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Abstract. Lung cancer is a major public health problem world-
wide. Non-small cell lung cancer (NSCLC) accounts for 85% 
of lung cancer cases. Autophagy has recently sparked great 
interest, and it is thought to participate in a variety of diseases, 
including lung cancer. Uncoordinated (Unc) 51-like kinase 1 
(Ulk1), a serine/threonine kinase, plays a central role in the 
autophagy pathway. However, the role of Ulk1 in NSCLC 
remains unclear. We report that NSCLC cell lines exhibited 
high expression of Ulk1 and that Ulk1 was negatively corre-
lated with prognosis in lung cancer patients. Knockdown 
of Ulk1 or the inhibition of Ulk1 by the selective inhibitor 
SBI0206965, inhibited cell proliferation, induced cell apop-
tosis and enhanced the sensitivity of cisplatin against NSCLC 
cells. Moreover, we demonstrated that Ulk1 exerted onco-
genic activity in NSCLC by modulating both autophagy and 
apoptosis pathways. Inhibition of autophagy by SBI0206965 
sensitized NSCLC cells to cisplatin by inhibiting cisplatin 
induced cell-protective autophagy to promote apoptosis. 
Furthermore, SBI0206965 promoted apoptosis in NSCLC 
cells independent of autophagy, which was partly mediated 
by destabilization of Bcl2/Bclxl. In summary, our results 
show that inhibition of Ulk1 suppresses NSCLC cell growth 
and sensitizes NSCLC cells to cisplatin by modulating both 
autophagy and apoptosis pathways, and that Ulk1 might be a 
promising target for NSCLC treatment.

Introduction

Lung cancer is the most frequently diagnosed cancer and 
the leading cause of cancer death, resulting in more than 
1.5 million deaths worldwide in 2012 (1). The morbidity of 
lung cancer has continued to increase worldwide, especially 
in less developed countries, in part because of air pollution. 
Non-small cell lung cancer (NSCLC) accounts for almost 
85% of all lung cancer cases. Despite significant progress in 
the diagnosis and treatment of NSCLC, the 5-year overall 
survival rate of patients with NSCLC remains very low (2). 
Cisplatin-based, two-drug combination chemotherapy has 
been recommended as the first-line treatment for NSCLC, but 
intrinsic and acquired cisplatin resistance limits its efficacy in 
lung cancer treatment. Thus, the identification of new thera-
peutic targets and new methods to enhance the sensitivity of 
cisplatin for NSCLC would be of great value.

Autophagy is a process of phagocytosis of unnecessary or 
dysfunctional components, fusion with lysosomes and degra-
dation of the contents of the lysosomes to maintain cellular 
homeostasis (3). As one of the important mechanisms of 
essential material recycling, autophagy is thought to partici-
pate in a variety of diseases, including lung cancer (4). Many 
tumors survive via autophagy, which suggests that targeting 
autophagy may be a universal method for cancer therapy (5). 
Dysregulation of autophagy is often observed in lung 
cancer (6). Inhibition of autophagy sensitizes NSCLC cells to 
chemotherapy (7,8). Kinase inhibitors have proven successful 
in the clinic. As the only conserved serine/threonine kinase in 
the autophagy cascade, uncoordinated (Unc) 51-like kinase 1 
(Ulk1) is a very attractive cancer drug target (5). Ulk1 plays a 
key role in the initial stages of autophagy by forming a complex 
with autophagy-related 13 (ATG13) and RB1-inducible coiled-
coil 1 (RB1CC1) (9,10). Under nutrient-rich conditions, both 
Ulk1 and ATG12 are phosphorylated by target of rapamycin 
(TOR), which represses Ulk1 kinase activity and thus results in 
inhibition of autophagy. Conversely, upon nutrient deprivation, 
activated AMP-activated protein kinase (AMPK) activates 
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Ulk1, which subsequently leads to initiation of autophagy (11). 
Pike et al showed that Ulk1 promotes cell survival of several 
cancers (12). Moreover, overexpression of Ulk1 has been 
shown to be negatively correlated with the prognosis of a 
variety of cancers, such as colorectal cancer, breast cancer, 
human nasopharyngeal carcinoma and esophageal squamous 
cell carcinoma (12-16). Egan et al reported that the compound 
SBI0206965, a highly selective kinase inhibitor of Ulk1 both 
in vitro and in vivo, suppresses Ulk1-mediated phosphoryla-
tion events in cells and prevents Ulk1-dependent cell survival 
by suppressing autophagy (5). However, the roles of Ulk1 and 
SBI0206965 in NSCLC are largely unknown.

