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Purpose: Lung squamous cell carcinoma (LUSC) is one of the major subtypes of non-small 
cell lung cancer (NSCLC) with high mortality. Identification of novel biomarkers of the 
development of LUSC could provide basis for clinical treatment and improve patients’ 
prognosis. The function of miR-1306 in the development of LUSC was investigated.
Patients and Methods: A total of 103 paired LUSC and normal tissues were collected 
from LUSC patients. The expression of miR-1306 in collected tissues and cultured cells was 
evaluated by PCR. The clinical significance of miR-1306 was assessed by a series of 
statistical analyses, and the biological effect of miR-1306 was also estimated with the 
CCK8 and Transwell assay.
Results: The significant upregulation of miR-1306 was observed in LUSC, which was 
associated with positive lymph node metastasis and advanced TNM stage of patients. miR- 
1306 was also identified as an independent prognostic factor negatively associated with the 
prognosis of patients. Additionally, the upregulation of miR-1306 was found to promote the 
proliferation, migration, and invasion of LUSC cells, indicating its tumor enhancer role in 
the development of LUSC. While miR-1306 was also found to regulate RBM3, which was 
speculated to be the mechanism underlying the function of miR-1306.
Conclusion: miR-1306 functions as a prognostic indicator and tumor promoter of LUSC 
through targeting RBM3, which provides a potential therapeutic target of LUSC.
Keywords: miR-1306, lung squamous cell carcinoma, prognosis, disease development, cell 
proliferation, migration, invasion

Introduction
Non-small cell lung cancer (NSCLC) accounts for a majority cases of lung cancer, 
which remains one of the leading causes of cancer-related death worldwide also in 
China.1,2 Among the histological types of NSCLC, lung squamous cell carcinoma 
(LUSC) accounts for approximately one-third of NSCLC cases.3,4 Although great 
progress has been made in the therapeutic strategy of LUSC, the clinical outcome of 
LUSC is still unsatisfied.5 Exploring more novel and efficient biomarkers for the 
early detection and risk prediction of LUSC is of great significance, which can 
improve clinical prognosis and postoperative quality of life in patients.

microRNAs (miRNAs) are short noncoding RNAs regulating the expression of 
target gene and the translation of proteins via mediating the stability and translation 
of mRNAs.6 Emerging evidence demonstrated miRNAs contributed to the tumor-
igenesis, development, and metastasis of various cancers, including NSCLC and 
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LUSC.7,8 For example, miR-486-5p has been revealed to 
be an antioncogene of LUSC and possessed the function of 
LUSC diagnosis.9 MiR192 and miR-622 could suppress 
the sensitivity of LUSC cells to the chemotherapy and 
inhibit the colony formation of motility.10 Using miRNA 
as biomarkers in cancer research could enable the early 
detection of malignant tumors and improve the therapeutic 
options of patients.11 The identification of novel efficient 
biomarkers is of great significance in the clinical manage-
ment of LUSC.

miR-1306 is a novel member of miRNA family, which 
has been demonstrated to be dysregulated and act critical 
roles in various human diseases. The upregulation miR- 
1306 in heart failure patients and showed dramatical pro-
tective effect on the cerebral ischemia/reperfusion injury.12 

In hepatocellular cell carcinoma, miR-1306 promoted cell 
migration and invasion in vitro and in vivo.13 Previous 
identification of differently expression miRNA in NSCLC 
revealed the significant upregulation of miR-1306 in all 
subtypes of NSCLC.14 The specific performance of miR- 
1306 in LUSC remains to be disclosed.

The present study aims to investigate the expression 
level of miR-1306 in LUSC and evaluate its specific sig-
nificance and function in patients’ outcome and disease 
development.

Materials and Methods
Patients and Samples
This study had obtained approval from the Ethics 
Committee of Affiliated Hospital of Nantong University 
and was in accordance with the Declaration of Helsinki. 
One hundred and three LUSC patients were included in 
this study from January 2012 to December 2015 at 
Affiliated Hospital of Nantong University. The recruited 
patients had never received any types of chemotherapy or 
radiotherapy before surgery. The tumor tissues and 
matched normal tissues were collected during surgery 
resection and stored at −80°C. The patients were followed 
up for 5 years after their surgeries to track their survival 
status.

