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Abstract

Hypoxia-induced radioresistance has been well known as the main obstacle in cancer radiotherapy. Lysyl oxidase (LOX) was
previously demonstrated to play an important role in hypoxia-induced biological behaviors, such as metastasis and angiogenesis,
through hypoxia-inducible factor-1a (HIF-1a), which is an important contributing factor to radioresistance in tumor cells. However,
how LOX plays a role in hypoxia-induced radioresistance has yet to be determined. Here, we found that LOX expression was in
accordance with HIF-1a expression, and LOX expression at the mRNA and protein level, and enzymatic activity were remarkably
upregulated in the hypoxic A549 cells, compared with normoxic A549 cells. Inhibition of LOX resulted in the reduction of the ability
to repair double-stranded breaks (DSBs), promotion of apoptosis, relief of G2/M cycle arrest, and eventually reduction of hypoxia-
induced radioresistance in the hypoxic A549 cells. This suggests that LOX may play an important role in hypoxia-induced
radioresistance. Together, our results might suggest a novel potential therapeutic target in the management of non-small cell
lung cancer (NSCLC).
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Introduction of great

importance to overcome hypoxia-induced

radioresistance.

Lysyl oxidase (LOX) is a copper-dependent amine oxi-
dase which catalyzes cross-linking between collagen and
elastin, and stabilizes the extracellular matrix (ECM).
Numerous reports have shown that over-expression of
LOX is clinically correlated with metastasis and poor out-

Lung cancer is the leading cause of cancer-associated mor-
tality worldwide, in which non-small cell lung cancer
(NSCLC) accounts for 75-80%." Most NSCLC patients are
diagnosed in the advanced stages of disease due to its
insidious symptoms. Therefore, radiotherapy plays a cen-

tral role in the management of locally advanced NSCLC.?
However, radioresistance exists in many NSCLC patients
(intrinsic radioresistance) and patients often fail to respond
to treatment when exposed to repeated radiotherapy ses-
sions (induced radioresistance), rendering the overall cura-
tive effect unsatisfactory.

Hypoxia is a universal phenomenon in solid tumors
such as NSCLC.>* Abundant evidence documents that it
is a key factor in mediating tumor radioresistance.*”
Tumor cells are more radioresistant in hypoxic conditions,
which may act as potential sources for subsequent tumor
metastasis and recurrence after radiotherapy.®™® Thus, it is
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come in patients with breast cancer, head and neck squa-
mous cancer, prostate cancer and oropharyngeal cancer.”™"
Microarray analysis has demonstrated that LOX expression
was significantly elevated in many hypoxic tumor cells and
regulated by HIF-1a, an intrinsic marker of tumor hypoxia
and linked to poor response to radiotherapy.'® In addition,
LOX has been reported to be responsible for the invasive
properties of hypoxic breast cancer cells and essential for
hypoxia-induced metastasis.'” Meanwhile, HIF-1o is an
important contributing factor to hypoxia-mediated radiore-
sistance. For these reasons, we hypothesize that LOX may
be associated with hypoxia-induced tumor radioresistance.
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In order to determine whether LOX mediates hypoxia-
induced radioresistance, we investigated the difference in
LOX expression and activity in hypoxic and normoxic con-
ditions, and then down regulated the LOX level by a spe-
cific inhibitor and then analyzed the cell’s ability to repair
DSBs. Our results may provide an alternative strategy to
overcome hypoxia-induced radioresistance in NSCLC.

Materials and methods
Cell culture and treatment

A549 and H460 cells were cultured in RPMI1640 culture
medium (Gibco Grand Island, NY) supplemented with
10% fetal bovine serum in a humidified incubator at 37°C
and 5% CO,. As the cells reached the exponential growth
phase, they were moved to the respective humidified incu-
bator: hypoxic group, 1% O, with different f-aminopropio-
nitril (BAPN; 2-Aldrich, Steinheim, Germany) concentration
(0, 50 and 200 uM); normoxic group, 20% O, for 18 h.

