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IκB, a cytoplasmic inhibitor of nuclear factor-κB (NF-κB), is 

reportedly degraded via the proteasome. However, we re-

cently found that long-term incubation with proteasome 

inhibitors (PIs) such as PS-341 or MG132 induces IκBα degra-

dation via an alternative pathway, lysosome, which results in 

NF-κB activation and confers resistance to PI-induced lung 

cancer cell death. To enhance the anti-cancer efficacy of PIs, 

elucidation of the regulatory mechanism of PI-induced IκBα 

degradation is necessary. Here, we demonstrated that PI up-

regulates nuclear factor (erythroid-derived 2)-like 2 (Nrf2) via 

both de novo protein synthesis and Kelch-like ECH-associated 

protein 1 (KEAP1) degradation, which is responsible for IκBα 

degradation via macroautophagy activation. PIs increased the 

protein level of light chain 3B (LC3B, macroautophagy mark-

er), but not lysosome-associated membrane protein 2a 

(Lamp2a, the receptor for chaperone-mediated autophagy) in 

NCI-H157 and A549 lung cancer cells. Pretreatment with 

macroautophagy inhibitor or knock-down of LC3B blocked PI-

induced IκBα degradation. PIs up-regulated Nrf2 by increas-

ing its transcription and mediating degradation of KEAP1 

(cytoplasmic inhibitor of Nrf2). Overexpression of dominant-

negative Nrf2, which lacks an N-terminal transactivating do-

main, or knock-down of Nrf2 suppressed PI-induced LC3B 

protein expression and subsequent IκBα degradation. Thus, 

blocking of the Nrf2 pathway enhanced PI-induced cell death. 

These findings suggest that Nrf2-driven induction of LC3B  

plays an essential role in PI-induced activation of the IκB/NF-

κB pathway, which attenuates the anti-tumor efficacy of PIs. 
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INTRODUCTION 
 

As the first proteasome inhibitor (PI) approved by the FDA, 

PS-341, or bortezomib, is well-known for its anti-neoplastic 

effects toward multiple myeloma and its chemo-sensitizing, 

synergistic role with other chemotherapeutic agents in con-

trolling myeloma (Richardson et al., 2003). Recently studies 

have suggested a therapeutic role of PIs in advanced non-

small cell lung cancer (NSCLC). (Aghajanian et al., 2002; 

Fanucchi et al., 2006; Ling et al., 2003; Yang et al., 2004). To 

improve the poor survival rate and short median overall sur-

vival of 8–10 months (Mandrekar et al., 2006), new treat-

ments that can be integrated into the first-line therapy in 

advanced NSCLC are needed. Nevertheless, PS-341 has 

shown limited benefits when used as a single agent in 

NSCLC (Besse et al., 2012). 

The proteasome is a multicatalytic protease complex that 

rapidly degrades proteins via the ubiquitin and ATP pathway, 

but typically not through the lysosome pathway (Coux et al.,  
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1996; Goldberg et al., 1995). Various proteins, such as cyclin, 

cyclin-dependent kinase inhibitor, p53, NF-κB precursor pro-

tein, and IκB are degraded via the proteasome (Maki et al., 

1996; Pagano et al., 1995; Palombella et al., 1994). This 

ubiquitin-proteasome pathway plays an important role in cell 

cycle regulation and signaling; blocking this pathway causes 

accumulation of pro-apoptotic proteins, which results in 

apoptosis of cancer cells but not of normal cells (Masdehors 

et al., 1999; Soligo et al., 2001). 

In our previous study, we found that long-term incubation 

with PIs, PS-341 or MG-132, induced IκBα degradation via 

an alternative lysosome pathway and resulted in NF-κB acti-

vation, which conferred resistance to PI-mediated apoptosis 

in lung cancer cells (Lee et al., 2013). To maximize the anti-

cancer effect of PI in NSCLC, it is crucial to elucidate the 

mechanism of resistance to PI-induced apoptosis. In this 

present study, we investigated which type of autophagy 

contributes to such resistance to PI in lung cancer cells. Our 

results showed that PIs up-regulated Nrf2 via both de novo 

protein synthesis and KEAP1 degradation, resulting in induc-

tion of LC3B, a macroautophagy marker, to degrade IκBα 

and regulate PI-induced cell death. These findings suggest 

that the activation of macroautophagy via an Nrf2-

dependent mechanism suppresses PI-induced lung cancer 

cell death by IκBα degradation. 

