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S-1 and celecoxib synergistically suppress  
pancreatic cancer growth by promoting  
apoptosis in vivo and in vitro

Xiaoxin Qiu1*, Shuhan Xiong2*, Yuan Hong1, Xinyi Sheng1, Bo Tang1, Min Ma3, Kunyan Zhou3, Darong Yang4, 
Lang Chen3, Xiaohong Wang4, Haizhen Zhu4, Chaohui Zuo3

1Graduates School, University of South China, 28 West Changsheng Road, Hengyang 421001, P. R. China; 2School 
of Public Health, Jilin University, 1163 Xinmin Road, Changchun 130021, P. R. China; 3Department of Gastro Duo-
denal and Pancreatic Surgery, Laboratory of Digestive Oncology, Hunan Cancer Institute, Hunan Cancer Hospital, 
The Affiliated Cancer Hospital of Xiangya School of Medicine, Central South University, No. 283 Tongzipo Road, 
Changsha 410013, P. R. China; 4Department of Molecular Medicine, College of Biology, State Key Laboratory of 
Chemo/Biosensing and Chemometrics, Hunan University, No. 2 South Lushan Road, Changsha 410082, P. R. 
China. *Equal contributors.

Received December 19, 2017; Accepted September 5, 2018; Epub April 15, 2019; Published April 30, 2019

Abstract: Objective: Selective cyclooxygenase-2 (COX-2) inhibitor celecoxib has been found to suppress the develop-
ment of hepatocellular carcinoma and pancreatic cancer. S-1 is a new generation of oral fluorouracil anti-cancer 
drug. The aim of this study is to investigate the synergistic role of S-1and celecoxib in pancreatic cancer growth. 
Methods: The anticancer activities of S-1, celecoxib and their combination were investigated in vitro with human 
pancreatic cancer PANC-1 cells by analyzing cell viability with MTT assays, apoptosis and cell cycle pattern via flow 
cytometry and fluorescence microscopy in addition to migration and cell adhesion assays. Bcl-2 and survivin, Bax, 
caspase-8 caspase-3 and cleaved PARP activities were determined by quantitative real-Time PCR (qRT-PCR), west-
ern blotting and immunohistochemistry assays. In vivo measurements comprised a mouse PANC-1 xenograft assay. 
Results: S-1 combined with celecoxib synergistically inhibited the viability of PANC-1 cells in a dose-dependent man-
ner. Combined S-1 and celecoxib application inhibited cell cycle progression, induced apoptosis, down-regulated 
Bcl-2 and survivin, up-regulated Bax, caspase-8, caspase-3 and cleaved PARP as well as reduced cell-matrix adhe-
sion and migration to higher levels as their mono-applications. Murine subcutaneous PANC-1 xenograft growth rates 
were reduced by 32.61% with S-1, 39.53% with celecoxib and 73.13% with S-1 and celecoxib combined applica-
tions. Conclusions: S-1 and celecoxib synergistically suppressed PANC-1 viability by up-regulating the pro-apoptotic 
protein Bax and down-regulating anti-apoptotic proteins Bcl-2 and survivin, thus triggering the intrinsic caspase 
signaling. The results may provide a theoretical basis for the clinical use of S-1 and celecoxib in combination for 
pancreatic cancer treatment.
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Introduction

Pancreatic cancer is one of the most aggr- 
essive gastrointestinal malignancies and the 
fourth leading cause of carcinoma-related mor-
tality. There were 45,220 estimated new cases 
in 2013, and about 38,460 patients were 
expected to die of this disease in America [1]. 
The incidence and mortality of pancreatic can-
cer keeps increasing in China, being ranked as 
the seventh leading cause of cancer-related 
death [2]. Despite decades of effort, pancreatic 

cancer still keeps the status of poor prognosis, 
with the incidence almost the same as the mor-
tality [3], < 6 month median survival and only a 
4-5%, 5-year survival rate [4]. Although surgery 
offers the only chance of cure, most pancreatic 
patients miss the opportunity due to locally 
unresectable or distant metastasis, which arise 
due to delayed clinical diagnosis. Only 15% of 
pancreatic cancer patients are diagnosed at 
the stage that resection can be performed [5]. 
Even worse, in the majority of patients who 
underwent surgical treatment the disease will 
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still recur locally or distantly after a short period 
of time [1, 6]. Therefore, systemic chemothera-
py and/or radiotherapy have become the most 
important treatments for advanced pancreatic 
cancer patients.

