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Abstract
Purpose: Recent studies have suggested that microRNA biomarkers could be useful for stratifying lung

cancer subtypes, but microRNA signatures varied between different populations. Squamous cell carcinoma

(SCC) is one major subtype of lung cancer that urgently needs biomarkers to aid patient management.

Here, we undertook the first comprehensive investigation on microRNA in Chinese SCC patients.

Experimental Design:MicroRNA expression was measured in cancerous and noncancerous tissue pairs

strictly collected from Chinese SCC patients (stages I–III), who had not been treated with chemotherapy or

radiotherapy prior to surgery. The molecular targets of proposed microRNA were further examined.

Results: We identified a 5-microRNA classifier (hsa-miR-210, hsa-miR-182, hsa-miR-486-5p, hsa-

miR-30a, and hsa-miR-140-3p) that could distinguish SCC from normal lung tissues. The classifier

had an accuracy of 94.1% in a training cohort (34 patients) and 96.2% in a test cohort (26 patients).

We also showed that high expression of hsa-miR-31 was associated with poor survival in these 60 SCC

patients by Kaplan–Meier analysis (P¼ 0.007), by univariate Cox analysis (P¼ 0.011), and bymultivariate

Cox analysis (P ¼ 0.011). This association was independently validated in a separate cohort of 88 SCC

patients (P ¼ 0.008, 0.011, and 0.003 in Kaplan–Meier analysis, univariate Cox analysis, and multivariate

Cox analysis, respectively). We then determined that the tumor suppressor DICER1 is a target of hsa-miR-

31. Expression of hsa-miR-31 in a human lung cancer cell line repressed DICER1 activity but not PPP2R2A

or LATS2.

Conclusions: Our results identified a new diagnostic microRNA classifier for SCC among Chinese

patients and a new prognostic biomarker, hsa-miR-31. Clin Cancer Res; 17(21); 1–10. �2011 AACR.

Introduction

Worldwide, there are more than 1,600,000 new cases of
lung cancer and more than 1,370,000 attributable deaths

each year, ranking it as the leading cause of cancer mor-
tality. In China, lung cancer is the most frequent of the
malignant tumors, initiating 520,000 new cases and caus-
ing 450,000 deaths per year; furthermore, the age-stan-
dardized incidence rate and mortality rate adjusted for the
world standard population are both higher than the world-
wide average levels (1). Non–small cell lung cancers
(NSCLC) are the major types of lung cancer found world-
wide (�80%). Among NSCLCs, squamous cell carcinoma
(SCC, 40%) is one of the main pathologic subtypes in
China. SCC patients with clinical stage IA disease have a 5-
year survival rate of about 60%, whereas the 5-year survival
rate for clinical stage II to IV disease ranges from 40% to less
than 5% (2). The poor outcome of SCC patients could be
explained, in part, by the lack of early diagnosis markers
and the lack of prognostic indicators. Therefore, there is an
urgent need to develop biomarkers for diagnosis and
prognosis, to benefit Chinese SCC patients. Transbronchial
lung biopsy (TBLB) has been explored as amethod for early
diagnosis of questionable lung infiltrations or densities;
however, the diagnostic yield of TBLB is lower than that of
open lung biopsy because the small amount of lung tissues
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obtained in biopsy. New biomarkers with high diagnostic
potential to distinguish SCC cancerous from normal lung
tissue should aid the acute diagnostic yield. Furthermore,
novel prognostic biomarkers will ultimately allow SCC
patients to receive personalized therapies.

MicroRNAs are a species of small (19–22 nucleotides)
noncoding single-stranded RNA molecules that through
partial sequence homology may interact with the 30-un-
translated region (30-UTR) of target mRNA molecules
(3, 4). Different microRNAs may function as tumor sup-
pressors or oncogenes, and the deregulation of their ex-
pression is associated with the initiation and progression of
cancers via the activation and/or repression of controlling
pathways (5). Several recent studies have shown that
selected microRNAs contributing to NSCLC progression
can also be used to estimate prognosis (6–11). Although
microRNA profiling of NSCLCs has contributed to our
understanding of the biology of these cancers, the micro-
RNA signatures identified in NSCLC (including adenocar-
cinoma and SCC) were not consistent among different
clinical studies. The variations were likely caused by factors
such as the differences among the samples and method-
ologies used, including the ethnicity of patient groups, the
pathologic subtypes collected, the sample collection meth-
ods, the technology platforms [microarray or quantitative
reverse transcription PCR (qRT-PCR)], and the bioinfor-
matics analysis used. The importance of carefully designed
and appropriately controlled studies is illustrated by the
well-established, although very different, biomarker pro-
files used currently to assess breast cancer prognosis with
Agendia’s MammaPrint and Genomic Health’s Oncotype
DX genomic assays. The MammaPrint assay comprises 70
genes that were found to be related to distant recurrence of
breast cancer, whereas Oncotype DX evaluates the activity
of 21 genes that indicate the risk of breast cancer recur-
rence. Only one gene is common between the 2 tests, yet
both have been used effectively by thousands of doctors to
help guide treatment of more than 200,000 patients
(http://www.oncotypedx.com/en-US/Breast/Healthcare-
Professional/Overview.aspx, http://investor.genomi-
chealth.com/releasedetail.cfm?ReleaseID=386285, and
http://www.mammaprint.co.uk/MammaPrint_Patient_
Brochure_EU_lowres.pdf). To identify promising micro-
RNA biomarkers for lung cancer subtypes, it is necessary

