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miR-1290 is a potential prognostic biomarker in non-small cell
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Background: miR-1290 is a newly discovered microRNA (miRNA), and its role in non-small cell lung
cancer (NSCLC) remains unknown. This study aimed to evaluate the expression levels of miR-1290 in
NSCLC tissues and serum, and explore its associations with clinicopathological characteristics and prognosis
of NSCLC patients.

Methods: A total of 33 pairs of tissues and 73 serum samples were obtained from NSCLC patients and
expression levels of miR-1290 were detected by specific TagMan qRT-PCR. The relationship between miR-
1290 expression levels in NSCLC tissues and serum and clinicopathological characteristics was estimated
respectively. The correlation between serum miR-1290 expression levels and overall survival of NSCLC
patients was performed by Kaplan-Meier analysis and Cox proportional hazards model.

Results: We determined that miR-1290 expression levels were increased significantly in NSCLC tissues
compared with non-tumor adjacent normal tissues, and higher miR-1290 expression levels were positively
correlated with high tumor stage (P=0.004) and positive lymph node metastasis (P=0.013). Compared with
benign lung disease and healthy controls, serum levels of NSCLC patients exhibited higher expression of miR-
1290. Furthermore, the up-regulation of serum miR-1290 more frequently occurred in NSCLC patients with
high TNM stage, positive lymph node metastasis (P=0.022 and P=0.024, respectively). Kaplan-Meier analysis
demonstrated that high serum miR-1290 expression levels predicted poor survival (P=0.022). Cox proportional
hazards risk analysis indicated that miR-1290 was an independent prognostic factor for NSCLC.
Conclusions: Our study suggests that miR-1290 is overexpressed in NSCLC, and serum miR-1290 may
be used as a potential prognostic biomarker for NSCLC.

Keywords: Non-small cell lung cancer (NSCLC); miR-1290; biomarker; prognosis

Submitted Apr 27, 2015. Accepted for publication Aug 17, 2015.
doi: 10.3978/j.issn.2072-1439.2015.09.38
View this article at: http://dx.doi.org/10.3978/j.issn.2072-1439.2015.09.38

Introduction lung cancer is very poor despite recent advances in diagnosis

Lung cancer is the leading cause of cancer-related deaths and therapies, and the five-year survival rate of lung cancer

worldwide, due to its high incidence, malignant behavior, patients is less than 15% (1,2). Approximately 85% of all
and lack of effective treatment strategy. The prognosis for lung cancer cases are categorized as non-small cell lung
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cancer (NSCLC), and most patients present with advanced
disease at the time of diagnosis further contributing to
dismal morbidity and mortality rates (3). Consequently, to
provide better treatment strategies, there is an urgent need
to identify new biomarkers and therapeutic targets for lung
cancer.

MicroRNAs (miRNAs) are a newly-discovered class of
small non-coding RNAs (19-22 nucleotides), and have been
identified as important factors in cancer tumorigenesis and
progression (4,5). miRNAs expression profiles not only allow
distinguishing malignant and non-malignant tissue, but
also distinguishing different tumor entities and stages (6).
In addition, specific miRINAs are useful to distinguish cancer
patients and healthy controls (7). Patients with breast cancer
have increased levels of miR-195 (8), and miR-26a has been
evaluated in prostate cancer (9). Furthermore, miR-29
is a prognostic indicator for colon cancer (10). Emerging
evidence supports a role for miRNAs in multiple cancer
development and progression, including lung cancer (11,12).

miR-1290 was initially discovered in human embryonic
stem cells, which was encoded in the first intron of the
aldehyde dehydrogenase 4 family, member Al (ALDH4AI)
gene (13). Yelamanchili ez 4/. (14) identified that miR-1290
could regulate the human neuronal differentiation process
by acting on critical cell cycle proteins. Li et 4l. (15) found
that miR-1290 was overexpressed in primary pancreatic
cancer tissues, and patients with higher serum miR-1290
levels had worse prognosis. However, the role of miR-1290
in lung cancer is still unclear.

