OPEN @ ACCESS Freely available online @ PLOS ‘ ONE

A MicroRNA Signature Predicts Survival in Early Stage
Small-Cell Lung Cancer Treated with Surgery and
Adjuvant Chemotherapy

Nan Bi', Jianzhong Cao', Yongmei Song?, Jie Shen', Wenyang Liu', Jing Fan?, Jie He?, Yuankai Shi?,
Xun Zhang®, Ning Lu®, Qimin Zhan**, Luhua Wang'*

1 Department of Radiation Oncology, Cancer Hospital and Institute, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China, 2 State Key
Laboratory of Molecular Oncology, Cancer Hospital and Institute, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China, 3 Department
of Thoracic Surgery, Cancer Hospital and Institute, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China, 4 Department of Medical
Oncology, Cancer Hospital and Institute, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China, 5 Department of Pathology, Cancer
Hospital and Institute, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China

Abstract

Small-cell lung cancer (SCLC) is one of the most aggressive cancers, yet the molecular mechanisms underlying its
devastating clinical outcome remain elusive. In this study, we investigated whether microRNA (miRNA) expression profiles
can predict the clinical outcomes of SCLC patients. A total of 82 patients with limited SCLC, who were treated with surgical
resection and adjuvant chemotherapy, were enrolled in this study. First, we surveyed the expression of 924 miRNAs from 42
SCLC patients to discover survival-relevant miRNAs and develop prognostic models, which were then validated in an
independent cohort of 40 cases using quantitative real-time PCR. We found that the miR-150/miR-886-3p signature was
significantly correlated with the overall survival (OS) of SCLC patients (p=0.02) in the training set, and both miRNA
expression levels were much lower in the SCLC samples than normal lung samples. The miRNA signature also proved to be a
significant predictor of survival in the validation set. Patients with high-risk miRNA signatures had poor overall survival
(p=0.005) and progression-free survival (p=0.017) compared with those with low-risk scores. These findings retained
statistical significance after adjusting for age, gender and smoking status (HR: 0.26, 95%: Cl 0.10-0.69, p =0.007), which
suggested it may be an independent predictor of survival. In summary, we developed a prognostic miR-150/miR-886-3p
signature and validated expression in an independent dataset of resectable SCLC. These preliminary results indicated that
miRNAs may serve as promising molecular prognostic markers and new therapeutic targets for SCLC.
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Introduction growth factor receptor (EGFR) mutations, K-ras mutations and
P16 inactivation are frequently found in NSCLC, but not in
SCLC [2-4]. However, the underlying mechanisms by which
SCLC rapidly progresses remain to be defined, and the
identification of these mechanisms could promote the develop-
ment of novel therapeutic agents and improve the management of
. e " i ) this challenging disease.
}ncreasmg in China, where s.rnoklng.prevalen.ce also contm’ues to MicroRNAs (miRNAs) are a class of noncoding RNAs that are
increase.  Although S(?LC is considered highly respo.ns.lve to approximately 22 nucleotides long and are post-transcriptional
chemotherapy and radlotherapy, relapse often occurs within two regulators of gene expression. Because of their fundamental role in
years and the overall survival (OS) beyond five years is e . . : : .

¢ ; A development and differentiation, involvement in the biological
approximately 3%-8%. To improve clinical outcomes, new drugs . . . . . )

mechanisms underlying tumorigenesis and progression, as well as

have been. developed, but it is discouraging that th_e survival for low complexity, stability, and easy detection, miRNAs represent a
both localized and advanced SCLC has plateaued in the past 20 . . ) .
promising class of tissue- and blood-based biomarkers of cancer.

years. . . . A number of researchers have demonstrated that aberrant
SCLC is thought to carry a variety of molecular abnormalities . N
. ) miRNA expression is closely related to the development and
that are quite different from NSCLC. For example, TP53 o .
progression of many cancers, behaving as tumor suppressors or

mutations, Rb inactivation and c-Myc amplification are common - . .
’ y 5-10]. R t data f Itiple stud \
in SCLC compared to NSCLC [2,3]. In contrast, cpidermal  Onc08enes [o-10]. Recent datafrom multiple studies strongly

Lung cancer remains the leading cause of death in the world,
and small-cell lung cancer (SCLC) accounts for 15-25% of cases
[1]. Clinically, SCLC is distinguished from non-small cell lung
cancer (NSCLC) by rapid tumor growth and the early onset of
metastases. Unlike in most Western countries, SCLC rates are still
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support the potential of microRNAs as biomarkers for NSCLC
[11-17]. In addition, altered microRNA expression is also
associated with tumor progression and survival in NSCLC cancer
patients. A global miRNA expression pattern assessed using
microarray based analysis has been established, and several
NSCLC “miRNA signatures” have been proposed for improved
molecular staging and classification of NSCLC [18-21]. However,
the clinical significance of miRNAs in SCLC has not been well
established.

