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Expression of miR-590 in lung cancer and
its correlation with prognosis
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Abstract. The study aim was to evaluate the association of the
expression of serum microribonucleic acid-590 (miR-590) with
the risk of lung squamous cell carcinoma (LUSC), clinico-
pathological staging and prognosis. A total of 237 patients
with LUSC and 100 healthy volunteers (control group) were
included in the study. Total RNA was extracted from the
peripheral blood serum of the subjects, and the expression
level of miR-590 was detected by reverse transcription real-
time quantitative polymerase chain reaction. The baseline
clinicopathological information of LUSC patients was
evaluated, and the patients were followed up with the median
follow-up of 47 months. Compared with that in the control
group, the expression level of serum miR-590 in LUSC patients
was significantly decreased [0.532 (0.367- 0.821) vs. 1.63
(0.893-1.347), P<0.001]. The receiver operating characteristic
(ROC) curve showed that the value of predicting LUSC risk
using miR-590 was high, the area under curve (AUC) was
0.883, and 95% confidence interval (CI) was 0.829-0.934.
In addition, the expression level of serum miR-590 was
correlated with pathological staging (P=0.022), lymph node
metastasis (P=0.012), distant metastasis (P<0.001) and tumor,
node and metastasis (TNM) staging (P=0.044). The overall
survival (OS) of patients in the serum miR-590 low expression
group was significantly lower than that of the serum miR-590
high expression group (P=0.012), and the low expression of
miR-590 was an independent risk factor for the prognosis
of patients [hazard ratio (HR)=2.152, 95% CI=1.285-3.233,
P=0.004]. The results suggested that the expression level of
miR-590 can be used as a biomarker for the risk of disease,
disease staging and prognosis of LUSC patients.
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Introduction

Lung cancer is the leading cause of cancer-related deaths
worldwide. In China, approximately 2.5 million individuals
succumb to the disease each year. In addition, lung cancer is
the main cause of cancer mortality in males and the third major
cause of mortality in females. Approximately 80% of lung
cancer is classified as non-small cell lung cancer (NSCLC),
including four major histological subtypes with different
pathological characteristics: adenocarcinoma, lung squamous
cell carcinoma (LUSC), large cell carcinoma and neuroendo-
crine cancer (1,2). According to treatment results, only patients
in the early phase are willing to undergo surgery, leading to
a 5-year overall survival (OS) rate of 50-60% (1,2). Notably,
even when patients in the late stage undergo chemotherapy,
molecular-targeted therapy or radiotherapy and chemotherapy,
they do not survive for more than 5 years (3,4). In addition,
cisplatin-based combination chemotherapy and targeted drugs
also greatly improve the survival time and quality of life of
patients with NSCLC. However, the efficacy of new drugs, such
as tyrosine kinase inhibitors, pemetrexed and bevacizumab, in
the treatment of LUSC is significantly lower than that of drugs
for the treatment of adenocarcinoma. Therefore, identification
of innovative and reliable biomarkers and treatment strategies
for the diagnosis or prognosis is very imperative.

Microribonucleic acid (miRNA) is a small (19-22 nucleo-
tides) non-coding single-chain RNA molecule. It is also a
class of important non-protein-encoding RNA and target
messenger RNA (mRNA) regulating gene expression,
which triggers, translates or inhibits mRNA cleavage.
Bioinformatics data suggest that a single miRNA can bind to
hundreds of target mRNAs, thus playing increasingly impor-
tant roles in various biological processes (5). Increasing
evidence revealed that miRNA is associated with the occur-
rence of tumors (6). The lethal-7 (let-7) family and miR-155
are reportedly associated with the clinical outcome of lung
adenocarcinoma (7,8). Therefore, the behavior of Ras, the
negative regulatory oncogene of the let-7 family, shows that
it can be regarded as a tumor suppressor gene (9). Although
the biological function of miRNAs is not fully understood,
miRNA analysis revealed that a wide range of tumor types
exhibit significantly different expression profiles compared
with normal tissues.



1754

In order to better understand the involvement of specific
miRNAs in multi-step canceration and progression, the asso-
ciation of clinicopathological factors with clinical outcomes of
LUSC was further analyzed.