In the present study, miR-1290 expression levels in
human NSCLC tissues and serum was examined by specific
TagMan qRT-PCR. The correlation between miR-1290
and clinical characteristics and prognosis was subsequently
analyzed.

Materials and methods
Tissues specimens

The study was approved by the Ethical Committee of The
First Affiliated Hospital of Nanjing Medical University
(Nanjing, China), and informed consent was obtained
from all patients. NSCLC tissue samples and matched
non-tumor adjacent tissues (NATs) were obtained from
patients who underwent surgical resection at the Thoracic
Surgery Department of First Affiliated Hospital of
Nanjing Medical University, between March 2010 and
December 2011 and were diagnosed with NSCLC based on
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histopathological evaluation. All tissues were immediately
snap-frozen in liquid nitrogen and stored at -80 °C until
use. In addition, the patients with any other tumor were
excluded from the study. A total of 33 pairs of NSCLC
tissues were examined in the study. According to the criteria
of the Union for International Cancer Control (UICC)/
American Joint Committee on Cancer (AJCC), seventh
edition, 8, 13, and 12 patients exhibited stage I, II, and
IMa cancer, respectively. None of the subjects had received
any therapeutic procedures prior to this study, including
surgery, chemotherapy, and radiotherapy.

Serum samples

To further determine the role of miR-1290 in NSCLC,
serum samples were collected. From March 2009 to
December 2013, we collected serum samples from patients
who visited the Thoracic Surgery Department and the
Oncology Department of The First Affiliated Hospital of
Nanjing Medical University (Nanjing, China). Patients with
recent history of any cancer other than lung cancer were
excluded. We included patients with NSCLC who had not
received any therapeutic procedures before collection of
serum samples. A total of 73 patients were involved in this
study, and 17 Is, 14 IIs, 4 IIlas, 16 IIIbs, and 22 IVs were
identified, according to the criteria of the UICC/AJCC,
seventh edition. Furthermore, serum from 19 patients with
various benign lung disease and 34 cases of healthy controls
were also obtained. Serum samples were extracted from
whole blood after centrifugation (2,800 g, 10 min) and
stored at —-80 °C until further processing. The prognosis
was evaluated in all NSCLC patients with serum samples
in April 2015. Overall survival was defined as the time from
cancer onset until death or by censoring at the last follow-
up date.

Isolation of total RNA and quantitative RT-PCR

Total RNAs of tissues and serum samples were extracted
with Qiagen miRNeasy Mini kit (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol, and
then both miRNAs and mRNA were reverse transcribed to
cDNA. TagMan miRNA assays (Applied Biosystems, Foster
City, USA) with specific RT primers and probes were
used to quantify the expression of mature has-miR-1290
(5'-UGGAUUUUUGGAUCAGGGA-3"). cDNA was
generated from 500 ng of total RNA using PrimeScript™
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RT Master Mix Perfect Real Time (TaKaRa, Dalian,
China). Quantitative real-time PCR for ALDH4A1 was then
performed with SYBR® Premix DimerEraser (TaKaRa). U6
was used for miRNA template normalization and p-actin
for mRNA template normalization. The relative expression
level of target RNAs was calculated by 27
which AACt = ACt (target - reference) (in tumor samples)
- ACt (target - reference) (in NATs) (16). As for serum
samples, 100 fmol/ml of synthesized cel-miR-39 (Qiagen,

method, in

Hilden, Germany) was added to equal volume of serum to
serve as normalizer before RNA extraction. The relative
levels of miR-1290 in serum were expressed as 2*“ method,
in which ACt = Ct,yir-1200 = Cteet-mir-so-

The primers sequences were as follows:

ALDH4A1 forward, 5'-CCATCTCGCCCTTTAACTT
CAC-3"; ALDH4AI reverse, 5'-ACTGGGCTTCCATA
GGACCA-3';

p-actin forward, 5'-TGGCCCCAGCACAATGAA-3";
p-actin reverse, 5'-CTAAGTCATAGTCCGCCTAGA
AGCA-3".