that the study is critically designed and that an established
and proven methodology is employed. We also ensured
that only a specific pathologic cancer subtype (SSC) in one
ethnic group (Han Chinese) was examined, and we care-
fully chose the best of collected patient samples to limit
outlier contamination. The microarray platform and data
analysis methods were also well established.

We conducted a genome-wide microRNA study (677
human microRNA probes) to ensure a broad profiling
among cellular microRNAs. Principal component analysis
(PCA) and support vector machine (SVM) analysis tools
were then used to establish a powerful microRNA classifier
that distinguished SCC from normal tissue: a minimal 5-
element classifier (hsa-miR-210, hsa-miR-182, hsa-miR-
486-5p, hsa-miR-30a, and hsa-miR-140-3p) was found.
The patients chosen for our study had comprehensive
follow-up data that allowed prognostic analysis, which
then revealed that the high expression of hsa-miR-31
was associated with poor survival from SCC. This marker
was confirmed by Kaplan–Meier analysis, univariate Cox
analysis, and multivariate Cox analysis. Finally, we showed
a molecular mechanism by which hsa-miR-31 might con-
tribute to poor patient prognosis. hsa-miR-31 targets the
tumor suppressor DICER1, resulting in the repression of its
expression.

Materials and Methods

Patients and samples
The patients examined in this study underwent surgery at

the Cancer Institute and Hospital, Chinese Academy of
Medical Sciences, between 2000 and 2002. All patients
(Supplementary Table S1) had not been previously treated
by chemotherapy and radiotherapy when undergoing sur-
gery and provided informed consent to participate in the
study. The study was approved by the medical ethics
committee of the Cancer Institute and Hospital, Chinese
Academy of Medical Sciences.

Samples were snap frozen in liquid nitrogen immedi-
ately after resection and stored (minimum of 5 years) at
�80�C until the extraction of RNA. Peripheral portions of
the resected lung samples were paraffin embedded, sec-
tioned, and hematoxylin and eosin stained by routine
methods. The tumor cell concentrations were evaluated,
and the tumor histology was independently confirmed by 2
pathologists (S. Shi and X. Feng). Follow-up information
was extracted from the follow-up registry of the Cancer
Institute and Hospital, Chinese Academy of Medical
Sciences. For all the samples, clinicopathologic informa-
tion [smoking, age, gender, pathologic subtype, tumor
node metastasis (TNM) classification, tumor stage, lymph
node stage, differentiation status, adjuvant therapy after
surgery, and the duration of survival after surgery] was
available.

We initially profiled the microRNA expression in a
training cohort of 34 SCC patients for classifier establish-
ment, using paired cancerous and adjacent normal sam-
ples, and then examined an additional 26 SCC patients as a

Translational Relevance

The poor outcome of patients with squamous cell
carcinoma (SCC) is exacerbated by the lack of early
diagnosis markers and the lack of prognostic indicators.
The 5-microRNA classifier distinguishing SCC from
normal lung tissues holds promise for early diagnosis
of SCC among Chinese. The classifier may potentially
improve the diagnostic value of transbronchial lung
biopsy. hsa-miR-31 was identified conclusively as a
prognostic factor and may be of use for the clinical
management of SCC.
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test cohort. The microRNA expression in this total of 60
SCC patients was used for prognostic analysis of their
related survival data, and a further cohort of 88 SCC
patients was used as an independent validation of the
prognostic analysis.

