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Abstract. Acquired resistance to standard chemotherapy 
causes treatment failure in patients with local advanced and 
advanced non-small lung cancer (NSCLC). Cancer stem 
cells (CSCs) are a small subpopulation within cancer that is 
thought to be resistant to conventional chemotherapy. The 
Notch pathway is one of the most intensively studied for puta-
tive therapeutic targets of CSCs in solid tumors. In our study, 
suppression of Notch3 decreased colony and sphere formation 
of stem-like property in lung cancer cells. In addition, Notch3 
expression was demonstrated to be upregulated in the patients 
with chemoresistance and related to poor prognosis of NSCLC 
patients. Our results also showed that CSC markers ALDH1A1 
and CD44 were highly expressed in NSCLC patients with 
chemoresistance and these two markers were positively 
correlated with Notch3 expression in lung cancer specimens 
from TCGA database. Furthermore, the lung cancer cells with 
drug resistance were shown to be associated with activation 
of autophagy. All the data support a crucial role of Notch3 in 
the increase of stem-like property in NSCLC cells that might 
be associated with upregulation of ALDH1A1 and CD44 and 
activation of autophagy.

Introduction

Lung cancer is the leading cause of cancer-related deaths 
worldwide (1). Non-small cell lung cancer (NSCLC), with the 
two major pathological subtypes of adenocarcinoma (Ad) and 
squamous cell carcinoma (SCC) accounts for approximately 
85% of all lung cancers. NSCLC patients have low overall 
survival (OS) rate, and there has been little change in the OS 

rate over the past three decades (1). Chemotherapy can be 
used as the primary treatment for advanced NSCLC or as an 
adjuvant treatment after surgery for the patients with lymph 
node metastasis. Initially chemotherapy has efficacy in the 
NSCLC patients, but chemoresistance finally occurs (2).

Cancer stem cells (CSCs) are defined as a small subpopu-
lation, showing properties of self-renewal, differentiation, 
tumorigenesis and drug resistance (3). CSCs have been docu-
mented in several types of cancers including breast, prostate, 
colon, and lung cancers (4-7). Recent studies have provided 
evidence that CSCs are responsible for the poor prognosis of 
lung cancer patients and contribute to chemoresistance for the 
lung cancer cells (8-10). CD133, CD44, ALDH1A1, CD90, and 
CD166 were verified to be effectively used as CSC markers in 
NSCLC (11-13). Notch pathway has been implicated in CSC  
control and cell fate determination (14). In mammals, there 
are four Notch receptors Notch1, Notch2, Notch3 and Notch4. 
Notch interacts with its ligand that give rise to release of 
Notch intracellular domain (NICD). NICD then translocates 
to the nucleus to regulate target gene transcription (15,16). It 
has been reported that high activation of Notch was associated 
with poor outcome for lung cancer patients (17). Notch3 has 
been found to be associated with lung CSCs and is a poten-
tial therapeutic target in lung cancer (18). In addition, when 
Notch3 expression was knocked down using small interfering 
RNA (siRNA), the proliferation was also reduced in lung 
cancer cells (19).

However, how Notch3 influences CSCs and regulate 
chemoresistance in the lung cancer cells are not fully eluci-
dated. In the current study, cisplatin was found to induce 
clonogenicity of stem-like property and this effect could 
be inhibited when Notch3 was knocked down in the lung 
cancer cells. The Notch3 overexpression was associated with 
poor outcome of NSCLC patients. CSC markers CD44 and 
ALDH1A1 were shown to be positively related to Notch3 
expression. Particularly, γ-secretase inhibition (GSI) could 
suppress stem-like features in lung cancer cells with chemo-
resistance and also led to decreased expression levels of CD44 
and ALDH1A1. Moreover, autophagy was involved in cisplatin 
resistance of lung cancer that might be through Notch3 signal.
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Materials and methods

NSCLC patients. Frozen tissues were obtained from 104 
NSCLC patients surgically resected for stage I-IIIA NSCLC 
at Peking University Cancer Hospital, from 2006 to 2009. 
The formalin-fixed tissues derived from NSCLC patients 
who received platinum-based neoadjuvant chemotherapy 
were studied in the current investigation. The study was 
carried out in accordance with the approved guidelines of 
the local ethics committee of Peking University Cancer 
Hospital, and informed consent was obtained from all the 
subjects.