Real-Time qPCR
Collected tissues were lysed and isolated total RNA with 
TRIZOL (Invitrogen, USA) according to the protocols. 
cDNA was generated with the miScript reverse transcrip-
tion kit (Qiagen) and PCR was executed with the SYBR 
PrimeScript TM miRNA RT-PCT kit (Takara). Cel-miR 

-39 was used as the internal standard to assess the expres-
sion level of miR-1306 with the 2− ΔΔCT method.

Cell Culture and Cell Transfection
LUSC cell lines (NCI-H1703, NCI-H2170, NCI-H520, SK- 
MES-1) and the normal BEAS-2B cells were purchased from 
ATCC. Cells were cultured in the DMEM culture medium 
(Invitrogen, USA) at 37°C with 5% CO2. Cultured cells were 
transfected with miR-1306 mimic or inhibitor, or their corre-
sponding negative controls with the help of Lipofectamine 
3000 Transfection reagent (Invitrogen, USA). The efficiency 
of cell transfection was evaluated by PCR.

Cell Proliferation Assay
The transfected cells were seeded into the 96-well plates 
supplied with DMEM culture medium and incubated for 
specific period of time (0, 24, 48, and 72h) at 37°C with 5% 
CO2. Then, the CCK8 solution was added to each well with 
the volume of 10 μL. After incubating for another 2 h, the 
absorbance at 450 nm was detected with the microplate reader.

Cell Migration and Invasion Assay
A total of 5×104 cells/well were seeded into the upper of 
the Transwell chamber (24-well, pore size of 8 μm, 
Corning). The serum-free culture medium was supplied 
in the upper chamber, while the culture medium with 
10% FBS was placed in the bottom chamber. After 
24 h of incubation, the migrated and invaded cells were 
fixed with paraformaldehyde and stained with crystal vio-
let and counted under a microscope. The Matrigel 
(Corning, USA) was used to pre-coat the upper chamber 
in the invasion assay.

Dual-Luciferase Reporter Assay
The NCI-H2170 cells were co-transfected with the RBM3 
wild-type vector or RBM3 mutant-type vector and miR- 
1306 mimic, inhibitor, or negative controls with the help 
of Lipofectamine 3000 Transfection reagent (Invitrogen, 
USA). The relative luciferase activity of RBM3 was eval-
uated with the Dual-Glo Luciferase Assay System E2920 
(Promega, USA). The relative luciferase activity of RBM3 
was evaluated with Renilla as the internal reference.

Statistical Analysis
All data were obtained from triplicate experiments and 
presented as mean value ± SD. The statistical analysis of 
the obtained data was performed with SPSS 23.0 Software. 
The difference between two groups was evaluated with 
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Student’s t-test, and the multiple comparison among 
diverse groups was conducted with one-way ANOVA. 
The clinical significance of miR-1306 was estimated with 
the Chi2 test, Kaplan-Meier, and Cox regression analysis. 
P < 0.05 was considered to be statistically significant.

Results
The Expression Level of miR-1306 in 
LUSC
In collected tissues, miR-1306 showed a significant upregula-
tion in LUSC tissues in comparison with matched normal 
tissues (P < 0.001, Figure 1A). Consistently, in LUSC cell 
lines, the expression of miR-1306 was higher than that in 
normal cells with the average value of 2.03, and the differ-
ences were significant (P < 0.05, P < 0.01, P < 0.001, 
Figure 1B).

The Clinical Significance of miR-1306 in 
LUSC
All patients were divided into two groups (low miR-1306 
group and high miR-1306 group) based on the median 
miR-1306 expression. The low miR-1306 group contained 
51 patients consist of 33 males and 18 females, while the 
high miR-1306 group contained 52 patients including 29 
males and 23 females. Patients with positive lymph node 
metastasis (8 low miR-1306 and 19 high miR-1306) and 
advanced TNM stage (5 low miR-1306 and 17 high miR- 
1306) showed a high expression level of miR-1306. The 
significant association of miR-1306 expression with the 
lymph node metastasis status (P = 0.016) and the TNM 
stage (P = 0.005) of patients was observed (Table 1).