RT-PCR was performed by using the ABI 7500 fast real-
time PCR system (Applied Biosystems, Foster City, USA).
All samples were performed in triplicate and independently
repeated three times.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
Version 16 (SPSS Inc, Chicago, IL, USA) and GraphPad
Prism v5.0 (Graphpad Software Inc.). The Wilcoxon test
was used to compare miR-1290 expression in paired tumor
tissue samples and NATs. The Mann-Whitney U test and
Kruskal-Wallis test were used to perform statistical analysis
of serum miR-1290 levels between unpaired groups and
multiple comparison groups, respectively. The Pearson’s
chi-squared test and Fisher’s exact test were used to evaluate
the association between serum or tissue miRNA levels and
clinicopathological parameters. The Spearman correlation
test was used to examine correlation between the expression
of ALDH4A1 mRNA and miR-1290 in tumor tissues.
In addition, survival curves were constructed with the
Kaplan-Meier method and compared using log-rank test.
Cox proportional hazards regression analysis was used for
univariate and multivariate analyses of prognostic values. P
value of two-sided less than 0.05 was considered statistically
significant.
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Results

miRNA-1290 and ALDH4A1 mRNA expression in
NSCLC tissues

To analyze the expression of miR-1290 in patients with
NSCLC, we measured the levels of miR-1290 in 33 pairs
of NSCLC tissues and the NATs. Significantly higher
miR-1290 was detected in tumor tissues compared with
the NATs (P<0.001) (Figure 1A4). Data are presented
as log2 of fold-change (cancer/normal) and defined as
“>17as overexpression, “<-1” as underexpression, and the
remaining were unchanged (17). The results showed that
18 cases (54.5%) had significantly increased levels of miR-
1290 in NSCLC tissues compared with their NATs. There
were 15 cases (45.5%) in whom the expression of miR-
1290 was slightly changed (Figure 1B). miR-1290 is encoded
in the first intron of ALDH4AI. Thus, we also examined
mRNA expression of ALDH4A1 in NSCLC tissues.
We did not find any significant difference in ALDH4A1
expression level between paired tumor tissues and NATs
(P=0.124; Figure 1C). Furthermore, the correlation between
ALDH4A1 mRNA and miR-1290 in tissues was analyzed
with the spearman correlation test. However no significant
correlation was observed (r=0.334; P=0.057; Figure 1D).

Association between clinicopathological features and miR-
1290 expression levels in NSCLC tissues

The association between tissues miR-1290 expression levels
and clinicopathological parameters were summarized in
Table 1. For the NSCLC samples, high expression of miR-
1290 was significantly more frequently observed in stage
IITa samples than in stage I and II samples (P=0.004).
Moreover, we noted significant correlation between
expression levels of miR-1290 and lymph node metastasis
(P=0.013). However, statistical analysis revealed no
significant correlation between expression of miR-1290 and
age, gender, smoking history, tumor size, and histology type
(P=0.401, 0.228, 0.169, 0.868, and 0.808, respectively; Tuble I).

Serum miR-1290 expression levels in NSCLC

We further detected miR-1290 expression levels in serum.
A total of 126 serum samples, including those from patients
with NSCLC (n=73), patients with benign lung disease
(n=19), and healthy controls (n=34) were examined. The
expression levels of serum miR-1290 were significantly
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Figure 1 miR-1290 and ALDH4A1 mRNA expression in NSCLC tissues. (A) Expression of miR-1290 was quantified by qRT-PCR in
tissues and NATS, and its expression is normalized by U6 RNA in each sample; (B) fold changes of miR-1290 in each individual paired
sample. Data are presented as log, of fold-change of NSCLC relative to its NATs; (C) ALDH4A1 mRNA expression in NSCLC tissues and
NATS relative to f-actin detected by qRT-PCR; (D) no correlation was found between mRINA expression of ALDH4A1 and miR-1290 in
tumor samples (r=0.334; P=0.057). **P<0.001, statistically significant. NS, no significance. NSCLC, non-small cell lung cancer; ALDH4A1,
aldehyde dehydrogenase 4 family, member Al; NATS, non-tumor adjacent tissues.

higher in the NSCLC group than in the benign lung
disease group (P=0.028) and healthy control group (P<0.001;
Figure 2). Furthermore, when all NSCLC serum samples
were segregated based upon TNM stage, the gradual
increase in serum miR-1290 expression levels was clearly
discernible. Serum levels of miR-1290 expression associated
with TNM stage (stage I vs. IIIb: P=0.007; stage I vs. IV:
P<0.001) (Figure 2).

