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ABSTRACT: The transcription factors SRY-related HMG box (SOX)2 and octamer-binding

transcription factor (OCT)4 regulate the expression of the miR-302–367 cluster. miR-145 regulates

SOX2 and OCT4 translation and p53 regulates miR-145 expression. We analysed the expression

of the miR-302–367 cluster and miR-145 and the mutational status of p53 in resected nonsmall cell

lung cancer (NSCLC) patients and correlated results with time to relapse (TTR).

Tumour and paired normal tissue samples were obtained from 70 NSCLC patients. MicroRNA

expression was assessed with TaqMan MicroRNA Assays. p53 exons 5 to 8 were sequenced.

miR-145 was downregulated (p,0.0001) and miR-367 was upregulated (p,0.0001) in tumour

compared with normal tissue. Mean TTR was 18.4 months for patients with low miR-145 levels and

28.2 months for those with high levels (p50.015). Mean TTR was 29.1 months for patients with low

miR-367 levels and 23.4 months for those with high levels (p50.048). TTR was shorter for patients

with both unfavourable variables (p50.009). Low miR-145 expression (p50.049), the combination

of unfavourable microRNA levels (p50.02) and the combination of low miR-145 with p53 mutations

(p50.011) were independent markers of shorter TTR.

In conclusion, miR-145 and miR-367 expression could be novel markers for relapse in surgically

treated NSCLC. p53 may play a role in modulating miR-145 expression in NSCLC.
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L
ung cancer is the first cause of cancer death
in the world [1], and ,85% of lung cancers
are nonsmall cell lung cancer (NSCLC).

,30% of NSCLCs are diagnosed at an early stage,
when the main treatment is surgical resection. The
relapse rate after surgery is high (20–70%, depend-
ing on disease stage), and stage II–III patients are
routinely treated with adjuvant chemotherapy,
which has been shown to improve survival in
several randomised clinical trials [2–5]. However,
adjuvant chemotherapy is not routinely adminis-
tered for stage I disease [2], although it has been
postulated that high-risk stage I patients could
also benefit from this treatment [6]. Biomarkers to
predict the risk of relapse would thus be a useful
tool for risk stratification and selection of patients
for adjuvant treatment.

The transcription factors SRY-related HMG box
(SOX)2, octamer-binding transcription factor (OCT)4
and NANOG are essential for early embryonic
development and for maintenance and regulation of

stemness in human embryos and adult tissues [7,
8]. Dysregulation of these embryonic transcription
factors has been associated with tumour growth
and progression in several cancers [9, 10]. In
NSCLC, SOX2 is strongly and diffusely expressed
in ,90% of squamous cell carcinomas and 20% of
adenocarcinomas [11]. SOX2 is a 3q-amplified
oncogene in lung and oesophageal squamous cell
carcinoma [12], and 3q amplification has been
shown to separate high- from low-grade dysplasia
in bronchial biopsies [13]. Moreover, clinical
progression of pre-invasive bronchial lesions has
been associated with SOX2 amplification [13].
SOX2 expression is also higher in poorly differ-
entiated than in well differentiated tumours [14].
Interestingly, not only does SOX2 overexpression
stimulate cellular migration and anchorage-inde-
pendent growth in cell cultures [15], but it is also
oncogenic in mouse models [16]. SOX2 expression,
detected by immunohistochemistry, has been
proposed as an independent marker of poor
outcome in stage I lung adenocarcinoma [17].
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MicroRNAs (miRNAs) are small noncoding RNAs (22–24

nucleotides in length) that negatively regulate RNA translation

to protein. miRNAs are essential for regulating cell proliferation,

differentiation and maintenance of stemness [18]. SOX and

OCT4 bind to the miR-302 promoter region and are essential for

the expression of its members (miR-302a-a*-b-b*c-c*-d- and

miR-367) [18, 19] in human embryonic stem cells. miR-145

regulates SOX2 and OCT4 expression and blocks self-renewal in

human embryonic stem cells and induces expression of

mesodermal and ectodermal differentiation markers [20].