We report that Ulk1 was upregulated in NSCLC cell 
lines and was negatively correlated with prognosis in 
NSCLC patients. Knockdown of Ulk1 inhibited cell growth 
and sensitized NSCLC cells to cisplatin. Inhibition of Ulk1 
by SBI0206965 reduced the proliferation of NSCLC cells 
and induces cell apoptosis by inhibiting autophagy and 
destabilizing Bcl2/Bclxl. In summary, our results show that 
SBI0206965 suppresses NSCLC cell growth and sensitizes 
NSCLCL cells to cisplatin by modulating both autophagy and 
apoptosis pathways and that Ulk1 is a promising therapeutic 
target for NSCLC treatment.

Materials and methods

Cell culture. The NSCLC cell lines A549, H1299, H292, 
H460, and HCC827 and the normal human lung cell line 
BEAS-2B were obtained from the American Type Culture 
Collection (Manassas, VA, USA). The cell lines were grown 
in RPMI-1640 medium (HyClone, South Logan, VT, USA), 
supplemented with 10% (v/v) fetal bovine serum (Gibco, 
Grand Island, NY, USA) and 100 IU/ml penicillin and 
100 µg/ml streptomycin (Beyotime Biotechnology, Shanghai, 
China). All of the cells were cultured at 37˚C in a humidified 
incubator with 5% CO2.

Reagents and antibodies. Cisplatin and Z-VAD-FMK were 
purchased from Selleck (Houston, TX, USA). SBI0206965 was 
obtained from DC Chemicals (Shanghai, China). The anti-Ulk1 
(8054) and anti-LC3 (3868) antibodies were obtained from 
Cell Signaling Technology (Danvers, MA, USA). The anti-
Bcl2 (12789-1-AP) and Bclxl (10783-1-AP) antibodies were 
purchased from Proteintech (Chicago, IL, USA). The anti-p62 
(ab109012) antibody was purchased from Abcam (Cambridge, 
UK). The mouse anti-β-actin monoclonal antibody (AM1021B) 
was from Abgent (San Diego, CA, USA).

Cell proliferation and EdU incorporation assay. A total of 
1x104 cells in 100 µl of supplemented culture medium per 
well were cultured in 96-well plates overnight, followed by 
treatment with the indicated compounds in quintuplicate for 
72 h. Cell viability was assessed at 450 nm using a microplate 
reader (Bio-Rad, Hercules, CA, USA), 1 h after adding 10 µl 
of CCK-8 reagent (Cell Counting Kit-8, Dojindo Molecular 
Technologies, Inc., Kumamoto, Japan) to each well. Cell prolif-
eration was also assessed using a Cell-Light EdU DNA cell 
proliferation kit (RiboBio, Guangzhou, China), according to 
the manufacturer's instructions. All analyses were performed 
three times.

Colony formation assay. H460 and A549 cells were seeded 
at 800 or 500 cells per well in 2 ml of medium in 6-well 
plates. The cells were treated as required the next day, and 
were allowed to grow for 10-14 days in the constant tempera-
ture and humidity incubator until colonies formed. The cells 
were then washed twice with PBS, stained with a solution of 
0.5% crystal violet and 70% ethanol, washed with PBS twice 
and dried. Colonies with >50 cells were counted, and each 
assay was conducted in triplicate and three separate assays 
were performed.

Annexin V assay of cell apoptosis. Cells were cultured in six-
well plates to 70-80% confluence and were then treated with 
the indicated compounds. After exposure for 48 or 72 h, the 
cells were harvested by trypsin, washed twice with PBS, resus-
pended in 400 µl of Annexin-binding buffer, and stained with 
5 µl of Annexin V-PE (FITC) at room temperature in the dark 
for 15 min and with 10 µl of 7-AAD (PI) for 5 min according 
to the manufacturer's instructions for the Annexin V-FITC 
Apoptosis assay kit (BestBio, Shanghai, China). Both apop-
totic cells and live cells were detected by flow cytometry 
(BD Biosciences, San Jose, CA, USA).