Correlation of serum miR-1290 with clinicopathological
factors

The correlation of serum miR-1290 expression levels
with clinicopathological factors of NSCLC patients was
statistically analyzed in 7able 2. High level of serum miR-
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1290 expression was significantly correlated with high
TNM stage (P=0.022) and lymph node metastasis (P=0.024).
However, there were no obvious changes between serum
miR-1290 expression levels and other factors including age,
gender, smoking history, and histological type (P=0.816,
0.607, 0.351, and 0.794, respectively).

Correlation between serum miR-1290 level and patients’
survival

We further evaluated the association between serum miR-
1290 levels and overall survival of NSCLC patients. Overall
survival curves of NSCLC patients were estimated using
the Kaplan-Meier method and compared with log-rank test.
Complete follow-up data were available for 66 cases, which
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Table 1 Correlation between tissue miR-1290 status and clinicopathological characteristics

Characteristics Number of patients exprrgéiigr??so r:)gjian) expl;zlsl:;;ﬁgzg :Ezian) P value

Number 33 17 16

Age (years) 0.401
<60 19 11
>60 14 6

Gender 0.228
Male 17 10
Female 16 10

Smoking 0.169
No 17 11 6
Yes 16 6 10

Tumor size (cm) 0.868
<3.0 16
>3.0 17

Histology 0.808
Adenocarcinoma 22 11 11
Sqguamous carcinoma 11 6 5

Tumor stage 0.004*
| 8
Il 13 6
llla 12

Lymph node metastasis 0.013*
No 20 14 6
Yes 13 3 10

*, statistical significance (P<0.05). miRNAs, microRNAs.
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Figure 2 miR-1290 expression levels in serum samples. Scatter
plot representation of serum miR-1290 levels in healthy controls
and benign lung disease and NSCLC patients. Cel-miR-39 was
used normalization. Statistically significant differences were
determined using the Mann-Whitney U test and Kruskal-Wallis
tests. *P<0.05; ***P<0.001, statistically significant. NSCLC, non-
small cell lung cancer.
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were categorized as low miR-1290 expression and high
miR-1290 expression (based on the median expression).
The clinicopathological characteristics of these 66 cases
were shown in 7able S1. Assessment of survival in NSCLC
patients revealed that higher expression of miR-1290 was
correlated with adverse survival of patients. As of April
2015, 39 patients (53.4%) had died during the follow-up
period. Although the mortality rate was 53.4% for patients,
patients with low miR-1290 expression had a longer survival
time (months) compared with the patients with high miR-
1290 expression (13.14+1.65 vs. 8.8+1.04, P=0.037). The
median observation time for overall survival was 12 months
(range, 2-68 months). The survival rate for patients with
low miR-1290 expression was 51.7% compared with
only 31.5% for patients with high miR-1290 expression.
The median survival time of patients with high-level
expression of miR-1290 was only 12 months, whereas the
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Table 2 Correlation between serum miR-1290 status and clinicopathological characteristics
Characteristics Number of patients miR.—1290 low . miRj‘|290 high. P value
expression (< median) expression (> median)

Number 73 36 37

Age (years) 0.816
<60 33 17 16
>60 40 19 21

Gender 0.607
Male 53 25 28
Female 20 11 9

Smoking 0.351
No 33 14 19
Yes 40 22 18

Histology 0.794
Adenocarcinoma 53 27 26
Sqguamous carcinoma 20 9 11

Tumor stage 0.022*
| 17 13 4
Il 14 9 5
Ila 4 2 2
Ilib 16 5 11
\% 22 7 15

Lymph node metastasis 0.024*
No 23 16 7
Yes 50 20 30

*, statistical significance (P<0.05). miRNAs, microRNAs.

median survival time of those with low expression levels of
miR-1290 was 36 months (log-rank test: P=0.022 ; Figure 3).

