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Abstract. Notch-3 is a receptor of the Notch signaling pathway
and plays an important role in regulating self-renewal, differentiation and apoptosis in cancer cells. Overexpression of
Notch-3 has been proved to be associated with resistance to
gemcitabine (GEM) and poor patient prognosis for various
malignant tumors. In the present study, two non-small cell
lung cancer (NSCLC) cell lines, H1299 and A549, were
induced with GEM for two months and then were treated
with various concentrations of a Notch signaling blocker,
N-[N GLÁXRURSKHQDFHW\O /DODQ\O@S-phenylglycine t-butyl
ester (DAPT), with the goal of reducing expression of Notch intracellular domain 3 (NICD3). Both cell lines were subsequently
treated with either DAPT or DAPT combined with GEM and
then viability, apoptosis, colony formation and cell count assays
were performed. DAPT treatment effectively downregulated the
expression of NICD3 in both cell lines. DAPT combined with
*(0DOVRVLJQLÀFDQWO\UHGXFHGWKHSHUFHQWDJHRIYLDEOHFHOOV
in both cell lines, while increasing the percentage of apoptotic
cells, compared with GEM alone. In the clonogenicity assays,
the combination of DAPT and GEM led to a decrease in clone
QXPEHUVDQGVLJQLÀFDQWO\JUHDWHULQKLELWLRQRIWKH+DQG
A549 cells compared to treatment with DAPT or GEM alone.
Meanwhile, levels of the apoptosis-related proteins, Bcl-2 and
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Bax, were found to be affected by the various treatments. Thus
Notch-3 appears to be a promising target for gene therapy and
DAPT is able to mediate a strong antitumor effect in NSCLC
cells that overexpress Notch-3. Further studies of a combined
treatment regimen with DAPT and GEM are warranted and may
SURYLGHJUHDWHUHIÀFDF\DQGVDIHW\LQWKHWUHDWPHQWRI16&/&
patients.
Introduction
Lung cancer generally has a poor prognosis and it remains the
leading cause of cancer-related deaths worldwide (1). Non-small
cell lung cancer (NSCLC) represents approximately 85% of
all newly diagnosed lung cancer cases (2). Currently, chemotherapy with cytotoxic agents is used for the treatment of lung
FDQFHUSDWLHQWV  6LJQLÀFDQWDGYDQFHVKDYHDOVREHHQPDGH
in the availability of targeted molecules for the inhibition of
critical pathways in NSCLC, such as the targeting of epidermal
growth factor receptor (EGFR) by afatinib (4). However, the
5-year survival rate for lung cancer still remains very low.
Gemcitabine (GEM) is a type of deoxycytidine analogue
that has exhibited strong antitumor activity (5) and has been
widely approved for the treatment of advanced lung cancer,
pancreatic cancer and ovarian cancer (6). However, some
studies have demonstrated that GEM resistance often limits
LWVHIÀFDF\  7KXVQHZWUHDWPHQWVWUDWHJLHVIRU16&/&
are needed. Considering the advances that have been made in
the development of targeted therapies, a better understanding
of lung cancer cell biology is needed to facilitate further
advances (8,9).
Notch is a protein that plays an important role in embryogenesis and organogenesis by regulating cell proliferation
and differentiation (10). This transmembrane heterodimeric
receptor has four distinct forms (Notch1-4) in both rodents
and humans. In particular, Notch-3 is a receptor of the Notch
signaling pathway and it plays an important role in regulating self-renewal, differentiation and apoptosis in cancer
cells. Consequently, it represents a promising target for the
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development of novel therapies for the treatment of aggressive
cancers such as NSCLC (11). Clinical studies have revealed
that overexpression of Notch-3 is common in NSCLC and it
correlates with a shorter progression-free period and shorter
overall disease-free survival (12). Clinical studies have also
revealed that a high level of Notch-3 expression is a poor
prognostic factor for NSCLC (13). Additionally, Notch-3 overexpression has been reported to be related to the proliferative
and apoptotic capacity of cancer cells (14). Overall survival is
VLJQLÀFDQWO\ORZHUIRUSDWLHQWVZLWK1RWFKSRVLWLYHWXPRUV
compared with those with Notch-3-negative tumors (15) and
high levels of Notch-3 expression have been associated with
GUXJUHVLVWDQFHLQ16&/&DQGRYDULDQFDQFHU  7KXV
Notch-3 may be a potential target for cancer therapies, either
alone or in combination with GEM.
