
ONCOLOGY REPORTS  40:  454-462,  2018454

Abstract. Lung cancer is the most frequent and deadliest 
cancer in the world, especially in China. However, the molec-
ular mechanisms involved in lung cancer remain unclear. 
Occludin (OCLN), one of the first identified tight junction 
proteins, has been revealed to be a necessary integral protein 
for tight junction structure and function. In the present study, 
we investigated the role of occludin in lung tumorigenesis. We 
found that occludin protein expression was highly increased in 
human lung cancer patient samples. Western blotting results 
also revealed that occludin expression was different in several 
lung cancer cell lines, with the highest level in SPC‑A1 cells. 
Moreover, occludin knockdown inhibited lung cancer cell 
proliferation in vitro and in vivo. In addition, occludin knock-
down promoted the apoptosis of lung cancer cell lines and 
reduced the invasion ability. Mechanistically, the activity of key 
growth pathway AKT/PI3K was compromised after occludin 
knockdown. Expression of apoptosis‑related proteins, BAX, 
caspase‑3, caspase‑9 and AIF, but not Bcl‑2, were upregulated 
after silencing of occludin. Collectively, our findings for the 
first time identify the role of occludin as a tumor promoter 
and a pro‑metastatic factor in lung cancer, demonstrating that 
occludin is a potential prognostic biomarker and therapeutic 
target in lung cancer.

Introduction

Lung cancer is the most common cancer worldwide  (1). 
Moreover, it is the first leading cause of cancer‑related deaths 
in China and is a major public health problem, due to limited 
therapeutic options in advanced stages (2). In addition, metas-
tasis, which is formed by the spread of disseminated primary 
tumor cells to distant anatomic sites, leads to more than 90% 

of the deaths of cancer patients (3,4). Fundamentally, aber-
rant processing of genetic information, involving activation 
of oncogenes coupled with inactivation of tumor‑suppressor 
genes, can lead to the carcinogenesis of lung cancer (5). In 
view of this, the discovery of novel molecular targets involved 
in lung cancer development and metastasis is critical to develop 
diagnostic markers and targeted therapies.

Since cancer cells must pass through a series of barriers in 
order to successfully metastasize to secondary foci, the tight 
junction (TJ) has become a crucial component in the process 
of cancer metastasis over the past decade (6,7). One of the first 
identified TJ proteins is occludin (OCLN), which has been 
revealed to be a necessary integral protein for TJ structure and 
function (8). Occludin, widely expressed in tissues and cells 
that have TJs, is a membrane protein with four trans‑membrane 
domains forming two extracellular loops and a long cytoplasmic 
tail (9,10). Although occludin can bind directly to actin (11), 
cytoplasmic scaffolding protein zonaoccludens (ZO)‑1 can 
also serve as a link between occludin and the actin cytoskel-
eton (10). However, accumulating evidence has revealed that 
the claudin family, containing more than 20 members, is the 
core component of TJs (12). Apart from the basic function, 
TJs have also been demonstrated to be associated with signal 
transduction such as cancer related mitogen activated protein 
kinase (MAPK) and Akt signaling pathways (13), which further 
implies its important role in cancer development.

As anticipated, previous studies revealed that dysregula-
tion of TJ function is vital to the development and invasiveness 
of many cancers  (14,15). Consistently, high expression of 
TJ‑associated proteins has been revealed to promote apoptosis 
and inhibit the metastatic potencies of these cancer cells (16). 
These data revealed that the TJ‑related proteins may func-
tion in a context‑dependent manner. However, the role of 
occludin in lung cancer development and metastasis remains 
to be elucidated. In the present study, we silenced occludin in 
lung cancer cells successfully, and observed suppressed cell 
proliferation and increased apoptosis, as well as compromised 
invasion ability. Our findings indicate that occludin is a likely 
candidate of oncogenes in lung cancer.

Materials and methods

Clinical tissue specimens. Fresh lung cancer tissue samples 
and corresponding adjacent normal tissues were obtained from 
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patients with lung cancer who underwent surgical resections 
at Zhongnan Hospital of Wuhan University from March 2014 
to December 2015. These samples were immediately frozen 
in liquid nitrogen and preserved at ‑80˚C freezer. All the 
experiments were carried out in accordance with the approved 
guidelines of Hubei University of Medicine.