Plasmids and transfection. The shRNA vector pLKO.1 
and GFP-LC3 plasmids were obtained from Addgene, Inc. 
(Cambridge, MA, USA). pLKO.1 puro was a gift from 
Bob Weinberg (Addgene plasmid #8453) (17). GFP-LC3 
was a gift from Jayanta Debnath (Addgene plasmid 
#22405) (18). Endogenous Ulk1 was knocked down 
using pLKO.1-shRNA-Ulk1-1 (Mission TRC shRNA 
TRCN0000000838) and pLKO.1-shRNA-Ulk1-2 (Mission 
TRC shRNA TRCN0000000839). The control shRNA 
sequence was CAACAAGATGAAGAGCACCAA. Cells 
were transfected with the indicated plasmids according to the 
manufacturer's instructions for TurboFect DNA transfection 
reagent (Thermo Fisher Scientific, Waltham, MA, USA).

Western blotting. Cells were lysed on ice with cell lysis buffer 
(Beyotime, Shanghai, China), and the protein concentrations 
were measured using the Pierce BCA Protein assay kit (Thermo 
Fisher Scientific). The samples were subjected to 10 or 12% 
SDS-PAGE with a power supply (Bio-Rad) and transferred 
to polyvinylidene fluoride membranes (Millipore, Bedford, 
MA, USA). The membranes were blocked in 5% skimmed 
milk (Difco Laboratories, Detroit, MI, USA) in TBST for 
1.5 h and then incubated with primary antibodies overnight 
at 4˚C, followed by incubation with the corresponding horse-
radish peroxidase (HRP)-conjugated secondary antibody 
(Proteintech) for 1.5 h. Finally, the bands were visualized with 
the ECL system (Beyotime) by exposure to X-ray film. Actin 
was used as a loading control. All experiments were performed 
three times.

Total RNA isolation, reverse transcription and quantitative 
real-time PCR (qRT-PCR). Total RNA from NSCLC cells was 
isolated using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA). The quantity of isolated RNA was measured by 
NanoPhotometer (Implen, Munich, Germany). First-strand 
cDNA was synthesized using SuperScript First-Strand 
Synthesis System for RT-PCR (Invitrogen) using 2.5 µg of 
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total RNA isolated from NSCLC cells. Each reaction of real-
time polymerase chain reactions (PCR) was conducted with 
SYBR® Premix Ex Taq™ (Takara, Dalian, China) in a final 
volume of 20 µl using 1 µg of cDNA. β-actin was used as 
endogenous control transcripts for normalization of the target 
transcripts. All primers were tested for optimal annealing 
temperatures and PCR conditions were optimized with 
gradient PCRs on an iCycler (Bio-Rad). The PCR primer 
sequences for β-actin, Bcl2 and Bclxl are as follows (5' to 3', 
sense and antisense, respectively): Human β-actin sense: TGG 
CACCCAGCACAATGAA, and antisense: CTAAGTCATAG 
TCCGCCTAGAAGCA; human Ulk1 sense: GGCAAGTTCGA 
GTTCTCCCG, and antisense: CGACCTCCAAATCGTGCT 
TCT; human Bcl2 sense: GGTGGGGTCATGTGTGTGG, and 
antisense: CGGTTCAGGTACTCAGTCATCC; human Bclxl 
sense: GACTGAATCGGAGATGGAGACC, and antisense: 
GCAGTTCAAACTCGTCGCCT.

The PCR reaction was carried out as follows: step 1: 95˚C 
5 min; step 2: 39 cycles at 95˚C for 30 sec, 60˚C for 30 sec, 
72˚C for 30 sec; step 3: 95˚C for 10 sec, 65˚C for 10 sec. Each 
reaction tube contained 10 µl 2X SYBR Premix Ex Taq + 7 µl 
nuclease-free water + 2 µl 0.1 µg/μl primer (pair) + 1 µl cDNA 
(0.2 µg/µl). Genes were amplified in triplicate. The average 
cycle threshold (Ct) value for each group was determined and 
normalized by the endogenous control Ct value. Relative gene 
expression was analyzed using the 2-∆∆Ct method.