RT-PCR analysis

After being treated in hypoxic or normoxic conditions for
18 h, the RNA of A549 cells were extracted with Trizol.
Reverse transcription and PCR amplification were per-
formed using methods described previously."® The
Tagman polymerase chain reaction primer sequences used
were: (LOX: forward: 5-AGATGAGCTTCCTACAGCAC
AAC-3; reverse: 5'-CTTTCCTGGTGAGAGATCTGCA-3')
and (GAPDH:5'-forward: ACCACAGTCCATGCCATCAC-
3'; reverse: 5'-TCCACCACCCTGTTGCTGTA-3').

Western blot analysis

After the hypoxic and normoxic groups were treated for
18h, western blot analysis was performed as previously
described.'* Briefly, cells were lysed with cell lysis buffer
(RIPA buffer and 1% PMSF) and whole-cell lysates, and the
protein concentrations were quantified using BCA reagent
(Applygen Technologies, Beijing, China). Protein concentra-
tions were separated in 10% sodium dodecyl sulfate-poly-
acrylamide gels and electrotransferred to PVDF
membranes. The membranes were blocked with blocking
buffer (5% bovine serum albumin (BSA) in PBS with 0.1%
Tween-20) for 1h at room temperature (RT), probed with
primary antibodies overnight at 4C, incubated with second-
ary antibodies for 1h at RT, and developed with the ECL
AdvanceTM Western blotting detection kit. The antibodies
used were anti-LOX (1:1000, Santa Cruz Biotechnology,
Santa Cruz, CA), anti-actin (1:10,000, Chemicon,
Temecula, CA) and the appropriate horse radish peroxi-
dase-labeled secondary antibody.

LOX activity assays

Extracellular LOX enzymatic activity was measured using
the Amplex Red fluorescence method. The fluorescence mix
consisted of 10 uM Amplex Red, 10 mM 5-diaminopentane,
1.2M urea, 50 mM NaBorate, and 0.1 U/mL horse radish
peroxidase (HRP). A549 cells were first cultured in a flask
at a density of 70%, and the cells were fed with serum-free

and phenol red-free DMEM. The cells were then divided
into four groups: normoxic and hypoxic+BAPN (0uM,
50puM, and 200uM) groups, and treated for 18h. Then
250 pl of media was collected and added to 750 pl of fluor-
escence mix and incubated at 37°C for 30min.
Subsequently, they were placed on ice and the fluorescence
was measured with an excitation and emission wavelength
of 563nm and 587 nm, respectively. Control assays were
conducted with 500 pM BAPN to completely inhibit the
activity of LOX, and the difference in fluorescence was rec-
orded, which represented the extracellular LOX activity.

Radiation treatment

After incubation in hypoxic or normoxic conditions for 18 h,
the A549 and H460 cells were immediately irradiated using
a linear accelerator on 0.5 cm compensation. The appropri-
ate output dose was delivered by 6 MV X-rays.

Colony-forming assay

Cells were divided into four groups: normoxia, cells in 20%
O, condition; hypoxia, cells in 1% O, condition;
normoxia+ PBAPN (200uM BAPN and 20% O,);
hypoxia+ BAPN (200 uM BAPN and 1% O,). After incuba-
tion for 18 h, the cells were irradiated at doses of 2, 4, 6 or
8 Gy, trypsinized, and were aliquot into 6-well plates. All
the plates were cultured for 7-14 days in the cell incubator
to allow for colony formation. Cells were stained with crys-
tal violet, and colonies containing at least 50 cells were
counted. Plating efficiency was calculated as a ratio of the
number of formed colonies to the seeding cells without
radiation. The surviving fraction at each radiation dose
was calculated as number of colonies/(number of seeding
cells x plating efficiency). The survival curve was fit into a
multi-target single-hit model, and radiobiological param-
eters were calculated including quasi-threshold dose (D),
mean lethal dose (Dy), surviving fraction at 2Gy (SF,), and
extrapolation number (N).

