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Abstract. Kin17 DNA and RNA binding protein (Kin17) is 
a highly conserved protein that participates in DNA replica-
tion, DNA repair and cell cycle progression. Recently, the 
tumor‑promoting function of Kin17 has been demonstrated 
and increasingly studied. In the present study, the role of 
Kin17 in the invasion and metastasis of non‑small cells lung 
cancer (NSCLC) was investigated. Elevated Kin17 mRNA and 
protein expression was identified in a total of 97 NSCLC and 
benign lung lesion tissue specimens. Kin17 overexpression 
was significantly correlated with high tumor grade and lymph 
node metastasis, indicating poor patient prognosis. Scratch 
and Transwell assays demonstrated that the knockdown of 
KIN17 inhibited the ability of NSCLC cells to migrate and 
invade. Furthermore, reverse transcription‑quantitative poly-
merase chain reaction and western blot analyses confirmed 
that knockdown of KIN17 decreased the expression of matrix 
metalloproteinase 7, epidermal growth factor receptor and 
v‑myc avian myelocytomatosis viral oncogene homolog. The 
results of the present study indicate that Kin17 is markedly 
overexpressed in NSCLC tissues compared with benign lung 
lesion and peritumoral tissue. The upregulation of KIN17 
may serve an important role in the metastasis of NSCLC 
cells. These results indicate that Kin17 is a novel diagnostic 
and prognostic biomarker of NSCLC, in addition to being a 

potential therapeutic target for the treatment of patients with 
NSCLC.

Introduction

Lung cancer is one of the most common types of cancer and 
the leading cause of cancer‑associated mortality (1). It is esti-
mated that worldwide, 1.8 million lung cancers are diagnosed 
annually (1). Non‑small cell lung cancer (NSCLC) accounts 
for 80% of all lung cancer cases, with a 5‑year survival rate 
of 16% (2). The poor prognosis of patients with NSCLC is 
primarily due to cancer metastasis and recurrence. Therefore, 
the identification of novel diagnostic markers and therapeutic 
targets is warranted for the early detection and inhibition of 
metastasis in patients with NSCLC.

Kin17 DNA and RNA binding protein (Kin17) is an 
evolutionarily conserved nuclear protein (3). KIN17 consists 
of three motifs, a zinc finger, a nuclear localization signal and 
a Kyprides‑Onzonis‑Woese motif that mediates transcription 
elongation  (4). KIN17 is ubiquitously expressed in human 
tissues and has been demonstrated to regulate essential 
biological functions. (5). Kin17 is a member of the multipro-
tein DNA replication complex and associates with the origin of 
replication (6). Kin17 is also involved in DNA repair, whereby 
exposure of tissue to radiation has been demonstrated to upreg-
ulate its expression (7). Additionally, it has been suggested that 
Kin17 serves a role in transcription, due to its presence in the 
human spliceosome, as detected using proteomic analysis (4).

Emerging evidence has indicated the importance of Kin17 
in the pathogenesis and progression of tumors. Previous studies 
have reported that KIN17 expression is elevated in colon 
cancer, hepatocellular carcinoma and breast cancer (8‑10). In 
addition, previous studies have revealed that the upregulation 
of KIN17 is associated with proliferation, chemoresistance 
and radioresistance in tumors (5,11,12). However, the role of 
KIN17 in tumor invasion and metastasis remains unclear. In 
the current study, the association between KIN17 expression 
and the metastasis of NSCLC was investigated. In addition, 
KIN17 expression was silences to investigate its effect on the 
migration and metastasis of NSCLC cells.
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Materials and methods

Patients and specimens. A total of 58 NSCLC samples 
(31 male, 27 female) and 39 benign pulmonary lesions samples 
(7 pneumonia, 11 tuberculosis, 12 bullae and 9 benign tumors) 
were obtained. Patients underwent surgery at Longgang 
Central Hospital (Shenzhen, China) between January 2010 
and October 2013. The clinicopathological characteristics of 
NSCLC patients are summarized in Table I. The tumors were 
graded using a three‑tier grading system based on cell differ-
entiation and the percentage of cancer cells in the process of 
dividing (8,13). Tumors with higher grade showed lower cell 
differentiation, more aggressive and malignant in histological 
appearance. The present study was approved by the Institu-
tional Review Board of Longgang Central Hospital and written 
informed consent was obtained from all participants.