Based on our current understanding of the structure, function and regulation of the Notch signaling pathway, there
are several steps which have been identified as potential
targets for inhibiting this pathway, as well as Notch-3 activity.
Accumulating evidence has revealed that activation of Notch
proteins largely depends on Ƣ-secretase activity (18). Thus,
Ƣ-secretase is a promising target for Notch-3 inhibition (19).
N-[N GLÁXRURSKHQDFHW\O /DODQ\O@S-phenylglycine t-butyl
ester (DAPT) is a Ƣ-secretase that is often referred to as a ‘Notch
inhibitor’ in oncology. Moreover, DAPT is widely considered
to act as an inhibitor in terms of biological activity and to
mediate cytotoxic activities in various types of cancer cells (20).
In clinical trials, DAPT has had a variety of indications (21).
To investigate whether DAPT is an effective treatment for
GEM-resistant tumors, DAPT inhibition of Notch-3 activity was
tested. DAPT was found to effectively downregulate protein
levels of NICD3 and to potentially target Notch-3 in gene
therapy experiments conducted in vitro (22). Therefore, in the
present study, a combined treatment involving DAPT and GEM
was examined for its potential to effectively mediate antitumor
activity in NSCLC cells.
0DWHULDOVDQGPHWKRGV
Cell lines. The NSCLC cell lines, H1299 and A549, were
purchased [American Type Culture Collection (ATCC),
0DQDVVDV9$86$@DQGFXOWXUHGDVUHFRPPHQGHG'XOEHFFR V
PRGLÀHG(DJOH VPHGLXP *LEFR'0(07KHUPR)LVKHU
Scientific, Inc., Shanghai, China) was supplemented with
IHWDOERYLQHVHUXP )%66LMLTLQJ+DQJ]KRX&KLQD 
DQGDPOSHQLFLOOLQVWUHSWRP\FLQVROXWLRQ ;%H\RWLPH
Institute of Biotechnology, Shanghai, China) for each 500 ml
RIPHGLXP7KHFHOOVZHUHFXOWXUHGDWÝ&LQDKXPLGLÀHG
incubator containing 5% CO2.
Treatment. DAPT was purchased from Abcam (Shanghai,
China) (120633) and GEM was a gift from Jiangsu Hansen
Pharmaceutical Co. Ltd. (Jiangshu, China). The cells in this
VWXG\UHFHLYHGL QRWUHDWPHQW 1&JURXS LL OGLPHWK\O
VXOIR[LGH '0626LJPD$OGULFK0HUFN.*D$'DUPVWDGW
*HUPDQ\  LLL   0 '$37 '$37  LY  *(0  DQG
 0 IRU $ DQG + FHOOV UHVSHFWLYHO\  Y   O
'062*(0 DQG0IRU$DQG+FHOOV
UHVSHFWLYHO\ YL 0'$37*(0 DQG0IRU
A549 and H1299 cells, respectively).

Western blot analysis. Cells were plated at 1x105 cells per
well in 6-well plates and treated as described above. The
cells were subsequently harvested with lysis buffer (RIPA,
Beyotime Institute of Biotechnology) and an equal volume
of 1X SDS buffer (Beyotime Institute of Biotechnology)
was added to each protein sample. After the samples were
placed in boiling water for 10 min, they were subsequently
separated by 10% SDS-polyacrylamide gel electrophoresis
3$*( DQGWUDQVIHUUHGWRPRUPQLWURFHOOXlose membranes. The membranes were blocked in Tris-HCl
buffered saline Tween (TBST) containing 0.5% dry milk and
then were incubated with antibodies recognizing Notch-3 and
1,&' FDWQRDE$EFDP&DPEULGJH8. 
