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Background: MicroRNAs (miRNAs) are reportedly involved in various cancers. The present study aimed 
to investigate the role of miRNA-374b in cell viability, proliferation, apoptosis, and tumor formation in non-
small cell lung cancer (NSCLC) in humans. 
Methods: The expression level of miRNA-374b in blood and tumor tissues from NSCLC patients 
was analyzed by quantitative reverse transcription polymerase chain reaction (qRT-PCR). A 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was performed to assess the 
viability of NSCLC cells after transfection with miRNA-374b. Colony formation assay was performed to 
assess the proliferation of cells pretreated with miRNA-374b. The terminal deoxynucleotidyl transferase-
dUTP nick-end labeling (TUNEL) assay was performed to determine the role of miRNA-374b in 
apoptosis in NSCLC cells. A tumor formation assay was performed to assess the effects of miRNA-374b on 
tumorigenesis in NSCLC. 
Results: miRNA-374b was markedly downregulated in the blood and tumor tissues from NSCLC patients. 
Furthermore, overexpression of miRNA-374b markedly reduced the viability of NSCLC cells, but miRNA-
374b inhibitor increased the viability of NSCLC cells compared with that in negative controls. Moreover, 
miRNA-374b decreased the number of colonies; however, its corresponding anti-miRNA oligonucleotide 
(AMO) markedly increased colony formation by NSCLC cells. Also, miRNA-374b promoted the apoptosis 
and inhibited tumor formation in NSCLC; however, this inhibition was reversed upon treatment with the 
AMO. Western blot analysis revealed that miRNA-374b regulates tumor progression through the p38/ERK 
signaling pathway by inhibiting JAM-2 in NSCLC. 
Conclusions: The present results indicate that miRNA-374b inhibits tumor growth and promotes 
apoptosis in NSCLC through the p38/ERK signaling pathway by targeting JAM-2. 
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Introduction

Lung cancer is considered as the most lethal and prevalent 
cancer worldwide, clinically characterized by high 
malignancy, high mortality, and low 5-year survival rates (1).  
The number of lung cancer-related mortalities is more 
than 1.4 million annually, which is considered the primary 
form of cancer-related mortality worldwide (2). Non-
small cell lung cancer (NSCLC) is closely associated with 
distant metastasis and is difficult to treat. Currently, surgical 
treatment, radiotherapy, and chemotherapy are widely 
used to treat NSCLC. However, the treatment methods 
for NSCLC have low efficiency and are unable to control 
tumor progression. Thus, basic studies on NSCLC are 
critical for its accurate prognosis, early detection, and 
effective treatment (3). As such, it is vital to understand the 
mechanism underlying the development of NSCLC and 
accordingly develop an effective and desirable treatment 
method. 

MicroRNAs (miRNAs) are endogenous single-stranded 
small noncoding RNAs comprising 18–25 nucleotides (4). 
They were first reported in Caenorhabditis elegans in 1993 (5).  
miRNAs bind to the 3'-untranslated regions (UTRs) of 
multiple target mRNAs and regulate their expression 
(and concomitant protein expression) by mediating 
their degradation (6). miRNAs are important regulators 
of all biological processes, including cell proliferation, 
differentiation, growth, apoptosis, and senescence, 
metabolism, infection, and tumor invasion (7). However, 
miRNAs also participate in the occurrence and progress of 
various types of diseases, such as osteoporosis, myocardial 
infarction, diabetes mellitus, and Alzheimer’s disease (8). 
Further, they are associated with cancer; some miRNAs are 
tumor suppressors, whereas others are oncogenic, such as 
miRNA-215 inhibits proliferation, migration, and invasion 
in NSCLC cells by inhibiting matrix metalloproteinase 
(MMP)-16, thereby serving as a potential therapeutic target 
for NSCLC in humans (9). miRNA-155-5p promotes 
autophagy in cervical cancer cells by targeting PDK1 and 
further inhibits the tumor progression in cervical cancers. 
Further, miRNA-216b increases growth, migration, and 
invasion, and serves as a tumor suppressor in pancreatic 
ductal adenocarcinoma (10). In addition, miRNA-1269 
promotes cell survival and accelerates the proliferative 
ability of lung cancer cells by inhibiting its target gene 
TP53 (11). 