Immunohistochemistry (IHC). IHC was carried out on 
formalin-fixed sections (4-mm). After deparaffination of the 
sections, endogenous peroxidase activity was blocked by 3% 
H2O2 solution for 10 min. Then, antigen retrieval was achieved 
by microwave in citrate buffer (pH 6.0) followed by blocking 
in 5% goat serum in PBS for 15 min. The primary antibodies 
including Notch3 (Santa Cruz Biotechnology, sc-5593, 
1:400 dilution), CD44 (Abcam, ab51037, 1:400 dilution) and 
ALDH1A1 (Abcam, ab52492, 1:400 dilution) were used 
to incubate the sections at 4˚C overnight. HRP-conjugated 
secondary antibody was added on the sections for 30 min. 
Then, substrate-chromogen (DAB) solution was employed to 
incubate the tumor tissues for 10 min and automated hema-
toxylin was used to finally counterstain the slides for 5 min. 
The immunostaining was microscopically evaluated by two 
independent pathologists.

Cell culture and cell treatment. Human NSCLC cell lines 
A549 and H520 were maintained in the RPMI-1640 medium 
(Hyclone) containing 10% fetal bovine serum (FBS) and 1% 
penicillin/streptomycin in a humidified 5% CO2 incubator at 
37˚C. A549 and H520 cells were treated with GSI (5 µg/ml) 
obtained from Sigma-Aldrich Corp. Cisplatin (1 µg/ml) (Qilu 
Pharmaceutical, China) was added to treat the A549 and 
H520 cells for 72 h and the cells were recovered in normal 
medium for additional 24 h.

Colony formation assay. The single cells were prepared and 
planted into the 6-well plates. After 10 days, the cells were 
fixed with 4% formaldehyde for 15 min followed by PBS 
washing. After that, the cells were stained with crystal for 
15 min and the cells were washed with PBS at least twice. 
The colonies were evaluated by inverse microscopy. Colony 
formation efficiency was determined as: colony formation 
efficiency = colony/input cells x100%.

Sphere formation assay. The cells were digested and the 
single cells were seeded in ultralow attachment 96-well plates 
(Corning Inc., Life Sciences). The DMEM/F-12 (Invitrogen) 
serum-free medium including B27 (Invitrogen), 20 ng/ml 
epidermal growth factor (Peprotech, Rocky Hill, NJ, USA), 
20 ng/ml basic fibroblast growth factor (Peprotech), 10 ng/ml 
hepatocyte growth factor (Peprotech), and 1% methylcellu-
lose (Sigma) were used to cultivate the cells for 10 days. The 
formed spheres were counted by inverse microscopy. Sphere 
formation efficiency was calculated as: sphere formation effi-
ciency = sphere/input cells x100%.

Transient transfection. The specific siRNA834 and 
siRNA3408 to know down Notch3 were obtained from Suzhou 
GenePharma Corp., China. The siRNA834 and siRNA3408 
and scramble siRNA were transfected to the A549 and H520 
cells by X-tremeGENE siRNA transfection reagent according 
to the manufacturer's instructions (Roche). After 48 h, the cells 
were collected for further experiments.

Western blotting. Cell pellets were lysed in RIPA lysis buffer 
added with phenylmethylsulfonylfluoride (PMSF), Complete 
Mini protease inhibitor cocktail, and phosphatase inhibitor 
cocktail (Roche). The protein was measured and equal amount 
of protein was separated on a 10% SDS-PAGE gel, and then 
transferred to nitrocellulose membrane (Millipore). 5% fat-free 
milk was used to block the membrane, and primary antibodies 
of Notch3 (Santa Cruz Biotechnology, sc-5593, 1:500 dilu-
tion), LC3 (MBL International Corp., 1:1000 dilution) and 
GAPDH (Cell Signaling Technology, #2118, 1:5000 dilution) 
were added on the membrane for 1 h at room temperature. 
After washing three times in Tris Buffered Saline plus Tween 
(TBST), the membranes were added with the corresponding 
secondary antibody conjugated with HRP. The signal was 
visualized using Immobilon Western Chemiluminescent HRP 
Substrate (Millipore).