Mutations of the central tumour suppressor p53, which

regulates the maturation of several miRNAs, have been

shown to lead to attenuation of miRNA processing activity.

Interestingly, p53 regulates the expression of miR-145 by

binding to its promoter region [21].

These data indicate that the miR-302–367 cluster, miR-145 and

p53 work together to influence growth and differentiation in

human embryonic stem cells. However, the relevance of these

three factors in early-stage NSCLC remains to be elucidated. In

order to shed light on this potential role of the miR-302–367

cluster, miR-145 and p53, we have analysed the expression of

the miRNAs and the mutational status of p53 in surgically

resected NSCLC patients and correlated results with time to

relapse (TTR).

MATERIALS AND METHODS

Study population
70 fresh tumour samples and 70 paired normal tissue samples

from NSCLC patients who underwent complete surgical

resection in our institution were prospectively collected

between June 2007 and December 2009. Immediately after

surgery, samples were labelled, frozen at -80uC and kept for

further processing. All patients had pathologically confirmed

stage I–III NSCLC, Eastern Cooperative Oncology Group

performance status 0–2, were aged .18 years and had adequate

organ function. Approval for the study was obtained from the

Institutional Review Board of the Hospital Clinic of Barcelona,

Spain. Written informed consent was obtained from each

participant in accordance with the Declaration of Helsinki.

RNA extraction and miRNA quantification
Total RNA was extracted from fresh frozen tumour and

normal tissues using Trizol (Invitrogen by Life Technologies,

Carlsbad, CA, USA) following the manufacturer’s protocol.

RNA concentration was obtained using NanoDrop ND-1000

Spectrophotometer (Fisher Scientific, Madrid, Spain). 10 ng of

total RNA was used for each miRNA quantification. We

performed two independent copies in a single run. miRNA

detection was performed using commercial assays (TaqMan

microRNA assays; Applied Biosystems, Foster City, CA, USA)

for miR-145, miR-302a-b-c-d and miR-367, as described

previously [22], using an Applied Biosystems 7500 Sequence

Detection System. Relative quantification was calculated using

2-DDCt, where Ct is cycle threshold. Normalisation was

performed with miR-191 as it was found to be the most stably

expressed miRNA in frozen lung specimens [23]. We used the

median of normal tissue expression as calibrator.

p53 mutation analysis
PCR was performed on 50-ng DNA samples to identify p53
mutations. The mutation analysis included p53 exons 5–8. The
following primers were used: p53 exon 5 forward 59-
GTTTCTTTGCTGCCGTCTTC-39, reverse 59-GAGCAATCAG
TGAGGAATCAGA-39; p53 exon 6 forward 59-AGAGACGA
CAGGGCTGGTT-39, reverse 59-CTTAACCCCTCCTCCCAG
AG-39; p53 exon 7 forward 5’-TTGCCACAGGTCTCCCC
AA-3’, reverse 5’-AGGGGTCAGAGGCAAGCAGA-3’; and
p53 exon 8 forward 59-GGGACAGGTAGGACCTGATTT-39,
reverse 59-TAACTGCACCCTTGGTCTCC-39. The PCR pro-
ducts were analysed by agarose gel electrophoresis, purified

TABLE 1 Patient characteristics

Characteristic n (%) p-value

TTR miR-145# miR-367#

Sex

Male 58 (82.9) 0.02 0.535 0.545

Female 12 (17.1)

Age years

f65 31 (44.3) 0.965 0.050 0.655

.65 39 (55.7)

Performance status

0 7 (10) 0.861 0.5 0.277

1 63 (90)

Stage

I 44 (62.9) 0.374 0.758 0.874

II 12 (17.1)

III 14 (20)

Histology

Adenocarcinoma 36 (51.4) 0.49 0.364" 0.926"

Squamous cell

carcinoma
28 (40)

Others 6 (8.6)

Type of surgery

Lobectomy/bilobectomy 59 (84.3) 0.27

Pneumonectomy 5 (7.1)

Atypical resection 6 (8.6)

Smoking history

Current smoker 22 (31.4) 0.184 0.082 0.587

Former smoker 40 (57.1)

