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Abstract. Non‑small cell lung cancer (NSCLC) is one of the 
leading causes of global cancer‑associated mortality. Aberrant 
microRNAs (miRs) have been reported to be involved in the 
pathogenesis of various cancer types. The present study aimed 
to investigate the expression profile and prognostic value of 
miR‑665 in patients with NSCLC, and to analyze its func-
tional role in tumor progression using NSCLC cells. Reverse 
transcription‑quantitative PCR was used to estimate the 
expression levels of miR‑665. Kaplan‑Meier survival curves 
and Cox regression analysis were performed to evaluate the 
prognostic value of miR‑665. The effects of miR‑665 on 
NSCLC cell proliferation, migration and invasion were exam-
ined by cell transfection, and the target gene of miR‑665 was 
explored. miR‑665 expression was elevated in the tissue and 
cell samples of NSCLC. This increased miR‑665 expression 
was associated with lymph node metastasis and TNM stage. 
An independent association between miR‑665 and overall 
survival was identified in patients with NSCLC. When 
regulating the expression levels of miR‑665 in vitro, NSCLC 
cell proliferation, migration and invasion were enhanced by 
overexpression of miR‑665, but were inhibited by knockdown 
of miR‑665. The luciferase activity results indicated that 
the protein tyrosine phosphatase receptor type B (PTPRB) 
was a direct target of miR‑665 in NSCLC cells. The present 

study provided evidence for the clinical significance of a 
decreased expression of miR‑665 in the prognosis of NSCLC. 
Upregulation of miR‑665 contributed to tumor cell prolifera-
tion, migration and invasion by targeting PTPRB, suggesting 
the potential of miR‑665 as a candidate therapeutic target for 
NSCLC treatment.

Introduction

Lung cancer remains one of the most serious global health 
burdens and represents a dominant cause of cancer‑associated 
mortality (1). Among all cases of lung cancer, non‑small cell 
lung cancer (NSCLC) is the most frequent type, accounting for 
~80% of all cases (2). NSCLC consists of squamous cell carci-
noma, adenocarcinoma, adenosquamous cell carcinoma and 
large cell carcinoma (3). The majority of patients with NSCLC 
are diagnosed with advanced tumors, and the 5‑year survival 
rates in NSCLC range from 73% in stage IA disease to 13% 
in stage IV disease, worldwide (4). Despite great progress in 
therapeutic approaches for cancer treatment, such as surgery, 
chemotherapy, radiotherapy and targeted therapy, the prognosis 
and outcomes remain poor (5). To improve the management of 
NSCLC, efforts should be made in the development of novel 
and efficient strategies for diagnosis, prognosis and treatment.

Several studies have demonstrated that tumor initiation 
and development involve changes in the expression levels of 
numerous key molecules (6‑8). MicroRNAs (miRNAs/miRs) 
are a group of these key molecules that have been investi-
gated in various types of cancer (9,10). These small RNAs 
have no capacity of protein coding, but exert regulatory roles 
in gene expression at the post‑transcriptional level (11). In 
addition, miRNAs are involved in the regulation of various 
cell processes, such as cell proliferation, migration, invasion, 
differentiation, cell cycle and apoptosis  (12,13). In cancer 
research, a large number of miRNAs have been reported to 
be involved in tumor progression, which means that these 
functional miRNAs may be considered as potential thera-
peutic targets for cancer treatment (14,15). Furthermore, the 
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clinical significance of miRNAs has attracted increasing 
attention in the diagnosis and prognosis of human malignan-
cies, including NSCLC (16). miR‑665 has been reported to 
be closely associated with pivotal signaling pathways in lung 
cancer pathogenesis (17), and miR‑665 expression in extracel-
lular vesicles is elevated in NSCLC (18). However, the clinical 
significance and biological function of miR‑665 in NSCLC 
remain unclear.

To improve the prognosis and treatment of NSCLC, the 
present study aimed to investigate the expression profile and 
prognostic value of miR‑665 in patients with NSCLC. In addi-
tion, cell experiments were carried out to uncover the potential 
functional role of miR‑665 in NSCLC tumor progression. The 
results of the present study may provide a novel biomarker and 
a therapeutic target for the treatment of this malignancy.