Flow cytometry. The lung cancer cells A549 and H520 were 
washed in PBS and collected by centrifrugation. The cells 
were stained with primary antibodies including Notch3 (Santa 
Cruz Biotechnology, sc-5593, 1:50 dilution), CD44 (Abcam, 
ab51037, 1:100 dilution) and ALDH1A1 (Abcam, ab52492, 
1:100 dilution) at 4˚C for 1 h. After washing with PBS twice, 
the cell suspension was incubated with secondary antibody 
conjugated with FITC at 4˚C for 30 min in the dark. The cells 
were filtered through a 70-µm nylon mesh and carried out 
on a flow cytometer (BD Biosciences). The viable and single 
cells were gated for analyses. FlowJo 7.6 software was used to 
analyze the data.

RNA extraction and quantitative real time-PCR (qRT-PCR). 
Total RNA was isolated from human NSCLC tissues using 
TRIzol Reagent (Invitrogen) according to the manufacturer's 
instructions. Total RNA (2 µg) was reverse-transcribed to 
cDNA with Moloney murine leukemia virus (MMLV, 
Invitrogen). The genes expression levels were measured 
by qRT-PCR with the SYBR Green PCR kit (Roche) using 
Light-Cycler®480 Real-Time PCR System (Roche). The reac-
tions were incubated in a 96-well optical plate at 95˚C for 
10 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C 
for 1 min. β-actin was used as internal control and Notch3 
expression level was calculated according to 2-∆Ct, in which 
∆Ct=Ct  target ‑ Ct control. All PCR assays were carried out in 
triplicate, and the mean of triplicates is reported.

Immunofluorescence staining. Briefly, the cells were washed 
with PBS and fixed in cold 10% paraformaldehyde. The cells 
were washed twice in PBS and incubated with the primary 
antibody LC3 (MBL International Corp., 1:100 dilution) at 4˚C 
overnight. After washing with PBS, the cells were added with 
secondary antibody at room temperature for 1 h. Finally, slides 
were washed with PBS, mounted with DAPI in mounting 
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media. Cells were examined using a laser scanning confocal 
microscope (Leica, Wetzlar, Germany).

Statistical analyses. Data are shown as mean ± SEM and the 
experiments were independently done at least three times. 
Student's t-test was used to analyze the mean between different 
groups. Spearman's correlation test was carried out to assess 
correlation between Notch3 and CSC markers expression. 
Survival curves were analyzed by the log-rank Kaplan-Meier 
method. GraphPad Prism 5 was conducted for data analysis 
and p<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Cisplatin promotes clonogenicity in A549 and H520 cells. It 
has been reported that CSCs have ability to be related to drug 
resistance in lung cancer (2). We investigated how cisplatin as 
first-line chemotherapy influences cell clonogenicity of stem-
like property. To obtain drug resistant cells, the lung cancer 
cells A549 and H520 were treated with cisplatin for 72 h and 
the dead cells were removed by washing in PBS. After that, the 
single cells were seeded into 6-well plates or low attachment 

plates for further cultivation. Ten days later, more colonies 
were observed in the lung cancer cells with cisplatin treatment 
than the control cells with significant statistical difference in 
both A549 and H520 cells (Fig. 1A and B p<0.05). In addition, 
more spheres were formed in the A549 and H520 cells stimu-
lated with cisplatin compared to the cells without cisplatin 
(Fig. 1C and D, p<0.05). These data suggested that cisplatin 
induced clonogenicity of stem-like ability in lung cancer cells.

Inhibition of Notch3 suppresses clonogenicity in A549 and 
H520 cells. GSI was reported to prevent Notch3 activation 
and reduce proliferation in human lung cancers (19). GSI was 
added in A549 and H520 cells before cisplatin treatment, and 
then colony and sphere formation were examined. As shown in 
Fig. 1A and B, colonies were reduced in the cells with cisplatin 
plus GSI compared to the cells with cisplatin. Similarly, 
decreased sphere number was identified in the cells stimulated 
with cisplatin plus GSI than the cells treated with cisplatin, 
showing statistically significant difference (Fig. 1C and D).