Furthermore, miRNA expression levels are closely 
associated with cancers and can be considered markers of 

certain tumors, e.g., upregulation of miRNA-452-5p can be 
considered a screening biomarker for lung squamous cell 
carcinoma, thereby potentially playing a vital role in the 
development of lung squamous cell carcinoma (12). 

As reported previously, miRNA-374b plays a vital 
role in cancers, including cervical cancer, liver cancer, 
colon cancer, and colorectal cancer (13,14). Therein,  
miRNA-374b suppresses tumorigenesis. However, no 
studies have investigated the effect of miRNA-374b on 
NSCLC cells. Therefore, the present study aimed to 
investigate whether miRNA-374b participates in the growth 
and development of NSCLC and its underlying mechanism 
and whether it may be considered a therapeutic target for 
NSCLC.

Methods

Patients and samples

In this study, we collected blood samples and tissue samples 
from 48 healthy volunteers [n=48, 24 women, 24 men; mean ± 
standard deviation (SD) age, 42±15 years] and 48 NSCLC 
patients (n=48, 24 women, 24 men; mean ± SD age, 
40±15 years). From January 2016 to May 2017, NSCLC 
patients were admitted in the Departments of Oncology 
Division, and Respiratory Medicine of our hospital and the 
samples from these patients constituted the disease group. 
Moreover, healthy volunteers without lung cancer and 
other respiratory diseases constituted the control group. All 
participants in the disease group were confirmed to have 
NSCLC via pathological examination and diagnosed by 
at least two physicians. All participants receiving chemo- 
or radiotherapy before surgery were excluded. This study 
was approved by the Ethics Committee of our hospital and 
written informed consent was provided by all participants 
and their family numbers. The characteristics of the 
NSCLC patients are shown in Table 1.

In accordance with the approved protocol, we collected 
the blood samples from NSCLC patients and healthy 
volunteers in the morning. Furthermore, tumor tissues and 
adjacent non-tumor tissues were harvested from patients 
who underwent surgery at our hospital. These samples were 
soaked in RNA later solution (Vazyme, Nanjing, China) and 
stored at –80 ℃ immediately and until use. 

Cell lines and culture

The human NSCLC cell line A549 (American Type 
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Culture Collection, Manassas, VA, USA) was cultured 
in Dulbecco’s modified Eagle’s medium (Hyclone, 
Logan City,  Utah, USA) supplemented with 10% 
fetal bovine serum (FBS, Thermo Fisher Scientific, 
Waltham, Massachusetts, USA) and an antibiotic cocktail 
comprising 100 U/mL penicillin (Sigma, Saint Louis, 
California, USA) and 100 μg/mL streptomycin (Sigma 
Saint Louis, California, USA), in a humidified incubator 
(Thermo Fisher Scientific). 

RNA isolation, cDNA synthesis, and quantitative reverse 
transcription polymerase chain reaction (qRT-PCR)

Total RNA was extracted using TRIzol reagents (Thermo 
Fisher Scientific) in accordance with the manufacturer’s 
protocol. The concentration and quality control of 
total RNAs were determined using a NanoDrop-1000 
spectrometer (NanoDrop, Thermo Fisher Scientific, 
Waltham, Massachusetts, USA). cDNA first-strand 
synthesis was carried out using a reverse transcription 
kit (Applied Biosystems, USA) by a reverse transcription 

Table 1 Characteristics of NSCLC patients enrolled in this study

Variables
Healthy volunteers 

(n=48)
NSCLC 

patients (n=48)

Gender

Male 24 24

Female 24 24

Smoking history

Yes 23 29

No 25 19

Performance status

Healthy 29 3

Fine 15 14

General 3 20

Bad 1 11

Clinical staging

High No 32

Low No 16

Ethnic

Chinese 48 48

Pathological characteristics

Lymph nodes

Positive No 12

Negative No 30

Unknown No 6

pTNM

I No 6

II No 19

III No 21

IV No 12

Histological subtype

Atypical adenomatous 
hyperplasia

No 3

Adenocarcinoma No 27

Large-cell carcinoma No 2

Adenosquamous carcinoma No 4

Squamous-cell carcinoma No 2

Mesothelioma No 5

Small cell lung cancer No 2

Others No 3

Table 1 (continued)

Table 1 (continued)