Immunohistochemistry analysis. Specimens were fixed 
with 10% buffered formalin at room temperature for 24 h, 
embedded in paraffin wax and sectioned at a thickness of 
4  µm. Subsequently, the sections were deparaffinized in 
xylene and rehydrated through by graded ethanol washes 
(absolute ethanol, 95, 80%, and distilled water), and quenched 
with 3% hydrogen peroxide to block endogenous peroxidase 
activity. Following a citrate buffer (0.01 M Sodium Citrate, 
pH 6.0) wash, 5% goat serum (Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) was applied to block non‑specific 
binding at room temperature for 30 min. Sections were incu-
bated overnight at 4˚C with an anti‑Kin17 primary antibody 
(dilution, 1:100; cat. no., sc‑32769; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA). Subsequently, sections were incubated 
at room temperature for 45 min with horseradish peroxidase 
(HRP)‑conjugated anti‑mouse IgG secondary antibody 
(1:5,000; cat. no. K400511; Dako; Agilent Technologies, Inc., 
Santa Clara, CA, USA). The sections were visualized using a 
ChemMate™ DAKO EnVision™ Detection kit (Dako; Agilent 
Technologies, Inc.). The negative control was prepared in the 
same way, but excluding the primary antibody step. The stained 
slides were scored by two pathologists, who were unaware of 
the clinical diagnosis, as previously described (8). A staining 
score (intensity of staining x percentage of cells stained) of 
>100 was defined as high expression and a staining score 
of ≤100 was defined as low expression (8).

Cell culture. The NSCLC cell line A549 and human embryonic 
kidney (HEK 293T) cells were obtained from GeneChem Co., 
Ltd. (Shanghai, China) and maintained in a humidified atmo-
sphere with 5% CO2 at 37˚C. Cells were cultured in 75 cm2 

culture flasks in Ham's F‑12K medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% fetal bovine serum 
(FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) in a humidified atmosphere with 5% CO2 at 37˚C. HEK 
293T cells were cultured in Opti‑MEM I medium (Invitrogen; 
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted from cells using 
the TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol, and was 
prepared for cDNAs synthesis using a reverse transcription 

kit (Promega Corporation, Madison, WI, USA). A total of 
2 µg of total RNA was reverse transcribed in a total reaction 
volume of 20 µl containing: 1X RT buffer (50 mM Tris‑HCl 
pH 8.3, 75 mM KCl and 3 mM MgCl2), 20 U RNase inhibitor 
(40 U/µl), 10 mM dithiothreitol, 50 mM deoxyribonucleoside 
triphosphates (dNTPs), 0.5  µg oligo‑deoxythymidine and 
200 U Moloney murine leukemia virus reverse transcriptase 
(200 U/µl, Promega Corporation). The mixture was incubated 
at 42˚C for 60 min and at 70˚C for 10 min. The cDNA was then 
used for PCR amplification with SYBR Premix Ex Taq (cat. 
no. DRR420A; Takara Bio, Inc., Otsu, Japan). The primers 
for KIN17 were as follows: forward: 5'‑CCA​TGA​TTC​CTT​
CAT​ATT​TGC‑3', reverse: 5'‑GTA​ATA​CGG​TTA​TCC​ACG​
CG ‑3'; GAP​DH forward: 5'‑GGA​GCG​AGA​TCC​CTC​CAA​
AAT‑3', reverse: 5'‑GGC​TGT​TGT​CAT​ACT​TCT​CAT​GG‑3'. 
Subsequent to heating at 95˚C for 15 min, PCR was performed 
in a thermal cycler (GeneAmp 2400; PE Applied Biosystems, 
Foster City, CA, USA) for 40 cycles, consisting of 95˚C for 
5 sec, 60˚C for 30 sec, 72˚C for 30 sec. All samples were run in 
triplicate and relative mRNA levels were calculated using the 
2‑ΔΔCt method (14) provided by the System software (Applied 
Biosystems). Data were normalized with GAPDH levels in the 
samples.