DQGDQWL%FODQGDQWL%D[ FDWQRV<0DQG
<7UHVSHFWLYHO\,PPXQR:D\%LRWHFKQRORJ\&R3ODQR
TX, USA), overnight. The membranes were then incubated
with appropriate goat anti-mouse IgG secondary antibodies
 FDW QR =% %HLMLQJ =KRQJVKDQ -LQTLDR
%LRWHFKQRORJ\&R/WG%HLMLQJ&KLQD IRUK%RXQGDQWLbodies were visualized with enhanced chemiluminescence
UHDJHQWVDQGLPDJHGRQÀOP .RGDN;UD\ÀOP $FWLQZDV
GHWHFWHGZLWKDPRXVHDQWLDFWLQPRQRFORQDODQWLERG\ 
FDWQR=0%HLMLQJ=KRQJVKDQ-LQTLDR%LRWHFKQRORJ\
&R/WG%HLMLQJ&KLQD DVDQLQWHUQDOFRQWUROIRUSURWHLQ
quantification. Each experiment was repeated 3 times and
similar results were obtained by the ImageJ bundled with Java
B LPDJHMQLKJRYLMGRZQORDG 
Cultivating higher expression of Notch-3. H1299 and A549
cells were plated at 1x10 6 cells per well in 6-well plates.
Twenty-four hours later, GEM was added to the culture
medium. After 4 days, both sets of cells were harvested,
VXEMHFWHGWRSURWHLQH[WUDFWLRQDQGH[SUHVVLRQRI1RWFKZDV
detected by western blot analysis. In parallel, an additional set
of cells from each cell line were cultured with GEM for two
PRQWKV7KHVHFHOOVZHUHDOVRKDUYHVWHGVXEMHFWHGWRSURWHLQ
extraction, and expression of Notch-3 was detected by western
blot analysis. Each experiment was repeated 3 times and
expression of Notch-3 was compared with and without GEM
treatment. The cells induced with GEM for two months were
used in subsequent experiments.
Cell viability assay. Tumor cells were plated in 96-well plates
with 3,000 cells per well and were allowed to attach overnight.
To detect the sensitivity of GEM, H1299 and A549 cells were
incubated with various concentrations of GEM. Different
concentrations of DAPT were subsequently added to the
WZRFHOOOLQHVIRUKDQGWKHQDQGKODWHU
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) was added to each well. After 4 h, cell viability for
each well was measured based on optical density measurements obtained at a wavelength of 490 nm. Each cell viability
assay was performed six times.
H1299 and A549 cells overexpressing Notch-3 were plated
in 96-well plates (3,000 cells/well) and were allowed to attach
RYHUQLJKW7KHFHOOVZHUHWKHQWUHDWHGZLWK'062RU0
'$37IRUKIROORZHGE\WUHDWPHQWZLWKDVSHFLÀFFRQFHQWUDWLRQRI*(0 RU0IRU$DQG+FHOOV
respectively). Two days later, cell viability was evaluated with
the addition of MTT as described above.
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)LJXUH1RWFKH[SUHVVLRQLQKXPDQ16&/&FHOOV $ :HVWHUQEORWDQDO\VLVZDVSHUIRUPHGWRGHWHFWOHYHOVRI1RWFKLQ+DQG$FHOOVZLWKDQG
without treatment with GEM for 4 consecutive days. ơ-actin was detected as a loading control. (B) Notch-3 was markedly upregulated after H1299 and A549
FHOOVZHUHH[SRVHGWR*(0IRUWZRPRQWKV & 3URWHLQOHYHOVZHUHTXDQWLÀHGZLWK,PDJH-VRIWZDUHDQGVXEMHFWHGWRGHQVLWRPHWULFDQDO\VLV **P<0.01 vs.