Flow cytometry analysis of cell cycle

A549 cells were divided into four groups using the above
conditions. After the 18-h incubation, the cells were irra-
diated at a dose of 2Gy. After 24 h, a single cell suspension
was made using 0.25% trypsin. Cells were placed in pre-
cooled 70% ethanol at —20°C for fixation overnight. Cells
were then washed in phosphate buffered saline (PBS) and
digested with RNA enzyme. Propidium iodide (PI) was
added to the cells at a final concentration of 60 pg/mL.
Cells were incubated in the dark, and the percentage of
cells in GO/G1, S, or G2/M phases was counted and com-
pared by flow cytometry. All experiments were conducted
in triplicate.

Flow cytometry analysis of apoptosis

Cells were divided into four groups as before. After an 18 h-
incubation period, the cells were irradiated at doses of 2 Gy.
After 24 h, a single cell suspension was made using 0.25%
trypsin without EDTA. Cell suspension were washed with
PBS twice and resuspended in 250 pL binding buffer at a
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density of 5 x 10° cells/mL. The cell suspension was ana-
lyzed by flow cytometry after they were stained with 5 uL
Annexin V-FITC and 5 pL PI solution (20 pg/mL).

Immunocytofluorescence

Cells were divided into four groups as previously men-
tioned. After an 18-h incubation period, the cells were irra-
diated at a dose of 2Gy. The cells were fixed with 4%
paraformaldehyde for 30min, 2h, 6h, and 12h. They
were then treated with 1% Triton X-100 at RT for 5min.
After blocking with 2% BSA (in PBS) for 30 min at RT, the
cells were stained with FITC-conjugated anti-y-H2AX for
12h at 4°C. After washing, they were incubated with the
secondary antibody for 1h at RT. After another washing
process, the cells were treated with hoechst for 10min,
and slides were mounted using 5% glycerol. Cell morph-
ology was examined under a laser confocal microscope
(Olympus optical Co., Tokyo, Honshu, Japan).

Immunohistochemistry

Tissues were fixed in 4% paraformaldehyde in 0.2M phos-
phate buffer (pH 7.4) for 48 h, followed by embedding into
paraffin sections. The 4-mm thick tissue sections were pre-
pared and further subjected to LOX and HIF-1a staining.
The endogenous peroxidase activity was inactivated in a
solution containing 3% hydrogen peroxide (H>O,) in
methanol. Subsequently, the sections were blocked for 2h
at RT with 1.5% blocking serum. The sections were incu-
bated with anti-HIF-1o (1:200, Abcam, Cambridge, MA)
and anti-LOX antibody (1:500, Abcam) overnight at 4°C.
Labelled horseradish peroxidase was applied for 30 min at
RT, followed by application of diaminobenzidine solution
until color developed. The slides were counterstained with
haematoxylin. Negative control slides were performed
without primary antibody. The staining results for HIF-1a
protein were classified as follows: 0, no staining; 1, nuclear
staining in <1% of cells; 2, nuclear staining in 1-10% of cells
and/or weak cytoplasmic staining; 3, nuclear staining
in >10% of cells and/ or distinct or strong cytoplasmic stain-
ing. For LOX protein, the staining was evaluated with the
same criteria. Samples graded as 0 and 1 were considered
negative, and those graded as 2 and 3 were considered
positive.'

Statistical analysis

All the data came from at least three independent experi-
ments and were shown in the form of mean+standard error
mean (SEM). Statistical comparisons were made using
Student’s t test, in which P < 0.05 was considered as statis-
tically significant.