To investigate the role of aberrant miRNA expression profiles in
SCLC, we first surveyed 924 known miRNAs in formalin-fixed
paraffin-embedded (FFPE) specimens from 42 patients and
identified a dual-miRNA signature to predict the clinical outcome
of early stage SCLC patients treated with surgical resection
followed by adjuvant chemotherapy. This association was further
validated with quantitative reverse transcriptase polymerase chain
reaction (QRT-PCR) analysis of 40 additional patient specimens,
and the prognostic value of the signature appears to be
independent of age, gender and smoking status in multivariate
Clox regression analysis.

Materials and Methods

Ethics Statement

This retrospective study was approved by the Institutional
Review Board of the Cancer Hospital and Institute of Chinese
Academy of Medical Sciences and Peking Union Medical College.
All of the patient records used in this study were made anonymous
and de-identified before analysis.

Patients and samples

We retrospectively studied formalin-fixed paraffin-embedded
(FFPE) specimens from patients who were diagnosed with
resectable limited SCLC and underwent surgery followed by
adjuvant chemotherapy (platinum-based regimens such as cisplat-
in/etoposide and carboplatin/etoposide) at the Cancer Hospital
and Institute of Chinese Academy of Medical Sciences (Beijing,
China) between January 2000 and December 2005. All of the
patients had an ECOG performance status of 0—1, and patients
with mixed small-cell/large-cell carcinoma or combined small cell
carcinoma were excluded. In total, 82 SCLC patient samples were
analyzed, among which 42 samples were used as a screening set to
identify miRNAs associated with survival using a miRNA
microarray. The selected miRNAs were then validated in the
remaining 40 patients using real-time PCR. Hematoxylin and
eosin (H&E) sections of all of the samples were reviewed by a
pathologist to confirm the diagnosis. Three normal lung tissue
(NL) samples were obtained from macroscopically uninvolved
areas 2-3 cm away from benign nodules of patients who
underwent surgical resection. All of the NL tissues were
histopathologically assessed and were morphologically normal.

RNA extraction

Low-molecular-weight RNA was isolated from total RNA,
which was extracted with TRIZOL, using a PEG solution
precipitation method [22]. In brief, to obtain low molecular
weight RNA, total RNA was precipitated with equal amounts of
PEG solution, and the supernatant was precipitated using
isopropanol. All of the RNA extracts were assessed and showed
no signs of RNA degradation.

miRNA microarray analysis

Microarray analysis was performed as previously described [23].
Briefly, RNA was labeled using the T4 RNA ligase labeling
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method. Hybridization was performed using a custom microRNA
microarray panel (CapitalBio, Beijing, China), which included
probes in triplicate for 924 mature human and mouse miRNA
sequences and eight short oligonucleotides that possessed no
homology to any known RNA sequence as external controls. The
hybridized arrays were scanned with a LuxScan 10K-A laser
confocal scanner, and the images obtained were then analyzed
using the LuxScan 3.0 software (CapitalBio, Beijing, China) [6].
For data processing, only data for the human miRNAs (546 of 924)
was examined. First, the raw data were pre-processed to filter out
miRNAs with maximum intensities less than 300 to reduce bias in
the normalization step. After filtration, 456 (83.5%) of 546
miRNAs were included for further analysis. Then, the average
values of the replicate spots for each miRNA were background-
subtracted, and the signals were normalized using the median
center tool for genes with Cluster 3.0 software.

Hazard ratios (HR) from univariate Cox regression analysis, a
standard method in biostatistics for examining survival data that
minimizes bias by simply removing censored patients, were used to
identify which miRNAs were correlated with the OS of the
patients [21]. We used a P-value of 0.1 as the cutoff for gene
selection. A risk score for the miRINA signature survival prognosis
was calculated according to a combination of the expression level
of the miRNA weighted by the regression coefficient derived by
univariate Cox regression analysis [21,24,25]. A class comparison
with the nonparametric Mann-Whitney U test was also performed
to identify differently expressed miRNAs between the 42 SCLC
samples and the three NL samples.

All of the raw data were deposited in a MIAME compliant
database (ArrayExpress, GEO: GSM678225 - GSM678266).