However, pancreatic cancer is obviously resis-
tant to chemo- or radiotherapy, although as the 
standard first-line chemotherapeutic drug for 
unresectable or metastatic pancreatic cancer, 
gemcitabine has showed some promise. Some 
studies have suggested that anti-tumor effect 
of gemcitabine monotherapy had a higher effi-
cacy than 5-fluorouracil (FU) monotherapy, with 
a significant improvement in the median sur-
vival time [7].

Recently, several studies have revealed that 
combinations of chemotherapeutic agents tar-
geting variant hallmarks of pancreatic cancer 
improved the treatment efficacy [8-10].

S-1 (S-1) is a novel oral fluorouracil anti-cancer 
drug, which consists of tegafur (FT, a prodrug of 
5-FU), gimeracil and oteracil [11]. In 2005, S-1 
was used as systemic chemotherapy against 
unresectable locally advanced or metastatic 
pancreatic cancer in Japan. A number of clinical 
studies confirmed that S-1 was better than 
other similar drugs for the treatment of pancre-
atic cancer. Compared with gemcitabine, oral 
administration of S-1 was more convenient 
than conventional intravenous administration; 
S-1 monotherapy as adjuvant chemotherapy 
was found to have a better objective response 
rate, longer median life span and lower adverse 
reactions [12-14].

Proinflammatory cyclooxygenase-2 (COX-2) is 
an established factor linking inflammation with 
cancer in various organs including the pancre-
as. Studies have suggested that COX-2 is 
upregulated in pancreatic cancer tissues, with 
a low expression or no detectable expression  
in the adjacent normal tissues. High expression 
of COX-2 was closely related with pancreatic 
cancer cell proliferation, angiogenesis and anti-
apoptosis, and also the occurrence and devel-
opment of pancreatic cancer [15-18]. Celeco- 
xib, a highly selective COX-2 inhibitor, can in- 
duce tumor cell apoptosis and inhibit the pro- 
liferation of a variety of solid tumors including 
pancreatic cancer; in addition, it can enhance 
the lethal effects of many chemotherapy drugs 
on cancers [19]. Our previous studies have 

shown that celecoxib can effectively inhibit the 
growth and endothelial angiogenesis of human 
HepG2 cell xenografts in nude mice, by inhibit-
ing the expression of COX-2 [20]. Further stud-
ies confirmed that α-interferon and the COX- 
2 inhibitor celecoxib synergistically increased 
TRAIL expression in hepatocellular carcinoma 
to induce apoptosis [21].

However, the clinical benefits and the mecha-
nism of S-1 in combination with celecoxib for 
the treatment of pancreatic cancer are not 
clear. The aims of the present study were to 
investigate the synergistic role of S-1 and ce- 
lecoxib in pancreatic cancer growth and to 
explore the underlying mechanisms.

Methods

Cell lines and animals

The human pancreatic cancer cell line, PANC-1, 
was supplied by the Cell Resource Center of 
Chinese Academy of Sciences Shanghai Insti- 
tutes for Biological Sciences; Forty male BA- 
LB/C nude mice (6-week-old, weighing 10~20 
g) were purchased from Hunan Slack King 
Laboratory Animal (Changsha, China) with ani-
mal certificate No. SYXK (Jing) 2013-0004.

Compounds and reagents

Celecoxib was purchased from Pfizer Inc. (New 
York, USA) with the approval number BK11- 
CCEE042, dissolved in dimethyl sulfoxide (DM- 
SO) and stored at -20°C; S-1 was delivered from 
Shandong New Time Pharmaceutical (approval 
number: H20080802), dissolved in PBS and 
stored at -20°C; DAPI staining solution and 
RIPA lysis buffer were bought from Beyotime 
Institute of Biotechnology (Haimen, China); 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) reagent was purchased 
from Sigma-Aldrich (St. Louis, MO, USA); Apo- 
ptosis detection kits were purchased from 
KeyGEN BioTECH (Nanjing, China); Monoclonal 
antibodies to Bcl-2 (ab117115), caspase-3, 
Bax (ab32503), PARP (ab6079), survivin (ab- 
182132) and β-actin were obtained from San- 
ta-Cruz Biotechnology (Santa-Cruz, CA, USA); 
phosphate-buffered saline (PBS), DMEM medi-
um, fetal bovine serum (FBS) and dimethyl sulf-
oxide (DMSO) were purchased from Gibco 
(Grand Island, NY, USA); PCR kit, Premix, Ex Taq 
and Trizol were sourced from Wuhan Boster 