We have mainly studied the role of Notch3 in regulating 
stem-like ability in lung cancer cells of A549 and H520. Thus, 
we used specific siRNAs to knock down Notch3 expression in 
these lung cancer cells. Firstly, the siRNA834 and siRNA3408 

Figure 1. Colony and sphere formation analyses. (A) Representative images for the colony formation in A549 and H520 cells with cisplatin or cisplatin plus 
GSI. (B) Histograms show that cisplatin increases colony formation frequencies, while GSI inhibited colony number to similar level of control cells with 
significant difference in both A549 and H520 cells. (C) Representative images for the sphere formation in the control cells, cisplatin treated cells and cisplatin 
plus GSI treated cells of A549 and H520. (D) Histograms demonstrate that cisplatin upregulates sphere formation efficiency, but GSI inhibited sphere number 
to similar level of control cells with significant difference in both A549 and H520 cells. *p<0.05.
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were used to knock down Notch3 expression in A549 and 
H520 cells and lower expression of Notch3 was found in these 
cells by western blotting (Fig. 2A). Next, clonogenic ability 
was tested in the cells transfected with scramble siRNA, 
siRNA834 or siRNA3408. As we expected, colony forma-
tion was decreased in the lung cancer cells with siRNA834 
or siRNA3408 treatment compared to the cells with scramble 
siRNA treatment (Fig. 2B and C). Moreover, sphere formation 
was downregulated in the A549 and H520 cells transfected 
with siRNA834 and siRNA3408 compared to the cells with 
scramble control (Fig. 2D and E). Altogether, our data indi-
cated that blocking of Notch3 was able to inhibit stem-like 
features in lung cancer cells.

Notch3 is associated with CD44 and ALDH1A1. Next, we 
identified the correlation between Notch3 and the CSC markers 
CD44, ALDH1A1, KIT, CD133, EPCAM, CD166, CD90 and 
CD24 in lung cancer tissues from RNA-seq of TCGA data-
base (https://tcga-data.nci.nih.gov/tcga/, n=349). The analysis 
showed that Notch3 expression was positively related to CD44 
and ALDH1A1 expression levels with statistically significant 
difference (Fig. 3A). Then, we tested CD44 and ALDH1A1 
alterations when the Notch3 was knocked down in the lung 
cancer cells. Silenced of Notch3 resulted in downregulation of 
CD44 in A549 cells transfected with siRNA834 (2.91±0.52%) 
and siRNA3408 (2.09±0.37%) compared to the control 
cells (5.69±0.28%), (Fig.  3B and C). H520 cells showed 

Figure 2. Colony and sphere formation in A549 and H520 cells transfected with scramble siRNA, siRNA834 and siRNA3408. (A) Notch3 expression was 
decreased in the lung cancer cells transfected with siRNA834 and siRNA3408 by western blot examination. (B) Representative photographs for the colony 
formation in A549 and H520 cells transfected with scramble siRNA, siRNA834 and siRNA3408. (C) SiRNA834 and siRNA3408 reduced the colony number 
with significant difference in the lung cancer cells. (D) Representative photographs for the sphere formation in A549 and H520 cells transfected with scramble 
siRNA, siRNA834 and siRNA3408. (E) Knock-down of Notch3 led to decreased sphere formation efficiency with significant difference in A549 and H520. 
*p<0.05.
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decreased expression of CD44 in siRNA834 transfected cells 
(2.03±0.33%) and siRNA3408 transfected cells (1.85±0.44%) 

than the cells with scramble siRNA (4.83±0.77%). ALDH1A1 
expression was reduced when Notch3 expression was blocked 

Figure 3. Relationship between Notch3, CD44 and ALDH1A1 expression levels. (A) Correlations between Notch3 and CSC markers including CD44, 
ALDH1A1, KIT, CD133, EPCAM, CD166, CD90 and CD24 were analyzed in the RNA-seq data of NSCLC tissues from TCGA. (B) Representative images 
for CD44 expression in the A549 and H520 cells with inhibition of Notch3 expression by flow cytometry test. (C) The data show that CD44 expression was 
reduced in the cells with siRNA834 and siRNA3408 transfection compared to the control cells. (D) Representative pictures for ALDH1A1 expression in 
the A549 and H520 cells transfected with scramble siRNA, siRNA834 and siRNA3408 by flow cytometry. (E) The results show decreased expression of 
ALDH1A1 in the lung cancer cells with siRNA834 and siRNA3408 than the cells with scramble siRNA. *p<0.05.
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in A549 cells transfected with siRNA834 (1.73±0.33%) and 
siRNA3408 (2.01±0.04%) compared to the control cells 
(5.11±0.3%), (Fig. 3D and E). In addition, there was decreased 
expression of ALDH1A1 in siRNA834 transfected H520 cells 
(1.99±0.19%) and siRNA3408 transfected cells (1.99±0.04%) 
compared to the cells with scramble siRNA (4.56±0.77%). Our 
results suggested that Notch3 was positively associated with 
CD44 and ALDH1A1 in lung cancer cells.