Results
LOX expression correlated with HIF-1a in NSCLC
patients

To ascertain the relationship between LOX expression and
hypoxia in NSCLC, LOX and HIF-1a expression were ana-
lyzed in 20 NSCLC specimens in continuous sections. As
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shown in Figure 1, for most NSCLC patients, LOX expres-
sion was in accordance with HIF-1a expression. Cross table
test confirmed that the expression of LOX is highly corre-
lated with HIF-1o expression (Table 1).

Hypoxia induces up-regulation and increases
enzymatic activity of LOX in A549 cells

To probe the role of LOX in hypoxia-induced radioresis-
tance, we investigated LOX expression in A549 cells in
response to hypoxic conditions. As shown in Figure 2(a),
RT-PCR determined that LOX mRNA expression was upre-
gulated in hypoxic A549 cells, compared with the normoxic
group. Consistent with the mRNA expression level, LOX
protein expression also increased after incubation in the
hypoxic conditions (Figure 2b). In addition to mRNA and
protein levels, LOX enzyme activity was determined using
the Amplex Red assay. As shown in Figure 2(c), LOX activ-
ity was significantly increased in hypoxic conditions. The
above data indicate that hypoxia resulted in upregulation
and enhanced activity of LOX in A549 cells.

LOX mediates hypoxia-induced radioresistance in
A549 cells

Since hypoxia-induced radioresistance is commonly present
in various types of cancer, we next investigated whether this
process is mediated via LOX. In this setting, A549 cells were
treated with different concentrations of BAPN (an irrevers-
ible inhibitor of LOX enzymatic activity) in hypoxic condi-
tions and LOX enzymatic activity was determined.
Compared with the hypoxia control, the addition of 50 uM
BAPN resulted in a decreased activity of LOX (Figure 3a).
When 200 pM BAPN was added, the LOX activity returned
to the normoxia level. Thus, we selected the BAPN concen-
tration of 200 uM for use in the following studies. Next, we
tested the radiosensitivity of the cells treated with or without
BAPN under different conditions (normoxia or hypoxia)
using a clonogenic assay. The radiosensitive parameters
were calculated (Table 2). We found that the values of Dy,
Dy, N and SF, decreased in the hypoxia group compared
with the normoxic group, indicating that the radiosensitivity
of hypoxic A549 cells was reduced. Interestingly, inhibition
of LOX by BAPN abrogated this reduction. The sensitization
enhancement ratio (SER) of hypoxic A549 cells were 1.76
(normoxia), 1 (hypoxia), 1.65 (hypoxia + BAPN) and 1.70
(normoxia + BAPN). As shown in Figure 3(b), hypoxia
increased survival of A549 cells, further confirming that hyp-
oxia induces radioresistance in A549 cells. Notably, inhib-
ition of LOX reduced hypoxia-induced radioresistance,
suggesting that the resulting hypoxia-induced radioresis-
tance was mediated by LOX activity. Moreover, inhibition
of LOX did not affect the cell survival rate in normoxic con-
ditions, indicating that only in hypoxia-induced radioresis-
tance does LOX mediate radiosensitivity but not in normoxic
conditions. In addition, we further strengthened the above
results in another NSCLC cell line H460 cells and obtained
similar results (Figure S1 and Table S1, Supplementary mate-
rial). The sensitization enhancement ratio (SER) of hypoxic
H460 cells were 149 (normoxia), 1 (hypoxia), 1.48
(hypoxia + BAPN), and 1.48 (normoxia+ PAPN).
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Figure 1 LOX was correlated with HIF-1o expression in patients with NSCLC. Continuous section of NSCLC was obtained and subjected to anti-LOX and anti-HIF-1a
antibodies. (a) Representative micrographs for immunohistochemical staining of HIF-1a: (right) and LOX (left) were shown (Magnification: 100x). (b) Details of immu-
nohistochemical staining were shown (Magnification: 400x). (A color version of this figure is available in the online journal.)