Statistical analysis. Statistical software including SPSS 17.0 
and GraphPad Prism 5.0 was used for data analysis. All values 
are presented as mean ± standard deviation (SD) of triplicate 
measurements and repeated three times with similar results. 
All data were subjected to Student's t-test. Differences were 
considered statistically significant at P<0.05.

Results

Ulk1 is overexpressed in NSCLC cell lines. It has been reported 
that in several cancers, such as breast cancer, colorectal 

cancer, esophageal squamous cell carcinoma and human naso-
pharyngeal carcinoma, Ulk1 is upregulated and is negatively 
correlated with prognosis, but the role of Ulk1 in NSCLC 
remains unclear (12-16). In the current study, the expression 
of Ulk1 was tested in five NSCLC cell lines (A549, H292, 
H460, H1299 and HCC827) and one normal human lung cell 
line (BEAS-2B). As shown in Fig. 1A, the NSCLC cell lines 
exhibited higher expression of Ulk1 compared with BEAS-2B 
cells. Moreover, by searching the online Kaplan-Meier plotter 
database for the analysis of the prognostic value of biomarkers 
using transcriptomic data in NSCLC (19), we found that high 
expression of Ulk1 is negatively correlated with prognosis in 
patients with lung cancer (P<0.01) (Fig. 1B). Tyrosine kinases 
inhibitors (TKIs) are considered as first-line treatment for 
advanced or metastatic NSCLC patients with epidermal growth 
factor receptor (EGFR) activating mutations in the clinic. 
HCC827 is an adenocarcinoma line with the E746-A750 EGFR 
deletion mutation and is sensitive to TKIs (20). In our prelimi-
nary experiment, we found that HCC827 cells showed striking 
growth inhibition with gefitinib treatment and that inhibition 
of Ulk1 did not increase the efficacy of gefitinib in HCC827 
cells. Therefore, we used A549 and H460 cells in the following 
study instead of HCC827 cells, though HCC827 cells showed 
a higher expression of Ulk1 than the other cell lines (Fig. 1A).

Ulk1 promotes the proliferation of NSCLC cells. As Ulk1 
is overexpressed in NSCLC, we speculated that Ulk1 might 
regulate the proliferation of NSCLC cells. To assess the 
effects of Ulk1 on cell proliferation, A549 and H460 cells 
were transfected with negative control (NC) or Ulk1-specific 
shRNA plasmids, and cell proliferation was measured by 
CCK8 assay. We found a significant decrease in the cell 
proliferation rate when Ulk1 was downregulated (P<0.01) 
(Fig. 2A and B). The EdU incorporation assay showed that the 
percentage of EdU-positive cells was obviously reduced when 
Ulk1 was downregulated (Fig. 2C). Taken together, the results 
suggest that knockdown of Ulk1 inhibits cell proliferation of 
NSCLC cells.

Figure 1. Ulk1 is upregulated in NSCLC cell lines and is negatively correlated with the prognosis of patients with NSCLC. (A) Ulk1 expression in five NSCLC 
cell lines and the normal human lung cell line BEAS-2B was determined by western blot analysis of whole lysates of the indicated cell lines. The results are 
representative data from three individual experiments. (B) The relationship between Ulk1 mRNA expression and the prognosis of patients with lung cancer 
was analyzed using the Kaplan-Meier plotter database (version 2015) (Kaplan-Meier plotter database website: http://kmplot.com/analysis/).
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Ulk1 confers resistance to cisplatin in NSCLC cells. Previous 
studies have shown that cisplatin upregulated both mRNA and 
protein levels of Ulk1 (21,22). We speculated that cisplatin 
might have the same effects in Ulk1 in NSCLC cells. In 
this study, we found that cisplatin treatment upregulated the 
expression of mRNA and protein levels of Ulk1 in both A549 
and H460 cells (Fig. 3A and B). Many NSCLC cells acquire 
resistance to the cytotoxicity induced by cisplatin, which limits 
the therapeutic efficacy of cisplatin. We wondered whether 
Ulk1 will contribute to resistance to cisplatin in NSCLC cells. 
To confirm this hypothesis, A549 and H460 cells transfected 
with NC or Ulk1-specific shRNA plasmids were exposed to 
cisplatin for 72 h. As shown in Fig. 3D, and E, knockdown of 