Univariate and multivariate Cox analysis for prognosis of
patients with NSCLC

Next, we performed a univariate Cox proportional hazards
regression analysis to determine the influence of serum
miR-1290 levels and clinicopathological characteristics
(gender, age, smoking history, histology type, TNM stage,
and lymph node metastasis) on patient survival. The
results showed that TNM stage, lymph node metastasis,
and serum miR-1290 expression levels were significantly
correlated with overall survival (P=0.027, 0.001, and 0.017,
respectively). Multivariate analysis was used to assess the
parameters that significantly correlated with survival in

© Journal of Thoracic Disease. All rights reserved.

the univariate analysis. Results of the multivariate analysis
indicated that TNM stage and lymph node metastasis status
[hazard ratio (HR) =1.721; 95% confidence interval (CI),
1.154-2.832; P=0.031 and HR =2.214; 95% CI, 1.294-4.479;
P=0.027, respectively] and serum miR-1290 expression
(HR =1.785; 95% CI, 1.167-2.978; P=0.029) were the

independent prognostic factors for overall survival (Table 3).

Discussion

miRNA functional studies have suggested deregulation
of miRNAs as a factor in the initiation and progression of
cancer, though the mechanisms are still largely unknown
(18-20). During the past few years, the crucial roles of
miRNAs in lung cancer tumorigenesis and progression
have been gradually recognized. MiR-1254, miR-574-5p
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Figure 3 Overall survival analysis of miR-1290 in NSCLC.
Kaplan-Meier curves for overall survival in NSCLC patients
according to serum miR-1290 expression. The overall survival
rates were defined as the interval between death or the last follow-
up examination. Statistical significance was calculated using the
log-rank test. NSCLC, non-small cell lung cancer.

and miR-21 are all significantly elevated in lung cancer (21).
However, miR-146a and miR-1 expression were significantly
decreased in patients with lung cancer (22,23). In addition,
some miRNAs expression were closely associated with
lymph node metastasis, such as miR-10b in lung cancer (24).

Thus far, studies on miR-1290 have been limited. Belian
et al. (25) showed that miR-1290 participated in the process
of gastric cancer cell resistance. miR-1290 was significantly
up-regulated in clinical colon cancer tissue and it could
impair cytokinesis and affect the reprogramming of colon
cancer cells (26). However, miR-1290 expression levels
in lung cancer are poorly characterized. In this study, the
clinical significance of miR-1290 in NSCLC was firstly
explored. We demonstrated that miR-1290 was significantly
up-regulated in NSCLC tissues. In view of miR-1290 being
encoded in the first intron of ALDH4A1 which is involved
in metabolic signals (27), we detected the mRINA expression
of ALDH4A1 in NSCLC tissues. However, there was no
significant difference in ALDH4A1 mRNA expression
between tumor tissues and NATS. Besides, there was also
no significant correlation between ALDH4A1 mRNA
expression and miR-1290.

Subsequently, we studied the association between

© Journal of Thoracic Disease. All rights reserved.
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miR-1290 expression levels and clinicopathological
characteristics. Intriguingly, the up-regulation of miR-
1290 was not only closely correlated with tumor TNM
stage, but also correlated with lymph node metastasis. The
results suggested that miR-1290 likely plays significant
roles in NSCLC progression and metastasis. However, no
significant association was examined between miR-1290
expression and tumor size. Thus, the statistical analysis
could include a bias and the lymph node invasion could be
the real correlated clinicopathological feature.

miRNAs are stable in blood and their expression
signature are independent of age and sex (8,28). Pioneering
studies on biomarkers have focused on circulating miRNAs
(10,18,19). miRNA levels have been used as a novel non-
invasive biomarker for the diagnosis and prognosis of
various tumors. In this study, we found that serum miR-
1290 expression was significantly higher in the NSCLC
patients than in benign lung disease patients and healthy
controls. Moreover, serum miR-1290 expression was
closely correlated with lymph node metastasis and tumor
TNM stage.