FRQWURO16&/&QRQVPDOOFHOOOXQJFDQFHU*(0JHPFLWDELQH

Apoptosis assay. H1299 and A549 cells overexpressing
Notch-3 were plated in 6-well plates (1x105 cells/well) and
were allowed to attach overnight. The cells were then incuEDWHGZLWKO'062RU0'$37IRUKWKHQWKH\
were treated with GEM at varying concentrations (e.g., H1299
FHOOVUHFHLYHG0*(0DQG$FHOOVUHFHLYHG0
GEM). Two days later, the cells were trypsinized, collected,
centrifuged, and washed with pre-cooled phosphate-buffered
saline (PBS). To each sample (105 -10 6 FHOOV HDFK   O
$QQH[LQ 9),7& %HVW%LR 6KDQJKDL &KLQD  DQG  O
propidium iodide (PI) were added. The samples were mixed
and then incubated at room temperature in the dark. After
PLQÁXRUHVFHQFHZDVGHWHUPLQHGXVLQJDÁRZF\WRPHWHU
(Beckman, USA) within 1 h. The percentages of cells staining
IRUDSRSWRVLVZHUHFDOFXODWHGZLWK:LQ0', KWWSIDFV
scripps.edu) and compared. All of these experiments were
performed in triplicate.
Cell colony assay. H1299 and A549 cells overexpressing
Notch-3 were seeded in 96-well plates (3,000 cells/well)
and were allowed to attach overnight. The next day, DMSO

RU0'$37ZDVDGGHGWRHDFKZHOO7ZHQW\IRXUKRXUV
later, the cells were treated with GEM at varying concentrations. Two days later, the number of colonies that formed
were counted. After an additional 15 days, the colonies were
ZDVKHGZLWK3%6À[HGZLWKIRUPDOGHK\GHIRUPLQVWDLQHG
with hematoxylin for 30 min, and counted. Clusters of cells
containing >50 cells were scored by fluorescence electron
microscope (Shanghai Changfang Optical Instrument, Co.,
Ltd., Shanghai, China) as colonies.
Cell count assay. H1299 and A549 cells were cultured in
24-well plates (10 4 cells/well). According to the treatment
JURXSVDOORIWKHZHOOVZHUHWUHDWHGZLWK'062RU0
DAPT on the second day after plating. Twenty-four hours
later, GEM was added. Cells were subsequently counted each
GD\IRUGD\V&RXQWLQJZDVSHUIRUPHGE\DGGLQJORI
SDQFUHDWLFHQ]\PH *LEFR7KHUPR)LVKHU6FLHQWLÀF
Inc.) to each well. After the cells were detached and dissociDWHGIURPRQHDQRWKHUOPHGLXPZDVDGGHGWRWHUPLQDWH
digestion. All of the samples were subsequently counted with
cell counter. Each group was counted 3 times.
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)LJXUH1,&'H[SUHVVLRQLQ16&/&FHOOVDIWHUWUHDWPHQWZLWK'$37 $ 6LJQLÀFDQWLQKLELWLRQRI1RWFKZDVREVHUYHGLQWKH+DQG$FHOOVWKDW
ZHUHWUHDWHGZLWKDQG0'$37IRUDQGK %DQG& 3URWHLQOHYHOVZHUHTXDQWLÀHGZLWK,PDJH-VRIWZDUHDQGVXEMHFWHGWRGHQVLWRPHWULF
analysis. Experiments were repeated in triplicate. **3YVFRQWURO *3YVFRQWURO16&/&QRQVPDOOFHOOOXQJFDQFHU1,&'1RWFKLQWUDFHOOXODU
GRPDLQ'$37Ƣ-secretase inhibitor and indirect inhibitor of Notch.

S t a t i s t i c a l a n a l y s i s. Dat a a r e p r e s ent e d a s t he
mean ± standard deviation (SD). Comparisons between
the treatment groups were performed by applying a t-test.