Materials and methods

Patients and tissue collection. The present study was approved 
by the Ethics Committee of Shouguang People's Hospital 
(Shouguang,  China) and written informed consent was 
obtained from all patients prior to the study start. A total of 
128 patients diagnosed with NSCLC were recruited between 
January  2010 and December  2013 at Shouguang People's 
Hospital. The inclusion criteria were as follows: i) Patients 
underwent surgical resection and were pathologically diag-
nosed with NSCLC at the Shouguang People's Hospital, 
ii) patients did not receive any preoperative antitumor therapy 
and iii) patients had complete clinicopathological data and 
follow‑up information. Tumor tissues and adjacent normal 
tissues were collected from patients following surgical exci-
sion, snap frozen in liquid nitrogen and stored at ‑80˚C. The 
demographic and clinicopathological patient characteristics 
are listed in Table I. A 5‑year follow‑up survey was performed, 
and the survival status of patients was recorded. 

Cell culture and transfection. The NSCLC A549, H1299 
and H522 cell lines, and the human bronchial epithelial 
16HBE cell line were obtained from The Cell Bank of Type 
Culture Collection of the Chinese Academy of Sciences. All 
cells were cultured in RPMI 1640 medium (Gibco; Thermo 
Fisher Scientific, Inc.) supplemented with 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc.), and 100 IU/ml penicillin and 
100 µg/ml streptomycin (Invitrogen; Thermo Fisher Scientific, 
Inc.) at 37˚C in a humidified atmosphere containing 5% CO2.

To regulate miR‑665 expression in vitro, cell transfec-
tion was performed using Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. The synthesized miR‑665 mimic and inhibitor 
(50 nM) were used to upregulate and downregulate the expres-
sion levels of miR‑665 in tumor cells. In addition, a negative 
control sequence (miR‑NC, 50 nM) transfected in the tumor 
cells was used as a control, and cells transfected with the 
transfection reagent only were set as the mock group. All 
vectors were synthesized by Shanghai GenePharma Co., Ltd. 
with the following sequences: miR‑665 mimic, 5'‑ACC​AGG​
AGG​CUG​AGG​CCC​CU‑3'; miR‑665 inhibitor, 5'‑AGG​GGC​
CUC​AGC​CUC​CUG​GU‑3'; and miR‑NC, 5'‑UUC​UCC​GAA​
CGU​GUC​ACG​U‑3'. Subsequent experiments were performed 
48 h post‑transfection.

RNA extraction and reverse transcription (RT). Total RNA 
from tissues and cells was extracted using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. The purity and concentration of the 
RNA were measured using a NanoDrop 2000 (Thermo Fisher 
Scientific, Inc.). Total RNA was reversed transcribed into 
cDNA using the PrimeScript RT reagent kit (Takara Bio, Inc.), 
with the following reaction conditions: 42˚C for 30 min and 
85˚C for 5 sec.

RT‑quantitative (q)PCR. The expression levels of miR‑665 
were measured using RT‑qPCR, which was carried out using 
a SYBR Green I Master Mix kit (Invitrogen; Thermo Fisher 
Scientific, Inc.) and the 7300 Real‑Time PCR system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The following 
primer sequences were used for qPCR: miR‑665 forward, 
5'‑GCC​GAG​ACC​AGG​AGG​CTGA‑3' and reverse, 5'‑CTC​
AAC​TGG​TGT​CGT​GGA‑3'; and U6 forward, 5'‑CTC​GCT​
TCG​GCA​GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​
TGC​GT‑3'. The following thermocycling conditions were used 
for qPCR: Initial denaturation at 95˚C for 10 min; 40 cycles of 
95˚C for 30 sec, 60˚C for 15 sec and 72˚C for 15 sec; and a final 
extension at 72˚C for 10 min. Relative miR‑665 expression was 
calculated using the 2‑ΔΔCq method (19) and normalized to U6. 

Cell proliferation assay. To explore the effect of miR‑665 on 
tumor cell proliferation, the MTT assay was performed to esti-
mate NSCLC cell proliferation after 48 h of transfection. Cells 
at a density of 4x105 cells/well were seeded into 48‑well plates 
and cultured at 37˚C for 72 h. The MTT solution (5 mg/ml) was 
added into the wells at 0, 24, 48 and 72 h, followed by 4 h of 
incubation. Following MTT incubation, the purple formazan 
crystals were dissolved in DMSO for 1 h and cell proliferation 
was subsequently analyzed at a wavelength of 570 nm, using a 
microplate reader (Thermo Fisher Scientific, Inc.). 

