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Abstract: Objectives: Lysyl oxidase (LOX) always promotes cancer cell metastasis. This study aimed to investigate
the influence of LOX G473A on ovarian cancer cells function and the related cell signaling pathways. Methods:
Expression of LOX G473A in 3 ovarian cancer cell lines HO-8910 and A2780 as well as the siRNA-LOX G473A trans-
fected SKOV3 cells were detected by western blotting analysis. Migration and invasion as well as mitosis ability of
transfected cells were detected using in vitro transwell assay and flow cytometry, respectively. Cytokines related to
cell migration, invasion and metastasis were detected to investigate the influence of siRNA-LOX G473A on their ex-
pression. Results: LOX G473A showed the highest expression level in SKOV3 cell line compared with the other two.
SiRNA-LOX G473A significantly reduced the expression of LOX G473A protein as well as cell migration, invasion and
mitosis abilities. Moreover, cytokines associated with cell migration, invasion and metastasis were dysregulated by
SiRNA-LOX G473A. Conclusions: LOX G473A was a crucial factor modulating cell migration, invasion and metastasis
of ovarian cancer cell lines. The facts of LOX G473A silence could reduce cell migration, invasion and metastasis
abilities demonstrated that LOX G473A might be served as a potential therapeutic target for ovarian cancer cells.
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Introduction

Ovarian cancer is one top leading cause of
cancer related death and most ovarian can-
cers were diagnosed in advanced stages fol-
lowed by low overall survival rate [1]. The patho-
genesis of ovarian cancer is identified to be
involved in genetic alterations including lysyl
oxidase (LOX) 473 G>A (rs1800449) polymor-
phism, E-cadherin [2], ERCC1 (excision repair
cross-complementing 1) [3] and BRCAL [4].

LOX is an enzyme located in extracellular matrix
and crucial for hypoxia-induced metastasis
[B]. LOX catalyzes collagens and elastin cross-
linking in the extracellular compartment [1, 6].
Reportedly, polymorphism of LOX 473 G>A has
been evidenced to be associated with metasta-
sis of various diseases, including ovarian can-
cer [1, 6], breast cancer [7], gastric cancer [8]
as well as coronary artery disease [9]. These
researches displayed that the polymorphism of

LOX G473A was significantly higher in patients
with gastric cancer [8], breast cancer [7] and
advanced ovarian cancer [1]. They demonstrat-
ed that LOX G473A polymorphism was a risk
factor for these cancers.

It was reported that LOX G473A polymorphism
affect ovarian cancer metastasis [1, 6]. Wang
et al reported that overexpression of LOX sup-
pressed the proliferation and invasion of ovari-
an cancer cells and LOX was a direct target of
miR-29b [10]. Some reports showed that LOX
was a tumor suppressor gene which could be
inactivated by methylation [11]. However, there
was no direct research focusing the effect of
LOX G473A on cell function of ovarian cancer
cells.

To investigate the effect of LOX G473A on cell
function of ovarian cancer cells and verify the
mechanisms related to the changes, we exam-
ined the expression of LOX G473A protein and
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Figure 1. Expression of LOX G473A in three ovarian cancer cell lines and
after LOX G473A silence. (A) Expression of LOX G473A in three ovarian can-
cer cell lines of HO-8910, A2780 and SKOV3 before LOX G473A silence; (B)
Expression of LOX G473A in and SKOV3 before and after LOX G473A silence.
All the determinations were performed using western blotting analysis. GAP-

migration assay, cells at a
density of 50,000 were seed-
ed into the upper chamber
with DMEM medium without
FBS. The lower chamber was
filled with medium containing

DH was used as the internal reference gene for western blotting analysis. 10% FBS and incubated at

**indicates significant level at a p value of less than 0.01 comparing with

the others (A) or control (B).

regulated the expression of LOX G473A. The
migration and invasion of ovarian cancer cells
were determined and metastasis-associated
cytokines or signaling pathway were detected
as well. This study would provide us with more
information on the effect of LOX G473A on cell
functions of ovarian cells.

Materials and methods
Cell line and culture conditions

Three human ovarian cancer cell lines HO-
8910, A2780 and SKOV3 were obtained from
Shanghai Institute of Cellular Biology of Chinese
Academy of Sciences. Cells were cultured in
DMEM or RPMI-1640 (Dulbecco’s modified
Eagle’s medium, HyClone, USA) supplemented
with 10% heat-inactivated fetal bovine serum
(FBS; Gibco Laboratories, Grand Island, NY,
USA) and penicillin-streptomycin. Cells were
cultured at 37°C with 5% CO,,.