Inhibition of LOX reduces DNA repair activity in hypoxic
Table 1 The correlation between the expression of LOX and HIF-1a in A549 cells

NSCLC tumor tissues

R —— To further confirm the above results, we then studied the
effect of BAPN on radiation-induced DNA repair.
Positive ~ Negative  »2 P value Following 2Gy irradiation, we tracked the number of
. v-H2AX foci (an indicator of DNA DSBs) under various
HIF'W.eXpreSS'on 4615 0032 conditions during a period of 12h. As shown in Figure 4
Positive ! ! and Figure S2, the number of y-H2AX foci per nucleus

Negative 0 6

gradually decreased over time. At 12h, the residual
level of y-H2AX foci per nucleus in the hypoxia group




Gong et al. LOX mediates hypoxia-induced radioresistance in A549 cells 391
a . b c b
(2) Hypoxia (b) Hypoxia ©) 18 =
+ 124
&
2
LOX LOX - S 8-
[+
x
S 4]
GAPDH GAPDH | S e
0 4
Hypoxia Normoxia

Figure 2 Hypoxia induced upregulation of LOX expression and increased enzymatic activity in A549 cells. (a) A549 cells were cultured in either hypoxic conditions at
1% O, or normoxic condition at 20% O, for 18 h. LOX mRNA expression level was determined by RT-PCR and quantitative real-time PCR. (b) Determination of LOX
protein level in response to various O, condition using western blots; (c) Detection of LOX enzymatic activity by the Amplex Red fluorescence method. Data were from
three independent experiments and were presented as mean & SEM. *p < 0.05, **p < 0.01
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Figure 3 LOX mediates the radioresistance of hypoxic A549 cells. (a) A549 cells were cultured in either hypoxic conditions at 1% O, or normoxic conditions with or
without BAPN. LOX enzymatic activity was determined by the Amplex Red fluorescence method; (b) Radiation survival curves for A549 cells. Cells were cultured in

hypoxic or normoxic conditions for 18 h before radiation at doses of 2, 4, 6 or 8 Gy. 200 uM BAPN was added for the inhibition of LOX enzymatic activity as indicated.
Data were from three independent experiments and are presented as mean &+ SEM. *p < 0.05, **p < 0.01. (A color version of this figure is available in the online journal.)

was significantly lower than that of the LOX inhibitor
(hypoxia+200 pM BAPN) group. Moreover, LOX inhibi-
tor did not affect the DNA repair capability in normoxic
conditions. These results suggest that hypoxia can
enhance the repair capability of lung cancer cells
and inhibition of LOX can significantly impair DNA
damage repair, thus alleviating the hypoxia-induced
radioresistance.

Inhibition of LOX promotes radiation-induced
apoptosis

Next, we determined the role of LOX in radiation-induced
apoptosis. A549 cells were cultured in hypoxic or normoxic
conditions with or without BAPN, and then subjected to
irradiation as indicated. As shown in Figure 5(a) and (b),
hypoxic conditions decreased apoptosis of A549 cells and
inhibition of LOX further promoted radiation-induced
apoptosis. This suggests that LOX mediates hypoxia-
induced radioresistance in A549 cells. In addition, we

Table 2 The radiosensitive parameters of A549 cells with or without the
treatment of BAPN in different conditions

Hypoxic Normoxic BAPN PAPN+hypoxia
Parameter group group group group
Do 2.18 1.46 1.67 1.74
Dgq 9.23 2.37 2.28 1.95
SF, 0.95 0.54 0.58 0.56
N 5.24 2.62 2.37 212
SER 1 1.76 1.65 1.70

Do, mean lethal dose; D, quasi-threshold dose; SF2, surviving fracion at 2 Gy;
N, extrapolation number; SER, sensitization enhancement ratio.

performed these studies in H460 cells. As expected, BAPN
promoted the radiation-induced apoptosis in H460
cells (Figure S3).
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Figure 4

Inhibition of LOX reduced DNA repair in hypoxic A549 cells. (a) A549 cells were cultured in hypoxic or normoxic conditions with or without 200 uM BAPN as

indicated. Representative images of nuclei (blue) and y-H2AX (red) complexes are shown. (b) Quantification of the H2AX foci per nucleus from at least three independent
measurements are presented as mean + SEM.*p < 0.05; **p < 0.01. (A color version of this figure is available in the online journal.)