Cell migration and invasion analysis. Transwell chambers 
(Corning Inc.) were used to evaluate the abilities of cell 
migration and invasion. After 48 h post‑transfection, cells 
transfected with vectors or only transfection reagent were 
plated in the upper chambers in serum‑free RPMI 1640 
medium at a density of 5x104 cells/well, while the lower cham-
bers were filled with RPMI 1640 medium supplemented with 
10% FBS. The chambers were kept in a humidified atmosphere 
containing 5% CO2 at 37˚C for 48 h. For the invasion assay, the 
Transwell membranes were pre‑coated with Matrigel (Corning 
Inc.) at 37˚C for 1 h. Following incubation, cells in the upper 
chambers were removed using cotton swabs, while migratory 
cells in the lower chambers were incubated with 0.1% crystal 
violet (Sigma‑Aldrich; Merck KGaA) for 10 min at room 
temperature. Stained cells were counted in five randomly 
selected fields using an inverted light microscope (magnifica-
tion, x200; Olympus Corporation). 

Luciferase reporter assay. According to the bioinformatics 
analysis using TargetScan software (version 7.2; http://www.
targetscan.org/vert_72), a potential target gene was predicted 
for miR‑665, known as protein tyrosine phosphatase receptor 
type B (PTPRB). A luciferase reporter assay was performed to 
confirm the interaction between miR‑665 and PTPRB in H1299 
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cells. The wild‑type (WT) and mutant (MT) 3'‑untranslated 
regions (UTRs) of PTPRB were synthesized and separately 
cloned into the pmiR‑GLO dual‑luciferase vector (Shanghai 
GenePharma Co., Ltd.). After 12 h of cell inoculation, at a 
density of 5x104 cell/well, the combined vectors were co‑trans-
fected into H1299 cells with either miR‑665 mimic, miR‑665 
inhibitor or miR‑NC using Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). Following incubation at 37˚C 
for 48 h, cells were collected, and firefly and Renilla luciferase 
activities were detected using a Dual‑Luciferase Reporter 
assay system (Promega Corporation), according to the manu-
facturer's protocol. Firefly luciferase activity was normalized 
to Renilla luciferase activity. 

Statistical analysis. Statistical analysis was performed using 
SPSS software (version  21.0; IBM Corp.) and GraphPad 
Prism software (version 5.0; GraphPad Software, Inc.) Data 
are presented as the mean ± standard deviation and all experi-
ments were performed in triplicate. Differences between 
groups were analyzed using paired Student's t‑test or one‑way 
ANOVA followed by Tukey's post‑hoc test. Associations 
between miR‑665 and the clinical features of the patients were 
assessed using a χ2 test. Survival analysis was performed with 
the Kaplan‑Meier method, and a Cox regression analysis was 
conducted to confirm the prognostic value of miR‑665. P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑665 expression in NSCLC. The present study investigated 
the expression profile of miR‑665 in both NSCLC tissue and 
cell samples. As shown in Fig. 1A, miR‑665 expression was 
significantly upregulated in the NSCLC tissues compared 
with in non‑cancerous tissues. Furthermore, the expression 
of miR‑665 in patients with different lymph node metastasis 
(LM) status and TNM stages was compared. The results 
shown in Fig. 1B indicated that patients with positive LM 
had significantly higher miR‑665 expression than those with 
negative LM. Furthermore, significantly increased miR‑665 
expression was observed in patients with advanced TNM stage 
compared with in patients with TNM stage I‑II (Fig. 1C). In 
addition to the tissue samples, a marked increase in the relative 
expression of miR‑665 was also found in the NSCLC cell lines 
compared with in the normal cell line (Fig. 1D).

Association between miR‑665 and the clinicopathological 
characteristics of the patients. All demographic and clinical 
features are summarized in Table  I, including age, sex, 
smoking history, tumor size, differentiation, LM and TNM 
stage. To explore the association of miR‑665 with the clini-
copathological data, the mean expression value of miR‑665 
(0.397) was used to divide the patients into a low miR‑665 
expression group (n=60) and a high miR‑665 expression group 

Table I. Association of miR‑665 with clinicopathological features of patients with non‑small cell lung cancer.

	 miR‑665 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Features	 Total no. (n=128)	 Low (n=60)	 High (n=68)	 P‑value

