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Proteasome inhibitor MG132 enhances the antigrowth
and antimetastasis effects of radiation in human nonsmall cell
lung cancer cells
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Abstract The current treatment for advanced nonsmall cell
lung cancer (NSCLC) remains unsatisfactory due to resistance
to chemotherapy and ionizing radiation. The ubiquitin-
proteasome system (UPS) regulates multiple cellular processes
that are crucial for the proliferation and survival of all kinds of
cells. Carbobenzoxyl-leucinyl-leucinyl-leucinal-H (MG132), a
specific and selective reversible inhibitor of the 26S proteasome,
represents a novel approach for cancer therapy. However, wheth-
er MG132 can potentiate the effect of radiation against the
growth and metastasis of NSCLC is not clear. We found that
MG132 inhibited the proliferation of human NSCLC cell lines
(A549 and H1299) in a dose- and time-dependent manner by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assay. Then MG132 at a nontoxic dose (100 nM) was selected
for following studies. Pretreatment of A549 and H1299 cells
with 100 nM MG132 before ionizing radiation (IR) potentiated
the anticancer effect of IR. Moreover, pretreatment with 100 nM

MG132 before IR-enhanced radiation induced cell cycle arrest
by decreased CyclinD1 but increased Wee1 expression in A549
and H1299 cells. In addition, pretreatment of MG132 combined
with IR significantly suppressed cell migration and invasion
abilities in NSCLC cell lines, which was accompanied by de-
creased expression of matrix metalloproteinase (MMP)-2 and
MMP-9 in NSCLC cell lines. Taken together, our results dem-
onstrate that MG132 enhances the antigrowth and antimetastatic
effects of irradiation in NSCLC cells by modulating expression
of cell cycle and invasion- related genes.
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Introduction

Nonsmall cell lung cancer (NSCLC) accounts for approximate-
ly 80–85 % of all cases of lung cancer and is the leading cause
of cancer-related death in sexual-independent populations [1].
The overall cure rate and survival rate of patients with advanced
NSCLC remain low, with a median survival time of 8–
11 months and a 1-year survival rate of 30 % [2–4]. Radiation
therapy plays a significant role in the management of human
lung cancer [5]. Unfortunately, few patients experience com-
plete responses to radiotherapy, mainly because of the tolerance
of the surrounding normal tissues. Meanwhile, solid tumors
tend to lessen the efficacy of radiation therapy owing to a
hypoxic region [6]. Thus, novel approaches to enhance the
effects of ionizing radiation (IR) and reduce the radioresistance
are warranted. Particularly, for the treatment of NSCLC, the
combination of anticancer molecules with IR has been reported
to improve the survival rate and been able to reduce the admin-
istration dose and the toxicity [7]. Many efforts for the screen-
ing and development of radiosensitizer have been reported to
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enhance the radiotherapeutic efficacy [8, 9]. Finally, the goal of
the combination of chemotherapy and radiotherapy is the con-
trol of tumors and improvement of patient survival.

The ubiquitin-proteasome system (UPS) is critical for the
proliferation and survival of all cells, particularly cancerous cells.
Proteasome inhibition offers us a newway to inhibit the function
of ubiquitin, which has become a very attractive anticancer target
[10]. The first element of this pathway being investigated as a
target is the proteasome, as proteasome degrades about 80 % of
all intracellular proteins related to the regulation of cell cycle,
proliferation, apoptosis, angiogenesis, metastasis, and resistance
to chemotherapy and radiotherapy [11–13]. Meanwhile, IR has
been reported to activate nuclear factor-κB (NF-κB) in both
in vitro and in vivo models [14–16]. Activated NF-κB binds to
specific DNA sequences in target genes, designated as κB
elements and regulates transcription of over 400 genes involved
in multiple biological processes, such as immunoregulation,
growth regulation, proliferation, inflammation, carcinogenesis,
apoptosis, and metastasis [17, 18]. Proteasome inhibitors includ-
ing bortezomib (boronic acid dipeptide derivative) and
carbobenzoxyl-leucinyl-leucinyl-leucinal-H (MG132) have
shown anticancer activity and are known as a sensitizer to
DNA-damaging agents, IR, and DNA cross linker for cancer
therapy [19–21]. It is well known that bortezomib is an already
approved agent for the treatment of multiple myeloma and has
been under evaluation in phases I and II clinical trials against
various malignancies including NSCLC [22]. Moreover, the
combination of bortezomib with IR induced NF-κB inhibition
and apoptosis, which is successful in the control of head and
neck [23], colorectal [24], and androgen-independent prostate
cancer cells [12]. MG132 has also been reported to sensitize PC-
3 prostate cancer cells to IR via NF-κB inhibition [25, 26] and
improve the radiotherapeutic effect in NSCLC [27]. However,
proteasome inhibitors including MG132 have been studied at
high concentration (μM) inducing apoptosis, which could not be
applicable to clinical treatment for human cancer [12, 20, 27].
Moreover, whether low-doseMG132 can potentiate the effect of
radiation against NSCLC remains unknown.