LOX regulates A549 cell cycle in hypoxic conditions

After demonstrating the role of LOX in mediating hypoxia-
induced radioresistance, we further determined the effects
of LOX in regulation of the cell cycle. As shown in
Figure 6(a) and (b) and Figure S4, hypoxia significantly
increased the frequency of the G2/M phase in A549 and
H460 cells, while inhibition of LOX relieved hypoxia
induced-G2/M phase arrest, indicating that LOX regulates
A549 and H460 cell cycle in hypoxic conditions.

Discussion

LOX catalyzes cross-linking of collagen and elastin in the
ECM. This reaction plays an important role in maintaining
the ECM stability, embryo development and tissue
remodeling.’® Studies suggested that LOX could promote

cell progression and tumor metastasis."” "’ Erler et al.
reported that LOX with enzymatic activity could enhance
cell invasion in human breast cancer MDA-231 cells.” Over-
expression of the LOX protein was correlated with tumor
size, lymph node involvement, and a poorer progression-
free survival (PFS) in NSCLC.* Furthermore, recent
research has shown that LOX is a hypoxia-responsive
gene and regulated by HIF-1,! which is an important con-
tributing factor to hypoxia-induced biological behaviors in
tumor cells.”> Prospective head and neck cancer studies
revealed that the LOX expression level was significantly
correlated with hypoxia in patients.” Moreover, LOX
expression was responsive to hypoxia in pulmonary
artery smooth muscle cells, and in some cases over expres-
sion of LOX resulted in vascular remodeling and even pul-
monary arterial hypertension.”® Consistent with previous
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Figure 5 Inhibition of LOX promoted radiation-induced apoptosis. A549 cells were cultured in hypoxic or normoxic conditions with or without BAPN. A549 cells were
then subjected to irradiation at a dose of 2 Gy. Apoptotic status was analyzed by flow cytometry at 24 h. “p < 0.05; **p < 0.01
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Figure 6 LOX mediates G2/M phase in A549 cells. A549 cells were cultured in hypoxic or normoxic conditions with or without BAPN for 18 h. A549 cells were then
subjected to irradiation at a dose of 2 Gy. Cell cycle analysis was performed by flow cytometry at 24 h. *p < 0.05; **p < 0.01. (A color version of this figure is available in
the online journal.)

reports, our results showed that LOX expression in patients ~ in A549 cells, indicating that hypoxia may induce LOX
is correlated with HIF-1o expression. Moreover, our find-  expression via HIF-1a.

ings revealed that after exposure to hypoxic conditions, Hypoxia is the key factor influencing radiation sensitiv-
cellular LOX mRNA expression and enzymatic activity ity. In light of the fact that expression of LOX is closely
were significantly higher than that of the normoxic group related to hypoxia and ionizing radiation itself could
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induce LOX secretion in tumor cells,”® we sought to deter-
mine the role of LOX in hypoxia-induced radioresistance.
For this purpose, we treated hypoxic A549 cells with
BAPN, and found that inhibition of LOX reduced hypoxia-
induced radioresistance but not in normoxic conditions.
Furthermore, these results were further confirmed in
H460 cells. This proved our initial hypothesis that LOX
with enzymatic function mediated hypoxia induced-radio-
resistance in NSCLC cells.