Never-smoker 6 (8.6)

Unknown 2 (2.9)

Adjuvant chemotherapy

Yes 15 (21.4) 0.774

No 55 (78.6)

Relapse

No 47 (67.1)

Yes 23 (32.9)

p53 mutated

Yes 13 (20.3) 0.002 0.009 0.555

No 51 (79.7)

TTR: time to relapse. #: t-test was used to compare miRNA levels with variables

with two values and ANOVA for variables with more than two values; ":

adenocarcinoma was compared only with squamous cell carcinoma.
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and used in two sequencing reactions per exon (forward and
reverse), using the Big Dye Terminator Cycle Sequencing kit
(version 3.1; Applied Biosystems). Reactions were loaded into an
ABI-310 DNA sequencer (Applied Biosystems). All sequences
were analysed with the SeqScape software (Applied Biosystems).
The p53 mutation analysis was performed in only 64 patients as
the remaining six patients had insufficient tissue for DNA
extraction. Conditions are shown in detail in the online
supplementary material.

Statistical methods
The objective of our study was to assess TTR, calculated from
the time of surgical treatment to the date of relapse or last
follow-up. TTR was calculated using the Kaplan–Meier
method and compared using the log-rank test. Optimal cut-
off points of miRNA expression data for TTR and overall
survival were assessed by means of maximally selected log-
rank statistics [24] using the Maxstat package (version 2.8.1; R
statistical package, Institute for Statistics and Mathematics,
Vienna, Austria) and confirmed by the Kaplan–Meier test. All
variables with a p-value f0.1 in the univariate analysis were
included in a Cox multivariate analysis in order to calculate the
independent odds ratios for TTR. All statistical analyses were
performed with PAS W Statistics 18 (SPSS Inc., Chicago, IL,
USA) and R version 2.13. Statistical significance was set at
pf0.05.

RESULTS
Patient characteristics
Table 1 shows the main characteristics of the 70 patients
included in the analysis. 58 (82.9%) patients were male. Their
mean age was 67 years (range 46–83 years). 59 (84.3%) patients
underwent a lobectomy or bilobectomy. All patients had
pathological tumour stage I–III. 36 (51.4%) patients had
adenocarcinoma and 28 patients (40%) had squamous cell
carcinoma. 15 (21.4%) patients received cisplatin-based adju-
vant chemotherapy. At a mean follow-up of 17 months, 23
(32.9%) patients had relapsed, five of whom (21.7%) had
received adjuvant chemotherapy.

miRNA expression in normal and tumour tissue
The normalised real-time PCR results showed that miR-145
expression was downregulated (p,0.0001) and miR-367

expression was upregulated (p,0.0001) in tumour tissue as
compared with paired normal tissue samples. The mean fold
change (relative quantitation (RQ)52-DDCt) was 0.28 for miR-
145 and 4.46 for miR-367 (fig. 1). Low miR-145 expression was
associated with patients aged .65 years (p50.05). No other
association between miRNA expression and clinical character-
istics was observed (table 1).

miR-145 and miR-367 expression, individually and in
combination
Overall mean TTR was 26.2 months. Mean TTR for females
was 36.7 months versus 23.3 months for males (p50.02). In
order to examine the prognostic implications of the expression
levels of miR-145, miR-302a-b-c-d and miR-367, we used the
cut-off point selected by the Maxstat package of R. This only
identified significant cut-off points for miR-145 (cut-off RQ
0.95) and miR-367 (cut-off RQ 0.65). Both cut-off points
discriminate two groups of patients: patients with or without
overlapped expression with the normal tissue, as observed in
figure 1. When patients were divided according to the selected
cut-off point, the mean TTR for patients with low miR-145
levels was 18.4 months versus 28.2 months for patients with
high miR-145 levels (p50.015; fig. 2a). Mean TTR for patients
with low miR-367 levels was 29.1 months versus 23.4 months
for patients with high miR-367 (p50.048; fig. 2b). No other
differences in TTR were observed according to clinical
characteristics or miRNA expression levels.