Cell culture. Lung cancer cell lines including A549, 
NCL‑H1650, SPC‑A1, HCC827, NCI‑H1299, and MSTO‑211H 
were obtained from the Cell Bank of the Chinese Academy 
of Sciences (Shanghai, China). All cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM) with 10% 
fetal bovine serum (FBS; both from HyClone Laboratories; 
GE Healthcare Life Sciences, Logan, UT, USA). All cells were 
incubated at 37˚C in 5% CO2 humidified air.

siRNA transfection. For knockdown of occludin in lung 
cancer cell lines, siRNA was used. The sequences of the 
oligonucleotides were as follows: Control siRNA, CCU​UUU​
AGG​AGG​UAG​UGU​Att; occludin siRNA, GGU​UCU​GGU​
GUG​AAC​UAA​Att. For transfection, cells were seeded in a 
12‑well plate with a density of 5x105 cells/well. After 24 h and 
70‑80% confluence, the cells were transfected with respective 
occludin siRNAs (50 nM) and control‑siRNA (50 nM) in 
serum‑free medium using Lipofectamine 2000™ (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) according to 
manufacturer's instructions. After incubation for 6 h at 37˚C, 
the medium in each well was then replaced with DMEM, with 
10% heat‑inactivated FBS for the indicated time‑points.

Real‑time PCR analysis. Total RNA was extracted from lung 
cancer cell lines using TRIzol® Reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.). Then RNase‑free DNase was used to 
remove genome DNA. Reverse transcription was performed 
using AMV reverse transcriptase (Promega Corp., Madison, 
WI, USA) as well as a combination of random oligo(dT) 
primers according to the manufacturer's instructions. For 
the detection of the indicated gene expression in RNA levels, 
real‑time PCR with SYBR‑Green detection was performed. 
The primer pair used for amplification of the human occludin 
gene was as follows: Forward primer, 5‑ACA​AGC​GGT​TTT​
ATC​CAG​AGT​C‑3 and reverse primer, 5‑GTC​ATC​CAC​AGG​
CGA​AGT​TAA​T‑3. As an internal standard, human actin 
was amplified using the following primers: Forward primer, 
5‑GTG​GAC​ATC​CGC​AAA​GAC‑3 and reverse primer, 
5‑AAA​GGG​TGT​AAC​GCA​ACT​A‑3. The real‑time PCR 
reaction systemwas as follows: 10 µl of 2X SYBR Premix Ex 
Taq, 0.8 µl of forward and reverse primers (2.5 µM), 5 µl of 
cDNA and 4.2 µl of ddH2O. The real‑time PCR cycling condi-
tions were as follows: Initial denaturation at 95˚C for 1 min; 
denaturation at 95˚C for 5 sec; annealing extension at 60˚C for 
20 sec (a total of 40 cycles). All of the reactions were performed 
using the Bio‑Rad Connect Real‑Time PCR platform (Bio‑Rad 
Laboratories, Hercules, CA, USA). Absorbance valueswere 
read at the extension stage and all data were analyzed using 
the 2‑ΔΔCt method.

Western blot analysis. Cells were lysed for total protein 
extraction in 2X SDS sample buffer [100  mM Tris‑HCl 
(pH 6.8), 10 mM EDTA, 4% SDS, 10% glycine]. A total of 

30 µg denatured proteins, were run on 12% polyacrylamide 
gels containing SDS and electroblotted onto nitrocellulose 
membranes. Membranes were then blocked with 5% non‑fat 
dry milk and were immunoblotted with antibodies overnight. 
After extensive washing, the membranes were reacted with 
peroxidase‑labeled corresponding secondary antibodies in 
PBST and again washed; finally, the immunoreactions were 
visualized by using an enhanced chemiluminescence (ECL)
system (Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
Primary antibodies to occludin (cat. no. ab167161), caspase‑3 
(cat.  no.  ab44976), caspase‑9 (cat.  no.  ab2013) and AIF 
(cat. no. ab1998) were purchased from Abcam (Cambridge, 
UK) with 1:1,000 dilutions. Primary antibodies to BAX 
(cat. no. sc‑493) and Bcl‑2 (cat. no. sc‑492) were purchased 
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA) with 
1:200 dilutions. Primary antibodies to cytochrome c (cyt c; 
cat. no. 11940), p‑AKT (cat. no. 4060), AKT (cat. no. 2920), 
p‑PI3K (cat.  no.  4228), PI3K (cat.  no.  4257) and GAPDH 
(cat. no. 5174) were purchased from Cell Signaling Technology, 
Inc. (Danvers, MA, USA) with 1:1,000 dilutions. Secondary 
antibodies: Anti‑rabbit HRP (cat. no. sc‑2370) and anti‑mouse 
HRP (cat.  no.  sc‑2371) were obtained from Santa Cruz 
Biotechnology, Inc. with 1:5,000 dilutions.