In this report, we investigated the effect of MG132 at a
nontoxic dose (100 nM) on growth, metastasis, and its accu-
rate mechanism in NSCLC cell lines. We found that MG132
significantly enhanced the antigrowth and antimetastatic ef-
fects of X-ray irradiation by regulating the expression of the
proliferation and invasion-related genes including cyclin D1,
P53, Wee1, and matrix metalloproteinases (MMPs).

Materials and methods

Cell culture and IR treatment

The NSCLC cell lines, A549 and H1299, were maintained in
Dulbecco's modified Eagle's medium (DMEM; HyClone,

Logan, UT, USA) containing 10 % fetal bovine serum (FBS;
HyClone, Logan, UT, USA), 100-U/mL penicillin, 100-μg/
mL streptomycin at 37 °C in a humidified 5 % CO2 incubator.
MG132 (Sigma-Aldrich, MO, USA) was dissolved in dimeth-
yl sulfoxide (DMSO) and diluted by DMEM (without FBS) to
different concentrations. Cells were treated with indicated
concentration of MG132 and irradiated 6 h later. Cells were
irradiated using X-ray from linear accelerators (Varian, Palo
Alto, CA, USA) with a dose rate of 200 cGy/min; 1.5-cm
bolus was used as compensators.

Cell viability assay

Cell viability was determined using the 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
Cells were seeded in 96-well plates at a density of 2.5×103/
well 1 day prior to treatment. Then, cells were treated with
MG132 or/and irradiation. After treatment, 20 μL of 5 mg/mL
MTTsolution was added into each well and incubated for 4 h.
After the supernatant was removed, 100 μL of DMSO was
added, and then placed in a microplate reader to measure OD
value. Cell viability rate (VR) was calculated according to the
following formula: VR=(OD in observed group / OD in 0 Gy
group)×100 %. All assays were repeated three times in
quintuplicate.

Focus formation assay

For focus formation assay, cells were seeded into 6-well plate
at 200 cells/well 24 h prior to MG132 treatment and then
incubated with or without nontoxic dose (100 nM) of MG132
for 6 h at room temperature followed by removal of the
supernatant and addition of MG132-free fresh culture solu-
tion. The cells were incubated for 12 days to allow colony
formation and stained with 0.5 % crystal violet solution in
10 % methanol. The colonies composing more than 50 cells
were counted using a microscope. The experiment was repeat-
ed three times.

Cell cycle distribution analysis

To determine whether MG132 affected the cell cycle distribu-
tion induced by IR in NSCLC cells, flow cytometry was used.
Cells were seeded into 35-mm culture dishes and cultured at
70 % confluence before MG132 treatment. After incubated
with DMSO or 100 nM of MG132 for 6 hs, cells were
irradiated at 0 or 6 Gy. Cells were allowed to grow for another
48 h. Cells were digested by 0.25 % trypsin, fixed with 70 %
ethanol, and stored overnight at 4 °C. Then, the cells were
centrifuged, washed with phosphate-buffered saline (PBS)
twice, labeled with propidium iodide (PI; 50 μg/mL), and
then shielded from light for 30PBSmin before analyses by
flow cytometry (Beckman Coulter, Inc., CA, USA).
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In vitro wound healing-scratch assay

Cells were seeded into 35-mm culture dish and were cultured at
80–90 % confluence prior to MG132 treatment. After incubat-
ed with or without nontoxic dose (100 nM) of MG132 for 6 h,
cells were irradiated at 0 or 4 Gy at room temperature. Conflu-
ent cell monolayers were then scratched using a 10-μL pipette
tip, followed by removal of the supernatant and addition of
fresh culture solution. The wound healing was observed using a
microscope. The analysis of the wound healing was performed
using ImageJ software (MD, USA). Assays were performed
independently for three times [28].