Variables
Healthy volunteers 

(n=48)
NSCLC 

patients (n=48)

Molecular status

Type of EGFR mutation

Wild type No 38

19-del No 2

L858R No 3

Others No 5

KRAS mutation

Mutation No 12

Wild type No 36

ALK rearrangement

Mutation No 6

Wild type No 42

Survival status

Not significant 36

Poor 10

Favorable 2

NSCLC, non-small cell lung cancer; EGFR, epidermal growth 
factor receptor.
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machine (Applied Biosystems, Foster City, California, 
USA). After that, qRT-PCR was performed at 94 ℃ for 
5 min and 42 ℃ for 30 min, using ChamQTM Universal 
SYBR® qPCR Master Mix (Vazyme, China). The cycling 
conditions were as follows: 95 ℃ for 10 min, followed 
by 40 cycles at 95 ℃ for 1 min, 53 ℃ for 1 min, and  
72 ℃ for 1 min, and 72 ℃ for 5 min. The primer sequences 
used in these experiments were as follows: miRNA-
374b:  5 '-AUAUAAUACAACCUGCUAAGUG-3' ; 
U6:  F:  5'-GCTTCGGCAGCACATATACT-3' ,  R: 
5 '-TTCACGAATTTGCGTGTCAT-3' ;  GAPDH : 
F :  5 ' - T C C A C T G G C G T C T T C A C C - 3 ' ,  R : 
5'-GGCAGAGATGATGACCCTTTT-3'. miRNA-374b 
expression level was normalized to that of U6. GAPDH 
was considered the internal control for target genes. We 
quantified the relative gene expression levels of target genes, 
using the 2–ΔΔCt method. Each experiment was repeated 
independently in triplicate. 

miRNA transfection

For transfect ion,  miRNA-374b mimics ,  miRNA-
374b  an t i -miRNA o l igonuc leo t ide  (AMO) ,  and 
their corresponding controls were synthesized and 
provided by RiboBio company (Guangzhou, China). 
The sequences  are  as  fo l lows:  miR-374b mimic, 
5 ' -AUAUAAUACAACCUGCUAAGUG-3 ' ;  NC, 
5'-UUCUCCGAACGUGUCACGUTT-3'; miR-374b 
inhibitor, 5'-CACUUAGCAGGUUGUAUUAUAU-3'. 
miRNA-374b mimics ,  miRNA-374b anti-miRNA 
oligonucleotide (AMO), and their corresponding control 
were transfected into the cells at 50–70% confluency, using 
transfection reagent X-treme (Vazyme). A549 cells were 
pretreated with 50 nM of miRNA-374b mimic and 100 nM 
of miRNA-374b AMO for 24 h for further analysis. The 
transfection efficiency of miRNA-374b was determined 
via qRT-PCR. Overexpression was defined as a ≥1.50-fold 
change; knockdown as ≤0.60-fold change. 

MTT assay

Cell proliferation was examined via an MTT assay. Briefly, 
the NSCLC cells were plated in a 96-well plate and 
maintained in the culture medium. When the cells were 
approximately 80% confluent, 20 μL of MTT solution 
(5 μg/mL, Biasharp, China) was added. The cells were 
then incubated in MTT dye for 4 h in a 37 ℃ humidified 
incubator. Thereafter, we added 100–150 dimethyl sulfoxide 

(DMSO, Thermo Fisher Scientific) to each well and 
incubated the plate for 15 min. The absorbance values were 
detected using a microplate reader (TECAN, Salzburg, 
Switzerland) at 470 nm. Proliferative ability was determined 
based on the optical density values. Measurements were 
obtained for at least three wells, and the experiment was 
repeated three or more times, independently. 

Colony formation assay 

NSCLC cells treated with miRNA-374b were trypsinized 
and replated in 6-well plates. The cells were cultured 
for 7–10 d and the medium was replenished every 3 d. 
Subsequently, the cells in a 6-well plate were washed with 
phosphate-buffered saline (PBS; Beyotime, Shanghai, 
China) and fixed in 1 mL 4% paraformaldehyde (PFA; 
Beyotime) for 30 min at 25 ℃. The number of colonies in 
each well was counted and evaluated via 0.5% Crystal Violet 
staining (Biosharp, Suzhou, Jiangsu, China) for 15 min, 
using a microscope (Olympus, Tokyo, Japan). 