LOX G473A knockdown in ovarian cancer cell
line

SiRNAs with sequence targeting LOX G473A
were synthesized by GenePharma (Shanghai,
China). SiRNA against LOX G473A were trans-
fected into SKOV3 cells using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) following
the manufactures’ instruction. Cells plated into
24-well plate were transfected and cells trans-
fected with siRNA-LOX G473A-NC was served
as negative control. Cells were cultured at 37°C
5% CO, after transfection.
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37°C 5% CO, for 24 h. For cell
invasion assay, the 24-well
transwell were coated with 80
uL Matrigel (BD Biosciences, Franklin Lakes,
NJ, USA). Cells at a density of 100,000 were
seeded into the upper chamber medium. The
lower chamber was filled with medium contain-
ing 10% FBS and incubated at 37°C 5% CO,
for 48 h. After incubation, cells on the upper
surface filters were removed by cotton swab
and filters were then fixed with paraformalde-
hyde for 10 min, followed with crystal violet
staining. Stained cells were counted using a
microscope and cells numbers at 5 randomly
selected fields were averaged. All experiments
were performed in triplicates and differences
between groups were analyzed.

Cell cycle analysis

Cell cycle analysis for the transfected SKOV3
cells was performed using flow cytometry. Cells
were harvested by trypsinization (Gibco Labo-
ratories, Grand Island, NY, USA) and fixed us-
ing 70% ethanol for 24 h. DNA was stained with
50 pg/ml propidium iodide (PI, Biyuntian bio-
logical technology, Shanghai, China) and ana-
lyzed using a FACScalibur flow cytometer (BD
Biosciences, Franklin Lakes, NJ, USA). All exper-
iments were performed in triplicates.

Western blot analysis

Cultured cells in 6-well plates at a density
of 2.0x10° were harvested at 48 h post-trans-
fection, washed in ice cold 1xPBS, and lysed
in RIPA buffer (Thermo Scientific, Rockford, IL,
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polypeptide bands were de-
tected using an enhanced
chemiluminescence (ECL) de-
tection system (Pierce, Rock-
ford, IL, USA) and quantified
with  AlphaEase software
(Alpha, USA).

Statistical analysis

Data were expressed as mean
+ standard deviation (SD) of
3 triplicates. Statistical ana-
lysis was performed using
Student’s t test or a one-way
analysis of variance (ANOVA)
test. P<0.05 was considered
to be statistically significant.

Results

* %k

LOX G473A expresses the
highest in SKOV3

The expressions of LOX G4-
73A protein levels in the 3
ovarian cancer cell lines of
HO-8910, A2780 and SKOV3
before and after siRNA-LOX

detected using 24-well transwell chambers. Cell counting was realized using GA473A transfection were

crystal violet staining and stained cells were counted using a microscope.
**indicates significant level at a p value of less than 0.01 comparing with

the control.

USA). Protein concentrations were then deter-
mined using a BCA protein assay kit (Thermo
Scientific, Rockford, IL, USA). An equal amount
of 35 pg cell lysates were separated by 10%
SDS-PAGE gels and were electrophoretically
transferred to polyvinylidene difluoride (PVDF)
membranes (Invitrogen Corp., Carlsbad, CA,
USA). Then the PVDF membranes were bloc-
ked with 5% skimmed milk (BD Biosciences,
Franklin Lakes, NJ, USA) and incubated with
primary antibody against LOX G473A (dilution
1:1000), AKT (dilution 1:1000), phosphorylated
(p)-AKT (dilution 1:1000), metastasis-associat-
ed protein (MTA) 1, E-cadhein (dilution 1:1000),
RhoC (dilution 1:1000; Cell Signaling Tech-
nology, CST, Denvers, MA, USA), matrix metal-
loproteinase (MMP)9 (dilution 1:1000), and
GAPDH (dilution 1:1500; Cell Signaling Tech-
nology, CST, Denvers, MA, USA) at 4°C over-
night, and secondary antibodies for 1 h. The
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detected using western blot-
ting analysis. The results
showed that LOX G473A
expressed the highest in
SKOV3 cell line compared with that in the
other two cell lines (P<0.01, Figure 1A). Then
we chose SKOV3 as the mediated cell in this
study and successfully knocked down LOX
G473A expression by 90% in SKOV3 cells using
SiRNA silencing methods (Figure 1B).