MicroRNA microarray analysis
The microRNA analyses were conducted on a microarray

using the CapitalBio platform (CapitalBio Corp.) that has
been used in numerous previous studies (12, 13). Total
RNA was extracted with TRIzol reagent (Invitrogen), and
the low-molecular-weight RNA was isolated by a polyeth-
ylene glycol (PEG) solution precipitationmethod (14). The
low-molecular-weight RNA was labeled by the T4 RNA
ligase labeling method described by Thomson and collea-
gues (15). In brief, 4 mg of low-molecular-weight RNA
isolated by a PEG solution precipitation method was la-
beled with 500 ng of 50-phophate-cydidyl-urdyl-cy3-30,
using the T4 RNA ligase. The labeled RNA was hybridized
with aldehyde-modified slide containing 924maturemam-
malian microRNA probes (including 677 human micro-
RNA sequences), with each probe present in triplicate
spots. A 3-dimensional tilting agitator BioMixer II (Capi-
talBio) was used for overnight hybridization to increase
probe signal intensity and improve signal uniformity. An
automated SlideWasher-8 (CapitalBio) was used to wash
and dry the hybridized slides to reduce the dye blemishes
that occur frequently during manual posthybridization
slide washing. Arrays were scanned with a LuxScan 10K-
A laser confocal scanner, and the images obtained were
then analyzed with LuxScan 3.0 software (both from Capi-
talBio).

Bioinformatics analysis
For all samples, the average background values were

subtracted from each of the replicate microRNA spots.
Faint spots were filtered out if the expression signal was
less than 1,500. A space- and intensity-dependent median-
center normalization was done with Bionconductor. Dif-
ferentially expressed microRNAs were identified by signif-
icance analysis of microarrays (SAM; (http://www-stat.
stanford.edu/�tibs/SAM/index.html; ref. 16). The suffi-
cient but minimal microRNA marker set to classify the
cancerous and adjacent normal tissues was analyzed by the
PCA and SVM methods (12). The 632 Bootstrap method
was used to estimate the accuracy of each predicted model
for the original training set by the use of random resam-
pling with replacement over 1,000 independent analyses
(17). The accuracy was calculated by the formula,

accboot ¼ 1
n

Pn
i¼1 0:368� accitrain þ 0:632� accitest

� �
, where

n is the number of repeats, accitrain is the ith experiment

train accuracy, and accitest is the ith experiment test accuracy.

The possible gene functions of the most significant pre-
dicted microRNA targets were analyzed by 4 publicly
available algorithms, miRBase (http://microrna.sanger.ac.
uk/sequences/; ref. 18), MiRanda (http://www.microrna.
org; ref. 19), TargetScan (http://www.targetscan.org/; ref.

(20), and PicTar (http://pictar.bio.nyu.edu/; ref. 21). To
reduce the number of false-positive results, only putative
target genes predicted by at least 3 of the programs were
accepted. All microRNA expression data have been submit-
ted to the Gene Expression Omnibus (http://www.ncbi.
nlm.nih.gov/geo) with the series accession number GSE
15008.

Survival analysis
Patient survival curves were estimated by the Kaplan–

Meier method. The median microRNA intensity value of
the initial training cohort was used as the cutoff point in
Kaplan–Meier survival analysis, and patients were catego-
rized into groups with high (above and equal median) or
low (below median) expression. The joint effect of covari-
ables was examined by the Cox proportional hazard
regression model.

qRT-PCR analysis
Total cellular RNAs were also subjected to qRT-PCR with

microRNA specific primers for determination of microRNA
expression. Total RNA extraction, reverse transcription, and
quantitative PCR were done according to the procedures
described previously (12, 22). The primers for hsa-miR-31
are as follows: RT primer, 50-GTCGTATCCAGTG-
CAGGGTCCGAGGTATTCGCACTGGATACGACAGCTAT-
30; amplification primer, 50-AGGCAAGATGCTGGCA-
TAGCT-30 and 50-CAAGGCAAGATGCTGGCATA-30. For
the quantification of DICER1 mRNA, total cellular RNA
was reverse transcribed with oligo(dT) primers. Amplifica-
tion of DICER1 was done with primers 50-CACTCCCAT-
CAACATACCAGTAGA-30 and 50-ACGAAGCATCAAGTT-
CAGAATCAT30. The highly conserved and universally
expressed small nuclear RNA U6 and b-actin genes were
used as endogenous qRT-PCR controls for hsa-miR-31 and
DICER1, respectively.

Cell culture and transient transfection
Human lung squamous cell carcinoma SK-MES-1 cells

(2 � 105 per well) were plated into a 6-well plate 1 day
before transfection. hsa-miR-31 or control microRNA
(Dharmacon) at a concentration of 100 nmol/L was
transfected into cells with Lipofectamine 2000 (Invitro-
gen) according to the manufacturer’s instructions. Cell
lysates were prepared for Western blot assay at 48 hours
posttransfection and luciferase reporter assay at 24 hours
posttransfection.

Western blot analysis
SK-MES-1 cell lysates (20 mg) were separated by 10%

SDS-PAGE and electroblotted onto polyvinylidene fluoride
(PVDF) membrane (Pall). The PVDF membrane was
blocked with TBS Tween-20 buffer containing 5% milk
powder, and reaction with primary antibody was carried
out at 4�C overnight with gentle shaking. After washing,
secondary antibody conjugated with horseradish peroxi-
dase (HRP) was added, and the reaction was carried out for
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1 hour at room temperature. SuperSignalWest Pico Chemi-
luminescent Substrate (Pierce) was used for the detection
according to the manufacturer’s instructions. Western blot
results were scanned and quantified by NIH ImageJ soft-
ware (http://rsbweb.nih.gov/ij/). Protein expression levels
were normalized by the expression levels of b-tubulin.