 

MATERIALS AND METHODS 
 

Reagents 
Rabbit polyclonal anti-IκBα, anti-LC3B, anti-phospho-mTOR 

(Ser2448), anti-sirtuin1, and anti-KEAP1 antibodies, cyclo-

heximide, p65 siRNAs, and LC3B siRNAs were purchased 

from Cell Signaling Technology (Danvers, USA). Rabbit poly-

clonal anti-p65, anti-cIAP2, anti-PARP, anti-Nrf2(C-20), anti-

Lamin A/C, goat polyclonal anti-COX-2, anti-GAPDH, mouse 

monoclonal Lamp2 antibodies, secondary antibodies conju-

gated to horseradish peroxidase, Nrf2 siRNAs, control siR-

NAs, Lamp2 shRNAs, and control shRNAs were obtained 

from Santa Cruz Biotechnology (Santa Cruz, USA). Rabbit 

polyclonal Lamp2a antibody was from Abcam (Cambridge, 

UK). TNF-α was from R&D Systems (Minneapolis, USA). 

Bortezomib (PS-341) was obtained from Selleckchem (Hou-

ston, USA) and MG132 was from Calbiochem (Darmstadt, 

Germany). The eutomer of dehydroxymethylepoxyquinom-

icin (DHMEQ), (-)-DHMEQ, was from ChemScene (Mon-

mouth Junction, USA). Lipofectamine 2000 was purchased 

from Invitrogen (Carlsbad, USA). 3-MA and thiazolyl blue 

tetrazolium blue (MTT) was from Sigma-Aldrich, Inc. (St. 

Louis, USA). 

 

Cell line authentication 
NCI-H157 (ATCC, USA), derived from squamous cell lung 

cancer, and A549, lung adenocarcinoma epithelial cells, 

(Korean Cell Line Bank, Korea) were maintained in RPMI 

(GIBCO by Life Technologies, Grand Island, USA) containing 

10% heat-inactivated FBS and 1% penicillin-streptomycin at 

37℃ under 5% CO2. Experiments performed on cells that 

were passaged less than 20 times. 

Quantitative real-time PCR 
Total RNA from NCI-H157 and A549 cells was isolated using 

the RNeasy kit (Qiagen, Germany). cDNA was synthesized 

from 1 μg of total RNA using a Reverse Transcription system 

(Promega, USA). PCR amplification was performed with 2X 

TaqMan gene expression master mix (Applied Biosystems, 

USA). Nrf2 probe (Hs00975961_g1) and GAPDH probe 

(Hs99999905_m1) were obtained from Applied Biosystems. 

Power SYBR Green (Applied Biosystems) was used for PCR 

amplification for COX-2 and LC3B. COX-2 primers (fwd 5′-
TGAGCATCTACGGTTTGCTG-3′, rev 5′-TGCTTGTCTGGAACA 

ACTGC-3′), LC3B primers (fwd 5′-GAGAAGCAGCTTCCTG 

TTCTGG-3′, rev 5′-GTGTCCGTTCACCAACAGGAAG-3′) and 

GAPDH primers (fwd 5′-GAAGGTGAAGGTCGGAGTC-3′, 
rev 5′-GAAGATGGTGATGGGATTTC-3′) were used. 

 

Preparation of cell extracts 
Cells were allowed to equilibrate in ice-cold cytoplasmic ex-

traction buffer (CEB) consisting of 10 mM Tris-HCl (pH 7.8), 

10 mM KCl, 1.5 mM EDTA, and 0.5 mM DTT for 5 min. The 

cells were lysed on ice in a 0.4% NP-40/CEB/protease inhibi-

tor cocktail (Roche Diagnostics Corporation, USA). Following 

centrifugation at 3,500 rpm for 5 min, the supernatants 

(cytoplasmic extracts) were collected. The nuclear pellets 

were washed with CEB and then suspended in nuclear ex-

traction buffer (NEB) consisting of 20 mM Tris-HCl (pH 7.8), 

150 mM NaCl, 50 mM KCl, 1.5 mM EDTA, 5 mM DTT, and 

0.4% NP-40/protease inhibitor cocktail. Following centrifu-

gation at 13,000 rpm for 15 min, the supernatants (nuclear 

extracts) were collected. Total cellular extracts were prepared 

in 1X cell lysis buffer (Cell Signaling Technology). Protein 

concentrations were determined using the Bradford method 

(Bio-Rad, USA). 