0XOWLSOHIDFWRUVZHUHDQDO\]HGE\XVLQJWKH0DQQ:KLWQH\
U-test. Values with a P-value <0.05 were considered statistiFDOO\VLJQLÀFDQW *P<0.05, **3YVFRQWURODVLQGLFDWHG
LQWKHÀJXUHV 

5HVXOWV
Induction of Notch-3 overexpression in tumor cells. GEM
UHVLVWDQFHFXUUHQWO\UHSUHVHQWVDPDMRUFKDOOHQJHWRFDQFHU
WUHDWPHQWV$PDMRULW\RIWKHUHVHDUFKWKDWKDVEHHQFRQGXFWHG
regarding this resistance has been at a nonclinical research
stage. However, valuable experimental experience has been
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Figure 3. Notch-3 inactivation promotes GEM-induced cytotoxicity in H1299 and A549 cells. IC50 values for GEM against H1299 and A549 cells at time-points
RIDQGKZHUHFDOFXODWHGIURPFHOOYLDELOLW\GDWD $DQG% &HOOYLDELOLW\ZDVDVVHVVHGE\077DVVD\VDIWHU1RWFKZDVLQKLELWHGE\DQG0
'$37 &DQG' &HOOYLDELOLW\GDWDIURPH[SHULPHQWVSHUIRUPHGZLWKDQG0'$37WUHDWPHQWVZLWKDQGZLWKRXW*(0DUHTXDQWLWDWHGDUHVKRZQ
Experiments were performed in triplicate. **3YVFRQWURO*(0JHPFLWDELQH'$37Ƣ-secretase inhibitor and indirect inhibitor of Notch.

gained in the construction of drug-resistant cell models as a
result of these efforts. Most in vitro studies of NSCLC have
focused on A549 cells, a human lung adenocarcinoma cell
line. Here, two commonly used NSCLC cell lines (H1299 and
A549) were compared, with a focus on Notch-3 protein expression in response to different durations of GEM induction. In
WKHZHVWHUQEORWDVVD\VSHUIRUPHGQRVLJQLÀFDQWGLIIHUHQFHV
in protein expression were observed between the no treatment
group and induction with GEM for 1, 2, 3 and 4 days (Fig. 1A).
+RZHYHUVLJQLÀFDQWGLIIHUHQFHVLQ1RWFKH[SUHVVLRQZHUH
detected in both cell lines after they were induced with GEM
for 2 months (Fig. 1B and C). Therefore, H1299 and A549
FHOOVWKDWZHUHVXEMHFWHGWRWKHODWWHULQGXFWLRQPHWKRGZHUH
analyzed in subsequent experiments.
'$37HIÀFLHQWO\GRZQUHJXODWHV1,&'H[SUHVVLRQH1299
and A549 cells overexpressing Notch-3 were incubated with
YDULRXVFRQFHQWUDWLRQVRI'$37 DQG0 $VD
UHVXOWWKH\H[KLELWHGDVLJQLÀFDQWGRVHGHSHQGHQWGHFUHDVH
in NICD3 protein expression. Moreover, marked decreases
LQH[SUHVVLRQZHUHPRVWQRWDEO\GHWHFWHGDWDQGK
DIWHUWUHDWPHQWZLWK0'$37RU0'$377KHVH
results suggest that DAPT effectively reduced expression of
NICD3 (Fig. 2).
Treatment with GEM and DAPT affects cell growth. :KHQ
A549 and H1299 cells were incubated with GEM, an

inhibitory effect on cell growth was observed 24, 48 and
KDIWHUWKHVWDUWRI*(0WUHDWPHQW )LJ$DQG% %RWK
time-dependent decreases and decreases in the half maximal
inhibitory concentration (IC50) values for GEM in each cell
line were observed at the three time points assayed. In cell
viability assays that were conducted with both cell lines in the
presence of DAPT and DAPT + GEM, the inhibitory effect of
GEM was further enhanced compared to the control groups
at the 48 h time-point (Fig. 3C and D). It is generally believed
that drug inhibition of tumor cells is related to apoptosis rates
and colony numbers. Therefore, we subsequently investigated
the apoptosis rate and colony growth of these 2 cell lines.