Clinical benefits and actions of S-1 in combination with celecoxib

3203 Int J Clin Exp Med 2019;12(4):3201-3213

Biological Technology (Wuhan, China); Primer 
was obtained from Shanghai Biological En- 
gineering (Shanghai, China); 0.25% trypsin was 
bought from Hyclone Laboratories (Logan, UT, 
USA), PrimeScriptTM RT reagent Kit was sup-
plied by TaKaRa Bio Inc. (Kusatsu, Japan).

Cell culture and treatments

PANC-1 cells were cultured in completed DM- 
EM medium, containing 10% FBS, 20 mmol/L 
NaHCO3, 100 U/mL penicillin and 100 µg/ml 
streptomycin, at 37°C in a 5% CO2 atmosphere 
incubator. PANC-1 cells were treated with vari-
ous concentrations of S-1, celecoxib or both for 
the indicated times.

Cell viability assay

Cell viability was analyzed by MTT assay. Briefly, 
PANC-1 cells in the logarithmic phase were 
seeded at a density of 1 × 105 cells/100 μL/
well, in 96-well plates, and incubated at 37°C 
overnight for attachment, in a 5% CO2 atmo-
sphere incubator. Then the PANC-1 cells, in the 
S-1 group were challenged with 0, 5, 10, 20 μM 
of S-1; the celecoxib group were challenged 
with 0, 20, 40 and 80 μM celecoxib; the S-1 
and celecoxib combination group were chal-
lenged with 0, 5, 10 or 20 μM S-1 with 40 μM of 
celecoxib, respectively. After 24 h, 20 μL MTT 
(5 mg/mL) was added and cultured at 37°C  
for 4 h. Then the supernatant was discarded 
and 150 μL DMSO was added to each well and 
incubated at room temperature for 10 min. 
Absorbance was read at 490 nm using a micro-
plate reader (Thermo Scientific, Waltham, MA, 
USA). Four wells were analyzed at each con- 
centration. Each experiment was repeated 3 
times. The percentage of cell viability was cal-
culated according to the following equation: 
Cell viability (%) = ODtreated/ODcontrol × 100%. The 
amount of DMSO used in this study has been 
proven not to affect the proliferation of pancre-
atic cancer cells (Data not shown). The average 
cell viability is presented as the mean ± stan-
dard deviation (SD). The synergetic effects of 
S-1 and celecoxib were evaluated by the Q 
value method [22].

Analysis of the cell cycle and apoptosis using 
flow cytometry 

Logarithmic phase PANC-1 cells were seeded 
at a density of 5 × 105 cells/2 mL/well, in 6-well 

plates and incubated at 37°C overnight in a  
5% CO2 atmosphere to facilitate attachment. 
The supernatant was replaced with fresh DM- 
EM medium. PANC-1 cells were then challenged 
with PBS in the control group, 40 μM celecoxib 
in the celecoxib group and 10 μM S-1 in the S-1 
group, 40 μM celecoxib and 10 μM S-1 in the 
S-1 and celecoxib combination group, respec-
tively. Harvested PANC-1 cells (1 × 106) were 
washed twice with pre-cooled PBS and re-sus-
pended in 1 mL of pre-cooled 70% ethanol and 
fixed at 4°C for 24 h. The ethanol was discard-
ed by centrifugation and cells washed with ice-
cold PBS. The PANC-1 cells were then re-sus-
pended in 500 μL of 1 × binding buffer contain-
ing 100 μg/mL PI (for the cell cycle assay) or 
100 μg/mL PI and Annexin V-FITC mixture (for 
the apoptosis assay), and samples left in the 
dark for 30 min. The apoptosis rate was ana-
lyzed by FACS Calibur flow cytometry (Beckman 
Coulter EPICS XL, CA, USA). The early apoptotic 
cells (Annexin-V+/PI-) were distributed in the 
lower right quadrant. The late apoptotic cells 
(Annexin-V+/PI+) were distributed in the upper 
right quadrant. The lower left quadrant indi-
cates normal cells and the lower right quadrant 
represents early apoptotic cells (Annexin-v+ and 
PI-).

