
Abstract. Background: Osteoprotegrin (OPG), a secreted
protein and a member of the tumor necrosis factor receptor
superfamily has been well-characterized and is an
important regulator of bone remodeling by blocking
osteoclast maturation thus preventing osteolysis. In recent
years, OPG has been reported to have an association with
the malignant capacity of various cancer types and cancer-
associated bone metastasis, although the mechanisms of
this are not clearly understood. Materials and Methods: In
this study, OPG expression was analyzed in human lung
cancer tissue and normal tissue based on the dataset of The
Cancer Genome Atlas and Oncomine. The in vitro effect of
OPG on H3122 lung cancer cells was also assessed by
characterizing cell function following knock-down and
forced overexpression in this cell line. Results: The
expression of OPG was significantly increased in lung
cancer tissues compared to the normal control group and
OPG promoted the malignant phenotypes of H3122 cells in
in vitro models. Conclusion: OPG may be a potential
driver of lung cancer cells and therefore might have
potential in therapy and diagnostics.

Non-small cell lung cancer (NSCLC) is the most common
malignancy worldwide and results in a large number of
cancer-related deaths globally, representing a substantial
burden for patients and their families. Currently, lung cancer

accounts for nearly 12% of all cancer, causing approximately
1.1 million deaths each year (1) and increases patients’
morbidity and the associated economic burden.

Cancer-related deaths are frequently the result of
metastasis to other sites. Commonly, lung cancer results in
metastatic cancer colonization of the brain, skeleton and
adrenal glands (2). Patients with metastases to secondary
sites, especially to bone, have a high degree of morbidity,
decreased quality of life and mortality. 

Osteoprotegrin (OPG) is a secreted protein and a member
of the tumor necrosis factor (TNF) receptor superfamily. It
is expressed as a circulating glycoprotein of 401 amino acids
with seven structural domains (3, 4) and has been well-
characterized as a regulator of bone remodeling by blocking
osteoclast maturation and preventing the breakdown of bone
(5). The OPG gene is located on chromosome 8 at the 8q24
position, which seems to harbor a gene cluster involved in
the regulation of bone development and remodeling.
Circulating OPG can be found either as a free monomer of
60-kDa or as a disulphide bond-linked homodimer form of
120-kDa, which is usually biologically more
hypocalcaemically active than the monomeric form (3, 6, 7).

OPG as a secreted protein can be detected in serum as
well as having the capacity to act as decoy receptor for its
ligands, receptor activator of nuclear factor kappa-B ligand
(RANKL) and TNF-related apoptosis-inducing ligand
(TRAIL). OPG binding to RANKL prevents receptor
activator of nuclear factor kappa-B (RANK)-mediated
osteoclast proliferation and maturation, thus maintaining
bone remodeling in the bone forming phase. The
OPG/RANKL ratio has been identified as an important
determinant of skeletal bone mass and skeletal integrity (3).
OPG has a weaker affinity for TRAIL but plays an important
role in blocking the inducement of death receptors (DRs) 4
and 5 (8), thus providing a potential survival mechanism for
a range of solid cancer cells (9-11).  
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Recent research has shown that OPG may be a novel
prognostic biomarker and a new therapeutic target for the
treatment of patients with colorectal carcinoma and breast
cancer (12, 13). In the current study, we examined the
expression levels of OPG in lung cancer tissues and
investigated the effect of targeting OPG on H3122 cell
proliferation, adhesion, migration and invasion.

Materials and Methods

Bioinformatic analysis of OPG expression in cancer and normal
tissues. We used the paired-sample t-test for multiple testing to
identify the expression of OPG in lung adenocarcinoma tumor
tissues (n=517) and normal tissues (n=59) from the Genome Atlas
project (TCGA) database and in a range of lung cancers
(adenocarcinoma n=139, carcinoid tumors n=20, small cell lung
carcinoma n=6, squamous cell lung carcinoma n=21) from the
Oncomine database.

Cell culture. Human NSCLC cell line, H3122, was obtained from
the American Type Culture Collection (Manassas, VA, USA).
The cells were cultured with RPMI medium 1640 basic
supplemented with 10% fetal calf serum. (PAN BIOTECH,
Aidenbach, Germany), streptomycin and penicillin (HyClone™,
Logan, UT, USA) in a cell incubator at 37.0˚C, with 95%
humidity and 5% CO2.

Cell transfection. H3122 cells were transfected with OPG
overexpression pENTER plasmid and OPG-hammerhead ribozyme
pEF6/TOPO plasmid using the Polyplus DNA transfection reagent
(Polyplus-transfection, Strasbourg, France). Transfected cells were
harvested 48 h following OPG plasmid transfection and the
western blot was used to verify the expression of OPG. Full
sequence of OPG was purchased from Vigene Biosciences
(Rockville, MD, USA).