LOX G473A silence inhibits cell migration, in-
vasion and mitosis

In order to detect the influence of LOX G473A
on cell proliferation, we detected cell invasion,
migration, and cell cycle of SKOV3 cells after
SiRNA-LOX G473A transfection. The results
showed siRNA-LOX G473A transfected cells
reduced migrated cells and invaded cells which
determined that LOX G473A silence significant-
ly inhibited cell ability of migration (P<0.01,
Figure 2A) and invasion (P<0.01, Figure 2B).
For cell cycle analysis, we confirmed that siR-
NA-LOX G473A inhibited cell proliferation by

Int J Clin Exp Pathol 2017;10(3):3093-3100
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Figure 3. Effect of LOX G473A silence on cell mitosis. Cell cycle analysis was performed using flow cytometry. Fore
flow cytometric analysis, DNA was stained with 50 ug/ml propidium iodide. SIRNA-LOX G473A inhibited cell prolif-
eration by increasing cell percentage in the G1 and S phases, and decreasing cell percentage in the G2/M phase.
SiRNA-LOX G473A got SKOV3 cells arrest in the S phase and promoted cell apoptosis. *indicates significant level at

a p value of less than 0.05 comparing with the control.

increasing cell percentage in the G1 and S
phases, and decreasing cell percentage in the
G2/M phase (P<0.01, Figure 3). These sho-
wed that siRNA-LOX G473A got SKOV3 cells
arrest in the S phase and promoted cell apo-
ptosis. Taken together, the influence of siRNA-
LOX G473A on SKOV3 cell function demons-
trated that LOX G473A was positively correlat-
ed with cell growth and proliferation.

LOX G473A silence effects expression of cell
cytokines related to cell invasion and metas-
tasis

Given the above results of LOX G473A silence
inhibited cell invasion and migration, we specu-
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lated that LOX G473A silence might affect the
expression of some cytokines related to cell
migration, invasion, and metastasis via signal-
ing pathway. To verified this assumption, we
detected the expression of MTAL, E-cadherin,
MMP9, RhoC, p-and P38, p-and AKT which
had been reported to be associated with
cell migration, invasion and metastasis using
western blotting analysis [13-15]. Analysis
showed the expression of MMP9, MTA1, and
RhoC were depressed by siRNA-LOX G473A
in SKOV3 cells (P<0.01, Figure 4A). However,
the expression of E-cadherin in SKOV3 cells
was significantly upregulated by siRNA-LOX
G473A (P<0.01, Figure 4A). To investigate the
effect of LOX G473A silence on p38/AKT sig-
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Figure 4. LOX G473A silence effects expression of cell cytokines related to cell invasion and metastasis. The expres-
sion of cytokines was performed using western blotting analysis. MTA1, E-cadherin, MMP9 and RhoC cytokines (A)
and phosphorylated (p)-AKT, p-P38 and total AKT and P38 (B) were affected by siRNA-LOX G473A. **and *indicates
significant level at a p value of less than 0.05 and 0.01 comparing with the control, respectively.

naling pathway, the expression of phosphory-
lated (p)-P38 and AKT, as well as the total
protein of P38 and AKT were detected by west-
ern blotting analysis. Data showed that LOX
G473A silence significantly induced and red-
uced the expression of p-P38 and p-AKT,
respectively (P<0.01 and P<0.05, respectively,
Figure 4B). However, there was no influence on
the expression of total P38 protein and total
AKT protein (P>0.05, Figure 4B). These res-
ults showed LOX G473A silence mediated cell
migration, invasion, and metastasis via P38/
ATK and other MTA1, E-cadherin or RhoC-
mediated signaling pathways.

Discussion

LOX G473A polymorphism is a new risk factor
for cancers including ovarian cancer and LOX
signaling affect the metastasis of ovarian
cancer cells [1, 6]. This study was designed
to investigate the expression of LOX G473A
polymorphism in ovarian cancer cells and
the effect of LOX G473A polymorphism on cell
function of ovarian cancer cells. Results from
the experiments showed ovarian LOX G473A
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expressed the highest in ovarian cancer cell
line SKOV3 than HO-8910 and A2780 cell
lines. After being transfected with siRNA-
LOX G473A plasmids, the expression of LOX
G473A as well as cell migration, invasion and
mitosis ability were inhibited, and metastasis-
related cytokines including E-cadherin, MMP9
and P38/AKT signaling pathway were dysregu-
lated. This demonstrated that LOX G473A was
associated with cell growth, proliferation and
metastasis.