The cell cycle distribution is shown as the per-
centage of cells containing G0/G1, S and G2/M 
DNA content, as determined by propidium 
iodide staining. 

Western blot analysis

PANC-1 cells in 6-well plates were pretreated 
with PBS in the control group, 40 μM celecoxib 
in the celecoxib group, 10 μM S-1 in the S-1 
group or 40 μM celecoxib and 10 μM S-1 in  
the S-1 and celecoxib combination group, and 
washed twice with cold PBS. PANC-1 cells were 
resuspended in RIPA cell lysis buffer containing 
proteinase inhibitors (100:1) and kept on ice  
for 15 min with scratch. The supernatant of  
the cell lysate was collected by centrifugation 
at 13,000 g, 4°C for 5 min. The protein con- 
centration was determined by the BCA method 
according to the manufacturer’s description. 
25 μg of proteins were run on 12% SDS-PAGE 
gels and subsequently transferred to polyvinyli-
dene fluoride (PVDF) membranes (120 V × 90 
min). Membranes were blocked with 5% non- 
fat milk for 1 h at room temperature, and then 



Clinical benefits and actions of S-1 in combination with celecoxib

3204 Int J Clin Exp Med 2019;12(4):3201-3213

incubated overnight at 4°C with primary anti-
bodies of survivin, Bcl-2, caspase-3, PARP and 
Bax (1:1000 dilution). Signals were developed 
using an enhanced chemiluminescent (ECL) 
detection kit (Pierce, Rockford, IL, USA) after 
incubation with peroxidase-conjugated second-
ary antibodies for 2 h at room temperature.

Fluorescence microscope observation

PANC-1 cells were seeded in 12-well culture 
plates at a density of 5 × 105 cells/mL/well and 
cultured for 12 h. These cells were then chal-
lenged with PBS in the control group, 40 μM 
celecoxib in the celecoxib group, 10 μM S-1 in 
the S-1 group, 40 μM celecoxib and 10 μM S-1 
in the S-1 and celecoxib combination group, 
respectively, for 24 h. The supernatant was dis-
carded by centrifugation at 1,000 r/min for 15 
min and the cells washed once with PBS before 
being were fixed with methanol/acetic acid 
solution (3:l) for 10 min. The cells were re-sus-
pended in a small amount of the fixing solution 
and a drop of the cell suspension placed on a 
cover slip. Cells were then stained with DAPI  
for 10 min and left to naturally dry and then 
were rinsed with distilled water and mounted in 
fluorescent solution (a mixture of equal vol-
umes of PBS and glycerol, pH 9.5). The cells 
were viewed and photographed under a fluores-
cence microscope at a 360~400 nm excitation 
wavelength.

In vitro cell migration assay

Migration of PANC-1 cells was determined by 
the wound-healing assay. Briefly, logarithmic 
phase PANC-1 cells were seeded at a density  
of 1 × 105 cells/1 mL/well, in 6-well plates. The 
cells were pretreated (vide supra) for the indi-
cated groups. A straight line was marked using 
a pencil on the back of the wells containing pre-
treated cells. A straight line, perpendicular to 
the one on the back of each well at the center, 
was gently scraped using the tip of a dispos-
able pipette and then the pancreatic cancer 
cells were grown to 95% confluence. The wells 
were then rinsed with sterile PBS 3 times  
and recharged with serum-free DMEM medium. 
Wound healing was observed and photogra- 
phed after 48 h.

Cell-matrix adhesion assay

The 96-well culture plates were coated by add-
ing the diluted (1:5 dilution) artificial Matrigel 

(100 μL/well) at a final concentration of 100 
ng/mL. Logarithmic phase PANC-1 cells were 
seeded at a density of 5 × 104 cells/well into 
the coated plates, after being kept at 37°C in 
an oven for 1 h before being incubated at 37°C 
in a 5% CO2 atmosphere incubator for 12 h. The 
PANC-1 cells were then challenged with PBS in 
the control group, 40 μM celecoxib in the cele-
coxib group, 10 μM S-1 in the S-1 group, 40  
μM celecoxib and 10 μM S-1 in the S-1 and 
celecoxib combination groups, respectively. 
Challenged cells were cultured for 24 h in tripli-
cates for each concentration. MTT solution (5 
mg/mL) was added (20 μL/well) and cultured 
for another 4 h. The supernatant was discard- 
ed and replenished with 150 μL of DMSO in 
each well. The plates were oscillated for 10 min 
on an automatic shaker in a low-speed mode. 
Absorbance (A value) was measured at a wave-
length of 490 nm using a microplate reader. 
Relative adhesion rate% = (A490 value of the 
experimental group/A490 value of the control 
group) × 100%. The above experiments were 
repeated 3 times.