The difference in patients’ survival was assessed by 
the Kaplan-Meier analysis. The patients with high 
expression level of miR-1306 showed a worse survival 
than patients with low miR-1306 expression (log-rank 
P = 0.034, Figure 2). Meanwhile, the results of multi-
variate Cox regression analysis demonstrated miR-1306 

Figure 1 Expression of miR-1306 in LUSC. (A) The significant upregulation of miR-1306 was observed in LUSC tissues compared with the normal tissues. (B) The 
expression of miR-1306 in LUSC cells (NCI-H1703, NCI-H2170, NCI-H520, and SK-MES-1 cells) was significantly higher than that in the normal cell (BEAS-2B cell). *P < 
0.05, **P < 0.01, ***P < 0.001.

Table 1 The Association Between miR-1306 Expression and the 
Clinical Features of Patients

Total n = 
103

miR-1306 
Expression

P value

Low 
(n = 51)

High 
(n = 52)

Age 0.093

< 60 54 31 23
≥ 60 49 20 29

Gender 0.354
Male 62 33 29

Female 41 18 23

Smoking 0.250

Yes 65 35 30

No 38 16 22

LNM 0.016

Negative 76 43 33
Positive 27 8 19

TNM stage 0.005
I–II 81 46 35

III 22 5 17

Vascular invasion 0.134

Negative 57 32 25
Positive 46 19 27

Abbreviation: LNM, lymph node metastasis.
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(95% CI = 1.079–5.444, P = 0.032) and TNM stage 
(95% CI = 1.060–4.666, P = 0.035) served as two 
independent prognostic factors with the HR value of 
2.423 and 2.224, respectively, and the significance of 
miR-1306 was more obvious than TNM stage (Table 2).

The Biological Effect of miR-1306 in 
LUSC
Due to the relative high expression of miR-1306 in NCI- 
H2170 and SK-MES-1 cells, these two cells were selected 
for further in vitro experiments. The expression level of 
miR-1306 in LUSC cells was regulated by the transfection 
of miR-1306 mimic and inhibitor. miR-1306 in was over-
expressed by the transfection of mimic and silenced by 
inhibitor in NCI-H2170 (Figure 3A) and SK-MES-1 
(Figure 3B, P < 0.01, P < 0.001).

The overexpression of miR-1306 exerted significantly 
promoted effects on the proliferation of NCI-H2170 and 
SK-MES-1 cells, which was suppressed by the knockdown 
of miR-1306 (P < 0.05, P < 0.01, Figure 4A). While the 
migration (Figure 4B) and invasion (Figure 4C) of NCI- 
H2170 and SK-MES-1 cells were accelerated by miR- 
1306 and inhibited by the silencing of miR-1306 (P < 
0.01, P < 0.001).

Figure 2 Kaplan-Meier curve of LUSC patients based on the median expression of miR-1306 in LUSC tissues. Patients with relatively high miR-1306 expression showed 
a significantly poor survival time. Log-rank P = 0.034.

Table 2 Multivariate Cox Regression Analysis to Evaluate the 
Prognostic Value of Patients’ Clinical Features

HR Value 95% CI P value

miR-1306 2.423 1.079–5.444 0.032

Age 1.619 0.763–3.434 0.209

Gender 1.173 0.571–2.409 0.663
Smoking 1.475 0.731–0.2.974 0.278

LNM 1.609 0.730–0.546 0.238

TNM stage 2.224 1.060–4.666 0.035
Vascular invasion 1.331 0.626–2.828 0.457

Abbreviation: LNM, lymph node metastasis.
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The Potential Mechanism Underlying 
miR-1306
The binding sites between miR-1306 and RBM3 3’UTR 
(Figure 5A) were contained in the RBM3 wild-type vector 
(RBM3 WT). The relative luciferase activity of RBM3 
WT was significantly suppressed by the overexpression 
of miR-1306 and enhanced by miR-1306 knockdown 
(P < 0.001, Figure 5B). While the relative luciferase 
activity of the RBM3 mutant-type vector (RBM3 MT) 
was not affected by miR-1306 (P > 0.5, Figure 5B).