DAPT enhances GEM sensitivity to increase apoptosis and
colony numbers. The percentage of cells undergoing apoptosis
was significantly increased in both the H1299 and A549
cells that were treated with DAPT compared with no treatment (Fig. 4A). Moreover, when these two cells lines were
treated with DAPT + GEM vs. GEM alone, a marked increase
in the percentage of apoptotic cells was also observed (Fig. 4A).
Correspondingly, the number of colonies formed following
treatment of the H1299 and A549 cells with DAPT + GEM
was markedly lower than the number of colonies formed
following the treatment of H1299 and A549 cells with GEM
alone (Fig. 4B and C). These results suggest that DAPT is able
WRHQKDQFHWKHHIÀFDF\RI*(0DQGWKLVSRVLWLYHLPSDFWLV
consistent with our hypothesis that DAPT enhances the drug
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Figure 4. Effect of Notch-3 inactivation on GEM-induced apoptosis and colony numbers in NSCLC cell lines. (A) The percentage of apoptotic H1299 and A549
FHOOVLQFUHDVHGDIWHUWUHDWPHQWZLWK0'$37DQG*(0IRUK %DQG& &RORQ\QXPEHUVRI+DQG$FHOOVZHUHGHFUHDVHGDIWHUWUHDWPHQWZLWK
0'$37DQG*(0IRUK([SHULPHQWVZHUHSHUIRUPHGLQWULSOLFDWH **3YVFRQWURO *3YVFRQWURO16&/&QRQVPDOOFHOOOXQJFDQFHU
*(0JHPFLWDELQH'$37Ƣ-secretase inhibitor and indirect inhibitor of Notch.

sensitivity of NSCLC cell lines, thereby delaying or blocking
GEM resistance.
Inhibition of DAPT specifically increases lung cancer
cell sensitivity to GEM. Cell proliferation was assayed for
H1299 and A549 cells that were treated with and without
DAPT and GEM individually and in combination. An
obvious effect of DAPT on cell proliferation was observed
in both sets of cells (Fig. 5A and B), while treatment with
'$37*(0VLJQLÀFDQWO\HQKDQFHGWKHHIIHFWRI*(0RQ

cell proliferation (Fig. 5C and D). These results revealed that
DAPT positively promoted the pharmacological effects of
GEM.
Role of apoptosis-related proteins in DAPT-enhanced GEM
sensitivity. It has been shown that Bcl-2 family proteins can
be regulated by direct interactions with Bax, Bak, Bcl-2, and
Bcl-xL to allow mitochondrial outer membrane permeabilization (MOMP) and apoptosis to occur. Expression levels of Bcl-2
and Bax have also been found to be related to GEM resistance.
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Figure 5. DAPT treatment increased the sensitivity of lung cancer cells to GEM. Cell numbers were reduced after H1299 (A) and A549 (B) cells were treated
ZLWK0'$37YV'062RUQRWUHDWPHQW 1& '$37*(0WUHDWPHQWKDGDJUHDWHUHIIHFWRQWKHSUROLIHUDWLRQRI+ & DQG$ ' FHOOVFRPSDUHG
ZLWK*(0ZLWKRUZLWKRXW'062*(0JHPFLWDELQH'$37Ƣ-secretase inhibitor and indirect inhibitor of Notch.

Following the treatment of H1299 and A549 cells with GEM,
Bcl-2 was found to be upregulated, while expression of Bax
exhibited no obvious changes (Fig. 6A and B). However, when
these two cell lines were incubated with various concentraWLRQVRI'$37 DQG0 IRUKH[SUHVVLRQRI
Bcl-2 decreased in both cell lines, while expression of Bax
increased (Fig. 6C-E).
Discussion
To date, there are many methods available that provide inhibition of Notch signaling pathway activity. Various approaches
include the targeting of Notch ligands, Notch receptors,
ADAM-mediated cleavage of Notch, Ƣ-secretase-mediated
cleavage of Notch, and specific targeting of Notch-3 (19).