CCK‑8 viability assay. The growth of cells was assessed by 
the CCK‑8 assay. An equal number of 2,000 cells were seeded 
in 96‑well plate and cultured for various durations after siRNA 
transfection. At indicated time‑points (24, 48, 72, 96 and 
120 h), 10 µl of CCK‑8 (Dojindo Molecular Technologies, Inc., 
Kumamoto, Japan) was added to the cell medium and incu-
bated for another 1 h at 37˚C. The absorbance was assessed 
quantitatively at 450 nm on an ELISA platereader (Model 680; 
Bio‑Rad Laboratories).

Flow cytometric apoptosis analysis. SPC‑A1 cells 
(250,000  cells/dish) were seeded in a 10‑cm dish after 
siRNA transfection. Forty‑eight hours later, the cells were 
also harvested, washed in PBS followed by staining with 
Annexin V and 7‑AAD (Dojindo Molecular Technologies, 
Inc.) for 30 min when cell density reached 80%. The samples 
were then analyzed using a flow cytometer. The prolif-
eration indices were analyzed using ModFit software (Verity 
Software House, Inc., Topsham, ME, USA) and were evaluated 
according to the formula (S+G2)/(G1+S+G2).

Flow cytometric cell cycle analysis. SPC‑A1 cells (3x106) 
were seeded in 10‑cm dishes and transfected with siRNA 
for 48 h. Cells were harvested and washed twice with cold 
PBS and then fixed with ice‑cold 70% ethanol for 1 h at 4˚C. 
After centrifugation at 1,000 x g for 5 min, the cells were 
washed twice with PBS and resuspended with 0.5  ml of 
PBS containing PI (50 µg/ml) and RNase (100 µg/ml). The 
cells were then stained at room temperature in the dark for 
15 min, and the cell cycle distribution was assessed by flow 
cytometry.

Transwell assays. To assess the invasiveness of lung cancer 
cells, we used Trans well chambers (Corning Inc., Corning, 
NY, USA) coated with Matrigel (BD Biosciences, Franklin 
Lakes, NJ, USA). Fully trypsinized transfected cells 
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(1x105 cells in 100 µl of serum‑free DMEM) were plated into 
the upper chamber. DMEM (500 µl) supplemented with 20% 
FBS was added to the lower chamber. After incubation in a 
humidified atmosphere containing 5% CO2 at 37˚C for 72 h, 
lung cancer cells that had invaded the lower chamber were 

fixed with methanol and stained with crystal violet. We used 
an inverted microscope to capture images of the invading cells 
manually. A Transwell assay was also performed to assess the 
cell migration in the same manner as the Transwell invasion 
assay with the exception of Matrigel coating.

Figure 1. Occludin is overexpressed in lung cancer tumor tissues. (A) qRT‑PCR was performed to assess the mRNA level of occludin in lung cancer tumor 
tissues and paired adjacent normal tissues. GAPDH was used as a control. (B) Western blottingwas used to assess the protein level of occludin in lung cancer 
tumor tissues and paired adjacent normal tissues. GAPDH was used as a control. (C) Quantification of the expression level of occludin in the two groups and 
normalized to GAPDH. (D) Quantification of the expression level of occludin in the two groups (by the grayscale value in A) and normalized to GAPDH. Error 
bars denote standard deviations. n=10, *P<0.05, **P<0.01, ***P<0.001. OCLN, occludin.
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Mouse xenograft model. A mouse xenograft model was estab-
lished as previously described (17). Briefly, Balb/c (nu/nu) 
(4‑5 weeks old) nude mice were randomly divided into two 
groups and subcutaneously injected in the flank regions with 
1.0x107 cells in 0.1 ml of PBS. The tumor size was assessed 
every 4  days with calipers and the tumor volume was 
calculated with the formula: (length x width2)/2. Forty days 
following implantation, the mice were euthanized by asphyxi-
ation in a CO2 chamber and tumors were excised immediately 
and images were captured. All procedures were conducted in 
accordance to the Animal Care and Use Committee Guidelines 
of Hubei University of Medicine.