As reported that LOX was a tumor suppressor
and overexpression of it could suppress ovari-
an cancer cells proliferation and invasion [10,
11]. However, there is an opposite function of
LOX in cancer cells acting as a promoter of cell
metastasis [16], and polymorphism of LOX
might associated with increased risk of can-
cers [7,9, 17]. For example, patients with nons-
mall cell lung cancer and cardiovascular dis-
eases showed higher frequency of LOX 473 AA
genotype and A allele, a novel polymorphism
of LOX gene, compared with normal controls,
showing LOX 473 G>A polymorphism is risk
factor for cell metastasis and might be a prog-

Int J Clin Exp Pathol 2017;10(3):3093-3100
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nostic predictor for some diseases [9, 17].
However, Wang et al reported that overexpres-
sion of LOX suppressed the proliferation and
invasion of ovarian cancer cells, demonstrating
the tumor suppresser function of LOX gene
[10]. Together to speak, these reports sho-
wed LOX gene has two opposing biofunctions
in different cancers. In this study we demon-
strated the expression of LOX 473GA polymor-
phism was highly expressed in ovarian cancer
cell line SKOV3 and siRNA-LOX G473A success-
fully downregulated cell the expression of LOX
G473A as well as reduced the ability of cell
migration and invasion as well as arrested
SKOV3 cells at S phase. These indicated that
high frequency of LOX G473A polymorphism
was associated metastasis ability of ovarian
cancer cell line SKOV3, and LOX G473A was a
metastasis promoter for ovarian cancer cells.

The cell metastasis, migration, invasion and
cell cycle function were regulated by several
signaling pathways and cytokines, such as
RhoC-AKT signaling pathways [18, 19], E-cad-
herin [20], P38/AKT [21], as well as the MTA1
[22]. MTA1 gene promotes cell invasion, migra-
tion and metastasis of cancer cells directly or
indirectly by promoting or suppressing expres-
sion of its targets [23-25]. E-cadherin, a tumor
invasion suppressor gene, is one of the tar-
gets of MTAL1 and was suppressed by MTA1 in
malignant pleural mesothelioma [24, 26]. Xu et
al revealed that MTA1 enhanced the invasion
and migration of malignant pleural mesothelio-
ma cells through suppressing E-cadherin exp-
ression. Moreover, Cagatay et al demonstr-
ated that MTA1 silencing caused an increase
in the epithelial marker of E-cadherin as well
as a decrease in MMP9, a potential biomarker
for cancer invasion and metastasis, in HCT-
116 cells [23]. Further studies had shown that
expression of LOX in human cancers sup-
pressed cell migration and expression of
MMP9O [27, 28]. In this study, we demonstr-
ated that siRNA-mediated LOX G473A silence
downregulated the expression of tumor pro-
moter genes MTA1 and MMP9, and upregul-
ated tumor invasion suppressor gene E-cad-
herin as well as suppressed cell migration and
invasion. These demonstrated that LOX G473A
was a tumor promoter in ovarian cancer cells,
and downregulation of it might be a potential
target for modulating cancer cell invasion,
migration and even metastasis.
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Additionally, depression of E-cadherin in can-
cer was reported to be correlated with RhoC
upregulation, which promotes epidermal gro-
wth factor receptor (EGFR) stimulated migra-
tion and invasion [19, 29]. RhoC is a Ras su-
perfamily and has been shown to promote
cancer metastasis by promoting AKT activity, a
crucial factor for cell apoptosis and prolifera-
tion [18, 30]. Accordingly, knockdown of RhoC
suppressed AKT signaling and inhibited tumor
invasion [30, 31]. Moreover, EGFR is a suppres-
sor of cell apoptosis and inhibition of EGFR
enhanced cell apoptosis of head and neck
squamous cell carcinoma [32]. EGFR mediates
AKT and MAPK pathways to modulate cell
migration, invasion and growth, as the inhibi-
tion of EGFR inhibits cell migration invasion and
growth via suppressing PI3K/Akt and MAPK
signaling pathways [33, 34]. Moreover, activat-
ed p38 MAPK signaling pathway is assistance
to cell apoptosis, due to the G2/M arrest Mec-
hanically, RhoC promotes the EGFR-activated
PI3K/Akt and MAPK signaling pathways as
well as inhibits cell apoptosis [35, 36]. In this
study, we revealed that the inhibition of LOX
G473A gene inhibited growth and promoted
apoptosis by get an S-phase arrest of SKOV3
cells through modulated the expression and
activity of p38/AKT pathway.

Conclusion

In this study, we demonstrated that LOX
G473A gene was a tumor promoter of ovarian
cancer cells. The knock down of LOX G473A
gene by siRNA silencing suggested LOX G473A
gene was a crucial factor for ovarian cancer cell
migration, invasion, and metastasis. Further-
more, we demonstrated that the cell growth
inhibition by LOX G473A gene was related to
p38/AKT signaling pathway and the cytokines
associated with this pathway, including MTA1,
E-cadherin, MMP9, and RhoC. These demon-
strated that LOX G473A gene polymorphism
might be regarded as a potential therapeutic
target for ovarian cancer cells.
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