Targeting of Notch-3 by silencing RNA (siRNA) has been
reported and it is an important method. Moreover, treatment
with DAPT can decrease cleavage of Notch-3. Direct comparisons of Notch-3-targeted siRNAs and DAPT treatments have
shown that both approaches can achieve a similar silencing
effect, although other aspects of the Notch signaling pathway
appear to be affected as well (23).
In the present study, the Ƣ-secretase inhibitor, DAPT,
was selected to target Notch-3. Our results demonstrated
that DAPT treatment is able to effectively inhibit NICD3
H[SUHVVLRQDWWKHSURWHLQOHYHODQGFDQVLJQLÀFDQWO\LQKLELW
cell proliferation, with higher concentrations associated with
stronger inhibitory effects. These results provide evidence
that DAPT is able to effectively inhibit Notch-3 secretion,
and Notch-3 is a highly important target for cancer treatment

as demonstrated in previous studies. Many articles have
also reported that effective inhibition of Notch-3 activity by
DAPT results in a decrease in cell proliferation (24). In vivo,
Tammam et al demonstrated that tumor growth was inhibited
in a mouse model that received systemic administration of
DAPT (22). In the present study, DAPT inhibited the proliferaWLRQRIFHOOVRYHUH[SUHVVLQJ1RWFKLWVLJQLÀFDQWO\GHFUHDVHG
the percentage of cells undergoing apoptosis, and the numbers
of colonies formed were decreased. Thus, Notch-3 appears to
be important for cell viability by promoting cell proliferation
DQGLQKLELWLQJFHOODSRSWRVLV6SHFLÀFPHFKDQLVPVLQYROYLQJ
WKHLQÁXHQFHRI1RWFKRQWXPRUELRORJ\KDYHEHHQZLGHO\
studied. Notch-3 has been found to regulate many signaling
pathways related to tumor development, as well as other important proteins in cells, and to promote tumorigenesis or inhibit
tumor progression (25). Moreover, in our recent clinical study,
high levels of Notch-3 expression were detected in immunohisWRFKHPLVWU\DVVD\VDQGWKLVZDVLGHQWLÀHGDVDSRRUSURJQRVWLF
factor for NSCLC patients regardless of treatment (26).
In the clinic, chemotherapeutic drugs and molecular-targeted drugs (e.g. inhibitors of EGFR) are used to
treat NSCLC. However, only a few chemotherapeutic drugs
are available for long-term treatment of NSCLC due to the
SRWHQWLDO IRU FKHPRUHVLVWDQFH   7KXV D FRPELQDWLRQ
of molecular-targeted drugs and chemotherapy drugs may
be important for the treatment of cancer. In several clinical
studies, chemoresistance of NSCLC was found to be related
to the overexpression of certain proteins, including EGFR,
Notch and RIPK1 (28-31). It has been recognized that Notch-3
expression is related to the efficacy of GEM. Moreover, a
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)LJXUH([SUHVVLRQRIDSRSWRVLVUHODWHGSURWHLQVLQ+DQG$FHOOOLQHV $DQG% %FODQG%D[H[KLELWHGVLJQLÀFDQWGLIIHUHQFHVLQH[SUHVVLRQDIWHU
H1299 and A549 cells were treated with GEM for two months. (C) Expression levels of Bcl-2 and Bax were detected following treatment of H1299 and A549
FHOOVZLWKDQG0'$37IRUK 'DQG( 3URWHLQOHYHOVZHUHTXDQWLÀHGZLWK,PDJH-VRIWZDUHDQGVXEMHFWHGWRGHQVLWRPHWULFDQDO\VLV**P<0.01
YVFRQWURO*3YVFRQWURO*(0JHPFLWDELQH'$37Ƣ-secretase inhibitor and indirect inhibitor of Notch.