Western blot analysis. Total protein from cells or fresh tissue 
was used for western blot analysis. RIPA lysis buffer (Beyo-
time Institute of Biotechnology, Haimen, China) containing 
a complete protease inhibitor cocktail Tablet (Roche Applied 
Science, Penzberg, Germany) was used to extract total 
proteins as described previously (8). In total, 10 µg of protein 
per lane was separated by 10% SDS‑PAGE and transferred 
onto Immobilon®‑P PVDF Transfer Membranes (EMD Milli-
pore, Billerica, MA, USA). Following blocking with non‑fat 
milk at room temperature for 30 min, the membranes were 
probed with anti‑Kin17 (dilution, 1:500; cat. no. sc‑32769; 
Santa Cruz Biotechnology, Inc.), anti‑EGFR (dilution, 1:500; 
cat. no. sc‑373746; Santa Cruz Biotechnology, Inc.), anti‑MYC 
(dilution, 1:500; cat. no. sc‑40; Santa Cruz Biotechnology, Inc.), 
anti‑MMP7 (dilution, 1:500; cat. no. sc‑58388; Santa Cruz 
Biotechnology, Inc.) and β‑actin (dilution, 1:500; sc‑47778; 
Santa Cruz Biotechnology, Inc.) monoclonal primary anti-
bodies overnight at 4˚C. HRP‑conjugated secondary antibodies 
(dilution, 1:500; cat. no. sc‑2318; Santa Cruz Biotechnology, 
Inc.) were used to develop immunoblots at room temperature 
for 1 h, which were processed using ECL enhanced chemilu-
minescence substrate (Thermo Fisher Scientific, Inc.). Images 
were captured using the ImageQuant RT ECL™ imager (GE 
Healthcare Life Sciences, Shanghai, China). Band intensities 
were quantified using ImageQuant TL image analysis software 
(version 7.0; GE Healthcare Life Sciences).

Lentiviral recombinant vector construction. Single‑stranded 
oligonucleotides containing control small interfering RNA 
(siRNA; target sequence, 5'‑TTC​TCC​GAA​CGT​GTC​ACG​T‑3') 
and 4 siRNA sequences targeting KIN17 gene (KD1, 5'‑GTT​
GTG​AAG​ATG​ATT​GAT​T‑3'; KD2, 5'‑GCT​ACT​ATC​GTC​
ATT​GAA​A‑3'; KD3, 5'‑AAT​CTG​CAC​TGG​ATG​AAA​T‑3'; 
KD4, 5'‑ACA​TTG​TCT​ACA​ACG​AAT​A‑3'; GenBank acces-
sion no. NM_012311) were synthesized by GeneChem Co., 
Ltd. (Shanghai, China), and converted into double‑stranded 
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DNA via annealing. Then, the DNA was inserted into the 
lentiviral GV248 vector (GeneChem Co., Ltd.) following 
double enzyme digestion by HpaI and XhoI enzymes as previ-
ously described (8). The recombinant vectors were confirmed 
through DNA sequencing prior to transfection into HEK 293T 
cells with two helper plasmids (pHelper 1 carrying gag/pol/rev 
gene and pHelper 2 carrying VSV‑G gene, GeneChem Co., 
Ltd.) to package virus particles using Lipofectamine® 2000 
Transfection reagent (Thermo Fisher Scientific, Inc.).

Following purification and titration, the harvested virus 
particles were used to infect the A549 cells as described by 
Kou (9). KIN17 mRNA levels in total RNA extracted from the 
infected cells was determined through RT‑qPCR as described 
above. Results demonstrated that KIN17 expression was mark-
edly decreased following transfection with the recombinant 
vectors containing KIN17‑targeting siRNA sequences. Recom-
binant vectors with the KD4 siRNA sequence were chosen 
for use in subsequent experiments, as they demonstrated the 
highest knockdown efficiency. A549 cells transfected with 
recombinant vectors carrying the KD4 sequence (A549KIN17 

KD cells) and cells transfected with the control vector (A549NC 

cells) were cultured with puromycin until ~90% of cells 
contained the fluorescent vector (Fig. 2A). Stable transfection 
was maintained via continued culture in Ham's F‑12K medium 

with 10% FBS and puromycin. A549 cells without transfection 
with vector (A549MOCK cells) were used as blank control.

Scratch assay. A549 cells (3x104 cells/well) were seeded into 
a 96‑well plate and cultured for 24 h. Cells in the individual 
wells were scratched with a sterile pipette tip, prior to the addi-
tion of Ham's F‑12 medium without serum. Cell migration was 
measured using a fluorescence microscope (CKX41, Olympus 
Corporation, Tokyo, Japan) with ImageJ software (v1.48u, 
National Institutes of Health, Bethesda, MD, USA).