Cell migration assay

Cells were pretreated with 100 nM MG132 or DMSO for 6 h
prior to 4 Gy X-ray irradiation. After digested by 0.25 %
trypsin, 1×104 cells (in 100 μL DMEM without FBS) were

8.0 μm pore membranes; Corning, NY, USA). In the lower part
of the chamber, 500 μL DMEM medium with 10 % FBS was
added. Cells were allowed to grow for another 24 h, and then,

the upper part of the chamber was removed and 50 μL of 5 mg/
mL MTT solution was added into each lower part of the
chamber. After incubation for 4 h at 37 °C, the supernatant
was removed and 500 μL DMSO was added. The cell migra-
tion rate (MR) was calculated according to the following for-
mula: MR=(OD in observed group / OD in control group)×
100 %. All assays were repeated three times in triplicates.

Boyden chamber cell invasion assay

After incubated with or without nontoxic dose (100 nM) of
MG132 for 6 h, cells were irradiated at 0 or 4 Gy at room
temperature; 1×104 cells (in 100 μL DMEM without FBS)

(transwell filter inserts in 6.5-mm diameter with a pore size
of 5 μm; Corning Inc., Corning, NY, USA), which was 30min
precoated with 50 μL Matrigel. In the lower part of the
chamber, 600-μLDMEMmediumwith 10% FBSwas added.
The cells were incubated for 24 h to allow cells to migrate
through the Matrigel. Then, the cells remaining on the upper
surface were removed five times with a cotton swab moist-
ened in PBS. Migrated cells on the lower surface were fixed in

Fig. 1 Proteasome inhibitor
MG132 inhibits cell proliferation
in A549 and H1299 cells in vitro.
a A549 and b H1299 cells were
incubated with various
concentrations of MG132 for 24,
36, or 48 h. Cell viability was
measured as described in
“Materials and methods.” The
viability of the untreated cells was
normalized as 100 %. Data are
presented as the means±SEM of
three independent experiments. c
A549 and d H1299 cells were
incubated with nontoxic dose of
MG132 for 0, 2, 4, or 6 h before 0
or 4 Gy irradiation. Then, the cells
were incubated for another 48 h,
and the cell viability was
measured. The viability of control
cells was normalized as 100 %.
Data are presented as the
mean±SEM of three independent
experiments
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methanol for 10min at room temperature followed by staining
with 2% crystal violet inmethanol for 20min. All assays were
repeated three times in triplicates [29].

Western blot analysis

Cells were harvested at 48 h after treatment with MG132 or
8 Gy irradiation. Cells were then incubated with ice-cold RIPA
buffer (50 mM Tris, pH 7.2, 150 mM NaCl, 1 % NP-40, 1 %
sodium deoxycholate, 0.05 % SDS, and 1 mM PMSF) on ice.
The supernatants obtained after centrifugation were quantified
with an enhanced BCA protein assay kit (Beyotime, Nantong,
China). Proteins were separated by sodium dodecyl sulfate
poly-acrylamide gel electrophoresis (SDS-PAGE) through
10 % gel and transferred to polyvinylidene fluoride (PVDF)
membrane.Membrane was blockedwith 5% skimmilk in PBS
containing 0.1 % Tween-20 (PBST) for 1 h at room tempera-
ture. Membrane was probed with antibodies against CyclinD1,
P53,Wee1,MMP-2, andMMP-9 overnight at 4 °C. Antibodies
against CyclinD1 and P53 were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Wee1 antibody was
obtained from Abcam company (Abcam, Cambridge, UK).
MMP-2 and MMP-9 antibodies were obtained from Epitomics
company (Epitomics, CA, USA). Membrane was washed three

times in PBST and incubated with peroxidase-conjugated
mouse or rabbit secondary antibody for 2 h at room tempera-
ture. Membrane was washed in PBST, and the detection was
done using enhanced chemiluminescence. The analysis of rel-
ative protein expression level was performed using ImageJ
software (MD, USA).

Statistical analysis

Statistical analysis was performed with the use of SAS 8.0
statistical software. Data are presented as mean±SEM. The
Student’s t test was used tomeasure the difference between the
two groups. The differences between more than two groups
were tested for significance using one-way analysis of vari-
ance. P<0.05 was considered statistically significant.