Western blot. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)/western blotting was used to detect
OPG protein expression in the H3122 lung cancer cells. Lysis
buffer was first used to lyse confluent cells, then the protein was
heated to 100˚C in a water bath. Subsequently, the cell lysate
proteins were separated using a 10% SDS-PAGE before blotting
the proteins onto a nitrocellulose membrane, which was
subsequently blocked with 5% skimmed milk for 1 hour to block
non-specific protein binding. The primary antibody to OPG
(1:500) (AB9986, Abcam, Cambridge, UK) was used to probe
OPG protein. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was detected as a loading control at a concentration of
1:1,000 (ZSGB-BIO, Beijing, CHINA), The ECL system (Fusion
Fx, Vilber Lourmat, France) was used to visualize and analyze
the protein bands.

In vitro cell growth assay. Cells were plated into a 96-well plate at
a density of 2,000 cells/200 μl/well. Cell growth was assessed after
5 days incubation (overnight, day 2, 3 and 5, respectively). A cell
counting kit (CCK8, Dojindo, Kamimashiki-gun, Kumamoto, Japan)
was used to evaluate cell viability. Cell density was assessed using
a spectrophotometer (BioTek, Winooski, VT, USA) at a wavelength
of 450 nm. 

Wounding/migration assay. Cells were plated at a density of 1×106
cells/well in 6-well plates and cultured overnight. Following
confluence, a 10 μl pipette tip was used to scratch a wound in the
monolayer before washing with phosphate-buffered saline (PBS)
twice to remove floating cells. The cells were subsequently
photographed using an inverted microscope to observe cellular
movement to heal the wound. Image-J software (National Institutes
of Health, Bethesda, MD, USA) was used to analyze the migration
of the cells at the 0 and 24 hour time points. 

Cell matrix adhesion assay. A 96-well plate was pre-coated with
Matrigel (BD Biosciences, Oxford, UK) at a concentration of 5 μg/well,
diluted in serum-free medium and dried in an oven at 37˚C. After
rehydrating the Matrigel membrane in serum-free medium, 4×105 cells
were seeded into each well and the plates incubated for 40 min.
Following incubation, non-adherent cells were removed through PBS
washes and remaining adherent cells were fixed in 4% formalin and
subsequently stained with 0.5% crystal violet (w/v). Representative
images were captured prior to crystal violet solubilization in 10% acetic
acid and absorbance was quantified at 540 nm on a plate reading
spectrophotometer (BioTek). 

In vitro invasion assay. Transwell inserts with 8 μm pores (Corning
Inc., Corning, NY, USA) were coated with 50 μg Matrigel which
was subsequently dried at 37˚C in an oven. After rehydration in
serum-free medium for 40 min at room temperature, 2×104 cells
were seeded into the insert in medium containing 10% fetal bovine
serum (FBS) and 1 ml medium containing 10% FBS medium was
added to the bottom chamber before incubating the plates for 2
days. Following incubation, cells that had invaded through the
matrix and adhered to the underside of the insert were fixed in 4%
formalin and subsequently stained in 0.5% (w/v) crystal violet.
Following this, crystal violet stain was extracted and dissolved from
the invaded cell using 10% acetic acid and measured using a
spectrophotometer at 540nm (BioTek). 

Statistical analysis. All experimental function assays were repeated
at least three independent times. Representative data are presented
with standard deviation. The results of the in vitro assays were
assessed using the non-paired (two-sided) Student’s t-test or one-
way ANOVA test using SPSS 19.0 software (IBM Inc., Armonk,
NY, USA). A p-value of less than 0.05 was defined as statistically
significant.

Results

Bioinformatic analysis of OPG expression in online
databases. The expression of OPG was analyzed from the
Cancer Genome Atlas project (TCGA) lung cancer database
and Oncomine database. Overall, we found that the
expression of OPG was higher in all of the lung cancer
tissues compared with normal tissues, suggesting that OPG
may be a malignant factor in lung cancer (Figure 1).

Establishment of OPG overexpression and knock-down in
H3122 cells. To study the effect of OPG in H3122 lung
cancer cells, we overexpressed and knocked-down OPG in
this cell line. Western blot analysis was used to verify
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overexpression and suppression of OPG following
transfection with appropriate plasmids. OPG protein was
strongly expressed in the H3122-overexpressing cells, and
markedly reduced in the H3122-knockdown cells in
comparison to control cells (Figure 2A and B). This trend
was further confirmed following semi-quantitative analysis
of the protein band and comparison to control cells (Figure
2C and D).