Statistical analysis. All data were presented as the 
mean ± standard deviation (SD) and normalized relative to 
the negative control. Statistical analysis was performed using 
Prism 6 software. Differences among different groups were 

analyzed by one‑way ANOVA. A P‑value <0.05 was consid-
ered to indicatea statistically significant difference.

Results

Occludin is overexpressed in lung cancer tumor tissues. To 
determine whether occludin is involved in lung cancer devel-
opment, we collected 71 pairs of lung cancer tumor tissues and 
their paired adjacent normal tissues and performed qRT‑PCR 
to assess the relative expression levels of occludin. Notably, the 
relative expression level of occludin in the lung cancer tissues 
was significantly higher than that in the corresponding adjacent 
non‑tumor tissues (Fig. 1A and C). Furthermore, in a small 
set of human lung cancer tumor and normal tissues from the 
same patients, all of the 10 tumor tissues exhibited increased-
occludin protein levels (Fig. 1B and D), which indicates that 
occludin may participate in the pathogenesis of lung cancer.

Figure 2. Occludin knockdown inhibits cell proliferation in vitro. (A) Western blotting was used to assess the protein level of occludin invarious lung cancer 
cell lines. GAPDH was used as a control. (B) Quantification of the expression value of occludin in cell lines (by the grayscale value in A) and normalized to 
GAPDH. (C) Western blotting was used to assess the protein level of occludin in lung cancer cellline SPC‑A1. GAPDH was used as a control. (D) Quantification 
of the expression level of occludin in SPC‑A1 (by the grayscale value in C) and normalized to GAPDH. (E) CCK‑8 growth assay of the control, siCtrl, and 
siOCLN of SPC‑A1 cells. **P<0.01, ***P<0.001. OCLN, occludin.
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Occludin knockdown inhibits cell proliferation. To analyze 
the expression pattern of occludin in lung cancer cells, six 
lung cancer cell lines, including A549, NCL‑H1650, SPC‑A1, 
HCC827, NCI‑H1299 and MSTO‑211H were examined. We 
determined that occludin was highly expressed in SPC‑A1, 
moderately expressed in A549, HCC827, NCI‑H1299 and 
MSTO‑211H while relatively lowly expressed in NCL‑H1650 
cells (Fig. 2A and B). Therefore, we selected the SPC‑A1 cell line 
to perform the following experiments. To investigate the func-
tional role of occludin in lung carcinogenesis, siRNA‑mediated 
loss‑of‑function experiments in vitro were performed. The 
occludin expression levels of SPC‑A1 cells transfected with 
occludin siRNA were significantly lower than that of SPC‑A1 
cells transfected with the scrambled sequence (Fig. 2C and D), 
indicating high knockdown efficiency.

Next, we evaluated the effect of occludin on lung cancer 
cell proliferation in vitro by CCK‑8 assay. Notably, we found 
that occludin knockdown resulted in significantly decreased 

cell proliferation in SPC‑A1 cells at every time‑point, indi-
cating that occludin has a role in promoting the proliferation 
of SPC‑A1 cells (Fig. 2E). These results demonstrated that 
overexpression of occludin promoted the proliferation of lung 
cancer cells.

Occludin silencing induces cell cycle arrest and cell 
apoptosis. We next investigated whether occludin promotes 
the proliferation of SPC‑A1 cells by influencing cell cycle 
distribution in vitro. The cell cycle analysis revealed that, 
compared with transfection with the scrambled siRNA, trans-
fection with occludin siRNA resulted in a significant reduction 
of the SPC‑A1 cells in the S and G2 phases and an increase 
in the G1 phase (Fig. 3A and C). Furthermore, we found that 
knockdown occludin significantly decreased the prolifera-
tion indices (Fig. 3D). Collectively, we demonstrated that the 
increase of occludin contributed to the proliferation of lung 
cancer cells by promoting cell cycle progression.