miRNA quantitative real-time RT-PCR

cDNA was prepared from 100 ng of total RNA with specific
primers for miR-886-3p, miR-150 or U6 as the internal control.
For the detection of mature miRNAs, quantitative miRINA RT-
PCR was performed using the stem-loop qRT-PCR method [26].
The oligos used included the miRNA common reverse primer,
GTGCAGGGTCCGAGGT; miR-150, TCTCCCAACCCTTG-
TACCAGTG; miR-150 RT primer, GTCGTATCCAGTG-
CAGGGTCCGAGGTATTCGCACTGGATACGACCACTGG;
miR-150 forward primer, GTCTCCCAACCCTTGTACCA;
miR-886-3p, CGCGGGTGCTTACTGACCCTT; miR-886-3p
RT primer, GTCGTATCCAGTGCAGGGTCCGAGGTATT-
CGCACTGGATACGACAAGGGT; miR-886-3p forward prim-
er, CACGCGGGTGCTTACTGAC; U6 forward primer, CTC-
GCTTCGGCAGCACA; and U6 reverse primer, AACGCTT-
CACGAATTTGCGT. qRT-PCR was performed using an ABI
Prizm 7300 Sequence Detection System with LightCycler DNA
Master SYBR Green I mix (Roche Molecular Biochemicals,
Mannheim, Germany) following the manufacturer’s instructions.
The level of miRNAs was determined using the 9 AAC method
with SDS 1.3 software, normalized to the level of the internal
control, U6, and plotted for inter-cellular comparison.

Endpoints

The primary endpoint of this study was OS. Secondary
endpoints included progression-free survival (PFS), local-regional
control (LRC), and distant metastasis-free survival (DMFS). OS
was calculated from the date of diagnosis to death from any cause
or the last known date that the patient was alive. PFS was defined
as the duration from the date of diagnosis to the date of failure
either in the thorax or at distant sites, the date of death from any
cause, or the date of the last patient follow-up.
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Table 1. Clinical characteristics of the LD-SCLC patients.
Training Testing
Characteristic set set Total
(N=42) (N =40) (n=82)

Age, years

Median 60.1 55.0 57

Range 33.0-77.0 33.0-73.0 33.0-77.0
Sex

Male (%) 30 (71.4) 32 (80.0) 62 (75.6)

Female (%) 12 (28.6) 8 (20.0) 20 (24.4)
Smoking status

Current/former smokers (%) 30 (71.4) 29 (72.5) 59 (72.0)

Never smokers (%) 12 (28.6) 11 (27.5) 23 (28.0)
No. of ChT cycle (Platinum-based)

2-4 24 19 33

4-6 17 13 30

>6 1 8 9
Median OS, months 56.0 67.4 67.4
Median PFS, months NR 44.6 47.7
Median LRC, months NR NR NR
Median DMFS, months NR 60.0 60.0
LD, limited stage disease; SCLC, small cell lung cancer; No, number; ChT,
chemotherapy; OS, overall survival; PFS, progression-free survival; LRC, local-
regional control; DMFS, distant metastasis-free survival; NR, not reached.
doi:10.1371/journal.pone.0091388.t001

LRC was calculated from the date of diagnosis to the first local-
regional (thorax) recurrence, and DMFS was calculated from the
date of diagnosis to the first distant metastasis, the date of death
from any cause, or the date of the last patient follow-up.

Statistical analysis

The clinical characteristics of different groups were compared
using the independent student’s t test, % test, or Fisher’s exact test.
The correlation between the microarray data and the gRT-PCR
data was analyzed with the Spearman correlation. OS, PFS, LRC
and DMFS were estimated with the Kaplan-Meier method and
log-rank test. HRs were calculated with Cox regression analysis. A
multivariate Cox regression model was used to test if the miRNA
signature was an independent prognostic factor when adjusted for
age, sex, and smoking status. All of the analyses were performed
using the SPSS software package (version 11.5, SPSS Inc.,
Chicago, IL). A two-sided p-value of less than 0.05 was considered
to be statistically significant.

Table 2. microRNAs associated with overall survival in SCLC.

MicroRNA Expression and SCLC Prognosis

Results

The clinical characteristics of the 82 SCLC patients are listed in
Table 1. The median follow-up time was 57.2 months. Forty-four
patients are still alive. Forty-two patients had recurrent disease,
and the median time to a diagnosis of relapse was 12.3 months.

In the training set, we identified two miRNAs, miR-150 and
miR-886-3p, that were associated with poor OS using the Cox
proportional hazard regression model. Both of them were
protective (Table 2). The comparison between NL and SCLC
tissues also verified that miR-150 and miR-886-3p expression
levels in SCLC tumors were much lower than in NL samples
(Fig 1).

We then derived a formula to calculate the risk score for every
patient from the expression level of the two miRNAs associated with
OS, weighted by Cox regression coefficients: Risk Score =(0.545 x
expression level of miR-150) + (0.617 xexpression level of miR-886-
3p). Patients in the training set were divided into high-risk or low-
risk groups using the median miRNA signature risk score as the
cutoff. Patients with higher risk scores are expected to have poor
OS. Compared to patients with a low-risk miRNA signature,
patients with a high-risk signature had significantly shorter median
OS (12.6 months compared with not reached, p=0.02) (Fig. 2A).
Likewise, patients in the high-risk group had shorter PFS and
DMEFS times than those in the low-risk group (Both p-values were
0.045) (Fig. 2B-C). However, LRCs were similar between the two
groups (p = 0.36) (Fig. 2D).