Results

Enhancement of antiproliferative effect of MG132
with or without radiation in NSCLC cells

We first determined whether MG132 alone at various concen-
trations inhibits the proliferation of human NSCLC cells. The

Fig. 2 Proteasome inhibitor
MG132 decreases focus
formation and enhances the
antigrowth effect of IR in A549
and H1299 cells. a A549 and b
H1299 cells were treated with
100 nM MG132 or equivalent
DMSO for 6 h, and then, the
medium was changed. Cells were
incubated for another 12 days to
allow colony formation. The
colonies comprising over 50 cells
were counted. The colony number
of untreated cells was normalized
as 100 %, and relative colony
number was plotted. Data are
presented as the means±SEM
(*P<0.05, compared with the
DMSO-treated control cells). c
A549 and d H1299 cells were
treated with 100 nM MG132 for
6 h prior to IR. After incubation
for 72 h, cell viability was
measured as described in
“Materials and methods.” The
viability of untreated cells was
normalized to 100 %, and cell
viability was plotted. Data are
presented as the mean±SEM
(*P<0.05, compared with the IR
plus DMSO-treated cells)
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results clearly indicated that MG132 alone inhibited cell pro-
liferation in both A549 and H1299 cells in a dose- and time-
dependent manner (Fig. 1a, b). The 50 % inhibition concen-
tration (IC50) of MG132 against A549 and H1299 cells was
1.43 and 1.04 μM, respectively. To evaluate the ability of
MG132 to enhance the antitumor and antimetastatic effects
of IR in NSCLC cells, 100 nM MG132, which resulted in
~90 % cell viability, was used for the following experiments
as a nontoxic dose.

We next evaluated whether pretreatment of MG132 en-
hanced the antiproliferative effect of IR in NSCLC cells.
The results showed that 100 nM of MG132 inhibited cell
proliferation of both cell lines in a pretreatment time-
dependent manner (Fig. 1c, d). Given that 6 h of MG132
pretreatment before irradiation sensitized NSCLC cells to
IR-induced cell death, this pretreatment time was used for
further studies.

MG132 at nontoxic dose results in decreased focus formation
and sufficiently enhances antigrowth effect of radiation
in NSCLC cells

To investigate whether MG132 at a low dose could affect
focus formation and enhance antigrowth effect of radiation,
we first examined clonogenicity after treatment of 100 nM
MG132 or equivalent DMSO for 6 h without IR. As shown in
Fig. 2a, b, compared with DMSO-treated cells, the relative
colony numbers of both cell lines after treatment of 100 nM
MG132 were significantly decreased (P<0.05) in both A549
and H1299 cells. However, cell viability of both cell lines was
not attenuated by the pretreatment of 100 nM MG132 alone,
whereas when combined with IR, 100 nM MG132 signifi-
cantly enhanced cytotoxicity in an irradiation dose-dependent
manner (Fig. 2c, d). These results demonstrated that
MG132 at nontoxic dose (100 nM) resulted in decreased focus
formation and sufficiently enhanced antigrowth effect of ra-
diation in NSCLC cells.

Enhancement of cell cycle arrest of G1 in A549 cells
and G2/M in H1299 cells due to the treatment with nontoxic
dose MG132 before IR

Whether MG132 modulated cell cycle progression after IR
remains elusive. A549 and H1299 cells were untreated or
pretreated with 100 nM MG132 for 6 h. Then, cells were
exposed to IR, and 48 h later, cell cycle was measured. As
shown in Fig. 3a, b, compared with the DMSO-pretreated
control cells, the pretreatment of 100 nM MG132 alone did
not change the distribution of cell cycle in the two cell lines;
6 Gy X-ray irradiation alone induced a slight increase of G1

phase A549 cells and G2/M phase H1299 cells, whereas
pretreatment with 100 nM MG132 for 6 h in combination

with IR significantly increased radiation-induced G1 arrest in
A549 cells and G2/M arrest in H1299 cells (P<0.05).