In vivo tumorigenesis assay

Animal experiments conformed to the bioethics guidelines 
of the laboratory animal ethics committee of our hospital. 
Forty 6-week-old female immunodeficient nude mice were 
obtained and fed in accordance with the regulations and 
internal biosafety and bioethics guidelines of our hospital. 
After allowing them to acclimatize for one week, the mice 
were subcutaneously inoculated with A549 cells. On the 
14th day, the tumors measured approximately 100 mm3, 
and miRNA-374b mimics, miRNA-374b AMO and their 
corresponding controls were injected into the tumors for  
4 weeks. After 1 month, the mice were euthanized, and 
tumor volume was assessed and analyzed.

Terminal deoxynucleotidyl transferase-dUTP nick-end 
labeling (TUNEL) staining

A549 cells were transfected with miRNA-374b mimics, 
miRNA-374b AMO, and their corresponding controls for 24 h.  
Next, the cells were harvested and gently rinsed with PBS 
thrice. The A549 cells were then fixed in 4% PFA for 30 min, 
and TUNEL staining was performed. The cells were treated 
with TUNEL (Roche, Switzerland) by the manufacturer’s 
protocol. Finally, the apoptotic cells were detected and analyzed 
using a microscope (Nikon, Tokyo, Japan). The apoptotic cells 
showed green color while the nuclei stained, blue. 
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Western blot analysis

The total proteins were isolated from transfected A549 
cells, using radioimmunoprecipitation assay solution (RIPA, 
Beyotime, China). Protein expression levels were assessed 
via western blotting in accordance with previously reported 
methods (15,16). The primary anti-JAM-1 (1:500) and 
anti-GAPDH (1:500) antibodies and their corresponding 
secondary antibody (1:500) were obtained from Santa Cruz 
Biotechnology (Shanghai, China). GAPDH was considered 
the loading control. Bands were detected using the Odyssey 
machine and analyzed using Image Studio Software (LI-
COR Bioscience, Lincoln, Nebraska, USA).

Statistical analysis

All data were analyzed from three or more independent 
experiments. Statistical analysis was performed using 
GraphPad Prism 5 software (GraphPad Software Inc., La 
Jolla, California, USA). Differences in study variables were 
considered statistically significant when *P<0.05, **P<0.01 
and ***P<0.001. Statistical differences were determined by 
Student’s t-test between two groups. 

Results

miRNA-374b expression in NSCLC patients 

Previous studies have reported the role of miRNA-374b 
in cancers; however, it is unclear whether miRNA-374b 
is associated with NSCLC. To evaluate this association, 
we collected blood samples from healthy volunteers and 
NSCLC patients in our hospital and then investigated 
whether miRNA-374b is dysregulated in the blood samples 
from these two groups. First, the diagnosis of NSCLC 
was confirmed via positron emission tomography with 
computed tomography (PET-CT). Compared with the 
PET-CT results of healthy controls, those for initial staging 
of NSCLC patients revealed the presence of irregular 
nodules of the base segment of the lower lobe of the left 
lung, measuring approximately 1.4×2.6 cm2, accompanied 
by blurred edges and considered as lung cancer (Figure 1A).  
qRT-PCR analysis revealed that the miRNA-374b was 
significantly downregulated in the blood samples of 
NSCLC patients (**P<0.01) (Figure 1B). Furthermore, 
for baseline control, miRNA-374b expression level was 
analyzed in the corresponding normal tissue from the 
same patient. qRT-PCR results indicated that miRNA-
374b was significantly downregulated in the NSCLC 

tissues as compared to that in the normal adjacent non-
tumor tissues from NSCLC patients, as well (***P<0.001) 
(Figure 1C). 