Ulk1 significantly impaired the viability of NSCLC cells after 
cisplatin treatment. Cisplatin causes apoptotic cell death in a 
dose-dependent manner (23). We therefore examined whether 
Ulk1 influences cisplatin-mediated apoptosis in NSCLC 
cells. As shown in Fig. 3C, knockdown of Ulk1 remarkably 
increased cisplatin-induced apoptosis. Moreover, knockdown 
of Ulk1 promoted apoptosis in the absence of stress. The 
results suggest that knockdown of Ulk1 can sensitize NSCLC 
cells to cisplatin.

Inhibition of Ulk1 kinase activity by SBI0206965 inhibits 
NSCLC cell proliferation and induces apoptosis of NSCLC 
cells. As described above, Ulk1 is associated with the 

Figure 2. Ulk1 promotes the proliferation of NSCLC cells. A549 (A) or H460 (B) cells were transfected with the indicated plasmids in quintuplicate and cell 
proliferation was monitored by CCK8 assay. (C) Cell proliferation was monitored by EdU incorporation assay after transfection. Scale bar, 30 µm. The results 
are representative data from three individual experiments. **P<0.01, t-test.
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proliferation and apoptosis of NSCLC cells. Under stress 
conditions, Ulk1 is activated by AMPK-mediated phos-
phorylation and/or loss of the repression of mTOR (5). The 
autophagy cascade can be triggered when activated Ulk1 
phosphorylates downstream targets (10,11). Thus, the kinase 
activity of Ulk1 may play a vital role in autophagy-mediated 
survival in NSCLC cells under stress conditions. We used 
SBI0206965, a Ulk1-specific inhibitor, to confirm the role of 
Ulk1 (5). We first assessed the cytotoxicity of SBI0206965 
in three human NSCLC cell lines: A549, H460 and HCC827. 
Inhibition of Ulk1 by SBI0206965 suppressed cell viability 
in a dose-dependent manner (Fig. 4A). The clonogenic 
survival assay revealed that the ability to form clones was 
decreased in SBI0206965 treatment groups, comparing 
with the control group (Fig. 4B). SBI0206965 treatment also 
induced apoptosis of NSCLC cells (Fig. 4C). Chemotherapy 
drugs generally kill cancer cells by inducing apoptosis (24). 
To clarify whether the role of SBI0206965 in apoptosis was 
responsible for the death of NSCLC cells, we introduced 
the pan caspase inhibitor Z-VAD-FMK into our study. The 
combination of inhibition of apoptosis by Z-VAD-FMK with 

SBI0206965 remarkably improved cell viability compared 
with SBI0206965 alone (Fig. 4D and E). Taken together, 
the results suggest that inhibition of Ulk1 kinase activity by 
SBI0206965 impairs cell proliferation and induces apoptosis 
of NSCLC cells.

Inhibition of Ulk1 by SBI0206965 enhances the efficacy of 
cisplatin against NSCLC cells. Since knockdown of Ulk1 
sensitized NSCLC cells to cisplatin, we speculated that the 
Ulk1 inhibitor SBI0206965 might enhance the efficacy of 
cisplatin against NSCLC. We therefore treated NSCLC cells 
with SBI0206965 and cisplatin either alone or in combina-
tion. In agreement with our hypothesis, targeting Ulk1 using 
SBI0206965 significantly impaired the viability of NSCLC 
cells after cisplatin treatment compared with cisplatin treat-
ment without SBI0206965 (Fig. 5A and B). As shown in 
Fig. 5C, the percentage of Annexin V-positive cells was 
increased after co-treatment with SBI0206965 and cisplatin 
compared with SBI0206965 or cisplatin alone. Taken together, 
the results suggest that combination treatment with the Ulk1 
inhibitor SBI0206965 and cisplatin enhanced cisplatin efficacy 

Figure 3. Knockdown of Ulk1 sensitizes NSCLC cells to cisplatin-induced apoptosis and inhibition of cell proliferation. (A) The relative mRNA expression of 
Ulk1 after cisplatin treatment for 36 h in A549 and H460 cells. (B) Western blot analysis of changes in Ulk1 levels after cisplatin treatment for 48 h in A549 and 
H460 cells. (C) The percentages of apoptotic cells with Annexin V staining were determined by flow cytometry after transfection with the indicated shRNA 
plasmids for 48 h and treatment with the indicated concentrations of cisplatin for 48 h. (D and E) The proliferation of A549 and H460 cells was determined by 
CCK8 assay after transfection and cisplatin treatment. **P<0.01, t-test.
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toward NSCLC cells, consistent with the results of treating 
Ulk1-knockdown cells with cisplatin.