Functional characterization of OPG overexpression and
knock-down in H3122 cells. Compared with the control
groups, the overexpression of OPG promoted the malignant
phenotype of human H3122 cells, significantly enhancing
cellular proliferation at the fourth and the fifth days (Figure
3A, both p<0.001 vs. vector control), cell matrix- adhesion
(Figure 3B, p<0.05 vs. vector control), cell migration (Figure
3C, p<0.05 vs. vector control) and cell invasion (Figure 3D,
p<0.01 vs. vector control). In keeping with this, the knock-
down of OPG expression in H3122 cells lead to a significant
reduction in five day growth (Figure 4A, p<0.001 vs. vector
control), cell adhesion (Figure 4B p<0.05 vs. vector control),
migration (Figure 4C, p<0.05 vs. vector control) and
invasion (Figure 4D, p<0.001 vs. vector control). These

results strongly suggested that OPG is involved in the
regulation of growth, adhesion, migration and invasion of
lung cancer cells.

Discussion

In characterizing the role of OPG, studies have focused on
the role of OPG in bone development and remodeling. OPG
can block RANKL-induced osteoclastogenesis and some pre-
clinical studies and clinical studies have investigated the
therapeutic potential of recombinant OPG in cancer-related
osteolysis (14). 

As research shows, OPG is not only present in bone tissue
but also in many others, such as the heart, arteries, veins,
kidney, liver, spleen, thymus and lymph nodes (15). In this
study, we found that the expression of OPG was higher in lung
cancer tissues compared to normal tissues from the TCGA
database. These datasets support similar trends that have been
reported in a wide range of solid tumors, including prostate,
breast, pancreatic and colorectal (16-18). Hence, these trends
of increased OPG expression in malignant tissues indicates
that OPG may be an indicator of malignancy, although its
precise role in cancer formation requires further investigation. 
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Figure 1. A: The expression of osteoprotegrin (OPG) was analyzed in the Cancer Genome Atlas project (TCGA) lung cancer database, where a
significant elevation in OPG expression was observed in lung adenocarcinoma cancer tissue (n=517) compared to normal tissues (n=59, p<0.001).
B: The expression of OPG was also analyzed in the Oncomine database where lung adenocarcinoma (n=139), carcinoid tumor (n=20) and small
cell lung carcinoma (n=6) were all found to be enhanced in comparison to normal tissue (n=17, p<0.05).



OPG is also considered as a survival factor for tumor cells
inhibiting tumor cell apoptosis (6). In vitro studies suggest
that OPG exerts tumor-promoting effects by binding to
TRAIL, thereby preventing induction of apoptosis (19). As
it has been found to be expressed in neovessels associated
with malignant tumors and in angiogenic microvessels
associated with inflammatory osteolytic diseases, OPG has
also been considered to be a factor affecting tumor
angiogenesis (20). Research also shows that OPG-mediated
angiogenic activities are mediated by mitogen-activated
protein kinase, protein kinase B and mammalian target of the
rapamycin signaling cascade (21).

Additionally, our results showed that the over-
expression of OPG was linked to the elevation of growth,
adhesion, invasion and migration of H3122 cells in vitro.
Conversely, OPG knock-down in H3122 cells, can have an
impact on cell functions, can reduce cell growth, adhesion,
invasion and migration. Other in vitro studies in different
tumor types have shown that OPG can influence key
cancer traits and cellular response to external factors such

as hepatocyte growth factor and stromal cell-derived factor
1 (13, 22, 23). 

Research has also shown that OPG is linked with poorer
prognosis in other tumor types. In a study of 103 gastric
adenocarcinoma tissues, high levels of OPG gene expression
correlated with increased invasion and metastasis, and
predicted poor prognosis (24). This trend has also been
reported in prostate cancer (25-27). 

Further evidence also suggests that an elevated level of
OPG detected in serum from patient with lung cancer,
amongst others, may in the future have diagnostic or
prognostic potential (28, 29).

In conclusion, we have demonstrated that increased OPG
was detected in human lung cancer tissue compared to
normal tissue. Furthermore we demonstrated that further
increasing OPG expression in H3122 NSCLC in vitro
promotes key cancer traits, including migration and invasion.
These observations suggest that OPG may have potential as
a biomarker and clinical target in lung cancer, warranting
further study into the biological role of OPG in lung cancer.
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Figure 2. Western blot analysis demonstrating the protein expression of osteoprotegrin (OPG) following its overexpression (OPG-ex) (A) and
knockdown (0PG-rib) (B). OPG expression was found to be enhanced in the H3122 OPG-ex group and decreased in the H3122 OPG-rib group in
comparison to the control parental and vector control groups. C, D: Semi-quantitative analysis of band intensity and normalization against GAPDH
was also used to confirm this trend. 
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