RNA purification and quantitative real-Time 
PCR (qRT-PCR) analysis

Pretreated PANC-1 cells in PBS for the control 
group, 40 μM celecoxib in the celecoxib group, 
10 μM S-1 in the S-1 group, or 40 μM celecoxib 
and 10 μM S-1 in the combination therapeutic 
group, were washed twice with cold PBS. Total 
RNA was isolated using Trizol reagent. Briefly, 
cells in each well were lysed with 1 mL of Trizol 
at the end of the intervention and collected in- 
to 1.5 mL Eppendorf tubes. The tubes were 
shaken after 200 μL of chloroform was added 
to each tube and then 400 μL of the upper liq-
uid aqueous phase carefully aspirated into 
fresh Eppendorf tubes, after centrifugation at 
12,000 rpm for 15 min at 4°C. Isopropyl alco-
hol (500 μL) was added to each tube, mixed 
and tubes were then left on ice for 10 min; then 
the supernatant was discarded after centrifu-
gation at 12,000 rpm for 15 min at 4°C. RNA 
was naturally dried at room temperature for < 
10 min after washing with 75% ethanol. The 
precipitated RNA was fully dissolved in 200 μL 
of DEPC pretreated H2O. RNA concentrations 
were measured using a spectrophotometer; 
the OD260/OD280 ratio of the samples should 
have been between 1.8-2.0. cDNA synthesis 
was conducted using a PrimeScriptTM RT re- 
agent kit (Takara Bio Inc., Japan) according to 
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the manufacturer’s protocol. Briefly, a total of 
10 μL mixture, including 2.0 μL 5 × g DNA 
Eraser Buffer, 1.0 μL g DNA Eraser, 1.0 μg total 
RNA and DEPC treated H2O, was added to sam-
ple tubes which were placed in a 42°C water 
bath for 2 min. Then, 1.0 μL of RT Primer Mix, 
4.0 μL 5 × PrimeScript Buffer 2 and 5.0 μL 
DEPC treated H2O were added into the mix- 
ture prepared above on ice to a final volume  
of 20 μL. After brief centrifugation, PCR was 

diameter of the tumor reached 5 mm. Celecoxib 
and S-1 were administered to mice intragastri-
cally after the drugs were suspended in sodium 
carboxymethyl cellulose (5 g/L). The dose of 
celecoxib in the celecoxib group was 50 mg/
kg·d [23], with continuous administration car-
ried out for 7 d; the dose of S-1 in the S-1 group 
was 8.3 mg/kg·d [24], with continuous adminis-
tration for 7 d; the doses and frequencies of 
celecoxib and S-1 in the S-1 and celecoxib com-

Table 1. Influence of S-1 combined with celecoxib on the inhibition 
rate of PANC-1 cell viability

Groups (n = 4) Concentration Inhibition rate (%) 
of cell proliferation

Control group 0 0
Celecoxib group 20 μmol/L 27.31 ± 1.77

40 μmol/L 32.80 ± 4.85Δ

80 μmol/L 57.89 ± 7.93Δ

S-1 group 5 μmol/L 20.08 ± 9.11
10 μmol/L 31.14 ± 11.15Δ

20 μmol/L 54.56 ± 7.72Δ

Combination group 5 μmol/L S-1 + 40 μM celecoxib 63.08 ± 19.15**

10 μmol/L S-1 + 40 μM celecoxib 72.11 ± 6.97**

20 μmol/L S-1 + 40 μM celecoxib 88.09 ± 17.22**

Note: Influence of S-1 combined with celecoxib on the inhibition rate of PANC-1 
cell viability. PANC-1 cells were challenged with different concentrations of S-1, 
celecoxib or S-1 combined with celecoxib for 24 h, followed by MTT assay. Data are 
representative of 3 independent experiments. ΔP < 0.05 compared to the next lower 
dose. **P < 0.01 compared to monotherapy.