Materials and methods

General data. A total of 237 LUSC patients admitted to the
Shaoxing People's Hospital (Zhejiang, China) from July 2005
to May 2011 were collected. The patients had not received
radiation therapy, chemotherapy, surgery or other anti-cancer
treatments before blood sampling. At the same time,
100 normal healthy volunteers were included as controls.

The study was approved by the Ethics Committee of
the Shaoxing People's Hospital and all participants signed
informed consent.

Specimen collection. Peripheral blood (5 ml) of LUSC patients
and volunteers in the normal control group was placed into an
ethylenediaminetetraacetic acid (EDTA)-free test tube before
surgery. After standing for 45 min at 25°C, the centrifugation
was conducted at 5,000 x g for 5 min, and the supernatant was
removed, followed by another centrifugation at 12,000 x g at
4°C for 10 min. The supernatant was discarded and preserved
in a refrigerator at -80°C for preparation.

Reverse transcription quantitative polymerase chain reaction
(RT-gPCR). Serum total RNA was extracted using TRIzol
reagent according to the instructions of the RNA extrac-
tion kit (Invitrogen; Thermo Fisher Scientific, Inc., Carlsbad,
CA, USA). The concentration and purity of RNA were deter-
mined using an ultraviolet spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA). Sample quality requirements:
A240/A300 of the total RNA solution was within the range
of 1.8-2.1. If it failed to meet the standard, the total RNA
was re-extracted. The quality of the extracted total RNA
was analyzed by 1% denatured agarose gel electrophoresis.
Reverse transcription of RNA was performed according to
the instructions of the One Step PrimeScript miRNA cDNA
Synthesis Kit (TakaraBio,Inc.,Dalian,China),and quantitative
PCR was performed using the SYBR® Premix Ex Taq™ II Kit
(Takara Bio, Inc.). The relative expression of miR-590
was expressed as 242 and the experiment was repeated
three times for each sample. Primer Premier 5.0 software was
used for miR-590 and U6 primer design: miR-590 (forward:
5'-ACACTCCAGCTGGGTATGGCTTTTTATTCCT-3';
reverse: 5'-GGTGTCGTGGAGTCGGCAA-3"); U6 (forward:
5-CTCGCTTCGGCAGCACA-3'; reverse: 5-AACGCTTCA
CGAATTTGCGT-3").

Follow-up. All 237 patients were followed up by telephone or
outpatient. The cut-off date of follow-up was June 2016 with
the median follow up of 47 months.

Statistical analysis. Statistical analysis was performed
using Statistical Product and Service Solutions (SPSS, Inc.,
Chicago, IL, USA) 21.0 software. Micro RNA-590 (miR-590)
expression data were expressed as median (quartile spacing)
[M (P 25, P 75)], and the Wilcoxon rank-sum test was used to
compare the differences between the two groups. Differences
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in qualitative data between two groups were analyzed using
the % test or the Fisher's exact test. The receiver operating
characteristic (ROC) curve was used to analyze the onset
risk of lung cancer. The association between miR-590 and
the OS of patients with lung cancer was analyzed by the
Kaplan-Meier curve and log-rank test, and the univariate and
multivariate Cox regression analysis. P<0.05 indicated that
the difference was statistically significant.

Results

Basic information of tested subjects. Clinicopathological
characteristics of the 237 LUSC patients are shown in
Table I.

Expression of serum miR-590 in LUSC patients. The expres-
sion of serum miR-590 in LUSC patients was significantly
decreased compared with that in the control group [0.513
(0.387, 0.834) vs. 1.187 (0.901, 1.355), P<0.001]. The ROC
curve was further applied, which showed that the risk of
predicting LUSC using miR-590 was high, the area under
curve (AUC) was 0.882, and the 95% confidence interval (CI)
was 0.829-0.9334 (Fig. 1).

Association of the expression level of miR-590 with clinico-
pathological characteristics of LUSC patients. The expression
level of miR-590 in LUSC patients was correlated with patho-
logical staging (P=0.022), lymph node metastasis (P=0.012),
distant metastasis (P<0.001), TNM staging (P=0.044) and
smoking status (P=0.042), but not correlated with the age, sex
or tumor size (Table I).