To validate the microarray hybridization expression data, the
expression levels of the two miRNAs associated with OS were
quantified using qRT-PCR in 10 SCLC tissues randomly chosen
from the training set. Significant correlation was observed between
log 2-transformed array signal intensities and qRT-PCR Ct values
for both miR-150 (r=0.94, p<<0.001) and miR-886-3p (r=0.75,
p=0.01) (Fig. 3).

Next, we used the same risk score formula obtained from the
training set to calculate the miRNA signature risk score for 40
patients in the testing set, for which the miRNA levels in FFPE
specimens were determined by qRT-PCR. Again, the high
miRNA signature risk score patients exhibited shorter survival
than in the low-risk group (median OS 18.9 months compared
with not reached, p=0.005) (Fig. 4A). PFS, DMFS, and LRC
were also significantly shorter in the high than the in the low risk
group (PFS p=0.017, DMFS p=0.019 and LRC p=0.031,
Fig. 4B, 4C, and 4D). The multivariate Cox-regression analysis
was performed to further evaluate whether the dual-miRNA
signature is an independent prognostic factor associated with
survival in this testing set. Our results showed that the miRNA
signature remained an independent prognostic factor for OS (HR:
0.26, 95%: CI 0.10-0.69, p=0.007), PF'S (HR: 0.36, 95%: CI
0.15-0.86, p=0.02), DMFS (HR: 0.34, 95%: CI 0.13-0.86,
p=0.02), and LRC (HR: 0.26, 95%: CI 0.07-0.99, p = 0.05) after
adjustment for age, gender and smoking status (Table 3).

miRNA Hazard ratio  p value Location Gene references into functions

miR-886-3p 0.54 0.045 5q31.1 Predicting outcome in AML [43]; regulating cell proliferation and migration in
familial non-medullary thyroid cancer [44].

miR-150 0.26 0.049 19913.33 Down-regulated in leukemia (1), colorectal cancer [45] and malignant pancreatic

tissues [35]; down-regulated associated with shorter survival and a worse response
to adjuvant chemotherapy in colorectal cancer [37].

doi:10.1371/journal.pone.0091388.t002
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Figure 1. Comparison of expression levels of miR-886-3p and miR-150 between SCLC tumors and normal lung tissues (NL).
doi:10.1371/journal.pone.0091388.9001

method, and the concordance between these two platforms was
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Figure 2. Kaplan-Meier analyses of overall survival (OS), progression-free survival (PFS), distant metastasis-free survival (DMFS)
and local-regional control (LRC) according to the microRNA signature in the training data set (42 SCLC patients).
doi:10.1371/journal.pone.0091388.g002

with OS and PFS. These findings were subsequently confirmed in for either microarray or qRT-PCR methods in terms of miRNA

an independent cohort of 40 SCLC patients using the gRT-PCR profiling. In this study, we used a global normalization method in
the training set, which is considered more suitable for large-scale

PLOS ONE | www.plosone.org 4 March 2014 | Volume 9 | Issue 3 | 91388



MicroRNA Expression and SCLC Prognosis

A miR-150 B miR-886-3p
144 144
3 3
g5 121 g 121
(7] (7]
N N
o 104 o 10-
o o
g sl ? 8-
< r=0.94, p <0.001 < r=0.75,p=0.01
6 1 1 ) ] 1 6 1 1 1 1
0 2 4 6 8 10 0 2 4 6 8
RT-PCR RT-PCR
& 1254 D 20000-
c
= S
c= @ <5 15000- p=0.96
‘g% 12.0- © g
2 oz _l_
E= X % 10000+ —_—
v D >
£ = < E
L S s000{ ——
g= L g J— —
> r=0.71, p < 0.001 ©
11.0 . . . 0 - '
1.00 1.05 1.10
Expression of U6 by RT-PCR NL SCLC

Figure 3. Correlation between RT-PCR Ct and log 2-transformed array signal intensity values for (A) miR-150 and (B) miR-886-3p. (C)
Correlation between expression of U6 RNA by gRT-PCR and log 2-transformed global mean array expression. (D) Expression of U6 RNA in human
normal lung (NL, n=3) and small-cell lung cancer (SCLC, n=42) samples by microarray method. Whiskers depict the 10 and 90 percentiles. p value is

calculated by the Mann-Whitney U test.
doi:10.1371/journal.pone.0091388.9003

miRNA-profiling data sets [27]. In the testing set, we used U6
RNA for normalizing data because it is the most frequently
reported reference gene for miRNA expression studies in lung
cancer in the literature [21,28-30]. We also correlated the
expressions of the two miRNAs on gRT-PCR with array
expressions, and confirmed that different miRNA-profiling meth-
ods did not influence the results of miR-150 and miR-886-3p
expressions (Fig.3A-B). In addition, the correlation of U6
expression on qRT-PCR with global mean array expression was
observed (r=10.71, p<0.001; Fig. 3C). U6 RNA showed absolute
fold changes lower than 1.2-times and had no significant
differences between the NL and SCLC samples (p = 0.96, Fig. 3D).

