high versus low expression levels of let-
7e are shown for the a AD subtype and d SCC subtype, and of b miR-
93, ¢ miR-205, and e miR-205 for the SCC subtype. P < 0.05
indicates significant difference between the two groups

confirmed by the “gold standard” test of TagMan real-time
RT-PCR (Wang et al. 2011) using samples from NSCLC
patients. Our results suggested that, in addition to well-
known morphology and immunocytochemistry techniques,

@ Springer



1648 J Cancer Res Clin Oncol (2012) 138:1641-1650
Eile:s :g frfé)ii?l;ﬁjie:;lsogf miRNA MST Log-rank Hazard 95 % Confidence P value
patientskwith NSCLC (months) P value ratio interval
AD subtype
let-7e
High, >0.19 NR
Low, <0.19 21.40 0.0160% 1.04 1.01-1.07 0.004*
SCC subtype
miR-93
Low, <4.29 NR
High, >4.29 20.92 0.0080%* 1.08 1.04-1.23 0.016*
miR-205
Low, <19.36 NR
High, >19.36 16.25 0.0024* 42.33 1.51-148.52 0.000%
miR-125a-5p
High, >0.29 NR
Low, <0.29 21.00 0.045* 0.31 0.09-1.09 0.069
let-7e
High, >0.56 NR
NR, not reached; AD, lung Low, <0.56 13.67 0.000% 9.04 2.55-32.05 0.001*
adenocarcinoma; SCC, High let-7e and low miR-205 NR
squamous-cell lung carcinoma Low let-7e or high miR-205 1878 0.0012* 312 1.45-5.67 0.004*
* P < 0.05, as compared to the Low let-7e and high miR-205  12.60 0.000% 1011 3.01-33.96 0.000%

control

miR-93, miR-205, miR-221 and let-7e could be used as an
additional tool to distinguish SCC from AD NSCLC sub-
types, as suggested by other studies (Bishop et al. 2010;
Lebanony et al. 2009).

miR-205 is a well-characterized miRNA that is highly
expressed in SCC, as compared to AD (Bishop et al. 2010;
Lebanony et al. 2009; Xing et al. 2010) and similar to our
findings. However, a recent study showed that miR-205
levels in NSCLC were only slightly capable of distin-
guishing AD from SCC (Vescovo et al. 2011). These dis-
cordant results may be explained by the fact that each study
used relatively few NSCLC samples (25 AD, 24 SCC, and
1 adenosquamous case). Thus, the biologic role played by
miR-205 in SCC remains to be determined. As a member
of the miR-200 family, miR-205 is capable of suppressing
epithelial to mesenchymal transition by targeting the
transcriptional factors ZEB1 and SIP1 (Gregory et al.
2008). Majid and colleagues reported that induced
expression of miR-205 stimulated apoptosis and cell cycle
arrest, but inhibited cell growth, migration, and invasive-
ness of prostate cancer cells. In addition, miR-205 was
demonstrated to specifically activate the tumor suppressor
genes 1124 and IL32 by targeting specific sites in their
promoters (Majid et al. 2010). Our results demonstrated a
strong correlation between overexpression of miR-205 and
lymph node metastasis, suggesting that miR-205 might
activate cancer-associated dysregulated genes, thereby
contributing to tumor migration and eventual mortality.
Further studies should explore the detailed biological
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functions of miR-205 in NSCLC, especially in the SCC
subtype.

Yu and colleagues evaluated the expression of 157
miRNAs and found that five miRNA signatures could be
used as an independent predictor of overall survival in
patients with NSCLC (Yu et al. 2008). Raponi and col-
leagues reported that miR-146b and miR-155 were asso-
ciated with overall survival in SCC (Raponi et al. 2009;
Yanaihara et al. 2006). Yanahaira et al. (2006) presented
data that suggested high levels of miR-155, along with low
let-7a expression, were related to poor prognosis in lung
AD (Yanaihara et al. 2006). Herein, we explored the
association of miRNAs expression with survival from
different subtypes of lung cancer. Our results demonstrated
a distinct expression pattern of let-7e, miR-93, and miR-
205 that was correlated with overall survival in different
NSCLC subtypes, suggesting a potential unique role for
this profile in predicting survival of patients with different
NSCLC subtypes. Reduced expression of the let-7 family
was correlated with increased tumorigenesis and poor
survival in lung cancer (Landi et al. 2010; Ragusa et al.
2010; Takamizawa et al. 2004). Consistent with this, we
found that low let-7e expression was associated with lymph
node metastasis and >3 cm tumor size in the NSCLC AD
subtype. Taken together with the survival data, this finding
suggested that let-7e might play an important prognostic
role in this type of NSCLC. Let-7e has been shown to
target RAS and other oncogenes involved in regulation of
cell cycles, such as the high mobility group AT-hook 2
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(HMGA?2), myelocytomatosis (MYC), cyclin-dependent
kinase 6 (CDK6), and cell division cycle 25 (CDC25)
(Medina and Slack 2008; Johnson et al. 2007; Lee and
Dutta 2007). Patients with high miR-205 and low let-7e
had significantly increased risk of cancer death, suggesting
the existence of dynamic miRNA expression that may play
a role in tumor progression (Li et al. 2009). Further studies
of the regulatory mechanism involving miR-205 and let-7e
would likely increase our understanding of the molecular
pathogenesis of certain NSCLC subtypes.

Tobacco smoking is a well-known risk factor for lung
cancer mortality (Boffetta et al. 2011; Frost et al. 2011);
however, the effect of tobacco smoking on miRNA expression
has not been completely elucidated. Izzotti and colleagues
reported that miRNAs were decreased in rats exposed to
cigarette smoke (Izzotti et al. 2009). Likewise, a screening
cohort study by Van Pattelberge and colleagues showed that
34 miRNAs were differentially expressed between human
non-smokers and current smokers without airflow limitation
(Van Pottelberge et al. 2010). In our study, we demonstrated a
strong correlation between high expression of miR-100 and
tobacco smoking status in AD patients, suggesting that miR-
100 might play an important role in contributing to cigarette
smoke-induced lung cancer. More studies are needed to
confirm this. Since the majority of SCC patients enrolled in
our study were tobacco smokers, the link between miR-100
expression and tobacco smoking in SCC patients needs to be
more precisely evaluated in future studies.

In summary, we identify differential expression profiles
of miRNAs in AD and SCC. More importantly, we show
that, in addition to the established morphology and
immunocytochemistry approaches, miR-93, miR-205,
miR-221 and let-7e may represent novel biomarkers for
differential diagnosis and prognosis of certain NSCLC
subtypes. These miRNAs may also represent new targets of
histology-specific treatment approaches. Finally, miR-100
appears to play a role in cigarette smoke-induced lung
cancer, although larger sample population and functional
tests need to be performed to confirm this observation.
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