UROHIRU1RWFKLQWXPRUGHYHORSPHQWKDVEHHQHVWDEOLVKHG
indeed, high levels of Notch-3 expression have been associated with resistance to chemotherapy drugs in various types

of cancers (23,32,33). GEM is used in the clinic due to its
structural similiarities with deoxycytidine, a molecule which
affects cells and promotes cell apoptosis. In some clinical
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studies of patients with cholangiocarcinoma, overexpression
of Notch-3 was found to potentially correlate with resistance to
GEM-based chemotherapy and poor survival (34). Consistent
with these data, preclinical studies have shown that Notch-3 is
related to GEM sensitivity in other tumors (30,35). However,
WKH PHFKDQLVP UHVSRQVLEOH IRU *(0 V DELOLW\ WR HQKDQFH
1RWFKH[SUHVVLRQLQVSHFLÀFFHOOVUHPDLQVXQFOHDU7KXVWKH
UROHRI1RWFKDVZHOODV1RWFKLQSUHGLFWLQJ*(0HIÀFDF\
is an active area of research. Meanwhile, it is apparent that
Notch family proteins affect the effectiveness of GEM for
NSCLC and enhancement of GEM-mediated resistance by
Notch-3 overexpression has been observed in other types of
cancer, including pancreatic cancer.
Previously, Aoki et al reported that poor survival was
associated with Notch-3 expression in cases of extrahepatic
cholangiocarcinoma (34). The results of the present study
confirm that cells with long-term exposure to GEM have
enhanced expression of Notch-3 and increased resistance to
GEM. There are multiple genes that are involved in mediating
induced resistance that results from continuous exposure to
GEM. In the present study, H1299 and A549 cells were exposed
to GEM to induce overexpression of Notch-3 and to avoid the
FRQWURYHUV\PHQWLRQHGDERYH2XUUHVXOWVIXUWKHUFRQÀUPHG
WKDW1RWFKLVDPDMRUGHWHUPLQDQWLQPHGLDWLQJWKHF\WRWR[LF
effect of GEM in NSCLC cells. Further research is still needed
to explain how GEM is able to enhance expression of Notch-3
and suppress secretion of Notch-3 to improve sensitivity to
GEM chemotherapy. The results of previous studies indicate
that the process of apoptosis may be involved (36). The results
of the present study are consistent with this hypothesis, since
*(0WUHDWPHQWZDVIRXQGWRVLJQLÀFDQWO\LPSURYH1RWFK
expression, and Bcl-2 expression was also increased. Bcl-2
IDPLO\SURWHLQVDUHPDMRUUHJXODWRUVRIDSRSWRVLVWKDWSULPDULO\
act in mitochondria where the mitochondrial apoptotic
pathway involves a caspase-9-dependent caspase signaling
FDVFDGH  2QHFRPSRQHQWRIWKLVFDVFDGHFDVSDVHLV
usually activated by caspase-9 and this leads to the cleavage
and inactivation of key cellular proteins such as PARP and
DNA fragmentation factor (38). Some members of the Bcl-2
family modulate the activation of caspases (39). For example,
Bcl-2 inhibits the release of cytochrome c by mitochondria,
thereby preventing cell death (40,41). Therefore, in the present
study, we focused on Bcl-2 in a preliminary investigation of a
possible role for apoptosis in GEM resistance. Based on the
results obtained, further in-depth studies of the mechanistic
details involved will be pursued.
Thus, further evidence is provided that the drug resistance
and sensitivity of GEM in relation to Notch-3 involve apoptosis.
Moreover, support for the inhibition of Notch-3 by DAPT for
the treatment of patients with NSCLC was demonstrated in the
present study, especially for patients presenting with resistance
to GEM. Furthermore, we demonstrated that DAPT could be
used alone or in combination with GEM.
In summary, Notch-3 is not only important for regulating cell viability, but it is also an important target for
GEM-mediated antitumor effects. Therefore, Notch-3 may be
a good candidate for use in the development of new treatment
strategies for cancer patients who can undergo GEM-based
chemotherapy and overexpress Notch-3. Furthermore, based on
the results obtained, a prospective study and clinical treatment
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are under consideration, with the latter including a combined
treatment region of DAPT and GEM for tumor patients with
GEM-resistant and Notch-3-overexpressing tumors.
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