 

Western blot analysis 
Equal amounts of protein were resolved by 4–12% SDS-

PAGE (Invitrogen) and transferred to nitrocellulose mem-

branes (GE Healthcare Bio-sciences, UK). The membranes 

were blocked with 5% skim milk-blocking buffer for 1 h 

before incubation overnight at 4℃ with primary antibodies. 

The membranes were then washed three times and incu-

bated with horseradish peroxidase-conjugated secondary 

antibodies in blocking buffer for 1 h. After successive washes, 

the membranes were developed using SuperSignal West 

Pico Chemiluminescent kit (Thermo Fisher Scientific, USA). 

 

Transfection of siRNAs and shRNAs 
Transfection of control siRNAs, p65 siRNAs, LC3B siRNAs, 

Nrf2 siRNAs, control shRNAs, or Lamp2 shRNAs was carried 

out using Lipofectamine 2000 according to the manufactur-

er's specifications. After 48 h, the cells were used in experi-

ments. 

 

Transduction of adenovirus vectors 
Cells were plated in a 60-mm tissue culture plate. After 

overnight incubation, the cells were transduced at multiplici-

ties of infection of 50 with adenovirus vectors expressing 

wild-type Nrf2 (Ad-WT-Nrf2) or dominant-negative Nrf2 

(Ad-DN-Nrf2), which lacks an N-terminal transactivating 
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Fig. 1. PI activates IκB/NF-κB pathway. (A) 

NCI-H157 and A549 cells were treated with 

PS-341 (50 nM) or MG132 (20 μM) for the 

indicated times. Total cellular extracts were 

subjected to Western blot analysis for IκBα 

and GAPDH. (B) NCI-H157 cells were treated 

with PS-341 or MG132 for the indicated 

times. Nuclear proteins were extracted and 

subjected to Western blot analysis for p65 

and Lamin A/C. TNF-α (10 ng/mL, 60 min) 

was used as a positive control. (C) Both cell 

lines were stimulated with PS-341 or 

MG132 for 0, 6, 8, 12, or 24 h. Total RNA 

was isolated and quantitative real-time PCR 

for COX-2 and GAPDH was performed. Data 

represent the mean ± SD of triplicate exper-

iments. **P < 0.05 (D) NCI-H157 cells were 

treated with PS-341 or MG132 for the indi-

cated times. Total cellular extracts were sub-

jected to Western blot analysis for COX-2, 

cIAP2, and GAPDH. (E) NCI-H157 cells were 

pretreated with DHMEQ (10 or 20 μg/mL) 

for 2 h and then stimulated with PS-341 for 

6 or 24 h. Nuclear proteins (6 h) and whole 

cell proteins (24 h) were isolated and sub-

jected to Western blot analysis for p65, Lam-

in A/C, COX-2, and GAPDH. (F) NCI-H157 

cells were transiently transfected with con-

trol siRNAs or p65 siRNAs. Forty-eight hours 

after transfection, the cells were stimulated 

with PS-341 for 24 h. Total cellular extracts 

were subjected to Western blot analysis for 

COX-2, p65, and GAPDH. Results are repre-

sentative of three distinct experiments. 

domain, in complete RPMI media for 2 h with gentle shaking 

and then incubated at 37℃, 5% CO2. After 48 h, the cells 

were used in experiments. 

 

Cell viability assay 
Cell viability was measured by the MTT assay. MTT solution 

was added to cells (final concentration of 0.5 mg/mL), and 

the cells were incubated at 37℃ for 30 min. After removing 

the culture media, 50 μL DMSO was added and the optical 

density of each well was read at 570 nm. 

 

Statistical analysis 
Data were evaluated using the Student t-test to determine 

statistical significance, and a P value of < 0.05 was consid-

ered to indicate significance. 

RESULTS 
 

PI activates IκB/NF-κB pathway 
As described in our previous report (Lee et al., 2013), long-

term incubation with PI resulted in IκBα degradation (Fig. 

1A) in both NCI-H157 and A549 cells. Expression of NF-κB 

subunit p65 was increased in the nuclear extracts, indicating 

the nuclear translocation of NF-κB (Fig. 1B). NF-κB in the 

nucleus up-regulated NF-κB-regulated gene and protein 

expression of COX-2 and cIAP2 (Figs. 1C and 1D). The PI-

induced increase in COX-2 expression was suppressed by 

blocking NF-κB activation by two different methods: 

DHMEQ, which blocks the nuclear translocation and DNA-

binding of NF-κB (Fig. 1E), or siRNAs, which were used to 

knock-down of NF-κB-p65 (Fig. 1F). These results suggest 

that PI activates the IκB/NF-κB pathway. 