Notch3 is a prognostic factor. Since our data indicated that 
Notch3 promoted stem-like property, we tested the rela-
tionship between Notch3 expression and progression-free 
survival (DFS) and OS. Notch3 expression was investigated 
by qPR-PCR in the primary tumor tissues from 104 cases 
of NSCLC patients. According to the median value, Notch3 
expression levels were divided into low expression (n=52) and 
high expression (n=52) in these NSCLC cases. Thus, we veri-
fied that high expression of Notch3 was associated with shorter 
PSF (median PSF in low expression group, 54.89 months and 
median PSF in high expression group, 42.11 months, p=0.045) 
and OS (median OS in low expression group, 58.09 months and 
median OS in high expression group, 46.23 months, p=0.041), 
(Fig. 4A and B). The results suggested that Notch3 may be 
used as a prognostic factor in NSCLC patients.

Cisplatin induces Notch3, CD44 and ALDH1A1 expression 
levels and GSI suppresses this induction in A549 and H520 
cells. Then, we investigated Notch3, CD44 and ALDH1A1 
expression in 12 NSCLC patients who received neoadjuvant 
chemotherapy. For Notch3 expression, there were 4 out of 
6 cases with chemoresistance showing positive expression and 
1 out of 6 cases with chemosensitivity demonstrating positive 
staining by IHC assay (Fig. 5A). Among 6 NSCLC patients 
with chemoresistance, 5 patients displayed positive staining 
for CD44 and ALDH1A1 expression (Fig. 5A). Whereas, there 
were 3 cases with positive expression of CD44 and 2 cases 
with positive staining of ALDH1A1 in 6 NSCLC patients with 
chemosensitivity as assessed by IHC analysis (Fig. 5A).

Moreover, we investigated how Notch3, CD44 and 
ALDH1A1 altered in the cisplatin treatment in A549 and 
H520 cells. Cisplatin led to 2.64-fold increase of Notch3 

expression in A549 cells and 3.12-fold increase of this 
protein in H520 cells (Fig. 5B and C). Again, GSI was used 
to inhibit the Notch3 signal in the cells with cisplatin treat-
ment. We observed that Notch3 expression was decreased 
in A549 and H520 cells with cisplatin plus GSI compared to 
this protein expression in the cells with cisplatin treatment. 
Similarly, increased expression levels of CD44 and ALDH1A1 
were observed in the lung cancer cells treated with cisplatin 
compared to the cells without cisplatin treatment (Fig. 5D-G). 
There were 2.67-fold increase of CD44 in A549 cells treated 
with cisplatin and 1.98-fold increase of CD44 in H520 cells 
with cisplatin stimulation. In addition, we obtained 2.48-fold 
increase of ALDH1A1 in cisplatin-treated A549 cells and 
2.3-fold increase of ALDH1A1 in cisplatin-treated H520 
cells. CD44 and ALDH1A1 were downregulated in the cells 
treated with both cisplatin and GSI compared to the cells 
administered with cisplatin (Fig. 5D-G).

Cisplatin induces autophagy, and blockade of Notch3 
suppresses this effect in A549 cells. Since autophagy is an 
adaptive response to a conventional chemotherapy and radia-
tion therapy (20), we determined how autophagy changed in 
lung cancer cells with cisplatin treatment. It has been reported 
that the cells undergo autophagy, LC3I expression decreased 
and LC3II expression increased (21). Then, we tested LC3II 
expression in A549 cells with or without cisplatin treatment by 
the methods of western blotting and immunofluorescence. The 
results showed increase of LC3II in A549 cells with cisplatin 
treatment compared to the control cells (Fig. 6A and B). Next, 
we asked whether autophagy was associated with Notch3 in the 
lung cancer cells. When Notch3 was blocked, LC3II expres-
sion was downregulated in the cells as evaluated by western 
blot and immunofluorescence analyses (Fig. 6C and D).