Luciferase reporter assay
The 30-UTRs of predicted microRNA target genes were

amplified by PCR and cloned into the XbaI site of pRL-SV40
vector (Promega). Primers for the amplification of (i) DIC-
ER1 are 50-GAGTGGAATGAATTGAAGGCAGAA-30 and 50-
ATCACGCTGTCTCAACGTCTAATG-30, (ii) PPP2R2A 30-
UTR are 50-TTTCAAGACAAAGTGAATTAGGGTTGG-30

and 50-ACACGGCGAGGAGTGATTACAGC-30, and (iii)
LATS2 30-UTR are 50-GCTTTCAATAGGCTTTTCAGGACC-
30 and 50-CATACGGACTACAGAAACGGACAT-30. The mu-
tation ofDICER1 30-UTR sequencewas undertakenwith the
QuikChange Site–Directed Mutagenesis Kit (Stratagene)
with primers 50-AGTCTTGCATAAAAAAGGGTTCTACGCT-
TAAAAGTGAAACCTTCATGGAT30 and 50-ATCCATGAAG-
GTTTCACTTTTAAGCGTAGAACCCTTTTTTATGCAAGACT-
30. SK-MES-1 cells were transfected with a mixture of pGL3-
control, pRL-SV40-30-UTR, and miR-31 or control micro-
RNA (Dharmacon). Cells were lysed at 24 hours posttrans-
fection. Firefly and Renilla luciferase activities were assayed
with the Dual-Glo Luciferase Assay System (Promega)
according to the manufacturer’s instructions. Data were
normalized to the control microRNA.

Immunohistochemical assay
Anti-DICER1 (catalog #ab82539) was purchased from

Abcam. HRP-labeled goat anti-mouse IgG was pur-
chased from Abgent. Immunohistochemistry was carried
out on 4-mm, formalin-fixed, paraffin-embedded (FFPE)
sections with anti-DICER1 as described (23). Briefly, the
slides were deparaffinized, rehydrated, and dripped in
3% hydrogen peroxide solution for 10 minutes. The
slides were incubated with anti-DICER1 (1:50 dilution)
at 4�C for 8 hours. After washing with PBS, the slides
were then incubated with Polymer Helper for 20 min-
utes, followed by polyperoxidase–anti-mouse IgG for 30
minutes at room temperature. Development of the slides
was carried out using 3,30-diaminobenzidine solution.
Counterstaining was carried out with hematoxylin. Neg-
ative control was obtained by substituting the primary
antibody with PBS. Immunohistochemical results were
evaluated by 2 pathologists (S. Shi and X. Feng) without
previous knowledge of patient information. The expres-
sion was assigned to one of the following categories
according to the percentage of positive cells: 0 (0%–5%),
þ (6%–25%), þþ (26%–50%), and þþþ (51%–100%).
The expression was considered negative when the score
was 0 and positive when the score was þ or greater. An
unpaired Student t test was used for analysis of data
between groups. Values of P < 0.05 were considered
statistically significant.

Results

A 5-microRNA signature can efficiently distinguish
malignant SCC tissues from adjacent normal tissues
in Chinese

We first investigated whether the microRNA expression
could identify malignant SCC tissues in Chinese patients by
examining primary lung cancers and their corresponding
adjacent normal lung tissues collected a minimum distance
of 5 cm from the tumor in 34 patients (training cohort).
Twenty-two microRNAs (Supplementary Table S2) were
found differentially expressed between cancer and normal
tissues, which were further analyzed by the PCA–SVM
strategy, and a minimum of 5-microRNA classifier set
(hsa-miR-210, hsa-miR-182, hsa-miR-486-5p, hsa-miR-
30a, and hsa-miR-140-3p), with the highest distinguishing
values, was identified. The analysis of the original training
group using this classifier had a predictive accuracy of
94.1%. The classifier was subsequently validated with an
independent test cohort comprising another 26 SCC
patients and displayed an accuracy of 96.2%with this group
(Fig. 1). In the SCC tissues, 2 of the microRNAs (hsa-miR-
210 and hsa-miR-182) were upregulated and 3 microRNAs
(hsa-miR-486-5p, hsa-miR-30a, and hsa-miR-140-3p) were
downregulated. These analyses indicated that a classifier
with as few as 5-microRNA markers could efficiently dis-
tinguish malignant SCC tissues from normal tissues in
Chinese patients.