Currently, there are only two published studies examining
miRNA expression in human SCLC samples [31,32]. Lee et al.
investigated the expression of a panel of seven miRNAs (miR-21,
miR-29b, miR-34a/b/c, miR-155, and let-7a) in 31 SCLC tumors
[31]. They reported that the expression of these seven miRNAs
was unrelated to the clinical characteristics of SCLC patients and
was not prognostic in terms of OS or PFS, nor was the expression
level predictive of treatment response. These data were consistent
with our findings. Ranade and colleagues evaluated the expression
of 880 validated human mature miRNAs with an additional 473

PLOS ONE | www.plosone.org

validated human pre-miRNAs in 34 formalin-fixed, paraffin-
embedded SCLC tumor specimens and found that miR-92a-2%*
was independently associated with survival. Although this study
showed for the first time that miRNAs can be prognostic for
SCLC, it included cases with both limited stage (12.1%) and
extensive stage (87.9%) cancer at diagnosis, and patients with
extensive-stage disease have cancers that are considered more
heterogeneous. Furthermore, in this study, the tumor tissues were
collected not only from primary tumors but also from lymph nodes
and distant metastases, which would confound the evaluation
results because miRNA expression is considered to be tissue
specific. In addition, only half of the patients in this study received
radiation during first-line therapy. This is important because
radiation might significantly affect survival in both limited-stage
[33] and extensive-stage SCLC [34]. To date, our study is the first
showing that in early stage SCLC patients treated with surgery
and adjuvant chemotherapy, a miR-150/miR-886-3p signature
predicts OS and PFS in both training and testing sets. This
association was independent of age, gender and smoking status.
These findings indicate that the miR-150/miR-886-3p signature
might be a good candidate as a molecular prognostic marker and
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MicroRNA Expression and SCLC Prognosis

A 100, B 100-
80+ Low risk 80+ .
A— Low risk
g 60 g 604 PR TP R TR T
o »
O 40 & 404
20- o 20 ——
p = 0.005 Highrisk p=0.017 Highrisk
O ' ) L 1 J 1 ' 1 ) 1 0 T T T ¥ T T T T T 1
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Months Months
C 100- D 100, _
Low risk
A Low risk W1
= e0- PP < 60
> <
e O
g 40- % 40- e
o Highrisk
20 Highrisk 20
p=0.019 p = 0.031
O 1 T 0 | ] | 1 ) |l ) ] T 1
0 50 100 0 12 24 36 48 60 72 84 96 108 120
Months Months

Figure 4. Kaplan-Meier analyses of overall survival (OS), progression-free survival (PFS), distant metastasisfree survival (DMFS) and
local-regional control (LRC) according to the microRNA signature in the testing data set (40 SCLC patients).

doi:10.1371/journal.pone.0091388.g004
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Table 3. Multivariate Cox regression analysis of miRNA
signature and survival in the testing set (N =40).
Variable Hazard Ratio 95%CI p value
Overall survival
miRNA signature 0.26 0.10-0.69 0.007
Age 1.96 0.77-5.02 0.16
Gender 1.12 0.11-11.71 0.92
Smoking status 0.57 0.07-4.49 0.60
Progression-free survival
miRNA signature 0.36 0.15-0.86 0.02
Age 1.45 0.60-3.52 0.41
Gender 1.15 0.11-11.73 091
Smoking status 0.45 0.06-3.46 0.44
Distant metastasis-free survival
miRNA signature 0.34 0.13-0.86 0.02
Age 1.48 0.57-3.84 0.42
Gender 0.84 0.07-9.83 0.89
Smoking status 0.50 0.07-3.89 0.51
Local-regional control
miRNA signature 0.26 0.07-0.99 0.05
Age 238 0.66-8.54 0.19
Gender 0.52 0.04-6.90 0.62
Smoking status 1.34 0.15-11.67  0.79
doi:10.1371/journal.pone.0091388.t003

would potentially help doctors to identify patients at high-risk who
may benefit from more extensive adjuvant therapy.