Figure 1. Percent distribution for specific phases across the PANC-1 cell 
cycle. After treatment for 24 h, the effects of S-1 (10 μM), celecoxib (40 
μM) or S-1 combined with celecoxib on the cell cycle of PANC-1 cells were 
determined by flow cytometry. All the experiments were repeated 3 times. 
*P < 0.05.

carried out using a Real-ti- 
me PCR system (Bio-Rad, CA, 
USA) under the conditions of 
40 cycles with pre-denatur-
ation at 95°C for 5 min, dena-
turation at 95°C for 5 sec, 
annealing at 60°C for 30 sec 
and elongation at 72°C for 20 
sec. The primers used were: 
GAPDH: forward (F), 5’-TTTG- 
TCAAGCTCAT TTCCTG-3’; re- 
verse (R), 5’-TGGTCCAGGGTT- 
TCTTACTC-3’. survivin: F, 5’- 
TTCTCAAGGACCACCGCATC- 
3’; R, 5’-GCCAAGTCTGGCTCG- 
TTCTC-3’. COX-2: F, 5’-CTCTC- 
AATGAGTACCGCAAA-3’; R, 5’- 
CAAAGATAGCATCTGGAGA-3’.

Tumor growth assay (Tumor 
Xenograft in nude mice)

Forty (six-week-old) male at- 
hymic (nu/nu) mice were used 
in the study, with the appro- 
val of the Institutional Animal 
Care and Use Committee of 
the University. 250 μL (2 × 
107/mL) of PANC-1 cells in 
PBS were injected subcuta-
neously under the front legs 
with a total final number of 5 
× 106 administered per mo- 
use. The mice were observed 
every day and the long diam-
eter (a) and short diameter (b) 
of tumors were measured wi- 
th a caliper every 3 days to 
monitor tumor development. 
All of the mice bearing tumors 
were randomly separated in- 
to a negative control group, a 
celecoxib group, a S-1 group 
and a S-1 and celecoxib com-
bination group, when the long 
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bination groups were the same as in the cele-
coxib group or S-1 group, but used in the same 
mice. Mice were sacrificed after continuous 
administration for 27 d and any tumors were 
isolated. Tumor volume (V) and the inhibition 
rate were calculated according to the following 
equations: V = ab2/2; inhibition rate = (1-tumor 
volume of the intervention group/tumor volume 
of the control group) × 100%.

Immunohistochemistry assay

For immunohistochemistry, 20 mg of tumor tis-
sue was fixed in 10% neutral buffered parafor-
maldehyde at 4°C for 24 h. Sections (5-μm 
thick) were deparaffinized, rehydrated with PBS 
(pH 7.4), treated with aqueous 3% H2O2 for 10 
min and the antigen retrieved in 0.1% tryp- 
sin (M/V) for 10 min at 37°C. Sections were 
blocked with 5% BSA at room temperature for 
30 min, then rabbit anti-survivin antibody was 
applied at a concentration of 1:150 overnight 
at 4°C. Then they were incubated for 15 min  
at room temperature with a second antibody 
conjugated with HRP after washing with PBS. 
Diaminobenzidine (DAB) was applied for 5 min 
and then slides were counterstained with he- 
matoxylin. Sections were then mounted with 
neutral gum after being made transparent with 
xylene. Images were acquired using an optical 
microscope (Olympus IX70, Japan). The extent 
of survivin-positive expression, which was local-
ized in the cytoplasm of tumor cells, was calcu-
lated using Image-Pro Plus.

represents the effect of S-1 with celecoxib. The 
q value: 0.85 to 1.15 means a simple addition; 
1.15 to 20 means augmentation; values > 20 
means significant augmentation; 0.85 to 0.55 
means antagonism; values < 0.55 means obvi-
ous antagonism. Completely randomized de- 
sign ANOVA was performed to compare the dif-
ference between groups. P-values < 0.05 were 
considered to be statistically significant.