High expression of hsa-miR-31 correlates strongly
with low survival in Chinese SCC patients

We then examined the 22 differentially expressed micro-
RNAs in 60 SCC patients (clinical characteristics listed in
Table 1 and Supplementary Table S1) using Kaplan–Meier
survival analysis for potential correlations between micro-
RNA expression and survival prognosis. Kaplan–Meier
analysis showed that a high expression of hsa-miR-31
was associated with poor survival in SCC patients (P ¼
0.007; log-rank test, 60 SCC patient training cohort;
Fig. 2A). Subsequently, univariate Cox analysis with hsa-
miR-31 and clinicopathologic factors (smoking, age, gen-
der, differentiation, TNM classification, and adjuvant ther-
apy after surgery) revealed that the hsa-miR-31 expression
level had prognostic significance in the training cohort (P¼
0.011; risk ratio: 2.827; 95% CI, 1.274–6.275; Table 2).
Furthermore, multivariate Cox proportional hazard regres-
sion analysis of each of these parameters indicated that
high hsa-miR-31 expression was a significantly unfavorable
prognostic factor independent of all other clinicopatho-
logic factors (P ¼ 0.011; risk ratio 3.535; 95% CI, 1.340–
9.328; Table 2). These results showed that high levels of
hsa-miR-31 expression correlated strongly with poor sur-
vival of Chinese SCC patients.

Validation of the survival correlation of hsa-miR-31
with an independent cohort of Chinese SCC patients

The correlation of hsa-miR-31 with the prognosis of SCC
was examined further with an independent set of 88 SCC
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patients. The hsa-miR-31 expression was determined by
qRT-PCR. Kaplan–Meier survival analysis confirmed a sig-
nificantly decreased survival of patients with high hsa-miR-
31 expression (P¼ 0.008; log-rank test, 88 SCC patient test
cohort; Fig. 2B). Both univariate (P ¼ 0.011; risk ratio,
2.396; 95% CI, 1.218–4.715) and multivariate (P ¼ 0.003;
risk ratio, 3.071; 95% CI, 1.451–6.500) Cox proportional
hazard regression analyses suggested that high hsa-miR-31
expression was an independent predictor of poor prognosis
for SCC in Chinese (Table 3).

hsa-miR-31 targets DICER1 but not PPP2R2A and
LATS2
We finally investigated the potential molecular targets of

hsa-miR-31 by analysis of the target genes predicted by 4
algorithms (miRBase, MiRanda, TargetScan, and PicTar).
We selected DICER1, PPP2R2A, and LATS2 for further

investigation. The duplexes predicted to form between
hsa-miR-31 and the 3 target genes are depicted in Figure
3A. Immunoblot analysis ofDICER1, PPP2R2A, and LATS2
proteins showed that only DICER1 protein was reduced in
SK-MES-1 cells transiently transfected with hsa-miR-31
(Fig. 3B). We carried out a dual luciferase reporter assay
to confirm whether hsa-miR-31 target DICER1 mRNA. A
significant decrease in luciferase activity was observed
when we cotransfected hsa-miR-31 and luciferase reporter
gene linked to the wild-type 30-UTR of DICER1, whereas
specific mutation of the hsa-miR-31 binding sequence in
DICER1 30-UTR resulted in only slightly downregulation of
the reporter gene (Fig. 3C). We also constructed luciferase
reporters linked to the 30-UTR of PPP2R2A and of LATS2,
but no significant effects on these reporter genes were
observed in the presence of cotransfected hsa-miR-31 (data
not shown). The immunoblot and reporter assays inde-
pendently confirmed thatDICER1 is a target of hsa-miR-31
in human cells. Interestingly, quantification of DICER1
mRNA indicated a certain downregulation of the level of
DICER1 mRNA expression in SK-MES-1 cells transfected
with hsa-miR-31 as compared with control microRNA,
even though the P value is not significant, suggesting that
hsa-miR-31 may act mainly by inhibiting the translation of
DICER1 (Fig. 3D).

Expression of DICER1 is inversely correlated with hsa-
miR-31 level in SCC tumor tissues

To further determine the relationship between DICER1
and hsa-miR-31 in SCC tumor tissues, we carried out the
immunohistochemical assay in 46 SCC samples for which
the corresponding FFPE tumor tissues were available. We
found that the level of DICER1 was markedly lower in SCC
tumor tissues with high miRNA expression. The DICER1
expression was scored negative in 83% (20 of 24) tumor
tissues with high hsa-miR-31 levels, whereas only 58% (12
of 22) tumor tissues with low hsa-miR-31 level were
negative for DICER1 (P ¼ 0.036; Fig. 3E and F). These
results indicated that the expression of DICER1 is inversely
correlated with hsa-miR-31 level in SCC tumor tissues.