We also found that both miR-150 and miR-886-3p were
negatively associated with OS. Comparing the miRNA levels
between NL and SCLC tissues also verified that miR-150 and
miR-886-3p expression levels in SCLC were much lower than in
NL samples. Because of the small NL sample size, we were unable
to identify a pattern of persistently small p values. However, these
data consistently suggested that miR-150 and miR-886-3p might
serve as Important tumor suppressors in the development and
progression of SCLC and might function with potential anticancer
targets. Our previous experimental study has demonstrated a
novel miR-886-3p-mediated mechanism underlying the aberrant
expression of in polo-like kinase 1 (PLKI1) and transforming
growth factor beta 1 (TGF-B1) in SCLC [23]. The 3’ untranslated
regions of PLK1 and TGF-B1 contain highly conserved miR-886-
3p binding motifs, and direct interactions with miR-886 down-
regulates endogenous PLK1 and TGF-B1 protein levels. We also
showed that miR-886-3p over-expression inhibited proliferation,
migration and invasion in SCLC cells, as well as suppressing the
growth and metastasis of SCLC xenografts in nude mice. Finally,
we revealed that the mechanism behind the down-regulated
expression of miR-886-3p in SCLC was mediated by DNA
hypermethylation of its promoter. Altogether, these findings
establish a miR-886-3p-PLK1/TGF-b1 nexus as a novel regulator
and promising therapeutic target for SCLC.

The observation of miR-150 as a tumor suppressor in SCLC is
consistent with similar observations in pancreatic cancer [35], liver
cancer [36], colorectal cancer [37], NSCLC [38], malignant
lymphoma [39] and acute leukemia [40]. However, its involve-
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ment in SCLC has not been reported, and the precise molecular
mechanisms behind its altered expression are unclear. Jiang et al.
recently found that miR-150 maturation is repressed by MYC in
MLL-associated leukemia. In addition, miR-150 is reported to be
a protective miRNA that directly targets c-Myb and other factors
[36,40]. miR-150 interacts with the 3'UTR of c-Myb mRNA, and
over-expression of miR-150 down-regulates c-Myb protein levels
[36]. Interestingly, both MYC family members and the c-Myb
gene are two well-known and dominant proto-oncogenes that are
frequently found to be amplified or over-expressed in SCLC [41].
Taken together, these recently published data together with ours,
suggests that miR-150 has a tumor suppressor effect in SCLC
because low levels of miR-150 expression was correlated with poor
survival. However, additional studies are needed to elucidate the
molecular mechanisms of both the cause and effect of altered miR-
150 expression in the development and progression of SCLC.
Limitations of this study include its relatively small sample size,
a necessity because only a small number of patients (less than 5%)
with early peripheral disease [42] are surgical candidates. More
than eight hundred SCLC patients were treated with chemother-
apy at our hospital during the same time period. As a result,
biomarker analyses from SCLC patients are reported much less
frequently compared with NSCLC patients. Additionally, because
of this fact, multi-test corrections were not applied in this study
because these corrections prevent type I errors at the cost of a rise

References

1. Crivellari G, Monfardini S, Stragliotto S, Marino D, Aversa SM (2007)
Increasing chemotherapy in small-cell lung cancer: from dose intensity and
density to megadoses. The oncologist 12: 79-89.

2. Salgia R, Skarin AT (1998) Molecular abnormalities in lung cancer. J Clin
Oncol 16: 1207-1217.

3. Wistuba, II, Gazdar AF, Minna JD (2001) Molecular genetics of small cell lung
carcinoma. Seminars in oncology 28: 3-13.

4. Shiao TH, Chang YL, Yu CJ, Chang YC, Hsu YC, et al. (2011) Epidermal
growth factor receptor mutations in small cell lung cancer: a brief report.
J Thorac Oncol 6: 195-198.

5. Zhao L, Wang L, Ji W, Wang X, Zhu X, et al. (2009) Elevation of plasma TGF-
betal during radiation therapy predicts radiation-induced lung toxicity in
patients with non-small-cell lung cancer: a combined analysis from Beijing and
Michigan. International journal of radiation oncology, biology, physics 74:
1385-1390.

6. Guo Y, Chen Z, Zhang L, Zhou F, Shi S, et al. (2008) Distinctive microRNA
profiles relating to patient survival in esophageal squamous cell carcinoma.
Cancer research 68: 26-33.

7. Kim H, Huang W, Jiang X, Pennicooke B, Park PJ, et al. (2010) Integrative
genome analysis reveals an oncomir/oncogene cluster regulating glioblastoma
survivorship. Proceedings of the National Academy of Sciences of the United
States of America 107: 2183-2188.

8. Torio MV, Visone R, Di Leva G, Donati V, Petrocca F, et al. (2007) MicroRNA
signatures in human ovarian cancer. Cancer research 67: 8699-8707.

9. Tavazoie SF, Alarcon C, Oskarsson T, Padua D, Wang Q, et al. (2008)
Endogenous human microRNAs that suppress breast cancer metastasis. Nature
451: 147-152.

10. Calin GA, Ferracin M, Cimmino A, Di Leva G, Shimizu M, et al. (2005) A
MicroRNA signature associated with prognosis and progression in chronic
lymphocytic leukemia. The New England journal of medicine 353: 1793-1801.