In order to further explore the influence of miR-145 and miR-
367, we then examined their effect in combination. When
patients with both unfavourable variables (low-miR-145 and
high miR-367 expression) were grouped together, mean TTR
was 14.7 months for patients with both unfavourable variables
versus 27.8 months for patients with only one or no unfavour-
able variable (p50.009; fig. 3).

p53 mutations and miR-145 expression
p53 mutation status was successfully assessed in 64 patients, 13
(20%) of whom harboured p53 mutations (table 2). The
normalised real-time PCR results from the 64 tumour samples
showed that miR-145 expression was downregulated in
patients with p53 mutations and upregulated in patients with
nonmutated p53 (p,0.009). The mean fold change between the
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FIGURE 1. a) miR-145 and b) miR-367 expression in tumour and normal tissue. RQ: relative quantitation.
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group with p53 mutations and the group with nonmutated p53
was 0.37. The average DCt values were 0.67 for the group with
mutated p53 and -0.71 for the group without mutations (fig. 4).
Mean TTR was 28.69 months for the 13 patients with p53
mutations and 15.60 months for the remaining 51 without p53
mutations (p50.002) (fig. 5a). Mean TTR was 9.95 months for
the six patients with both low miR-145 expression and p53
mutations and 27.38 months for the remaining 64 patients
with low miR-145 expression but without p53 mutations
(p50.00001) (fig. 5b).

Multivariate analyses
A multivariate analysis of TTR was performed including
clinical variables with univariate log-rank p,0.1, disease stage,
miR-145 expression, miR-367 expression and p53 mutation
status. Low miR-145 expression (OR 2.70, 95% CI 1.05–7.26;
p50.049) and p53 mutations (OR 3.53, 95% CI 1.3–9.6; p50.014)
emerged as independent markers for shorter TTR, while stage I
disease (OR 0.21, 95% CI 0.068–0.657; p50.007) was an
independent marker for longer TTR.

A second multivariate analysis was then performed, including
the same clinical variables but comparing unfavourable
miRNA expression levels (low miR-145 plus high miR-367)
versus other combinations and comparing low miR-145
expression with p53 mutations versus low miR-145 expression
without p53 mutations. In this second multivariate analysis,
the combination of unfavourable miRNA expression levels
(OR 3.56, 95% CI 1.20–10.40; p50.02) and the combination of
low miR-145 with p53 mutations (OR 3.67, 95% CI 1.34–9.98;
p50.011) were independent markers for shorter TTR, while
stage I disease continued to be a marker for longer TTR (OR
0.169, 95% CI 0.05–0.52; p50.002) (table 3).

DISCUSSION
The SOX2/OCT4/NANOG group of transcription factors is
essential to maintaining the pluripotent embryonic stem cell
phenotype. p53 enhances the post-transcriptional maturation
of miR-145 [25], which regulates the expression of SOX2/OCT4
[20], while SOX2, OCT4 and NANOG act as upstream
regulators of the miR-302–367 cluster [19]. Interestingly, both
SOX2/OCT4/NANOG and miR-302–367 expression levels are
high during the initial phases of embryonic development but
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FIGURE 2. Kaplan–Meier curves for time to relapse (TTR) according to the level of expression of a) miR-145 and b) miR-367.
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FIGURE 3. Kaplan–Meier curves for time to relapse (TTR) in patients with both

unfavourable variables (low miR-145 and high miR-367) versus those with only one

or no unfavourable variable.