Figure 3. Occludin silencing induces cell cycle arrest and cell apoptosis. (A) Flow cytometry was used to assess the cell cycle distribution of SPC‑A1 cells 
stained with PI. Representative resultsare shown. (B) Flow cytometry was used to assess the percentage of apoptotic SPC‑A1 cells after tranfection with 
scramble or occludin siRNA. Representative scatter plots are shown. (C) Quantification of the percentage of G1, S, G2 cells assayed by flow cytometry. 
(D) Calculation of the proliferation indices according to flow cytometry. (E) Quantification of the percentage of apoptotic SPC‑A1 cells. *P<0.05, **P<0.01, 
***P<0.001. OCLN, occludin.
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We further examined the effect of occludin on apoptosis 
using flow cytometry. As anticipated, the early apoptotic 
cells (Annexin  V+/7AAD‑) were significantly increased 
after occludin knockdown in SPC‑A1 cells (Fig. 3B and D), 
indicating that plays an anti‑apoptotic role. In summary, 
we hypothesized that occludin supports lung cancer growth 
by exerting anti‑apoptotic effects and promoting cell cycle 
progression in vitro.

Occludin silencing inhibits cell invasion and migration. 
Considering that TJ proteins are significantly correlated with 
the metastasis of various cancers, we further studied the role 
of occludin in the regulation ofinvasion ability by Transwell 
assays. Knockdown of occludin in SPC‑A1 cells markedly 
attenuated their invasive ability (Fig. 4A and B), suggesting 
that occludin has a critical function in improving the invasion 
of lung cancer cells. Next, we explored the effect of occludin on 

Figure 5. Occludin silencing inhibits lung cancer cell proliferation in a xenograft tumor model in vivo. (A) Forty days after subcutaneous injections of SPC‑A1 
cells transfected with scramble or occludin siRNA into the dorsal flanks of female nude mice, tumors were removed at necropsy and photographed. (B) Growth 
of xenograft‑induced tumors was assessed externally at indicated time‑points; tumor volumes were calculated and the mean volumes ± SD are shown (n=6). 
**P<0.01. OCLN, occludin.

Figure 4. Occludin silencing inhibits cell invasion and migration. (A and B) A Transwell assay was conducted to assess the invasion of SPC‑A1 cells transfected 
with scramble or occludin siRNA. Representative images and quantification of the cells are shown. (C and D) A Transwell assay was conducted to assess the 
migration of SPC‑A1 cells transfected with scramble or occludin siRNA. Representative images and quantification of the cells are shown. *P<0.05, **P<0.01. 
OCLN, occludin.
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cell migration and found that occludin silencing significantly 
decreased the migration capacity as well  (Fig. 4C and D). 
Therefore, we determined that occludin was a pro‑metastatic 
factor in lung cancer cells.

Occludin silencing inhibits lung cancer cell proliferation in 
a xenograft tumor model in vivo. We further confirmed the 
aforementioned resultsin a xenograft tumor model in vivo. 
siCtrl and siOCLN SPC‑A1 cells were injected subcutane-
ously into two groups of nude mice randomly. As anticipated, 
the tumor growth curve revealed that tumors derived from the 
siOCLN group grew more slowly than those from the siCtrl 
group (Fig. 5A). The tumor volume of the siCtrl group was 
974±98.6 mm3, whereas the tumor volume of siOCLN group 
was 547±64.3 mm3 40 days after implantation (Fig. 5B). These 
results demonstrated that overexpression of occludin promoted 
the proliferation of lung cancer cells in vivo.

Occludin knockdown regulates apoptosis‑related proteins and 
AKT/PI3K signaling. To discover the mechanisms of occludin in 
lung cancer growth, we investigated the proliferation and apop-
tosis‑related signaling pathways. We found that the AKT/PI3K 

pathway activation, which is essential for most cell growth, 
was compromised after occludin silencing (Fig. 6A and B). 
Accordingly, we detected the protein level of apoptosis‑related 
molecules and found that the expression of BAX, caspase‑3, 
caspase‑9, AIF, and cyt c were upregulated while anti‑apop-
totic Bcl‑2 was decreased in SPC‑A1 cells transfected with 
occludin siRNA (Fig. 6C and D). Thus, we surmised that 
occludin regulated lung cancer cell growth by affecting the 
AKT/PI3K pathway and apoptosis‑associated factors.