11. Takamizawa J, Konishi H, Yanagisawa K, Tomida S, Osada H, et al. (2004)
Reduced expression of the let-7 microRNAs in human lung cancers in
association with shortened postoperative survival. Cancer research 64: 3753—
3756.

12. Webster RJ, Giles KM, Price KJ, Zhang PM, Mattick JS, et al. (2009)
Regulation of epidermal growth factor receptor signaling in human cancer cells
by microRNA-7. The Journal of biological chemistry 284: 5731-5741.

13. Nasser MW, Datta J, Nuovo G, Kutay H, Motiwala T, et al. (2008) Down-
regulation of micro-RNA-1 (miR-1) in lung cancer. Suppression of tumorigenic
property of lung cancer cells and their sensitization to doxorubicin-induced
apoptosis by miR-1. The Journal of biological chemistry 283: 33394-33405.

14. Volinia S, Calin GA, Liu CG, Ambs S, Cimmino A, et al. (2006) A microRNA
expression signature of human solid tumors defines cancer gene targets.
Proceedings of the National Academy of Sciences of the United States of
America 103: 2257-2261.

15. Hurteau GJ, Carlson JA, Spivack SD, Brock GJ (2007) Overexpression of the
microRNA hsa-miR-200c leads to reduced expression of transcription factor 8
and increased expression of E-cadherin. Cancer research 67: 7972-7976.

PLOS ONE | www.plosone.org

MicroRNA Expression and SCLC Prognosis

in type II errors. Nevertheless, the correlation between the miRNA
signature and the clinical outcomes were independently confirmed
in a second patient set. Larger-scale studies are needed to confirm
our findings. Another limitation is the retrospective design.
However, all measurements were performed in a blind manner.
Finally, the potential interaction between miR-150 and miR-886-
3p should be further investigated to elucidate the mechanism
behind the prognostic role of this dual-miRNA signature.

In conclusion, our preliminary results suggested that the miR-
150/miR-886-3p signature might predict cancer progression and
survival in early stage SCLC patients and might be a promising
prognostic biomarker and potential therapeutic targets for SCLC
patients.

Acknowledgments

This study was accepted for oral presentation at the 15th World
Conference on Lung Cancer, Sydney, Australia, October 27-October
31, 2013.

Author Contributions

Conceived and designed the experiments: NB JC Y. Song QZ LW.
Performed the experiments: NB JC Y. Song JS WL JF. Analyzed the data:
NB JC Y. Song LW. Contributed reagents/materials/analysis tools: JC JH
Y. Shi XZ NL. Wrote the paper: NB Y. Song LW.

16. Garofalo M, Quintavalle C, Di Leva G, Zanca C, Romano G, et al. (2008)
MicroRNA signatures of TRAIL resistance in human non-small cell lung cancer.
Oncogene 27: 3845-3855.

17. Hayashita Y, Osada H, Tatematsu Y, Yamada H, Yanagisawa K, et al. (2005) A
polycistronic microRNA cluster, miR-17-92, is overexpressed in human lung
cancers and enhances cell proliferation. Cancer research 65: 9628-9632.

18. Eder M, Scherr M (2005) MicroRNA and lung cancer. The New England
journal of medicine 352: 2446-2448.

19. Bishop JA, Benjamin H, Cholakh H, Chajut A, Clark DP, et al. Accurate
classification of non-small cell lung carcinoma using a novel microRNA-based
approach. Clin Cancer Res 16: 610-619.

20. Chin LJ, Ratner E, Leng S, Zhai R, Nallur S, et al. (2008) A SNP in a let-7
microRNA complementary site in the KRAS 3" untranslated region increases
non-small cell lung cancer risk. Cancer research 68: 8535-8540.

21. Yu SL, Chen HY, Chang GC, Chen CY, Chen HW, et al. (2008) MicroRNA
signature predicts survival and relapse in lung cancer. Cancer cell 13: 48-57.

22. Watanabe T, Takeda A, Mise K, Okuno T, Suzuki T, et al. (2005) Stage-specific
expression of microRNAs during Xenopus development. FEBS letters 579: 318—
324.

23. Cao J, Song Y, Bi N, Shen J, Liu W, et al. (2013) DNA methylation mediated
repression of miR-886-3p predicts poor outcome of human small cell lung
cancer. Cancer research.

24. Lossos IS, Czerwinski DK, Alizadeh AA, Wechser MA, Tibshirani R, et al.
(2004) Prediction of survival in diffuse large-B-cell lymphoma based on the
expression of six genes. The New England journal of medicine 350: 1828-1837.

25. Liu N, Chen NY, Cui RX, Li WF, Li Y, et al. (2012) Prognostic value of a
microRNA signature in nasopharyngeal carcinoma: a microRNA expression
analysis. Lancet Oncol 13: 633-641.

26. Chen C, Ridzon DA, Broomer AJ, Zhou Z, Lee DH, et al. (2005) Real-time
quantification of microRNAs by stem-loop RT-PCR. Nucleic acids research 33:
el79.