Role of miRNA-374b mimics in NSCLC cells

To analyze whether miRNA-374b affects NSCLC cells, 
we transfected A549 cells with miRNA-374b mimic and its 
negative control for 24 h. MTT assay revealed that miRNA-
374b significantly suppressed the viability of NSCLC cells 
compared to that of NC (***P<0.001) (Figure 2A). We 
then assessed colony formation to determine the role of 
miRNA-374b in the long-term proliferation of NSCLC 
cells. miRNA-374b prominently suppressed clonogenic 
growth and even the proliferative ability of NSCLC cells  
(Figure 2B). Furthermore, miRNA-374b drastically 
augmented the number of apoptotic cells compared 
with that in the NC, as evident from TUNEL staining, 
(*P<0.05) (Figure 2C). Upon in vivo evaluation, as shown in 
Figure 2D, after 4 weeks of injection, tumor volume in the 
miRNA-374b group was significantly less than that in the 
control group (**P<0.01). The tumorigenesis assay revealed 
that miRNA-374b overexpression markedly inhibited 
tumor formation in NSCLC in vivo (Figure 2D). Per the 
aforementioned results, we confirmed that miRNA-374b 
treatment effectively decreases cell viability, proliferation, 
and tumor formation and promotes apoptosis in NSCLC, 
thereby potentially serving as a tumor suppressor in 
NSCLC.

Effect of miRNA-374b AMO on NSCLC cells

To further investigate whether miRNA-374b regulates 
cell viability, proliferation, apoptosis, and tumorigenesis 
in NSCLC, we investigated the effect of miRNA-374b 
AMO on NSCLC cells. miRNA-374b AMO increased 
cell viability, confirmed via the MTT assay (Figure 3A). To 
further inves tigate whether knockdown of miRNA-374b 
increased proliferation of NSCLC cells, we performed a 
colony formation assay. miRNA-374b enhanced the growth 
and proliferation of NSCLC cells (Figure 3B). Moreover, 
the group pretreated with miRNA-374b AMO contained 
fewer TUNEL-positive cells than the control group, 
suggesting that miRNA-374b significantly suppressed 
apoptosis in NSCLC cells (***P<0.001) (Figure 3C). Mice 
injected with miRNA-374b AMO had significantly larger 
tumors than the control mice (**P<0.01) (Figure 3D). 
Thus, miRNA-374b promotes tumor cell proliferation and 
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tumorigenesis in NSCLC; however, it reduces apoptosis in 
NSCLC.

miRNA-374b inhibits NSCLC in a JAM-2-dependent 
manner

Putative target genes of miRNA-374b were predicted 
using TargetScan website online (http://www.targetscan.
org/vert_72/). Among the numerous targets, junctional 
adhesion molecule-2 (JAM-2) is associated with cancers and 
is an oncoprotein in gastric adenocarcinoma. Therefore, 
we selected JAM2 as the candidate target mRNA for 
miRNA-374b for further analysis. The binding sites 
between miRNA-374b and JAM-2 are shown in Figure 4A. 
Western blotting revealed that miRNA-374b significantly 
downregulated JAM-2 (Figure 4B) (***P<0.001). Thus, the 
present results suggest that miRNA-374b regulates cell 
viability, proliferation, tumor formation, and apoptosis 

by targeting JAM2 mRNA. Western blotting revealed 
that p-P38/t-P38 and p-ERK/t-ERK were significantly 
upregulated in the tumor tissues compared to that in normal 
the tissues in the same NSCLC patients (Figure 4C). These 
results indicate that miRNA-374b inhibits tumor growth 
and promotes apoptosis through the p38/ERK signaling 
pathway by targeting JAM-2 in NSCLC. 

Discussion

NSCLC is the primary cause of death among all types 
of lung cancer, resulting in heavy economic burden and 
great pain to patients and their families (17,18). At present, 
adjuvant platinum-based combinatorial chemotherapeutic 
methods are widely used in clinical practice (19). However, 
the present treatment methods are unable to effectively 
improve overall survival and efficiently control the 
progression of lung cancer (20). Therefore, understanding 

Figure 1 Downregulation of miRNA-374b in non-small cell lung cancer (NSCLC) patients. (A) Results of positron emission tomography 
with computed tomography (PET-CT) of healthy controls and NSCLC patients; (B) miRNA-374b was partially downregulated in the blood 
of NSCLC patients; (C) miRNA-374b was also downregulated in the tumor tissues compared with that in normal tissues. *P<0.05, **P<0.01 
and ***P<0.001 indicate significant difference compared to the control group.
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the molecular mechanism underlying the occurrence 
and progression of NSCLC is important to treat such  
patients (21). Moreover, it is important to determine crucial 
biomarkers for NSCLC to enhance its early diag nosis and 
treatment.