Discussion

Currently, chemoresistance is considered as a major obstacle 
for the clinical treatment of advanced and metastatic NSCLC 
patients. It is well known that CSCs have a capacity to escape 
from chemotherapy and radiotherapy. However, the mecha-
nisms for the involvement of CSCs in chemoresistance have 

Figure 4. Notch3 as a predictor for poor outcome of NSCLC patients. (A) DFS curve according to Notch3 expression in 104 NSCLC patients. (B) OS curve 
according to Notch3 expression in 104 NSCLC patients.
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Figure 5. GSI inhibits Notch3, CD44 and ALDH1A1 expression levels in the lung cancer cells with cisplatin treatment. (A) Representative images for Notch3, 
CD44 and ALDH1A1 staining in primary tumor tissues from the lung cancer patients who received chemotherapy by IHC. (B) Representative images for 
Notch3 expression in control cells or cells treated with cisplatin or cisplatin plus GSI of A549 and H520 by flow cytometry. (C) Flow cytometry analyses 
demonstrate that cisplatin increases Notch3 expression, but GSI plus cisplatin decreases this protein expression with significant difference in the lung cancer 
cells. (D) Representative images for CD44 expression in A549 and H520 cells treated with cisplatin or cisplatin plus GSI by flow cytometry. (E) Flow cyto-
metry analyses show that cisplatin increases CD44 expression, but GSI plus cisplatin decreases this protein expression with significant difference in the A549 
and H520 cells. (F) Representative images for ALDH1A1 expression in lung cancer cells stimulated with cisplatin or cisplatin plus GSI by flow cytometry. 
(G) Histograms show that cisplatin upregulates ALDH1A1 expression, while GSI plus cisplatin downregulate this protein expression with significant differ-
ence in lung cancer cells. *p<0.05.
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not been well elucidated in NSCLC. In the present study, we 
investigated how Notch3 influenced CSCs to regulate drug 
resistance in NSCLC cancer cells.

Firstly, we verified that cisplatin could induce colony and 
sphere formation potential of lung cancer cells A549 and H520. 
Consistent with a previous study (8), cisplatin improved stem-
like characteristics in lung cancer cells. Increasing evidence 
shows that Notch signal is important in maintenance of tumor 
cell subpopulation with great clonogenicity of stem-like prop-
erty in lung cancer (22,23). GSI hinders the final proteolytic 
cleavage of Notch receptors is a major class of agents inhibiting 
the Notch pathway. GSI has the ability of anti-cancer growth 
in several cancer types that regulate CSC property (24-26). We 
found GSI significantly reduced colony formation and sphere 
formation potential in the cisplatin treated cells. Our results 
were consistent with a previous study that GSI inhibited Notch 
signal restraining cancer cell growth in lung cancer cells (19). 
Next, we determined whether interference with CSC clono-
genicity was through blocking Notch3. Our data showed that 
specific knock-down of Notch3 led to decrease of colony and 
sphere formation, indicating Notch3 played an important role 
in promoting stem-like features in lung cancer cells.

Previous studies have reported several cell surface markers 
such as CD133, CD166, CD44 and ALDH1A1 that could 
identify CSCs for NSCLC (11-13). Then, we analyzed the rela-
tionship between Notch3 and these CSC markers and our data 
showed that Nocth3 expression was positively related to CD44 
and ALDH1A1 expression levels in lung cancer tissues. CD44+ 
cells showed great tumorigenicity by serial tumor transplanta-
tion in vivo and higher expression of stem-related factors in the 

positive lung cancer cells, suggesting CD44 affects the enrich-
ment of stem-like property (27). In lung cancer, ALDH+ cells 
have been proven to be associated with stem-like capacity and 
suppression of Notch3 could decrease clonogenicity (17,23). In 
the current study, we clarified that blockade of Notch3 reduced 
CD44 and ALDH1A1 expression levels in lung cancer cells. 
These data indicated that Notch3 may be combined with 
ALDH1A1 and CD44 to regulate stem-like property in lung 
cancer cells.