 

 

 

 

A                                 B 

 

 

 

 

 

 

 

 

 

 

C 

 

 

 

 

 

 

 

 

 

 

 

 

 

D                                   F 

 

 

 

 

 

 

E 

 



Nrf2 Mediates PI-Induced IκBα Degradation 
Kyoung-Hee Lee et al. 

 
 

Mol. Cells 2018; 41(12): 1008-1015  1011 

 
 

Fig. 2. PI-induced IκBα degradation is associated with 

macroautophagy. (A) NCI-H157 cells were treated 

with PS-341 (50 nM) or MG132 (20 μM) for the indi-

cated times. Total cellular extracts were subjected to 

Western blot analysis for Lamp2a, Lamp2, LC3B, and 

GAPDH. (B) Cells were stimulated with PS-341 (50 

nM) for the indicated times. Total RNA was isolated 

and quantitative real-time PCR for LC3B and GAPDH 

was performed. Data represent the mean ± SD of 

triplicate experiments. **P < 0.05 (C) NCI-H157 cells 

were pretreated with 3-methyladenine (3-MA, 5 and 

10 mM) for 1 h and then stimulated with PS-341 or 

MG132 in the presence or absence of 3-MA for 6 h. 

Total cellular extracts were subjected to Western blot 

analysis for IκBα and GAPDH. Results are representa-

tive of three independent experiments. 

Fig. 3. Macroautophagy mediates PI-induced IκBα degrada-

tion. (A, B) NCI-H157 cells were transiently transfected 

with control shRNAs, Lamp2 shRNAs, control siRNAs, or 

LC3B siRNAs. Forty-eight hours after transfection, the cells 

were treated with PS-341 (50 nM) or MG132 (20 μM) for 

8 h. Total cellular extracts were subjected to Western blot 

analysis for IκBα, Lamp2a, Lamp2, LC3B, and GAPDH. 

Results are representative of three independent experi-

ments. 

PI-induced IκBα degradation is associated with 
macroautophagy 
We previously showed that the activation of lysosomal 

proteolytic enzymes, also known as autophagy, is involved 

in PI-induced IκBα degradation (Lee et al., 2013). To de-

termine the subtypes of autophagy involved in this process, 

we evaluated the effect of PIs on macroautophagy or 

chaperone-mediated autophagy, which was assessed by 

measuring its surrogate markers, LC3B and Lamp2a, re-

spectively. PI increased LC3B, but not Lamp2a, via tran-

scriptional activation (Figs. 2A and 2B). When macroau-

tophagy was blocked by the inhibitor, 3-methyladenine (3-

MA), PI-induced IκBα degradation was reduced (Fig. 2C), 

suggesting an association between PI-induced IκBα degra-

dation and macroautophagy. 

 

Macroautophagy mediates PI-induced IκBα degradation 
To elucidate the cause and effect relationship between PI-

induced degradation of IκBα and autophagy, we assessed 

the effect of LC3B or Lamp2a knock-down on PI-induced 

IκBα degradation. Knock-down of the LC3B gene, but not 

Lamp2a, reduced PI-induced IκBα degradation (Figs. 3A and 

3B). These findings confirm that PI-induced IκBα degrada-

tion is dependent on macroautophagy. 
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Fig. 4. PI-induced IκBα degradation is mediat-