We also evaluated correlation between serum miR-1290
expression levels and prognosis of NSCLC. Kaplan-Meier
survival curve analysis revealed that patients with high levels
of serum miR-1290 in their pre-treatment serum had a
significantly shortened overall survival. The median survival
time of NSCLC patients with high-level expression of miR-
1290 was only 12 months, whereas the median survival
time of those with low levels of miR-1290 was 36 months.
Univariate and multivariate Cox proportional hazards
regression model analysis showed that high serum miR-
1290 level was associated with an increased risk of death
from NSCLC. Moreover, high expression of miR-1290
was an independent risk factor indicating poor prognosis
for NSCLC patients. This was in agreement with studies
reported by Li et l. (15) on pancreatic cancer.

At present, multiple miRNAs have been shown to
promote or inhibit metastasis (29,30). Because metastasis
is responsible for more than 90% of cancer-related deaths,
it is important to define molecular mechanisms by which
miRNAs regulate metastasis and define new therapeutic
targets (31-33). Our present study showed that the
expression of miR-1290 in NSCLC tissues and serum was
closely correlated with lymph node metastasis. Additionally
miR-1290 low expression levels were associated with
better survival outcome, suggesting that its target could
be a tumor suppressor gene. Bioinformatics analysis using
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Table 3 Univariate and multivariate analysis of overall survival in NSCLC patients
Univariate analysis Multivariate analysis
Variables
HR 95% ClI P HR 95% P
Gender 1.004 0.534-1.889 0.609
Age 0.981 0.503-1.911 0.554
Smoking 1.107 0.590-2.079 0.151
Histological type 1.314 0.673-2.566 0.424
TNM stage 1.824 1.113-2.617 0.027* 1.721 1.154-2.832 0.031*
Lymph node metastasis 4125 1.740-8.411 0.001* 2.214 1.294-4.479 0.027*
Serum miR-1290 expression 2.252 1.153-4.399 0.017* 1.785 1.167-2.978 0.029*

*, statistical significance (P<0.05). NSCLC, non-small cell lung cancer; HR, hazard ratio; Cl, confidence interval.

microRNA.org (http://www.microrna.org/microrna/)
and TargetScan (http://www.targetscan.org/) database
revealed putative target genes of miR-1290. One of the
most common predictive targets is lipoma preferred partner
(LPP), of which a recent publication suggests a role in cell
migration inhibition (34). Another interesting predictive
target gene is suppressor of cytokine signaling 4 (SOCS4).
SOCS4 is a known inhibitor of epidermal growth factor
(EGF) receptor signaling, which is major determinant of
epithelial cell proliferation, and due to its high oncogenic
potential and incidence in cancer (35,36). SOCS4 could
be a novel candidate for further exploration as a tumor-
suppressor gene in gastric cancer (37). Therefore, further
studies are indispensable to confirm whether LPP, SOCS4
or other related genes is possible target gene of miR-1290
in NSCLC.

In summary, high miR-1290 levels in NSCLC tissues
and serum were demonstrated in our present study. High
expression of miR-1290 closely correlated with lymph node
metastasis, TINM stage, and poor prognosis. Furthermore,
elevated serum miR-1290 was a meaningful independent
prognostic marker for NSCLC. Further studies are needed
to investigate the molecular mechanism of miR-1290 in
NSCLC tumorigenesis and progression, and demonstrate
that miR-1290 may be used as a potential therapeutic target
for of NSCLC treatment.
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Table S1 Clinicopathological characteristics of 66 cases with complete follow-up data

Characteristics Number of patients Percentage (%)
Age (years)
<60 31 46.9
>60 35 53.1
Gender
Male 47 71.2
Female 19 28.8
Smoking
No 30 455
Yes 36 54.5
Histology
Adenocarcinoma 46 69.7
Sqguamous carcinoma 20 30.3

Tumor stage

| 15 22.7

Il 13 19.7

llla 4 6.1

b 12 18.2

\% 22 33.3
Lymph node metastasis

No 21 31.8

Yes 45 68.2