SBI0206965 sensitizes NSCLC cells to cisplatin-induced 
apoptosis partly through autophagy inhibition. Next, we 
wanted to clarify the mechanism by which Ulk1 inhibition 
enhances cisplatin-induced death in NSCLC cells. Ulk1 is 
required for early autophagosome formation, as it forms a 
complex with ATG13 and RB1CC1 (10). Ulk1 also phosphory-
lates beclin1 and autophagy/beclin-1 regulator 1 (AMBRA1) 
to trigger the autophagy cascade (25,26). Therefore, inhibition 
of Ulk1 should inhibit autophagy. As expected, SBI0206965 
treatment inhibited autophagy, as evidenced by a reduction 
in LC3 I conversion to LC3 II, an increase in the levels of 
the autophagy substrate p62 and a decrease in GFP-LC3 
dots (Fig. 6A and D). Many tumors become dependent on 
autophagy for survival and resistance to chemotherapeutic 
drugs, including cisplatin, by inhibiting apoptosis (24,27). 

Studies have shown that inhibition of autophagy sensitizes 
NSCLC cells to chemotherapy (7,8). We confirmed that 
cisplatin induces autophagy in NSCLC cells (Fig. 6B and D). 
Co-treatment with SBI0206965 and cisplatin blocked the 
autophagy process induced by cisplatin (Fig. 6C and D). These 
results indicate that SBI0206965 enhanced the efficacy against 
cisplatin in NSCLC partly through inhibiting autophagy.

Inhibition of Ulk1 promotes apoptosis of NSCLC cells 
by destabilizing Bcl2 and Bclxl. In addition to its key 
roles in autophagy, Ulk1 has been shown to be involved in 
many signaling pathways that are closely correlated with 
tumorigenesis in NSCLC (5). Our preliminary experiment 
demonstrated that SBI0206965 can still inhibit cell prolifera-
tion and promote apoptosis when autophagy is inhibited by 
chloroquine (data not shown). We speculated that Ulk1 exerts 
oncogenic activity independent of autophagy. As mentioned 
above, inhibition of Ulk1 kinase activity by SBI0206965 

Figure 4. Inhibition of Ulk1 by SBI0206965 inhibits NSCLC cell growth and promotes apoptosis of NSCLC cells. (A) SBI0206965 impairs the viability of 
A549, H460 and HCC827 cells in a dose-dependent manner. Cells were treated with SBI0206965 in quintuplicate for 72 h and then assessed by CCK8 assay. 
(B) The growth of A549 and H460 cells was determined by clonogenic survival assay after treatment with the indicated doses of SBI0206965. The results 
are representatives of three individual experiments. (C) Apoptosis rates of A549 and H460 cells after treatment with SBI0206965. (D and E) SBI0206965-
mediated killing of NSCLC cells occurs via apoptosis. Cells were treated with SBI0206965 alone or co-treated with SBI0206965 and 20 µM Z-VAD-FMK, 
and cell viability was measured by CCK8 assay. *P<0.05; **P<0.01, t-test.
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impairs cell proliferation mainly through induction of apop-
tosis. Thus, we focused on apoptosis-related proteins. We 
found that SBI0206965 treatment decreased Bcl2 and Bclxl 
protein levels in a dose-dependent manner (Fig. 7A). Moreover, 
knockdown of Ulk1 showed similar results (Fig. 7B). Further- 
more, we performed qRT-PCR analysis to evaluate the mRNA 
levels of Bcl2 and Bclxl under SBI0206965 treatment. As 
shown in Fig. 7C and D, SBI0206965 had no obvious influence 
on the mRNA levels of Bcl2 and Bclxl compared with the 
control groups. The results indicated that the downregulation 
of Bcl2 and Bclxl by SBI0206965 treatment did not occur 
at the transcription level. Taken together, SBI0206965 can 
promote apoptosis of NSCLC cells independent of autophagy 
by destabilizing Bcl2 and Bclxl.