Matrigel invasion assay. Matrigel‑coated Transwell cell 
culture chambers (8 µm pore size) were used to determine 
the invasion abilities of the cells. A549 cells were trypsin-
ized, suspended in starvation medium and placed in the upper 
Transwell chambers (5x105 cells/well). The lower chambers 
contained 750 µl Ham's F‑12K medium containing 30% FBS 
(Gibco; Thermo Fisher Scientific, Inc.). The plate was placed 
in a humidified atmosphere with 5% CO2 at 37˚C for 24 h. 
Cells on the upper surface of the Matrigel membrane were 
removed and invasive cells on the bottom surface were stained 
with Giemsa for 30 min and counted using a light microscope 
(CKX41, Olympus Corporation). The number of cells placed 
into the upper chamber was divided by the number of cells 

Table I. Association between KIN17 expression and the clinicopathological characteristics of patients with non‑small cell lung 
cancer.

	 KIN17 expression, no. 
	 of patients (%)
Clinicopathological	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
characteristics	 Low	 High	 No. of patients (%)	 P‑value
 
Age (years)	 50.3±7.9	 52.2±8.7		  0.381a

Tumor size (mm)				    0.212b

  ≤29.4	 15 (65.2)	 17 (48.6)	 32 (55.2)	
  >29.4	   8 (34.8)	 18 (51.4)	 26 (44.8)	
Lymph node metastasis				    0.036b

  No	 15 (65.2)	 13 (37.1)	 28 (48.3)	
  Yes	   8 (34.8)	 22 (62.9)	 30 (51.7)	
Tumor grade				    0.020b

  1	   9 (39.1) 	   4 (11.4)	 13 (22.4)	
  2	 11 (47.8)	 18 (51.4)	 29 (50.0)	
  3	   3 (13.1)	 13 (37.1)	 16 (27.6)	
NSE expression status				    0.901b

  Negative	 13 (68.4)	 18 (66.7)	 31 (67.4)	
  Positive	   6 (31.6)	   9 (33.3)	 15 (32.6)	
TTF‑1 expression status 				    0.380b

  Negative	 17 (73.9)	 22 (62.9)	 39 (67.2)	
  Positive	   6 (26.1)	 13 (37.1)	 19 (32.8)	
CEA expression status				    0.634b

  Negative	 13 (68.4)	 16 (61.5)	 29 (64.4)	
  Positive	   6 (31.6)	 10 (38.5)	 16 (35.6)

aStudent's t‑test, bχ2 test. KIN17, KIN17 DNA and RNA binding protein. NSE, neuron‑specific enolase; TTF‑1, thyroid transcription factor 1; 
CEA, carcinoembryonic antigen.



ZHANG et al:  ASSOCIATION BETWEEN KIN17 EXPRESSION AND NSCLC INVASIVENESS 2277

from the bottom surface of Matrigel membrane to get the 
invasion rate.

Statistical analysis. Immunohistochemistry results about 
Kin17 expression were analyzed by c2 test. Data analysis of the 
scratch assay and Transwell invasion assay were performed by 
the Student's t‑test. Baseline clinicopathological characteris-
tics of the patients with NSCLC (for example age and lymph 
nodes metastasis), in addition to biological variables of the 
tumors (for example tumor size, tumor grade, NSE expres-
sion, TTF‑1 expression and CEA expression) were compared 
using the student's t‑test (continuous variables) or χ2  test 
(categorical variables). All statistical tests and corresponding 
P‑values reported were two‑tailed. P<0.05 was considered to 
indicate a statistically significant difference. SPSS software 
(version 16.0; SPSS, Inc., Chicago, IL, USA) was used to 
perform all statistical analyses.

Results

Kin17 expression in NSCLC and cells. To investigate the func-
tion of Kin17 in NSCLC, Kin17 protein expression in NSCLC 
and benign pulmonary lesion tissue was examined. A total of 
65 samples of NSCLC and 40 benign pulmonary lesion samples 
were investigated using immunohistochemistry analysis. The 
results obtained using the scoring method indicated that the 
mean expression of Kin17 in the NSCLC sample group was 
markedly increased compared with the benign pulmonary 
lesion sample group (normal control; Fig. 1A). Furthermore, 
Kin17 protein expression in the samples and A549 cells was 
detected through western blot analysis. Kin17 protein expres-
sion was markedly higher in the NSCLC tumor samples 
compared with their adjacent healthy tissues (Fig. 1B). In addi-
tion, Kin17 protein was overexpressed in A549 cells compared 
with epithelial cells in peritumoral lung tissue (Fig. 1B).