Age, years				    0.383
  ≤60	 42	 22	 20	
  >60	 86	 38	 48	
Sex				    0.469
  Female	 47	 24	 23	
  Male	 81	 36	 45	
Smoking				    0.872
  No	 46	 22	 24	
  Yes	 82	 38	 44	
Tumor size (cm)				    0.773
  ≤3	 58	 28	 30	
  >3	 70	 32	 38	
Differentiation				    0.855
  Well/moderate	 80	 37	 43	
  Poor	 48	 23	 25	
Lymph node metastasis				    0.035a

  No	 62	 35	 27	
  Yes	 66	 25	 41	
TNM stage				    0.009a

  I‑II	 61	 36	 25	
  III‑IV	 67	 24	 43	

aP<0.05. miR‑665, miRNA‑665.
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(n=68). According to the χ2 test, miR‑665 expression was 
significantly associated with LM and TNM stage. However, 
no other significant associations between miR‑665 expression 
and the remaining clinical features were observed.

Aberrant expression of miR‑665 is independently associated 
with the overall survival of patients. The present study further 
evaluated the clinical significance of deregulated miR‑665 
in the prognosis of NSCLC. The survival curves in Fig. 2A 
show that patients with low miR‑665 expression exhibited 
improved overall survival compared with those with high 
miR‑665 expression. The association of miR‑665 with the 
overall survival in patients with different TNM stages was 
further analyzed. This suggested that high miR‑665 expres-
sion was associated with a shorter survival time in both TNM 
I‑II stage groups (Fig. 2B) and III‑IV stage groups (Fig. 2C). 
The aforementioned data indicated a potential association of 
miR‑665 with the overall survival of patients with NSCLC. 
Furthermore, the results of the Cox regression analysis shown 
in Table II revealed that miR‑665 expression was independently 
associated with overall survival, suggesting a prognostic value 
of miR‑665 in patients with NSCLC.

Overexpression of miR‑665 contributes to proliferation, 
migration and invasion of NSCLC cells. The present study 
aimed to uncover the functional role of miR‑665 in NSCLC 
progression. By transfecting H1299 and A549 cells with a 

miR‑665 mimic or a miR‑665 inhibitor, the expression of 
miR‑665 was upregulated or downregulated, respectively 
(Fig. 3A and B). The MTT cell proliferation assays revealed 
that the overexpression of miR‑665 in tumor cells led to 
increased cell proliferation, while the knockdown of miR‑665 
resulted in suppressed cell proliferation (Fig. 3C and D). In 
accordance with the proliferation results, the tumor cell migra-
tion and invasion were also enhanced by the upregulation of 
miR‑665 and inhibited by the downregulation of miR‑665 
(Fig. 4).

PTPRB is a direct target gene of miR‑665 in NSCLC cells. 
Using bioinformatics prediction, a complementary sequence 
of miR‑665 was identified in the 3'‑UTR of PTPRB (Fig. 5A). 
The subsequent luciferase reporter assay results shown in 
Fig. 5B indicated that the luciferase activity was markedly 
decreased by miR‑665 overexpression, but was promoted by 
the knockdown of miR‑665 in cells with WT 3'‑UTR PTPRB. 
However, no significant changes in the luciferase activity were 
observed in cells transfected with the MT 3'‑UTR PTPRB.

Discussion

Numerous studies have highlighted the critical roles of the 
aberrant expression of miRNAs in various diseases, espe-
cially in human malignancies  (20‑22). These functional 
miRNAs are involved in the occurrence and development of 

Figure 1. Relative miR‑665 expression measured by reverse transcription‑quantitative PCR. (A) Relative expression of miR‑665 in NSCLC tissues (n=128) 
was significantly higher compared with that in the normal controls (n=128). (B) Relative expression of miR‑665 in patients with positive LM (n=66) was 
significantly higher than in those with negative LM (n=62). (C) Relative expression of miR‑665 was significantly higher in patients with advanced TNM stage 
(n=67) compared with in patients with early TNM stage (n=61). (D) Relative miR‑665 expression was higher in the three NSCLC cell lines (A549, H1299, 
H522) compared with normal 16HBE cells. **P<0.01, ***P<0.001. NSCLC, non‑small cell lung cancer; LM, lymph node metastasis; miR‑665, miRNA‑665.
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tumors, and a number of them have been identified as effi-
cient therapeutic targets for targeted cancer therapy (23). For 
example, miR‑381 has been identified as a tumor suppressor 

in the progression of pancreatic cancer, demonstrated by the 
inhibited tumor cell proliferation, migration and invasion, 
and enhanced cell apoptosis following miR‑381 overexpres-

Figure 2. Kaplan‑Meier survival curves for patients with non‑small cell lung cancer. (A) Patients with low miR‑665 levels had longer survival time than 
those with high miR‑665 expression (log‑rank P=0.009). (B) High miR‑665 expression was associated with poor overall survival in patients with TNM 
stages I‑II (log‑rank P=0.031). (C) High miR‑665 expression predicted poor overall survival in patients with advanced TNM stage (log‑rank P=0.046). 
miR‑665, miRNA‑665.