Discussion

The identification and validation of novel biomarkers for
different cancers comprise a significant area of practical
cancer research. Multiplex molecular diagnostic and prog-
nostic tests for cancers have been intensively investigated
during the past 10 years, and now including genomic DNA,
mRNAs, microRNAs, DNAmethylation, and proteins. Two
demonstrable analytic successes are Agendia’s Mamma-
Print and Genomic Health’s Oncotype DX genomic assays,
which are both used by thousands of doctors in clinical
practice.

Several recent clinical studies have proposed sets of
differentially expressed microRNAs as promising markers
for monitoring the development of lung cancer and its
prognosis, in particular for NSCLC (6–11). An important
consideration is how to achieve a reliable and universal
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Figure 1. A 5-microRNA classifier could distinguishmalignant SCC lesions
from normal tissues. The PCA–SVM strategy was used to construct a
classifier, which was used to classify the cancerous tissue and adjacent
normal tissue. Red dots represent the cancerous tissue and blue crosses
represent the adjacent normal tissue. The classifier had a predictive
accuracy of 94.1% in the original training cohort (34 SCC patients; A) and
96.2% in the independent test cohort (another 26 SCC patients; B).
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signature, considering that results from different studies
that identified biomarker species often varied. The reason
for this occurrence is complex but likely arises from the
differences in patient ethnicities, pathologic sample sub-
types, sample collection methods, technology platforms,
bioinformatics approaches, as well as the different experi-
ence and expertise of the investigators with each of the
methodologic variables.

We, therefore, took particular care in the design of this
study to ensure the identification of reliable biomarkers
and used only established methods that reveal valuable
information. We assayed only Chinese SCC patients to
minimize ethnicity and pathologic subtype effects and to
amplify the molecular homogeneity of tumor specimens.
The patients were strictly selected from individuals who
had not been previously treated with chemotherapy or
radiotherapy when undergoing surgery to avoid therapy
influences. A microarray containing 677 mature human
microRNA probes was used to determine expression levels.
Although this microarray does not represent the latest
newly discovered microRNAs (The miRBase database ver-
sion 16 contains 1,212 mature human microRNA; http://
www.mirbase.org/), the study still revealed new and im-
portant information about microRNA useful for the man-
agement of SCC. The MicroArray Quality Control
Consortium (MAQC I) study previously reported the high
reproducibility of expression analysis results produced by
the microarray platform our group used here (24). More
recently, the MAQC II study elucidated that the execution
of a gene expression classifier depended largely on the
proficiency of the researchers and on the different methods
used (25). The PCA–SVM strategies used here for lung

cancer microRNA profiling analysis are well established
in our group and were used previously in a study of
esophageal cancer (12).

The present study suggests that a minimal 5-microRNA
classifier, consisting of hsa-miR-210, hsa-miR-182, hsa-
miR-486-5p, hsa-miR-30a, and hsa-miR-140-3p, can dis-
tinguish malignant SCC tissues from normal tissues. This
classifier is entirely new and has important molecular
pathologic applications, because changes in the levels of
the classifier species in tumor tissues may be detected as
biomarkers. One particular powerful application of the 5-
microRNA molecular classifier could be with TBLB, which
has been explored as a method for early diagnosis of
questionable lung infiltrations or densities (26). The diag-
nostic yield of TBLB is lower than that of open lung biopsy
because the amount of lung tissue obtained is smaller.

Table 1. Clinical characteristics of the training
and test cohorts for prognostic analysis in SCC
patients

Characteristic Training cohort
(n ¼ 60)

Test cohort
(n =88)

Age, y
Range 17–77 42–81
Median 59.0 62.5

Sex, n (%)
Male 50 (83) 79 (90)
Female 10 (17) 9 (10)

Smoking, n (%)
Smoking 49 (82) 60 (68)
Nonsmoking 11 (18) 28 (32)

Stage (TNM) classification, n (%)
I 21 (35) 27 (31)
II 17 (28) 31 (35)
III 22 (37) 30 (34)

Differentiation, n (%)
Well 5 (8) 4 (5)
Moderate 33 (55) 44 (50)
Poor 22 (37) 40 (45)
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Figure 2. Kaplan–Meier survival curves for SCC patients. High levels
of hsa-miR-31 expression correlated with a lower survival rate in the
training cohort (60 SCC patients; A), whereas low expression correlated
with a high survival rate in an independent test cohort (88 SCC
patients; B). The log-rank test P value was 0.007 for the training cohort
and 0.008 for the test cohort.
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However, molecular detection methods require less
amounts of tissue than traditional pathology and could
improve the diagnostic accuracy of endoscopic procedures.
The use of the microRNA classifier to improve the diag-
nostic yield after TBLB and avoid unnecessary surgery
would be a significant advance. Although the TBLB tissue
is scant, the RNA from the sample is sufficient for micro-
RNA amplification and analysis, which could use U6 RNA
from the same sample as an internal control for normal-
ization. An alternative technical approach is to compare the
expression of microRNAs from patients with common lung
tissue control, which could be supplied in a kit form. It is
not necessary to take the normal tissue from the same
patient for analysis. A custom-based array chip could be
designed to determine the 5-microRNA expression levels,
using experiences learned from our previous array-based
molecular diagnostic studies (27–29).
Furthermore, our study identified that the elevated ex-