Association between Kin17 protein expression and the clini‑
copathological characteristics of patients with NSCLC. The 
clinicopathological characteristics of 58 patients with NSCLC 

were reviewed and their association with Kin17 protein 
expression was examined. High Kin17 expression was signifi-
cantly associated with lymph nodes metastasis (P=0.036) and 
high tumor grade (grade 2 or 3, P=0.020; Table I). However, 
Kin17 expression was not associated with age, tumor size or 
expression status of the following tumor biomarkers: Neuronal 
enriched enolase, thyroid transcription factor 1 and carcinoem-
bryonic antigen (Table I). The significant correlation between 
Kin17 expression and lymph node metastasis suggests that 
Kin17 may be associated with the invasion and metastasis of 
NSCLC.

KIN17 knockdown suppresses the migration and metastasis 
of NSCLC A549 cells. To investigate the role of Kin17 in 
NSCLC, lentiviral‑mediated transfection of siRNA targeting 
KIN17 mRNA was used to knock down KIN17 expression 
in A549 cells (Fig. 2A). RT‑qPCR and western blot assays 
confirmed that the mRNA and protein levels of KIN17 in 
A549KIN17 KD cells were markedly decreased compared with 
levels in A549NC cells (Fig. 2B and C).

Scratch and Transwell assays were conducted in order to 
investigate the effect of a KIN17 knockdown on the metastasis 
and invasion abilities of A549 cells, respectively. In the scratch 
assay, A549KIN17 KD cells demonstrated a significant reduction 
in migration 24 h following the scratch compared with A549NC 
cells (P=0.01; Fig. 2D and E). Furthermore, the number of 
invasive A549KIN17 KD cells was significantly lower compared 
with the A549NC cells (P=0.01; Fig. 2F and G).

KIN17 knockdown ef fects matrix metallopeptidase 7 
(MMP7), epidermal growth factor receptor (EGFR) and 
v‑myc avian myelocytomatosis viral oncogene homolog 
(MYC) protein expression. Ectopic activation of the 
mitogen‑activated protein kinase/extracellular signal‑regu-
lated kinase (MEK/ERK) signaling pathway has been 
associated with the invasion and metastasis of various types 
of tumor. Our previous study of breast cancer revealed that 
silencing KIN17 may effect this signaling pathway  (8). 
In order to explore the role of KIN17 in the MEK/ERK 

Figure 1. Kin17 protein expression in NSCLC tissues and A549 cells. (A) Immunohistochemistry staining for Kin17 protein in NSCLC samples and benign 
pulmonary lesion samples. 100x, Scale bars, 30 µm. (B) Western blot analysis of Kin17 protein expression in NSCLC tissues, peritumoral tissues and A549 
cells. NSCLC, non‑small cell lung cancer; Kin17, Kin17 DNA and RNA binding protein.



ONCOLOGY LETTERS  13:  2274-2280,  2017 2278

signaling pathway in NSCLC, influencing of KIN17 knock-
down on the expression levels of EGFR, MMP7 and MYC, 
3  key components of the MEK/ERK signaling pathway, 
were investigated in A549 cell in the present study. Western 
blot analysis revealed that A549KIN17 KD cells expressed mark-
edly lower levels of EGFR, MMP7 and MYC compared with 
A549NC cells (Fig. 3). These findings suggest that KIN17 
expression is associated with the expression of EGFR, 
MMP7 and MYC.

Discussion

The expression level of KIN17 in the majority of healthy 
tissues is low, with the exception of the testis, ovary, muscle 
and heart (5). At present, the expression level of KIN17 in 
human tumors remains unclear. Recently, studies performed 
by Yu et al (10) and Kou et al (9) revealed that KIN17 gene 
expression is upregulated in colorectal cancer and hepatocel-
lular carcinoma, respectively. In addition, a previous study 