Figure 3. Effects of miR‑665 on cell proliferation of H1299 and A549 cells. Expression of miR‑665 was significantly increased by the miR‑665 mimic, but was 
suppressed by the miR‑665 inhibitor in (A) H1299 and (B) A549 cells. Overexpression of miR‑665 in (C) H1299 and (D) A549 cells resulted in increased cell 
proliferation, whereas the knockdown of miR‑665 led to inhibited cell proliferation. *P<0.05, **P<0.01, ***P<0.001 vs. Mock. NC, negative control; miR‑665, 
miRNA‑665; OD, optical density.
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Figure 4. Regulatory role of miR‑665 in tumor migration and invasion of non‑small cell lung cancer cells. (A) Staining results of Transwell migration assays. 
(B) Upregulation of miR‑665 enhanced migration of both H1299 and A549 cells. (C) Staining results of Transwell invasion assays. (D) Invasion ability of 
H1299 and A549 cells was facilitated by the overexpression of miR‑665, but was suppressed by the inhibition of miR‑665. **P<0.01, ***P<0.001 vs. mock. NC, 
negative control; miR‑665, miRNA‑665.
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sion (15). Increased expression of miR‑1307‑3p detected in the 
hepatocellular carcinoma tissues has been demonstrated to 
enhance tumor growth and metastasis by regulating disabled 
homolog 2‑interacting protein (24). Additionally, deregulated 
miR‑501 has been demonstrated to be a potential therapeutic 
target in gastric cancer, and exosomal transfer of miR‑501 
could regulate the development of this malignancy (25). In 
addition to the functional roles of miRNAs, their clinical 
significance has also received increasing attention for the 

diagnosis and prognosis of various types of cancer, including 
NSCLC (26). For instance, Sun et al  (27) showed that the 
serum expression levels of miR‑30a‑5p are downregulated in 
patients with colorectal carcinoma, and that it could represent 
a candidate diagnostic and prognostic biomarker. Decreased 
miR‑424‑5p expression in hepatocellular carcinoma tissues 
is independently associated with poor overall survival of 
the patients, highlighting its value in cancer prognosis (28). 
In NSCLC, some aberrant miRNAs with dramatic clinical 
significance have also been identified, such as miR‑25 (16) 
and miR‑411 (29).

In the current study, the expression levels of miR‑665 were 
significantly upregulated in the NSCLC tissues and cell lines 
compared with in the corresponding normal controls, and this 
increased expression was closely associated with the LM and 
TNM stage of the patients. Thus, it was hypothesized that 
miR‑665 may serve as an onco‑miR and may be involved in the 
development of NSCLC. Given the dysregulation of miR‑665, 
a survival analysis was performed to evaluate the prognostic 
significance of miR‑665. Patients with high miR‑665 levels 
had shorter survival times compared with those with low 
miR‑665 expression, suggesting that high miR‑665 expres-
sion was associated with poor overall survival. In addition, by 
dividing the patients into groups based on TNM stages, it was 
revealed that high miR‑665 expression predicted poor overall 
survival of patients with both early and advanced TNM stages. 
Furthermore, the Cox regression analysis demonstrated that 
miR‑665 was an independent prognostic indicator in patients 
with NSCLC.

Table II. Cox regression analysis in patients with non‑small 
cell lung cancer.

	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 HR	 95% CI	 P‑value

miR‑665	 2.053	 1.062‑3.969	 0.032a

Age	 0.973	 0.494‑1.914	 0.936
Sex	 1.041	 0.554‑1.955	 0.901
Smoking	 0.975	 0.521‑1.825	 0.938
Tumor size	 1.409	 0.735‑2.701	 0.302
Differentiation	 1.005	 0.535‑1.887	 0.988
Lymph node metastasis	 0.822	 0.454‑1.488	 0.517
TNM stage	 1.816	 0.932‑3.540	 0.080

aP<0.05. HR, hazard ratio; miR‑665, miRNA‑665.