Discussion

Lung cancer has become a major public health problem 
worldwide and seriously affects the quality of life of affected 

patients. Currently, most lung cancer patients are diagnosed 
when they already have advanced-stage disease, and the 
5-year survival rate for lung cancer is only 16.8% (28). 
Despite potentially curative resection treatment, recurrence 
and metastasis result in the death of nearly 40% of patients 
with NSCLC within 5 years (29). Therefore, further studies 
are required to discover and identify novel and specific 
biomarkers of NSCLC to benefit patient survival and quality 
of life.

Autophagy is a homeostatic and evolutionarily conserved 
process that degrades redundant or faulty cell components, 
and has an important role in maintaining intracellular 
homeostasis and survival under stressed conditions, such 
as energy deprivation (6). Autophagy is important in the 
normal development and cellular response to environmental 
stimuli. Dysregulated autophagy is emerging as a hallmark of 
malignancy (30). Karsli-Uzunbas et al showed that autophagy 
may be particularly relevant in lung cancer (4). Autophagy 
is a complex process that is divided into several phases 

Figure 5. SBI0206965 sensitizes NSCLC cells to cisplatin. (A and B) Viability of NSCLC cells after treating with the specified doses of cisplatin and 
SBI0206965 for 72 h. (C and D) After 24 h of cisplatin and SBI0206965 exposure, the apoptosis of A549 and H460 cells was analyzed by flow cytometry as 
described in Materials and methods. **P<0.01, t-test.
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controlled by the autophagy-related (ATG) proteins. The role 
of autophagy and the function of many autophagy-related 
proteins in cancer have been extensively studied; for example, 
Beclin1, ATG5 or ATG7 knockout cell lines or mouse models 
have contributed greatly to the elucidation of autophagy in 
tumorigenesis (31,32). Ulk1 plays a key role in the initial stages 
of autophagy (10), but the role of Ulk1 in cancer has remained 
largely unknown. Pike et al showed that Ulk1 is required for 
autophagy in severe hypoxia and that knockdown of Ulk1 
causes cell death in a caspase-3/7-independent manner (12). 
Several other groups also showed that high expression of Ulk1 
is associated with poor prognosis in breast cancer, colorectal 
cancer, esophageal squamous cell carcinoma and human 
nasopharyngeal carcinoma (12-15). However, studies have 
also shown that Ulk1 inhibits cell proliferation and induces 
apoptosis in other cancer cell types (33-36). It is clear that 
autophagy plays complex roles in tumorigenesis, progression 
and resistance to treatment that may be context specific (30). 
Therefore, the function of Ulk1 in tumorigenesis might be 

cancer type specific. Our study showed that Ulk1 was upregu-
lated in NSCLC cells and was negatively correlated with 
prognosis in NSCLC, and that Ulk1 induced cell proliferation 
and inhibited apoptosis in NSCLC cells. Consistent with this, 
inhibition of Ulk1 by knockdown of Ulk1 or by treatment with 
SBI0206965, a novel Ulk1 inhibitor, impaired proliferation 
and induces cell apoptosis in NSCLC cells. Therefore, Ulk1 
may contribute to tumorigenesis and progression in NSCLC.

Autophagy initiation involves the formation of a phago-
phore and Ulk1 functions as a facilitator of phagophore 
formation (37). Upon stress condition, activated AMP-activated 
protein kinase (AMPK) activates Ulk1, leading to the initia-
tion of autophagy (11). ATG4 cleaved LC3 to generate the 
LC3 I form. Subsequently, LC3 I is activated by Atg7 cata-
lyzing acyl adenylation of the C terminus, transferred to the 
E2-conjugating enzyme, Atg3, and modified to a membrane-
bound form, LC3 II (38,39). LC3 protein is associated with 
autophagosome development and maturation and is used to 
monitor autophagic activity. In this study, we found a reduc-
tion in LC3 I conversion to LC3 II, an increase in the level of 
the autophagy substrate p62 and a decrease in the number of 
GFP-LC3 dots after SBI0206965 treatment or knockdown of 
Ulk1. It is possible that Ulk1 promotes cell survival in NSCLC 
cells by inducing autophagy.