Figure 2. Knockdown of KIN17 by lentiviral recombinant vector‑mediated siRNA transfection inhibited the invasiveness of A549 cells. (A) Morphological 
features and fluorescence‑indicated transfection of A549Mock, A549NC and A549KIN17 KD cells (x100). (B) mRNA and (C) protein levels of KIN17 in A549NC 

and A549KIN17 KD cells were decreased following KIN17 knockdown, identified by reverse transcription‑quantitative polymerase chain reaction analysis and 
western blotting, respectively. Scratch assay (D) representative images (x100) and (E) quantification. Matrigel assay (F) representative images (x100) and 
(G) quantification. KIN17, KIN17 DNA and RNA binding protein; A549KIN17 KD, A549 cells transfected with recombinant lentiviral vectors carrying the KD4 
siRNA sequence targeting KIN17 gene; A549NC, A549 cells transfected with the control vector; A549MOCK, A549 cells without transfection of vector.
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demonstrated that KIN17 was markedly overexpressed in 
breast cancer (8). In the present study, the expression of KIN17 
was demonstrated to be increased in NSCLC tissue compared 
with benign pulmonary lesion and peritumoral tissues. Further 
analysis revealed that upregulation of KIN17 was significantly 
correlated with advanced tumor grade and lymph node metas-
tasis. Similar results have been reported by Yu et al (10). The 
results of the present study suggest that patients with elevated 
KIN17 expression have a poorer prognosis, and that KIN17 is 
a potential diagnostic and prognostic biomarker for NSCLC.

The invasion and metastasis of lung cancer cells 
significantly affects the prognosis of patients. Therefore, the 
identification of potential therapeutic targets for the inhibi-
tion of metastasis in NSCLC is important. Through statistical 
analysis of clinical data, an association between KIN17 
expression and metastasis of lymph nodes was demonstrated 
in the present study. To further determine the role of KIN17 
in the invasion and metastasis of NSCLC, siRNA was used to 
knock down KIN17 expression in A549 cells, and scratch and 
Transwell assays were used to determine the effects of this. 
The results of these experiments demonstrated that downregu-
lation of KIN17 reduced the invasion and migration of A549 
cells, suggesting that KIN17 serves an important role in the 
invasion and metastasis of NSCLC.

The underlying molecular mechanism through which 
KIN17 promotes the malignant features of tumors remains 
unclear. Altered activation of the MEK/ERK signaling 
pathway is associated with the stimulation tumor invasion and 
metastasis (15). The effect of KIN17 on this signaling pathway 
has previously been investigated in breast cancer cells (8). This 
revealed that silencing of KIN17 decreased EGF‑stimulated 
cell proliferation and phosphorylation of ERK in breast cancer 
cells. Therefore, it was hypothesized that the role of KIN17 in 
promoting the invasion and metastasis of NSCLC is mediated 
through the MEK/ERK signaling pathway. Egfr, Mmp7 and 
Myc are important components of the MEK/ERK signaling 
pathway, and the genes encoding these proteins are frequently 
mutated and overexpressed in various types of human cancer, 
including in NSCLC.

The MEK/ERK signaling pathway is one of the most 
important downstream signaling pathways that EGFR serves 
a role in (16). The phosphorylation of ERK leads to the acti-
vation of multiple transcription factors, including activating 
protein‑1 (AP‑1) and Myc (17). MMP7 is an important target 

gene of AP‑1. MMP7 is a member of the MMP family, which 
performs important roles in tumor invasion and metas-
tasis (18). The association between MMP7 and the progression 
and metastasis of lung cancer is due to its ability to degrade 
the extracellular matrix and cause the accumulation of 
β‑catenin (19). Ectopic expression of Myc, a multifunctional 
transcription factor, results in the altered expression of a 
variety of genes, including those that are associated with the 
development and progression of tumors (20). Myc has also 
been identified as a metastasis‑associated gene in NSCLC. 
A previous study revealed that overexpression of nuclear 
Myc led to early macrometastasis of NSCLC to the liver 
and lymph nodes in mice models (21). This suggests that the 
MEK/ERK signaling pathway is a mechanism through which 
KIN17 promotes NSCLC progression and metastasis. Further 
studies on the association between KIN17 and the MEK/ERK 
signaling pathway are warranted.

In conclusion, the present study demonstrated that the 
expression of KIN17 protein and mRNA is markedly elevated 
in NSCLC. Upregulation of KIN17 was identified to be asso-
ciated with lymph node metastasis, indicating poor patient 
prognosis. In addition, silencing of KIN17 inhibited NSCLC 
cell invasion and metastasis. These findings indicate that 
KIN17 is a novel diagnostic and prognostic biomarker of 
NSCLC, in addition to a potential therapeutic target for the 
treatment of patients with NSCLC.
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