Highly active Notch3 is generally found to be related to 
poor prognosis in lung cancer patients (28,29). Meta-analysis 
from Yuan et al showed high activation of Notch3 is linked 
to poor outcome in lung cancer patients (30). In this meta-
analysis, IHC was used to test Notch3 from two articles, and 
additionally we used qRT-PCR to analyze Notch3 expres-
sion in 104 cases of stage I-III NSCLC tissues from Peking 
University Cancer Hospital. The obtained results showed that 
high expression of Notch3 is associated with shorter PFS and 
OS, and Notch3 could be used as a predictor for poor prog-
nosis of NSCLC patients.

It has been documented that Notch signal is involved in 
drug resistance of cancer cells (14,31). Shi et al demonstrated 
that overexpression of Notch3 predicts a significantly higher 
possibility of resistance to chemotherapy in advanced NSCLC 
patients (32). Currently, we demonstrated that higher expres-
sion of Notch3 was shown in the lung cancer tissues from 
the patients who were resistant to chemotherapy compared to 
expression of this gene in the tissues from the patients who 
were sensitive to chemotherapy. Higher expression of CD44 
and ALDH1A1 were observed in the lung cancer tissues from 

Figure 6. LC3 expression in the A549 cells. (A) The autophagy related marker of LC3 was increased in the cells with cisplatin treatment by western blotting. 
(B) Immunofluorescence was used to examine LC3 expression in the cells with or without cisplatin. (C) LC3 expression was decreased in the cells transfected 
with siRNA834 or siRNA3408 compared to the scramble control by western blotting. (D) Immunofluorescence staining shows that both siRNA834 and 
siRNA3408 transfection inhibits LC3 expression.
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the NSCLC patients who were resistant to chemotherapy, in 
comparison to the expression levels of these two markers in 
the tissues from the NSCLC patients who were sensitive to 
chemotherapy. Quan et al reported that hyaluronan (HA) is a 
specific ligand for CD44, and HA-conjugated cisplatin which 
targets CD44 has highly selective and sensitive anticancer 
effects in NSCLC cells (33). The novel synthetic curcumin 
analogues against ALDH1A1 and GSK-3β have functions 
to overcome chemoresistance in breast cancer  (34). Based 
on induction of the stem-like feature in lung cancer cells 
by cisplatin treatment, we also observed Notch3, CD44 and 
ALDH1A1 expression levels were upregulated in the A549 
and H520 cells with cisplatin treatment. Moreover, GSI led to 
decrease of Notch3, CD44 and ALDH1A1 expression in the 
lung cancer cells treated with cisplatin to the extent of lung 
cancer cells without cisplatin treatment. Thus, Notch3 is asso-
ciated with chemotherapy resistance that might be through 
CD44 and ALDH1A1.

In general, autophagy refers to an evolutionarily conserved 
intracellular catabolic process by consisting of several sequen-
tial stages: initiation, nucleation, elongation, and maturation to 
remove damaged cellular components under diverse stressful 
conditions (35). Autophagy can be conducted as a strategy 
for cancer cells to overcome the stresses caused by radia-
tion, chemotherapy, or other treatments (20). Therefore, we 
examined autophagy in lung cancer cells with cisplatin treat-
ment. We observed that autophagy was activated in the lung 
cancer cells stimulated with cisplatin. In esophageal cancer, 
chemotherapy was also found to induce autophagy (36), and 
it has been reported that cdx1 promoted CSC property that 
played an essential role in chemoresistance through activation 
of autophagy in colon cancer (37). We also checked whether 
Notch3 was related to autophagy and verified that siRNAs 
of Notch3 inhibited autophagy in lung cancer cells. It was 
suggested that activation of autophagy is related to chemore-
sistance of CSCs, a feature that is associated with Notch3 in 
lung cancer cells.

In conclusion, Notch3 has the capacity to promote colony 
formation and sphere formation of stem-like capacity in lung 
cancer cells. After verifying induction of stem-like ability in 
lung cancer cells with cisplatin, we also found that Notch3 was 
related to the CSCs markers ALDH1A1 and CD44. Notch3 
was shown to be related to poor outcome of NSCLC patients. 
Moreover, cisplatin promotes autophagy and inhibition of 
Notch3 was shown to prevent autophagy, providing a novel 
therapy to target CSCs in lung cancer.
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