MG132 modulates migration of human NSCLC cells
at a nontoxic dose with or without radiation

To investigate whether MG132 at a nontoxic dose could
significantly enhance the radiation-induced antimigration in
NSCLC cells, we first performed scratch assays. As shown in
Fig. 4a, b, compared with the control cells, the migration
ability of both cell lines was modestly suppressed when cells
were treated with IR alone in 24 h later. Whereas, cells treated
with 100 nM MG132 for 6 h before exposing to IR signifi-
cantly decreased the ability tomigrate in the both cell lines and
in vitro wound healing was remarkably inhibited compared
with the control cells that closed the gap fastest at the same
time point. We next examined the migration ability of NSCLC
cells by the Boyden chamber cell migration assay and results
showed that the cell MR of both cell lines treated with 100 nM
MG132 plus IR were markedly decreased (Fig. 4c, d). These
results indicated that the migration ability of NSCLC cells was

Fig. 3 Effect of MG132 and IR on cell cycle distribution in lung cancer
cell. a A549 and b H1299 cells were pretreated with 100 nM MG132 or
equivalent DMSO for 6 h prior to IR. After 24 h, both attached and
floating cells were harvested for cell cycle analysis. Data are presented as
the mean±SEM of three independent experiments. (*P<0.05, compared
with the IR plus DMSO-treated cells)
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significantly reduced by MG132 at a range of nontoxic dose
(nM) in combination with IR.

MG132 reduces invasion of human NSCLC cells
at a nontoxic dose with or without IR

To investigate whether MG132 at a nontoxic dose could
significantly enhance the anti-invasion effect of radiation in
NSCLC cells, we performed the Boyden chamber-based cell
invasion assay to examine the invasiveness of the two cell
lines. We found that 100-nM MG132-pretreated cells for 6 h
prior to IR significantly decreased the number of cells that
penetrated the Matrigel-coated membrane (Fig. 5a, b). These
results indicated that the invasiveness of the both cell lines
was significantly reduced by MG132 pretreatment before IR
at a range of nontoxic dose (nM).

Enhancement of antigrowth and antimetastasis effects
of radiation by nontoxic dose MG132 through regulating
the expression of genes involved in proliferation and invasion

Whether MG132 can regulate the expression of genes associ-
ated with proliferation and invasion was examined byWestern
blot. The results revealed that pretreatment of 100 nMMG132
for 6 h before 8 Gy irradiation significantly inhibited the
expression of cyclin D1, MMP-2, and MMP-9 while it

upregulated the expression of P53 in A549 cells (Fig. 6a).
Comparatively, in P53-null cell line H1299, pretreatment with
MG132 prior to IR increased expression of Wee1, accompa-
nying a reduction of MMP-2 and MMP-9 (Fig. 6b). These
results suggested the different mechanisms of MG132 pre-
treatment against IR-induced antiproliferative and
antimetastasis in A549 and H1299 cells.

Discussion

Radiation therapy is an established treatment modality and
plays a significant role in the management of human lung
cancer. However, radiotherapy is limited by the total dose that
can be given without damaging normal tissues and the devel-
opment of cancer radioresistance [30]. In this study, we inves-
tigated the efficacy and mechanism of MG132 for enhancing
the antitumor and antimetastatic effects of radiation in human
NSCLC cells. We found that MG132 inhibited cell prolifera-
tion in both cell lines in a dose- and time-dependent manner.
Then, we determined that MG132 at nontoxic dose (nM)
resulted in a decreased focus formation in both cell lines. This
molecule also enhanced cytotoxicity, cell cycle arrest,
antimigration, and anti-invasion induced by IR. In P53 wild-
type A549 cells, MG132 plus IR inhibited the expression of
cyclin D1, MMP-2, and MMP-9, followed by upregulation of

Fig. 4 Proteasome inhibitor MG132 at a nontoxic dose enhances the
radiation-induced antimigration in A549 and H1299 cells. In vitro
scratch-wound-healing assay was performed in a A549 and b H1299
cells. Cells were pretreated with 100 nMMG132 or equivalent DMSO for
6 h prior to IR.Wound healing was observed 24 h after IR. The migration
of c A549 and d H1299 cells were determined by Boyden chamber cell

migration assay. Cells were pretreated with 100 nMMG132 or equivalent
DMSO for 6 h prior to IR. Cells were incubated for additional 24 h after
irradiation to allow cells to migrate through membranes. Cells that
migrated in the lower part of the chamber were stained. Data are presented
as the mean±SEM of triplicate experiments (*P<0.05, compared with
the plus DMSO-treated cells).

7536 Tumor Biol. (2014) 35:7531–7539



P53. Comparatively, in P53-null H1299 cells, pretreatment
with MG132 prior to IR increased expression of Wee1, ac-
companying a reduction of MMP-2 and MMP-9.