ed by Nrf2 up-regulation via both de novo 

protein synthesis and KEAP1 degradation. (A, 

B) NCI-H157 cells were treated with PS-341 

(50 nM) or MG132 (20 μM) for the indicat-

ed times. Total cellular extracts were subject-

ed to Western blot analysis for phospho-

mTOR (Ser2448) (p-mTOR), sirtuin1, Nrf2, 

KEAP1, and GAPDH (A). Total RNA was 

isolated and quantitative real-time PCR for 

Nrf2 and GAPDH was performed (B). Data 

represent the mean ± SD of triplicate exper-

iments. **P < 0.05 (C) NCI-H157 cells were 

pretreated with cycloheximide (CHX, a pro-

tein synthesis inhibitor, 10 μg/mL) for 1 h 

and then stimulated with PS-341 or MG132 

in the presence or absence of CHX for 6 or 8 

h. (D) NCI-H157 cells were infected with 

adenovirus vectors expressing wild-type Nrf2 

(Ad-WT-Nrf2) or dominant-negative Nrf2 

(Ad-DN-Nrf2). Forty-eight hours after infec-

tion, the cells were treated with PS-341 (50 

nM) for 8 h. Cells were transiently transfect-

ed with control siRNAs or Nrf2 siRNAs. After 

48 h, the cells were stimulated with PS-341 

for 8 h. Total cellular extracts were subjected 

to Western blot analysis for Nrf2, IκBα, LC3B, 

and GAPDH. Results are representative of 

three independent experiments. (E) Densi-

tometric analysis of the IκBα expression is 

shown. Results were normalized by arbitrari-

ly setting the densitometry of non-stimulated 

cells to 1.0 (shown is mean ± SD; n=3). **P 

< 0.05 

PI-induced IκBα degradation is mediated by Nrf2 
up-regulation via both de novo protein synthesis and 
KEAP 1 degradation 
To further understand the molecular mechanism underlying 

PI-induced, macroautophagy-dependent IκBα degradation, 

we searched for upstream regulators of LC3B, such as the 

mammalian target of rapamycin (mTOR), sirtuin1, and Nrf2 

(Esclatine et al., 2009; Zhou et al., 2015; Zhu et al., 2013). 

mTOR is a Ser/Thr protein kinase and catalytic subunit of two 

structurally distinct complexes: TOR complex 1 (TORC1) and 

TORC2. Specially, TORC1 is known to be an upstream nega-

tive regulator of Atg1 complex involved in autophagy induc-

tion. Inhibition of mTOR activity triggers autophagy 

(Esclatine et al., 2009). Sirtuin1 is one of the class III histone 

deacetylases, involving many critical cellular processes includ-

ing tumorigenesis and cell proliferation. Sirtuin1 induction 

was reported to abolish autophagy, whereas downregula-

tion of sirtuin1 and inhibition of sirtuin1 activity enhance 

autophagy in cancer cells (Zhou et al., 2015). However, in 

this study, PIs did not affect the level of phospho-mTOR and 

sirtuin1 (Fig. 4A). The activation of Nrf2 has been demon-

strated to play a crucial role in cancer cell resistance to dif-

ferent anticancer therapies. PS-341 treatment activates Nrf2 

in cancer cells and Nrf2 negatively regulates autophagy in 

lung epithelial cells (Zhu et al., 2013). PI treatment resulted 

in up-regulation of Nrf2 and reduced the expression of 

KEAP1 (Fig. 4A). The down-regulation of KEAP1 has been 

shown to stabilize Nrf2 and increase its expression; however, 

de novo protein synthesis by transcriptional activation was 

also responsible for PI-induced Nrf2 up-regulation (Figs. 4B 

and 4C). Knock-down of Nrf2 by transfection of siRNAs tar-

geting Nrf2 gene or overexpression of dominant negative-

Nrf2 (Ad-DN-Nrf2) repressed PI-induced LC3B induction and 

subsequent IκBα degradation (Figs. 4D and 4E). However, 

LC3B transcripts increased rather than decreased in Nrf2 

siRNA transfected cells (data not shown). Thus, Nrf2 medi-

ates up-regulation of LC3B protein and subsequent IκBα 

degradation in PI stimulated cells. 
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Fig. 5. PI-induced Nrf2 activation suppresses

PI-induced cell death. (A) NCI-H157 cells were

transiently transfected with control siRNAs or

Nrf2 siRNAs. Forty-eight hours after transfec-

tion, the cells were treated with PS-341 (50

nM) for 24 h. Total cellular extracts were

subjected to Western blot analysis for PARP,

Nrf2, and GAPDH. (B) Cells were infected

with adenovirus vectors expressing WT-Nrf2

or DN-Nrf2. After 48 h, the cells were stimu-

lated with PS-341 (50 nM) for 24 h. Cell via-

bility was determined by MTT assay. Data

represent the mean ± SD of triplicate experi-

ments. **P < 0.05 (C) Schematic model de-

picting the development of resistance to PIs in

lung cancer cells. Discussion includes further

details. S.E., short exposure; L.E., long expo-

sure 
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PI-induced Nrf2 activation suppresses PI-induced cell death 
We previously reported that NF-κB activation makes lung 

cancer cells resistant to TNF-α-induced apoptosis (Kim et al., 

2000), thus, we assessed whether Nrf2 activation suppresses 

PI-induced apoptosis. Knock-down of Nrf2 with siRNAs in-

creased cleavage products of poly (ADP-ribose) polymerase 

(PARP), indicative of the apoptotic cell fraction, in PS-341 

treated cells (Fig. 5A). The MTT assay also showed decreased 

cell viability in DN-Nrf2-overexpressing PI-treated cells (Fig. 