We further investigated the underlying mechanisms. As
we know, DNA DSBs is the main cause of cell death by
ionizing radiation. lonizing radiation can cascade YH2AX
phosphorylation, recruit repair proteins, form DSB repair
complexes, and finally repair the DNA DSBs. Numerous
researchers have demonstrated that hypoxia can promote
DNA DSB repair, leading to attenuation of radiosensitiv-
ity.* The YH2AX assay used in our study revealed a signifi-
cant decrease in DNA DSB level in drug-free A549 cells
exposed to hypoxia compared with the normoxia control
group. However, this level in hypoxic A549 cells was sig-
nificantly increased in the presence of LOX inhibition. We
obtained similar results in another NSCLC cell line H460
cells. These results indicate that inhibition of LOX can
reduce cell radiosensitivity by impairing DNA repair activ-
ity in hypoxic NSCLC cells. Of note, a recent study pointed
out that recombinant lysyl oxidase propeptide (rLOX-PP),
which is derived from pro-lysyl oxidase (Pro-LOX) but does
not possess the lysyl oxidase enzyme activity,** could sen-
sitize prostate cancer cells to ionizing radiation.”” This
suggests a complicated role for LOX in enhancing cell
radiosensitivity, and LOX-induced radioresistance might
be associated with the enzymatic activity of LOX.

A further major determinant of radiosensitivity is cell
cycle arrest, which provides more time for the induction
and repair of DNA DSBs, avoiding fatal damage caused
by ionizing radiation. Hypoxia is a type of unique stress
that induces replication arrest in the absence of DNA
damage.”® Our results showed that hypoxia significantly
increased the frequency of the G2/M phase in A549 and
H460 cells, while inhibition of LOX relieved hypoxia
induced-G2/M phase arrest. In accordance with our data,
Goto et al. reported that high cell density enhances cell cycle
arrest and matrix remodeling, and this phenomenon may
be due to HIF-1o-induced LOX expression.27 In addition,
we determined the role of LOX in radiation-induced apop-
tosis. We found that inhibition of LOX promoted radiation-
induced apoptosis in hypoxic conditions. Newly published
research demonstrated that over-expression of Lysyl oxi-
dase-like 2 (LOXL2), a member of the lysyl oxidase gene
family, could promote cell growth by interfering with
MARCKSL1-induced apoptosis.”® The effect of LOXL2 on
apoptosis-related components may also support our
results. Notably, we also observed a slight decrease in apop-
totic rate under normoxic condition when applying BAPN,
although there was no significant difference between these
two groups. Lovey et al.*’ also reported that inhibition of
LOX attenuated radioresistance upon PCa cells under hyp-
oxic conditions but not in normoxic condition.

Some reports indicated that mature LOX catalyzes sub-
strates and produce hydrogen peroxide which activate

focal-adhesion kinase (FAK) and Src.'*?° Hehlgans et al.
found that human head and neck squamous cell carcinoma
cells exhibited enhanced radiosensitivity when treated with
FAK inhibitor TAE226.>" Other findings indicated that the
effects of LOX may be mediated via the PI3K/AKT signal-
ing pathway.?® Kucharzewska et al. reported that hypoxia/
LOX signaling activates PI3K/ Akt pathway.”® As PI3k/ Akt
pathway per se is oncogenic, activation of PI3k/ Akt leads to
DSB and genomic instability,>>** and it may also participate
in angiogenesis, cell cycle arrest, and resistance to radiation-
induced apoptosis.>*?> In this regard, it might not be sur-
prised to speculate that PI3k/Akt be responsible for the
LOX-induced radioresistance. The PI3K/AKT signaling
pathway was also reported to be involved in the regulation
of tumor radiosensitivity.® Despite these findings, the
molecular pathway of LOX-induced radioresistance might
need deeper investigation.

In conclusion, here we show that LOX mediates hypox-
ia-induced radioresistance. It may act by promoting
hypoxia-induced G2/M cycle arrest and DNA DSBs
repair, as well as reducing apoptosis. Thus, our findings
may provide a potential therapeutic strategy as an adjuvant
to the radiotherapy of NSCLC.
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