The mechanism of MG132 for the enhancement of anti-
growth and antimetastasis effects of radiation has not been
clearly illustrated so far. It has been reported that activation of
the transcription factor NF-κB is frequently appeared in tu-
mors and inhibition of the NF-κB signaling cascade may
augment the efficacy of radiotherapy [31]. Our results showed
that pretreatment of MG132 downregulated cyclin D1, MMP-
2, and MMP-9, all of which are regulated by NF-κB signal
pathway [32]. These molecules are associated with the im-
proved antitumor and antimetastatic effects of radiation by
MG132 in NSCLC cells [33]. Thus, the NF-κB activation
which is downregulated by treatment of proteasome inhibition

and IR could be actively pursued as a potential novel adjuvant
treatment for cancer in conjunction with radiotherapy [24, 34].
Another possible mechanism is the involvement of β-catenin
could be suggested for enhanced antitumor and antimetastatic
effects of radiotherapy by proteasome inhibition. According to
recent reports, the cleavage of β-catenin by MG132 is asso-
ciated with a decrease in the mRNA level of c-myc, whose
downregulation has been proved to enhance the efficacy of
radiotherapy [35, 36].

In this study, NSCLC-derived A549 and H1299 cells were
used. A549 cells are P53 wild-type whereas H1299 cells are
deficient in P53 expression. In our study, A549 cells were
observed to have G1 arrest and H1299 cells had a slight
increase in G2/M phase after irradiation. Although both kinds
of cells were pretreated with MG132 and then irradiated with

Fig. 6 Proteasome inhibitor
MG132 regulates the expression
of genes associated with
proliferation and invasion in
A549 and H1299 cells. The
protein expression modulated by
MG132 or/and IR was examined
by Western blot analysis. Cells
were harvested at 48 h after
treatments with MG132 or
equivalent DMSO for 6 h before
irradiated with or without 8 Gy
irradiation. The analysis of
relative protein expression level
was performed using ImageJ
software (MD, USA)

Fig. 5 Proteasome inhibitor
MG132 at a nontoxic dose
enhances the radiation-induced
anti-invasion in A549 and H1299
cells. a A549 and b H1299 cells
with indicated treatments were
incubated for 24 h after radiation
to allow cells to migrate through
the Matrigel and the cells that
through the Matrigel were stained
by crystal violet (×400). Cell
invasion rate of each group was
calculated and plotted. Data are
presented as the mean±SEM
(*P<0.05, compared with the
DMSO-treated control cells)
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X-ray, MG132 enhanced the radiation-induced G1 arrest of
A549 cells and G2/M arrest of H1299 cells. In A549 cells,
increased P53 was observed to be treated with IR and is more
pronounced by pretreatment of MG132, which is similar to a
previous report by Jung et al. [35]. Comparatively, there was
no impact of MG132 on G1 arrest in H1299 cells. However,
pretreatment with MG132 significantly enhanced IR-induced
G2/M arrest in H1299 cells. It has been reported that IR-
induced DNA damage activates ATM kinase that phosphory-
lates P53, checkpoint kinase 1 (Chk1), checkpoint kinase 2
(Chk2), and H2AX, which plays important roles in IR-
induced DNA damage response in irradiated cells [37–40].
Our results suggested that upregulation of P53 expression was
related to the enhanced radiation-induced G1 arrest and the
improved antitumor and antimetastatic effects of radiation by
MG132 in P53 wild-type A549 cells. During this process,
inhibited NF-κB activation might coordinately facilitate the
increase of P53. Activation of P53 in ATM signaling path-
ways by IR can regulate multiple pathways such as TGF-β,
which suppresses cell growth, apoptosis, and angiogenesis of
cancer cells [41]. The P53-deficient H1299 cells showed G2/
M arrest after MG132 together with irradiation, which is
similar to our previous report of artesunate in P53 mutant
Hela cells [42], suggesting a P53-independent manner.

In summary, we demonstrated that MG132 at a dose of
100 nM displayed sufficient enhancement of antitumor and
antimetastatic effects of radiation in human NSCLC cells.
However, animal models bearing NSCLC-derived xenograft
tumor still need be established to further confirm the facilita-
tion of antitumor and antimetastatic effects of radiation by
MG132 in vivo. Our results suggest the feasibility of using
reduced dose of MG132 for the treatment of human lung
cancer.
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