Figure 5. PTPRB serves as a direct target of miR‑665 in H1299 cells. (A) Complementary sequence of miR‑665 in the 3'‑UTR of PTPRB. (B) Overexpression 
of miR‑665 inhibited the luciferase activity, while the knockdown of miR‑665 promoted the luciferase activity in cells transfected with the WT 3'‑UTR of 
PTPRB. *P<0.05, **P<0.01 vs. control. UTR, untranslated region; PTPRB, protein tyrosine phosphatase receptor type B; NC, negative control; miR‑665, 
miRNA‑665; WT, wild‑type; MT, mutant. 
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Numerous studies have indicated that miRNAs are 
involved in the pathogenesis of human cancer by regulating 
tumor cell processes, such as proliferation, migration and 
invasion (30‑32). Therefore, the present study carried out 
further cellular experiments to uncover the functional 
role of miR‑665 in NSCLC progression. When regulating 
miR‑665 expression in vitro, the overexpression of miR‑665 
in NSCLC cells resulted in enhanced cell proliferation, 
migration and invasion, while the knockdown of miR‑665 
led to the opposite results. Overall, miR‑665 may serve 
as an enhancer of NSCLC tumorigenesis. Although a 
promoting effect of miR‑665 on tumor cell proliferation 
was observed, an association between miR‑665 expression 
and tumor size was not detected. This might be due to the 
small sample size that limited the accuracy of the clinical 
data. Thus, further investigations with a larger study cohort 
are necessary. The regulatory effects of miR‑665 on tumor 
cell processes have been previously investigated in other 
malignancies. In hepatocellular carcinoma cells, miR‑665 
can promote cell migration, invasion and proliferation by 
targeting PTPRB (33). In breast cancer, tumor cell migra-
tion and invasion are enhanced by the overexpression of 
miR‑665 by promoting the epithelial‑mesenchymal transition 
process (34). By contrast, miR‑665 has been demonstrated 
to suppress cell proliferation and migration in ovarian 
cancer cells (35). This controversy on the role of miR‑665 
may be due to the different cancer types. Although the cell 
experimental data indicated an oncogenic role of miR‑665 in 
NSCLC progression, further studies are required to confirm 
the biological function of miR‑665 by investigating its effects 
on NSCLC cell cycle distribution and apoptosis, as well as its 
functional role in tumorigenesis in vivo.

Although the present study provided novel insights on 
the clinical significance and functional role of miR‑665 in 
NSCLC, the molecular mechanisms underlying the role of 
miR‑665 remain unclear and warrant further investigations. 
A study by Hu et al (33) demonstrated that miR‑665 exerts 
promoting effects on hepatocellular carcinoma cell prolifera-
tion, migration and invasion by directly targeting PTPRB and 
through the Hippo signaling pathway. Interestingly, PTPRB 
has been found to suppress NSCLC cell proliferation and inva-
sion by inhibiting the phosphorylation of the proto‑oncogene 
tyrosine‑protein kinase Src  (36). In the present study, the 
binding site of miR‑665 was predicted in the 3'‑UTR of PTPRB, 
confirming that PTPRB was a direct target gene of miR‑665 in 
NSCLC. Thus, the miR‑665/PTPRB axis may be involved in 
the regulation of NSCLC progression through the Src and/or 
Hippo signaling pathways. However, the regulatory effects 
of miR‑665 on PTPRB and the aforementioned signaling 
pathways in NSCLC were not examined, which represents one 
of the limitations of the present study and warrants further 
confirmation to better understand these molecular mecha-
nisms. In addition, other limitations included a relatively small 
sample size and the lack of cell cycle analysis results in tumor 
cells with deregulated miR‑665 expression. Further studies are 
required to confirm the role of miR‑665 in NSCLC by using a 
larger sample size and analyzing its regulatory effect on tumor 
cell biological function.

In conclusion, the results of the present study revealed that 
upregulated miR‑665 expression was associated with the LM 

and TNM stage of patients with NSCLC, and could be used as 
a potential prognostic biomarker. NSCLC cell proliferation, 
migration and invasion were promoted by the overexpression 
of miR‑665, indicating that methods to decrease miR‑665 
expression could be used as novel therapeutic strategies for 
NSCLC treatment.
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