Discussion

Tight junctions (TJs) the most apical intercellular structures in 
epithelial and endothelial cells are considered to play impor-
tant roles in the formation of cell polarity and paracellular 
permeability (18,19). Additionally, accumulating evidence has 
revealed that the disruption of TJ structure has been linked to 
tumor development, which may be causally involved in malig-
nant phenotypes, such as local tumor growth, invasion, and 
metastasis at distant sites (6,7,14,15). In the present study, we 
first deduced the critical role of occludin, a crucial component 
of TJs, in lung cancer. Occludin, which was overexpressed in 

Figure 6. Occludin knockdown regulates apoptosis‑related proteins and AKT/PI3K signaling. (A) Western blotting was used to assess the protein level of 
p‑AKT, AKT, p‑PI3K, PI3K in the control, siCtrl, and siOCLN of SPC‑A1 cells. GAPDH was used as a control. (B) Quantification of the p‑AKT and p‑PI3K 
level in cell lines (by the grayscale value in A) and normalized to AKT and PI3K correspondingly. (C) Western blotting was used to assess the protein level 
of BAX, caspase‑3, caspase‑9, AIF, and Bcl‑2 in the control, siCtrl, and siOCLN of SPC‑A1 cells. GAPDH was used as a control. (D) Quantification of BAX, 
caspase‑3, caspase‑9, AIF, and Bcl‑2 level in SPC‑A1 (by the grayscale value in C) and normalized to GAPDH. *P<0.05, **P<0.01, ***P<0.001. OCLN, occludin.
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lung cancer tumor tissues, regulated the growth and metas-
tasis of lung cancer cells in vitro and in vivo by controlling 
important proliferation pathways and a common set of cell 
apoptosis‑related genes. Collectively, our study revealed the 
promotive role of occludin in lung cancer.

The two most fundamental traits of cancer cells involve 
their ability to sustain uncontrolled proliferation and resist 
cell death  (5). An important finding of this study was the 
identification of occludin as a tumor promoter by altering the 
proliferation‑associated pathways as well as the expression 
of apoptosis‑related genes. The AKT/PI3K pathway, which is 
stimulated by insulin (20,21), participates in cell proliferation 
among various cancer types. In our study, we revealed that 
occludin may promote lung cancer cell proliferation by 
modulating this key pathway. However, whether lung cancer 
development is associated with insulin levels remains unclear. 
Apoptosis is an evolutionarily conserved process in the 
regulation of tissue homeostasis during normal development. 
However, several studies have recognized that inadequate 
apoptosis leads to the malignant phenotype, since it is widely 
believed that impaired susceptibility to respond to numerous 
apoptotic signals is associated with oncogenic transforma-
tion (22‑24). In the present stydy, we determined that occludin 
knockdown could increase apoptosis, which may be due to 
the altered apoptosis‑related gene profiles. This is consistent 
with a previous study that revealed that occludin also regu-
lates Bax, Bcl‑2 and caspase‑3 expression in liver cancer cell 
lines (25). Occludin‑deficient mice also displayed pronounced 
numbers of apoptotic primary hepatocytes and immortalized 
cells stimulated by serum‑free conditions compared with the 
wild‑type cells (13), in line with our dataand the results in 
mammary gland cells (26). The modulation of the expression 
levels of these genes indicated that occludin may affect mito-
chondria‑mediated apoptosis (27). However, the association 
between occludin and mitochondria function warrants further 
study in the future. In contrast, overexpression of occludin 
enhanced the sensitivity to H2O2‑induced cell death in HeLa 
cells  (28). Thus, the function of occludin in apoptosis is 
complex and may depend on the cell type. In summary, over-
expression of occludin contributed to limitless proliferation as 
well as acquisition of apoptotic resistance of lung cancer cells 
and participated in the carcinogenic process accordingly.

It is well accepted that the metastatic process involves a 
complicated interplay between altered cell adhesion, survival, 
migration, and homing on distant target organs (29). Notably, 
loss of occludin also displayed suppressive and progres-
sive cancer phenotypes, such as invasive properties, which 
resulted in an important contribution to metastatic inhibition. 
Therefore, our data revealed that forced expression of occludin 
in tumors favors various steps affecting lung cancer develop-
ment. We could not exclude the possibility that occludin may 
have some unidentified but more notable effects on tumor 
cells. Thus, considering the complexity of carcinogenesis, the 
in vivo function of occludin in lung cancer warrants further 
exploration in the future.

In summary, we revealed that high occludin expression 
confers malignant growth of lung cancer cells largely by 
promoting proliferation and blocking apoptosis in vitro and 
in vivo, and suggests thatit may be a potential biomarker for 
lung cancer progression. Furthermore, our results revealed 

that occludin is a likely candidate as a tumor‑promoter gene 
in certain types of cancer and may pave the way to new thera-
peutic modalities. Occludin depletion even antagonistically 
would be a potential therapeutic strategy for lung cancer.
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