5B). A schematic of our hypothesis based on the results of 

this study is shown in Fig. 5C. Taken together, PI-induced 

Nrf2 activation results in IκBα degradation via macroautoph-

agy, and subsequent NF-κB activation suppresses apoptotic 

cell death. 

 

DISCUSSION 
 

In the present study, we showed that Nrf2 up-regulation 

and subsequent macroautophagy activation are responsible 

for PI-induced IκBα degradation. We previously demonstrat-

ed that IκBα degradation and NF-κB activation confer re-

sistance to PI- or TNF-α-mediated apoptosis in lung cancer 

cells (Kim et al., 2000; Lee et al., 2013). This is the first study 

implicating Nrf2 and macroautophagy in the upstream 

mechanism leading to PI-induced IκBα degradation and 

subsequent NF-κB activation in lung cancer. 

Macroautophagy is a major autophagic process in which 

dysfunctional proteins are sequestered by cytosolic double-

membrane vesicles for degradation (Cuervo, 2004). In con-

trast, chaperone-mediated autophagy is a more selective 

process that does not require such vesicular traffic; this pro-

cess requires recognition of a peptide motif and binding to 

Lamp2a receptor (Majeski and Dice, 2004). With PI-induced 

up-regulation of LC3B but not Lamp2a, as well as knock-

down of LC3B which reduces PI-induced IκBα degradation, 

our results indicate that macroautophagy, not chaperone-

mediated autophagy, is a key mechanism of resistance to PI-

induced apoptosis in lung cancer. Although treatment with 

PI may slightly increase the protein levels of LC3B because of 

decreased proteasome-associated LC3B degradation (Gao et 

al., 2010), we showed that PI elevated LC3B mRNA levels. 

Nrf2 is known to have dual effects on cell death, prevent-

ing tumor occurrence in normal cells and playing a cytopro-

tective role in cancer cells (Hou et al., 2015; Lim et al., 2013; 

van der Wijst et al., 2015). The main mechanism of this re-

sistance involves dissociation of Nrf2 from KEAP1, which 

enables Nrf2 to bind antioxidant responsive elements to 

promote the transcription of genes encoding antioxidant 

enzymes, leading to chemoresistance (Kobayashi et al., 

2006; Leinonen et al., 2014). This is in accordance with the 

findings of previous studies of PI-mediated Nrf2-dependent 

upregulation of antioxidant enzymes (Dreger et al., 2009). In 

this study, we demonstrated PI-mediated, Nrf2-dependent 

activation of macroautophagy leading to subsequent IκBα 

degradation and determined two mechanisms by which PI 

up-regulates Nrf2: de novo protein synthesis and KEAP1 

degradation. Clinically, high Nrf2 expression in tumor speci-

mens is correlated with poor response rate of platinum-

based chemotherapy and is an independent prognostic fac-

tor for survival in advanced NSCLC patients (Yang et al., 
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2011). 

Based on our findings, targeting Nrf2 or macroautophagy 

may improve the result of PI therapy in lung cancer. As sug-

gested by our data showing that knock-down of Nrf2 en-

hanced PI-induced apoptosis, inhibiting Nrf2 is a promising 

approach. Autophagy blockade may also be a potential ef-

fective strategy for overcoming tumor resistance in chemo-

therapy and relevant data has been published in colon, 

hepatocellular, pancreatic cancer, and osteosarcoma (Ding 

et al., 2011; Li et al., 2010; Mujumdar et al., 2010; Wu et al., 

2014). Recently, a study by Moriya et al reported improved 

chemotherapy outcomes following treatment with macro-

lide antibiotic, an autophagy flux inhibitor, in combination 

with bortezomib in multiple myeloma (Moriya et al., 2013). 

By simultaneously targeting the ubiquitin-proteasome sys-

tem and autophagy-lysosome system, we may expect better 

outcomes in lung cancer as in other cancers (Ryter and Choi, 

2015). 

In conclusion, our data show that PI-induced Nrf2 activa-

tion enhances macroautophagy, leading to IκBα degradation 

and subsequent NF-κB activation in NCI-H157 and A549 

cells. Targeting these specific anti-apoptotic mechanisms 

may represent a novel strategy for overcoming the resistance 

to PI-induced apoptosis in lung cancer. 
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