Association between the expression level of serum miR-590
and the OS of LUSC patients. Based on the median value
(0.513) of the expression level of miR-590 in all 237 LUSC
patients, these patients were divided into the high expres-
sion group (miR-590>0.513) and the low expression group
(miR-590<0.513). The Kaplan-Meier curve and log-rank tests
revealed that the OS of miR-590 low expression group was
significantly lower than that of the high expression group
(P=0.012) (Fig. 2).

Low expression of serum miR-590 is an independent risk
factor for the prognosis of LUSC patients. The expression
level of miR-590 and the clinicopathological characteristics
of patients with LUSC were analyzed by the univariate Cox
regression model. The low expression of miR-590 was signifi-
cantly correlated with the prognosis of patients [hazard ratio
(HR)=1.647, 95% CI=1.172-3.006, P=0.009]. In addition,
pathological staging, lymph node metastasis, distant metas-
tasis and TNM staging were also predictive factors for the
prognosis of patients (Table II).

Furthermore, the multivariate Cox regression model
was used to analyze the predictive factor for OS in patients
with LUSC. The results indicated that the low expression of
miR-590 was an independent risk factor for the prognosis
of patients (HR=2.152, 95% CI=1.285-3.233, P=0.004).
In addition, lymph node metastasis and distant metastasis
were independent predictive factors for OS in patients with
LUSC (Table II).
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Table I. Clinicopathological characteristics of LUSC patients.
Characteristics No. (%) miR-590 [M (P 25-P 75)] P-value
Sex
Male 189 (79.7) 0.587 (0.392-0.871) 0.671
Female 48 (20.3) 0.499 (0.357-0.776)
Age
<60 167 (70) 0.533 (0.362-0.859) 0.897
=60 70 (30) 0.539 (0.370-0.810)
Pathological staging
Stage I 52 (21.9) 0.420 (0.256-0.621) 0.022
Stage 11 42 (17.7) 0.487 (0.327-0.688)
Stage II1 105 (44.3) 0.551 (0.387-0.751)
Stage IV 38 (16.1) 0.620 (0.499-0.849)
Tumor size
<50 mm 187 (78.9) 0.607 (0.492-0.891) 0.152
>50 mm 50 (21.1) 0.475 (0.320-0.722)
Tumor, node and
metastasis (TNM) staging
I/ 154 (64.9) 0.611 (0.501-0.913) 0.044
v 83 (35.1) 0.399 (0.267-0.661)
Lymph node metastasis
Positive 72 (30.3) 0.388 (0.255-0.620) 0.022
Negative 165 (69.7) 0.622 (0.513-0.855)
Distant metastasis
Positive 32 (13.6) 0.384 (0.259-0.601) <0.001
Negative 205 (86.4) 0.633 (0.489-0.872)
Smoking status
Yes 198 (83.5) 0.684 (0.487-0.874) 0.042
No 39 (16.5) 0.348 (0.247-0.583)

LUSC, lung squamous cell carcinoma; miR-590, micro ribonucleic acid-590; TNM, tumor, node and metastasis.
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Figure 1. ROC curves of miRNA-195 in LUSC serum and serum in normal
control group. miR-590 has a high value in predicting the LUSC risk
(AUC=0.882, 95% CI1=0.829-0.9334). ROC, receiver operating charac-
teristic; miR-590, micro ribonucleic acid-590; LUSC, lung squamous cell
carcinoma; AUC, area under curve; CI, confidence interval.
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Figure 2. K-M survival curves of LUSC patients in high/low expression
miR-590 groups. OS in the low expression miR-590 group is significantly
lower than that in the high expression group (P=0.008, P<0.05). LUSC, lung
squamous cell carcinoma; miR-590, microribonucleic acid-590; OS, overall

survival.
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Table II. Independent risk factors for the prognosis of LUSC patients.