Previous studies showed an increase in the level of Ulk1 
after cisplatin treatment (21,22). In this study we found that 
cisplatin upregulated the expression of both mRNA and 
protein levels of Ulk1 in NSCLC cells. In addition to traditional 
surgical resection and radiotherapy, chemotherapy remains a 
common treatment for lung cancer. Many NSCLC cells acquire 
resistance to the cytotoxicity induced by cisplatin, which 
limits the therapeutic efficacy of cisplatin. Previous studies 
have demonstrated that cell-protective autophagy confers 
resistance to cisplatin in lung cancer cells (23,27). Cisplatin 
causes apoptotic cell death in a dose-dependent manner (23). 
Autophagy can promote cell survival under stress conditions 
by suppressing apoptosis (24). In this study, we found that 
cisplatin treatment induced autophagy, and that knockdown 
of Ulk1 or inhibition of Ulk1 by SBI0206965 significantly 
impaired the viability of NSCLC cells and increased the apop-
totic cells with cisplatin treatment. The results indicated that 
Ulk1 may confer resistance to cisplatin, and that SBI0206965 
may increase the sensitivity of cisplatin against NSCLC cells 
by autophagy inhibition. These results showed an associa-
tion between Ulk1 and cisplatin resistance, and may provide 
a strong rationale for the combined use of SBI0206965 and 
cisplatin in the clinic.

Another important phenomenon we observed was that 
knockdown of Ulk1 or treatment with SBI0206965 decreased 
two apoptosis-related proteins: Bcl2 and Bclxl, in NSCLC 
cells, without obvious influence on the transcription levels 
of Bcl2 and Bclxl. Ulk1 has been shown to be involved in 
many signaling pathways that are closely correlated with 
tumorigenesis (5). Apoptosis and autophagy are both closely 
regulated biological processes in cancer cells (40). Impaired 
apoptosis is both critical in cancer development and a major 
barrier to effective treatment (41). The Bcl2 family proteins 
play complex roles in cell apoptosis and survival signaling 
(40,42-44). Bcl2 and Bclxl are often overexpressed in 
NSCLC, conferring resistance to chemotherapy and exerting 

Figure 6. SBI0206965 sensitizes NSCLC cells to cisplatin partly through 
autophagy inhibition. (A-C) Western blot analysis of changes in LC3 I, LC3 II, 
and p62 levels after SBI0206965 and/or cisplatin treatment. (D) A549 cells 
were transfected with GFP-LC3 plasmids, and the cells were then treated 
with SBI0206965 and cisplatin either alone or in combination for 24 h. GFP-
LC3 dots were observed by laser confocal microscopy. The presented results 
are representative of three independent experiments. Scale bars, 10 µm.
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anti-apoptotic functions in response to a wide range of apop-
totic stimuli (45). Downregulation of Bcl2 and Bclxl restores 
cisplatin sensitivity (46). It is possible that the inhibition of 
Ulk1 may suppress NSCLC cell growth and increase the 
sensitivity of cisplatin in NSCLC cells by apoptosis pathway. 

There are five Ulk1 homologs in the human genome: 
Ulk1, Ulk2, Ulk3, Ulk4, and serine/threonine kinase 36 
(STK36) (47). However, only Ulk1 and Ulk2 are known to 
have roles in regulating autophagy, and Ulk2 also has distinct 
functions. It should be noted that this study examined only 
the function of Ulk1 in NSCLC cells, and whether Ulk2 or 
other Ulk1 homologs have the same functions as Ulk1 in lung 
cancer cells requires further study. In addition, our results lack 
the underlying mechanisms to explain how Ulk1 influences 
the protein levels of Bcl2 and Bclxl, which needs further 
investigation.

In summary, we report that SBI0206965, an inhibitor of 
Ulk1, exerts anti-tumor effects in NSCLC. Moreover, the 
effects of SBI0206965 occur in both autophagy-dependent 
and autophagy-independent manner. Therefore, Ulk1 might 
be a potential target for treating NSCLC and reversing 
cisplatin resistance.
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