TABLE 2 p53 mutations

Sample Codon Nucleotide

change

Amino acid

change

Exon

07-394 157 GTC.TTC Val.Phe 5

07-413 141 TGC.GGC Cys.Gly 5

09-311 157 GTC.TTC Val.Phe 5

08-647 129 GCC.GTC Ala.Val 5

07-326 214 CAT.GAT His.Asp 6

07-306 213 CGA.TGA Arg.STOP 6

09-310 196 CGA.TGA Arg.STOP 6

08-008 215 AGT.ATT Ser.Iso 6

09-022 242 TGC.AGC Cys.Ser 7

09-213 248 CGG.CAGG Insertion 7

08-206 272 GTG.GAG Val.Glu 8

09-327 273 CGT.CTT Arg.Leu 8

08-562 285 GAG.GTG Glu.Val 8
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undergo rapid downregulation upon cell differentiation [26, 27].
Moreover, a study in several cell lines showed that ectopic
expression of the miR-302–367 cluster was sufficient to
reprogramme cells and transform them into pluripotent cells
[28]. While it is clear that SOX2/OCT4/NANOG and their
related miRNAs, the miR-302–367 cluster and miR-145, play a
distinctive role in embryonic stem cells, this is the first study to
examine the potential impact on prognosis of these embryonic
miRNAs in surgically treated cancer patients.

The present study has shown significant differences in the
expression levels of miR-367 and miR-145 between tumour and
normal tissue from surgically resected NSCLC patients. miR-
145 expression was lower in tumour than in normal tissue,
which is similar to findings in embryonic stem cells and cancer
cell lines. In human embryonic stem cells, miR-145 regulates
SOX2 and OCT4 expression, inhibiting self-renewal and
pluripotency [20], and in CD133+ cancer cell lines, miR-145
overexpression significantly reduced the proliferation capacity
of cancer stem cells [29]. In the present study, patients with
lower levels of miR-145 had a shorter TTR than those with

higher levels, suggesting that miR-145 may play the same
inhibitory role in early-stage NSCLC.

In contrast to miR-145, miR-367 expression was significantly
higher in tumour than in normal tissue, and patients with
higher levels of miR-367 had a shorter TTR than those with
lower levels. Along the same lines, experimental studies in
human embryonic stem cells found that miR-367 can positively
regulate cell self-renewal and maintain cell pluripotency by
inhibiting cyclin D1/Cdk4 and activating transforming growth
factor (TGF) b nodal/activin [30]. It is known that SOX2/
OCT4/NANOG regulates the expression of the miR-302–367
cluster in embryonic stem cells, and experimental and clinical
studies have shown a relationship between SOX2/OCT4/
NANOG and tumour growth and metastasis [17, 31]. Taken
together, these findings indicate that high miR-367 expression
may promote tumour development.

Recently, a significant correlation has been found between miR-
145 expression and p53 mutation status in both prostate tumour
tissue and cancer cell lines [32]. p53-mutant prostate cancer
samples and cell lines showed lower miR-145 expression
compared with adjacent normal regions or non-mutated cell
lines. In the present study, patients with p53 mutations and low
miR-145 expression had worse prognosis than patients with
nonmutated p53 and low miR-145. This is along the lines of
findings in cell lines, where p53 mutations led to attenuation of
miRNA processing activity, suggesting a tumour-suppressive role
for p53 [25]. These data indicate that there may be an important
link between p53 mutational status and miR-145 expression.

The multivariate analyses in the present study showed that low
miR-145 expression in combination with high miR-367 expres-
sion was an independent marker of shorter TTR, indicating that
in addition to playing a distinctive role in embryonic stem cells,
miR-145 and miR-367 may also impact adult stem cells. It has
recently been suggested that adult lung stem cells retain
molecular characteristics that are typical of embryonic stem
cells [33]. It could thus be postulated that the abnormal
expression of miR-145 and miR-367 may be a requisite for the
transformation of normal adult stem cells into cancer stem cells.
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To the best of our knowledge, the present study is the first to
explore the potential implications for tumour progression of
miRNAs related to early embryogenesis. While there are many
recognised prognostic and predictive markers for NSCLC,
including several gene signatures, miRNAs and miRNA
signatures, the fact that miRNAs regulate the transcription of
multiple target genes leads us to speculate that the analysis of
miRNA expression may have further-reaching ramifications
than that of gene expression. Although further studies are
warranted, miRNA signatures may well be useful in predicting
patients who will respond to certain chemotherapy regimens
or who have a greater risk of relapse.

In summary, our findings provide the first hints that miR-145
and miR-367 expression may be a useful prognostic marker
that could be used for risk stratification and selection of early
NSCLC patients for adjuvant treatment. In addition, the
potential role of p53 in modulating miR-145 expression
warrants further investigation.
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