27. Pritchard CC, Cheng HH, Tewari M (2012) MicroRNA profiling: approaches
and considerations. Nat Rev Genet 13: 358-369.

28. Lee HW, Lee EH, Ha SY, Lee CH, Chang HK, et al. (2012) Altered expression
of microRNA miR-21, miR-155, and let-7a and their roles in pulmonary
neuroendocrine tumors. Pathol Int 62: 583-591.

29. Markou A, Tsaroucha EG, Kaklamanis L, Fotinou M, Georgoulias V, et al.
(2008) Prognostic value of mature microRNA-21 and microRNA-205
overexpression in non-small cell lung cancer by quantitative real-time RT-
PCR. Clin Chem 54: 1696-1704.

30. Lebanony D, Benjamin H, Gilad S, Ezagouri M, Dov A, et al. (2009) Diagnostic
assay based on hsa-miR-205 expression distinguishes squamous from non-
squamous non-small-cell lung carcinoma. J Clin Oncol 27: 2030-2037.

31. Lee JH, Voortman J, Dingemans AM, Voeller DM, Pham T, et al. (2011)
MicroRNA expression and clinical outcome of small cell lung cancer. PloS one
6: ¢21300.

32. Ranade AR, Cherba D, Sridhar S, Richardson P, Webb C, et al. (2010)

MicroRNA 92a-2%*: a biomarker predictive for chemoresistance and prognostic

March 2014 | Volume 9 | Issue 3 | 91388



36.

37.

38.

for survival in patients with small cell lung cancer. J Thorac Oncol 5: 1273~
1278.

Simon G, Ginsberg RJ, Ruckdeschel JC (2001) Small-cell lung cancer. Chest
Surg Clin N Am 11: 165-188, ix.

. Zhu H, Zhou Z, Wang Y, Bi N, Feng Q, et al. (2011) Thoracic radiation therapy

improves the overall survival of patients with extensive-stage small cell lung
cancer with distant metastasis. Cancer 117: 5423-5431.

Srivastava SK, Bhardwaj A, Singh S, Arora S, Wang B, et al. (2011) MicroRNA-
150 directly targets MUC4 and suppresses growth and malignant behavior of
pancreatic cancer cells. Carcinogenesis 32: 1832-1839.

Zhang J, Luo N, Luo Y, Peng Z, Zhang T, et al. (2012) microRNA-150 inhibits
human CD133-positive liver cancer stem cells through negative regulation of the
transcription factor c-Myb. Int J Oncol 40: 747-756.

Ma 'Y, Zhang P, Wang F, Zhang H, Yang J, et al. (2012) miR-150 as a potential
biomarker associated with prognosis and therapeutic outcome in colorectal
cancer. Gut 61: 1447-1453.

LiY]J, Zhang YX, Wang PY, Chi YL, Zhang C, et al. (2012) Regression of A549
lung cancer tumors by anti-miR-150 vector. Oncol Rep 27: 129-134.

. Watanabe A, Tagawa H, Yamashita J, Teshima K, Nara M, et al. (2011) The

role of microRNA-150 as a tumor suppressor in malignant lymphoma.
Leukemia 25: 1324-1334.

PLOS ONE | www.plosone.org

40.

41.

42.

43.

44,

MicroRNA Expression and SCLC Prognosis

Jiang X, Huang H, Li Z, Li Y, Wang X, et al. (2012) Blockade of miR-150
maturation by MLL-fusion/MYC/LIN-28 is required for MLL-associated
leukemia. Cancer cell 22: 524-535.

Cook RM, Miller YE, Bunn PA Jr (1993) Small cell lung cancer: etiology,
biology, clinical features, staging, and treatment. Curr Probl Cancer 17: 69-141.
Ignatius Ou SH, Zell JA (2009) The applicability of the proposed IASLC staging
revisions to small cell lung cancer (SCLC) with comparison to the current UICC
6th TNM Edition. J Thorac Oncol 4: 300-310.

Treppendahl MB, Qiu X, Sogaard A, Yang X, Nandrup-Bus C, et al. (2012)
Allelic methylation levels of the noncoding VIRNA2-1 located on chromosome
5q31.1 predict outcome in AML. Blood 119: 206-216.

Xiong Y, Zhang L, Holloway AK, Wu X, Su L, et al. MiR-886-3p regulates cell
proliferation and migration, and is dysregulated in familial non-medullary
thyroid cancer. PloS one 6: €24717.

. Pizzini S, Bisognin A, Mandruzzato S, Biasiolo M, Facciolli A, et al. (2013)

Impact of microRNAs on regulatory networks and pathways in human
colorectal carcinogenesis and development of metastasis. BMC Genomics 14:
589.

March 2014 | Volume 9 | Issue 3 | 91388