Results

S-1 and celecoxib synergistically inhibited the 
viability of human pancreatic cancer PANC-1 
cells

After being challenged with different concen-
trations of S-1, celecoxib or S-1 combined with 
celecoxib for 24 h, PANC-1 cell viabilities were 
quantified by MTT assay. As shown in Table 1, 
S-1 or celecoxib had a significant dose-depen-
dent inhibitory effect on the viability of PANC-1 
cells. However, the inhibition rates of S-1 or 
celecoxib were lower than in the S-1 and cele-
coxib combination group. The inhibition rate of 
S-1, at a final concentration of 20 μM, was  
only 54.56%. Differences between the inhibi-
tory effects of S-1 and celecoxib were not sta-
tistically significant (P > 0.05). The inhibitory 
effects were more obvious when PANC-1 cells 
were challenged with different concentrations 
of S-1 combined with celecoxib (40 μM). The 
inhibition rates of S-1 combined with celecoxib 
on the PANC-1 cell viability were significantly in- 
creased vs the control group or each monother-
apy group (P < 0.05), which were gradually 

Figure 2. Apoptosis of PANC-1 cells. After being challenged with S-1 (10 μM) 
combined with celecoxib (40 μM) for 24 h, apoptosis of PANC-1 cells was 
determined by flow cytometry. A. Control group; B. S-1 and celecoxib combi-
nation group. All experiments were repeated 3 times.

Statistical analysis

SPSS Statistics for Windows 
software (ver. 18.0, SPSS Inc., 
Chicago, US) was used for all 
statistical analyses. Data are 
representative of 3 indepen-
dent experiments. Means ± 
standard deviation (SD) are 
shown. PCR results were ana-
lyzed using BandScan analy-
sis software. The synergetic 
effects of the test drugs were 
evaluated by the Q value 
method [22], according to the 
following equation: q = EA+B/EA 
+ EB - EA · EB · (EA represents the 
effect of the S-1 intervention; 
EB represents the effect of the 
celecoxib intervention; EA+B 
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improved with an increase in the S-1 concen- 
tration. The inhibition rate was 88.09% when 
20 μM S-1 and 40 μM celecoxib were used in 
combination. The calculated q = 1.325 was 
higher than 1.15, which indicated that S-1 and 
celecoxib had synergistic inhibitory effects on 
the viability of PANC-1 cells.

S-1 and celecoxib synergistically inhibit the cell 
cycle progression of PANC-1 cells

After being challenged with S-1 (10 μM), cele-
coxib (40 μM) or S-1 combined with celecoxib 

for 24 h, the cell cycle phases of PANC-1 cells 
were evaluated by flow cytometry. The chal-
lenge resulted in G0/G1 phase arrest, and a cor-
responding reduction in the G2/M and S phases 
of PANC-1 cells, which was most obvious in the 
combination group (Figure 1). The difference of 
each treatment group vs the control group was 
statistically significant (P < 0.05); differences in 
the proportion of each cell phase between the 
S-1 and celecoxib combination group and each 
monotherapy group were also statistically sig-
nificant (P < 0.05). These data suggested that 

Figure 3. Morphological changes of apoptotic PANC-1 cells under fluorescence microscopy. After being challenged 
with S-1 (10 μM), celecoxib (40 μM) or S-1 combined with celecoxib for 24 h, PANC-1 cells were stained with DAPI 
and examined by fluorescence microscopy to detect any morphological changes. A. Control group; B. celecoxib 
group; C. S-1 group; D. S-1 and celecoxib combination group. The pictures shown are representative of 3 indepen-
dent experiments.

Figure 4. Regulation of apoptosis-
related factors by S-1 (10 μM) and 
celecoxib (40 μM). PANC-1 cells 
were treated with S-1, celecoxib 
or S-1 combined with celecoxib 
for 24 h, then the expressions of 
apoptosis-related factors were de-
termined. A, B. Apoptosis-related 
protein expression revealed by 
Western blotting; β-actin was used 
as a loading control. The expres-
sions of caspase-3 and caspase-8 
were further quantified by a colo-
rimetric method. *P < 0.05; **P < 
0.01. ***P < 0.001 vs the control 
group. C. mRNA transcription of 
surviving revealed by RT-PCR.
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S-1 and celecoxib may synergistically inhibit 
PANC-1 cell survival by inhibiting proliferation, 
due to arrest of the cell cycle and DNA syn- 
thesis.