pression of hsa-miR-31 correlates inversely with the sur-
vival of Chinese SCC patients. This single marker could be
conveniently measured by qRT-PCR. It is notable that hsa-
miR-31 is not a member of the 5-microRNA classifier
identified in the same patient samples. The reason might
be that the molecules involved in the initial occurrence of
SCC and the later malignant effects are different. We also
observed that TNM staging (I/II/III) was not consistently
correlated with the SCC survival in our cohorts (Tables 2
and 3). Resection surgery cannot be successfully done on
patients with TNM stage IV and part IIIb lung cancer; hence,
samples of these stages were not available to us. The
absence of these stage samples raises the possibility of
unknown statistical bias in our Cox regression analysis.
Yet, our findings suggest it may be beneficial to incorporate
molecular markers into the lung cancer staging system to
aid personalized treatment of patients, particularly at early
to intermediate stages.
Recently, Yang and colleagues reported a profiling study

on microRNA expression in SCC among 23 Chinese
patients (30). Their conclusions were not concordant with
our findings. Our study was the first comprehensive inves-

tigation of a statistically significant cohort of 148 Chinese
patients with extensive clinicopathologic data. Interesting-
ly, the 5 microRNAs comprising our SSC classifier have
individually been reported to have roles in 3 other studies.
Mascaux and colleagues reported a microRNA expression
during bronchial squamous carcinogenesis (31). They used
a total of 60 Caucasian biopsies, with 6 samples from each
category: normal bronchial epithelium of nonsmokers,
normal normofluorescent bronchial epithelial tissue of
smokers, histologically normal but hypofluorescent bron-
chial epithelium of smokers, hyperplasia, metaplasia, mild,
moderate, and severe dysplasia, carcinoma in situ, and SCC.
The hsa-miR-486 was found dysregulated during lung
carcinogenesis. Raponi and colleagues studied the progno-
sis of SCC using a cohort of 61 Caucasian SCC samples and
10 matched normal lung samples (32). hsa-miR-210 and
hsa-miR-182 were among the microRNAs differentially
expressed between SCC and normal lung samples in their
cohort. They also reported a different microRNA from ours,
hsa-miR-146b alone having prognostic value for SCC. In
addition, hsa-miR-210 was one of the microRNA markers
found in sputum by Xing and colleagues for early detection
of SCC in Caucasians (33). The fact that some of our 5
microRNAs are common to 3 other studies with Caucasian
patients is persuasive and it brings some confidence to the
universality of our observations, but this assertion must be
tested further.

MicroRNA-31 has been shown to be an oncogene in a
murine cell line (ED-1 cell) through its repression of 2
tumor suppressors, PPP2R2A and LATS2 (34). Here, we
examined the molecular role of hsa-miR-31 in a human
SCC lung cancer cell line (SK-MES-1 cell) and found
different results, which may be due to using cell lines from
different species. Interestingly, our findings indicated that
hsa-miR-31 suppressed the expression of DICER1 in the
human SCC cell line, but no effect was found on PPP2R2A
or LATS2. The expression of DICER1 has been shown to
be downregulated in human lung cancer and its reduced
expression correlates with shortened postoperative surviv-
al, which is consistent with our data (35). This novel

Table 2. Postoperative survival of SCC patients in relation to clinicopathologic characteristics and
microRNA expression analyzed by the Cox proportional hazard regression model in a training cohort
of 60 cases

Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Smoking Yes/no 1.014 (0.385–2.668) 0.978 1.859 (0.581–5.951) 0.515
Age �59 1.111 (0.528–2.338) 0.781 1.149 (0.505–2.617) 0.740
Sex M/F 1.265 (0.481–3.331) 0.634 1.997 (0.637–6.256) 0.235
TNM I/II/III 1.794 (1.131–2.845) 0.013 1.325 (0.775–2.267) 0.304
Differentiation Well/moderate/poor 1.283 (0.656–2.508) 0.466 2.053 (0.882–5.130) 0.124
Adjuvant therapy Yes/no 0.833 (0.374–1.855) 0.655 1.163 (0.459–2.950) 0.750
hsa-miRNA-31 High/low 2.827 (1.274–6.275) 0.011 3.535 (1.340–9.328) 0.011