The present study investigated the role of miRNA-
374b in cell viability, proliferation, apoptosis, and tumor 
formation and its underlying molecular mechanisms 
in NSCLC cells. miRNA-374b reportedly participates 
in the occurrence, progression, and proliferation of  
tumors (22). Moreover, miRNA-374b plays an important 
role in myoblast differentiation, immune response, and 
nephropathy regulation. However, it has been unclear 
whether miRNA-374b is dysregulated in the blood and 
tissue samples of NSCLC patients and whether it regulates 
proliferation and apoptosis of NSCLC cells. 

Our results show that miRNA-374b was downregulated 

in the blood samples of NSCLC patients compared to 
that in healthy controls. Furthermore, the qRT-PCR 
analysis revealed that miRNA-374b was significantly 
downregulated in tumor tissues in comparison with that 
in normal tissues in the same NSCLC patients. MTT 
assay revealed that miRNA-374b suppressed the viability 
of NSCLC cells, and colony formation assay revealed 
that miRNA-374b inhibited the growth and proliferation 
of NSCLC cells. In addition, miRNA-374b decreased 
tumor formation and promoted apoptosis in NSCLC cells. 
Moreover, miRNA-374b exhibited tumor inhibition in 
NSCLC. 

Furthermore, we determined the targets of miRNA-
374b, using TargetScan. JAM-2 was found to be a 
candidate target of  miRNA-374b, containing the 
conserved sites in the 3'-UTR. The JAM family is 
reportedly associated with the formation of t ight 

Figure 2 miRNA-374b inhibits the progression of non-small cell lung cancer (NSCLC). (A) Cell viability was assessed via a 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay after transfection of miRNA-374b; (B) a colony formation assay 
detected the cell proliferation of NSCLC cells transfected with miRNA-374b and mimics-NC; (C) terminal deoxynucleotidyl transferase-
dUTP nick-end labeling staining was performed to measure the percentage of apoptotic cells after transfection of miRNA-374b; (D) 
miRNA-374b significantly inhibited the tumor formation in vivo. *P<0.05, **P<0.01 and ***P<0.001 indicate significant difference compared 
to the control.
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junctions and certain cancers (23). JAM-A, JAM-B 
(also called JAM-2), JAM-C, and JAM-L belong to the 
JAM protein family. Western blotting revealed that  
miRNA-374b downregulated JAM2 mRNA. Thus, 
miRNA-374b regulates cell viability, proliferation, and 
apoptosis by directly targeting JAM-2.

The major limitation of this study is the small cohort 
size; further studies with a larger patient cohort and more 
patient samples are required to determine whether miRNA-
374b levels in the blood is an effective predictive biomarker 
for NSCLC. Furthermore, additional analyses are required 
to determine the role of miRNA-374b in NSCLC. In a 
future study, we intend to collect more human samples to 
determine whether miRNA-374b can serve as a clinical 
biomarker for NSCLC. 

Conclusions

In summary, the present results show that miRNA-374b 
is significantly downregulated in the blood and tissues of 
NSCLC patients. These results provide a novel index for 
the prediction and diagnosis of NSCLC in clinical practice. 
We showed that miRNA-374b inhibits cell viability, 
proliferation, and tumorigenesis in NSCLC and promotes 
apoptosis in these cells. Furthermore, we demonstrated 
that upregulation of miRNA-374b inhibited NSCLC in a 
JAM-2-dependent manner through the p38/ERK signaling 
pathway. Thus, miRNA-374b is a critical and potential 
therapeutic target for NSCLC. Our study hence indicates a 
putative useful biomarker and an experimental basis for the 
clinical treatment of NSCLC. 

Figure 3 Knockdown of miRNA-374b promotes proliferation and tumor formation but inhibits apoptosis in non-small cell lung cancer 

(NSCLC) cells. (A) (A) 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay revealed that miRNA-374b anti-miRNA 
oligonucleotide (AMO) increased the viability of NSCLC cells; (B) a colony formation assay showed that miRNA-374b AMO enhanced 
cell proliferation; (C) knockdown of miRNA-374b inhibited apoptosis in NSCLC cells; (D) miRNA-374b AMO markedly promoted 
tumorigenesis in NSCLC in vivo. *P<0.05, **P<0.01 and ***P<0.001 indicate significant difference in comparison with control. 
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