Univariate analysis

Multivariate analysis

Factor HR (95% CI) P-value HR (95% CI) P-value
miR-590 1.647 0.009 2.152 0.004
(low vs. high) (1.122-2.896) (1.285-3.233)

Age 1.014 0.062

(>60 vs. =60) (0.999-1.029)

Sex 0.819 0.788

(male vs. female) (0.277-2.424)

Pathological staging 2.143 0.013 1.268 0.113
(low vs. high/medium (1.288-2.715) (0.918-2.471)

differentiation)

Maximum diameter of tumor 0.812 0.682

(>50 mm vs. <50 mm) (0.357-1.847)

Lymph node metastasis 3.064 0.012 1.097 0.013
(positive vs. negative) (1.282-7.323) (0.336-3.582)

Distant metastasis 2.124 0.001 1.984 0.005
(positive vs. negative) (1.557-4.575) (1.137-3.754)

TNM staging 2.112

(ITI/TV vs. /D) (1.231-3.625) 0.036

LUSC, lung squamous cell carcinoma; HR, hazard ratio; CI, confidence interval; miR-590, micro ribonucleic acid-590; TNM, tumor, node and

metastasis.

Discussion

Lung cancer remains the most common cause of cancer-asso-
ciated mortalities in developed countries, and approximately
1.8 million new cases of lung cancer occurred in 2012 (10).
Approximately 80% of lung cancer is classified as NSCLC,
including four major histological subtypes: adenocarcinoma,
LUSC, large cell carcinoma and neuroendocrine cancer (11).
Compared with small cell lung cancer, NSCLC is less sensi-
tive to anticancer drugs and radiation therapy. Recently,
molecular-targeted therapy for adenocarcinoma (gefitinib,
erlotinib and crizotinib) has shown a significant therapeutic
effect. However, no targeted therapy has been approved for the
treatment of LUSC (12). Therefore, a new treatment program
for LUSC is required.

The present findings have shown that the expression of
non-coding single-chain miR-590 was used to predict the
risk of LUSC as well as the patient's pathological and TNM
staging, and distant and lymph node metastasis. The most
important finding was that the low expression of miR-590 was
correlated with the low OS of patients, which was an indepen-
dent prognostic factor for LUSC patients.

The abnormal expression of miRNAs is closely related
to tumour formation, and certain key factors can promote
or inhibit cell proliferation by regulating the pathways
thereof (13,14). In addition, miRNAs are involved in regulating
migration, metastasis and apoptosis of cells (15-17).

miR-590 is mainly composed of two genes, miR-590-3p
and miR-590-5p. The present study revealed that the low

expression of miR-590 was an independent prognostic factor
for LUSC patients, which is consistent with the findings by
Keller et al (18). Those authors identified that miR-590
expression is significantly downregulated in lung cancer
tissues and cells compared with those in normal controls.

In the present study, the expression of miR-590 was asso-
ciated with pathological TNM staging and lymph node and
distant metastasis, which may be due to its inhibition of tumor
cell migration and metastasis. In a related study, it was shown
that decreased miR-590 upregulates transforming growth
factor-p1 (TGF-p1) and TGF-TGF-BRII proteins removed,
translated and inhibited by these miRNAs. Increased TGF-f1
and TGF-BRII result in enhanced collagen production and
fibrosis (19).

Finally, findings of the present study indicated that the low
expression of serum miR-590 was associated with low OS of
patients with LUSC, which was an independent risk factor
for prognosis. Possible causes were that, the low expression
of miR-590 was related to the severity of disease of patients
with LUSC (pathology and metastasis), and the more severe
the disease, the worse the prognosis (20). There were also
shortcomings to the study. The sample size was relatively
small, and miR-590 affected LUSC clinicopathological
staging as well as prognosis by regulating which target gene
has yet to be explored. Future investigations should focus on
the evaluation of the relationship between serum miR-590 and
target gene expression levels as well as their association with
clinicopathology and prognosis by including a large sample
size, thereby evaluating the relationship of serum miR-590
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with the efficacy and prognosis of patients receiving different
treatments.

In summary, this study further showed that miRNAs can
be used as an independent prognostic factor for tumors, and the
low expression of miR-590 in LUSC patients is a risk factor of
patients, which is correlated with pathological staging, lymph
node and distant metastasis and TNM staging. In addition,
the downregulation of miR-590 is associated with the OS of
LUSC patients, which is an independent prognostic factor for
LUSC patients. The aforementioned results demonstrate that
the miR-590 expression level can be used as a biomarker for
onset risk, disease staging and prognosis of LUSC patients.
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