MicroRNA Expression in Lung SCC

www.aacrjournals.org Clin Cancer Res; 17(21) November 1, 2011 OF7

Research. 
on April 16, 2017. © 2011 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

Published OnlineFirst September 2, 2011; DOI: 10.1158/1078-0432.CCR-11-0419 

http://clincancerres.aacrjournals.org/


finding that hsa-miR-31 can downregulate DICER1 is sig-
nificant, considering DICER1 plays an important role in
general microRNA expression and processing (3). Our
results suggest that hsa-miR-31 may act as a negative
regulator in the feedback loop controlling general micro-

RNA expression and may have important implications for
the systems biology of the cellular regulation of microRNA
expression. The 30-UTR homology to hsa-miR-31 was iden-
tical across all 3 genes (DICER1, PPP2R2A, and LATS2;
Fig. 3A). It is particularly interesting why only DICER1 and
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Figure 3. hsa-miR-31 targets
DICER1 and not PPP2R2A or
LATS2. A, predicted duplex
formation between hsa-miR-31
and human DICER1, PPP2R2A,
and LATS2 30-UTR. Arrows
indicate the mutation of the hsa-
miR-31 complementary sites in
DICER1 30-UTR. B, immunoblots
of DICER1, PPP2R2A, and LATS2
proteins in SK-MES-1 cells
transiently transfected with hsa-
miR-31 and control microRNA,
respectively. C, luciferase reporter
assays of the interaction between
hsa-miR-31 and the DICER1 30-
UTR. Assays were carried out by
cotransfection of hsa-miR-31 with
a luciferase reporter gene linked to
the 30-UTR of DICER1, containing
either wild-type (WT) or mutated
(mut) hsa-miR-31 complementary
sites. D, qRT-PCR of DICER1
mRNA in SK-MES-1 cells
transfected with hsa-miR-31 and
control microRNA, respectively. A
slight downregulation of the level
of DICER1 mRNA expression can
be seen, although the P value was
not significant. E, the expression
of DICER1 in tumor tissues (T) was
examined by
immunohistochemistry. These
sections were also stained by
hematoxylin and eosin (H&E); 100-
fold and 200-fold indicate the
magnification times. F, the
correlation between hsa-miR-31
level and DICER1 expression was
analyzed by the c2 test, n ¼ 46,
P ¼ 0.036.

Tan et al.

Clin Cancer Res; 17(21) November 1, 2011 Clinical Cancer ResearchOF8

Research. 
on April 16, 2017. © 2011 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

Published OnlineFirst September 2, 2011; DOI: 10.1158/1078-0432.CCR-11-0419 

http://clincancerres.aacrjournals.org/


not other genes (PPP2R2A and LATS2) were regulated by
hsa-miR-31 in our study. One possible explanation is that
microRNAs bind through partial sequence homology to
the 30-UTR of target genes, resulting at the same time in
some degree of mRNA degradation and translation inhi-
bition (4). Furthermore, the target gene sequences flanking
the hsa-miR-31 binding sitemay affect the functions of hsa-
miR-31. Grimson and colleagues also reported that the
seed matches are not always sufficient for microRNA re-
pression (36).
Significantly, the upregulation of hsa-miR-31 in human

colorectal (37), liver (38), and head and neck tumors
(39), as well as squamous cell carcinomas of the tongue
(40), has been previously reported. Paradoxically, the
downregulation of has-miR-31 is associated with malig-
nant progression in human carcinomas of the breast (41),
prostate (42), ovary (43), and stomach (44). These seem-
ingly conflicting roles of hsa-miR-31 indicate that it may
affect crucial events related to the progression of these
tumors through complicated regulatory mechanisms
(45). Further elucidation of the biological actions of
hsa-miR-31 may prove significant to improve diagnosis
and treatment of several types of human cancers. Our
observation of its regulation of DICER1 activity may
potentially explore wider biological functions of hsa-
miR-31 in the development of other cancers.
In summary, we have carefully designed and investigated

the microRNA expression profile in a large cohort of
Chinese SCC patients, using cryopreserved archival tissues
stored for at least 5 years for which extensive clinicopath-

ologic data were available. We revealed a 5-microRNA
classifier (hsa-miR-210, hsa-miR-182, hsa-miR-486-5p,
hsa-miR-30a, and hsa-miR-140-3p) that can distinguish
cancerous SCC lesions from adjacent normal tissues. We
showed that a high level of hsa-miR-31 expression strongly
correlated with a low survival for SCC patients. We showed
that hsa-miR-31 directly targets the DICER1 30-UTR and
repressed the expression of DICER1 but not PPP2R2A or
LATS2. The diagnostic 5-microRNA classifier and prognos-
tic hsa-miR-31 should prove to be useful for the manage-
ment of SCC among Chinese patients.
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