Discussion
The initiation and development of LUSC is correlated with 
the various genetic and environmental factors.15 More and 
more investigations reported the expression profile of dif-
ferently expressed miRNAs in human cancers, including 
LUSC.14,16 Dysregulated miRNAs are always considered 
as candidate biomarkers to screen the disease development 

of malignant tumors. For instance, the downregulation of 
miR-34c-3p could accelerate the migration and metastasis 
of NSCLC via upregulating integrin α2β1.17 Previous bioin-
formatic analysis provides evidence for exploring the mole-
cular mechanism underlying carcinogenesis. However, 
experimental validation and investigation of specific 
miRNAs are still needed. The significant upregulation of 
miR-1306 was observed in the present study, which is 
consistent with previous expression profile in NSCLC.14 

The upregulation of miR-1306 was associated with the 
critical clinical features of LUSC patients, including the 
lymph node metastasis status and TNM stage. Lymph 
node metastasis and TNM stage of patients are two vital 
factors associated with the disease severity and develop-
ment of patients.18,19 Therefore, miR-1306 was speculated 
to act as an indicator for the tumor progression of LUSC. 
Additionally, lymph node metastasis status and TNM stage 
are also important prognostic factors of LUSC patients.20,21 

The significant relationship between miR-1306 expression 

Figure 3 miR-1306 was significantly overexpressed by the transfection of miR-1306 mimic and suppressed by the transfection of miR-1306 inhibitor in NCI-H2170 (A) and 
SK-MES-1 (B) cells. **P < 0.01, ***P < 0.001.

Figure 4 The biological effect of miR-1306 on LUSC cells. (A) The overexpression of miR-1306 significantly promoted the proliferation of NCI-2170 and SK-MES-1 cells. 
(B) The migration of NCI-2170 and SK-MES-1 cells was enhanced by the overexpression of miR-1306 and inhibited by the knockdown of miR-1306. (C) The invasion of 
NCI-2170 and SK-MES-1 cells was promoted by miR-1306 upregulation and suppressed by miR-1306 silencing. *P < 0.05, **P < 0.01, ***P < 0.001.
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and these two clinical features also implying the potential 
prognostic significance of miR-1306 in LUSC. It was found 
that the upregulation of miR-1306 was dramatically corre-
lated with the poor survival of LUSC patients, and miR- 
1306 was also identified as an independent prognostic 
indicator of LUSC. Accordingly, miR-1306 was speculated 
to be a biomarker that could predict the disease develop-
ment and clinical outcome of patients.

In addition, the functional role of miR-1306 in tumor cell 
growth, differentiation, and metastasis has also been reported 
in numerous cancers. For example, the downregulation of 
miR-1306 was negatively correlated with the prognosis 
of gastric cancer patients and reversed the promoted effect 
of circNHSL1 on tumor progression, indicating miR-1306 
serve as a tumor suppressor.22 miRNAs always possess dis-
tinct expression in different cancers. Contrary to the function 
in gastric cancer, the tumor promoter role of miR-1306 was 
disclosed in hepatocellular carcinoma, where miR-1306 pro-
moted the metastasis of hepatocellular carcinoma cells and 
epithelial-mesenchymal transition through regulating 
EBXL5.13 The biological function of miR-1306 has also 
been disclosed in other human diseases. For instance, upre-
gulated miR-1306 could attenuate cell injury induced by 

ischemia/reperfusion and enhance cell survival rate via tar-
geting BIK.12 miR-1306 could abrogate the inhibitory effect 
of lncRNA-SNHG7-003 on vascular smooth muscle cells 
growth and migration, which can serve as a therapeutic target 
of atherosclerosis.23 Here, miR-1306 was found to promote 
the proliferation, migration, and invasion of LUSC cells, 
suggesting its tumor promoter role in LUSC. Moreover, 
miR-1306 was found to regulate RBM3, which was reported 
to have significant prognostic significance in NSCLC.24 

Therefore, miR-1306 was speculated to promote the progres-
sion of LUSC via modulating RBM3.

However, some limitations are still not negligible and 
need further investigations in this study. The relatively 
small sample size might limit the results to some degree. 
The results of Cox regression analysis only confirmed the 
prognostic value of miR-1306 and TNM stage. While the 
lymph node metastasis status of patients also plays an 
important role in the progression of LUSC, which was 
not shown in Cox regression analysis.20,25 Hence, a large 
sample size is needed in further studies.

Conclusion
Taken together, clinical findings revealed the prognostic 
value of miR-1306 in the development of LUSC, while the 
in vitro evidence demonstrated the tumor promoter role of 
miR-1306 in LUSC and the regulatory effect of miR-1306 
on RBM3 was speculated to be the potential mechanism. 
The inhibition of miR-1306 might be a novel therapeutic 
strategy of LUSC.
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