S-1 and celecoxib synergistically induced 
apoptosis of PANC-1 cells

After being challenged with S-1 (10 μM), cele-
coxib (40 μM) or S-1 combined with celecoxib 
for 24 h, apoptosis of PANC-1 cells was ana-
lyzed by flow cytometry and fluorescence mic- 

of apoptosis-related factors

S-1 (10 μM) and celecoxib (40 μM) treatment 
inhibited the expression and transcription of 
the anti-apoptotic proteins Bcl-2 and survivin, 
while increasing the expression of the pro-apo- 
ptotic protein Bax (Figure 4A and 4C). Subse- 
quently, the intrinsic caspase signaling was 
triggered, with caspase-3 and caspase-8 being 
statistically significantly upregulated (Figure 
4B), as well as enhanced proteolytic cleavage 
of PARP (Figure 4A). Figure 4A shows the analy-

Figure 5. Inhibition of migration and invasion of PANC-1 cells. PANC-1 cells 
were treated with S-1 (10 μM), celecoxib (40 μM) or S-1 combined with ce-
lecoxib for the indicated times. Then PANC-1 cell migration was examined 
using the wound healing assay (A-D) and invasion was examined using the 
cell-matrix adhesion assay (E): (A) Control group, (B) celecoxib group, (C) S-1 
group, (D) S-1 and celecoxib combination group, (E) invasion of PANC-1 cells. 
The images and data shown are representative of 3 independent experi-
ments. *P < 0.05.

roscopy. As shown in Figure 2, 
10 μM S-1 combined with 40 
μM celecoxib could significan- 
tly promote PANC-1 cell apop-
tosis compared with the con-
trol group (26.38% vs 4.40%).

We further checked the mor-
phological changes in apop-
totic cells after DAPI staining 
using fluorescence microsco-
py. As illustrated in Figure 3, 
PANC-1 cells in the control 
group had intact cell mem-
branes with deep colored, full 
shaped and uniform density 
nuclei (Figure 3A). After being 
challenged with S-1 (10 μM) 
and/or celecoxib (40 μM), ce- 
ll membrane shrinkage, rela-
tively small nuclei, chromatin 
concentration and fluorescen- 
ce color enhancement could 
be seen in some of the cells. 
Apoptotic bodies, with the ty- 
pical apoptotic morphology, 
could be seen in some fields 
of view, which were character-
ized by condensed cells with 
unequal sizes of cellular de- 
bris (Figure 3B-D). The mor-
phological changes represent-
ing apoptosis was most obvi-
ous in the combination group 
(Figure 3D). These results fur-
ther demonstrated that S-1 
and celecoxib could synergis- 
tically promote apoptosis of 
pancreatic cancer PANC-1 ce- 
lls.

S-1 and celecoxib synergisti-
cally regulated the expression 
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sis of apoptosis effector proteins by Western 
blot and demonstrates that both S-1 and cele-
coxib could induce a greater content of cleav- 
ed PARP (p89) in PANC-1 cells; almost all the 
pro-PARP was cleaved in PANC-1 cells treated 
with S-1 combined with celecoxib. S-1 com-
bined with celecoxib showed the best regulato-
ry effects. Differences in caspase-8, caspase-3 
expression (Figure 4B) and surviving transcrip-
tion (Figure 4C), between each treatment group 
and the control group were statistically signifi-
cant (P < 0.05); Differences between the S-1 
and celecoxib combination group and the con-
trol group were also statistically significant (P < 
0.05), while between the S-1 and celecoxib 
groups no statistically significance was noted 
(P > 0.05).

S-1 and celecoxib synergistically reversed cell 
migration and invasion of PANC-1 cells

The effects of S-1 (10 μM) and celecoxib (40 
μM) on PANC-1 cell migration and invasion were 
examined using the wound healing assay and 
the cell-matrix adhesion assay, respectively as 
described in the Materials and Methods sec-
tion. S-1 and celecoxib significantly suppressed 
PANC-1 cell migration (Figure 5A-D) and inva-
sion (Figure 5E), with S-1 combined with cele-
coxib exhibiting the best inhibitory effect. The 
inhibitory effect on PANC-1 cell invasion had a 
dose-dependent relationship; the differences 
between the S-1 and celecoxib combination as 
well as the S-1 and celecoxib groups and the 
control group were statistically significant (P < 

show significant adverse reactions; mental con-
dition, activity, diet and defecation of mice were 
all normal. Body weight increased after the 
treatment. Mice were sacrificed after continu-
ous administration for 27 days and tumors 
were isolated. The tumor volumes of subcuta-
neous xenografts in each group were: control 
group (2,288.67 ± 753.87) mm3, S-1 group 
(1,542.42 ± 229.17) mm3, celecoxib group 
(1,383.75 ± 323.25) mm3, and S-1 and cele-
coxib combination group (615.00 ± 195.25) 
mm3 (Figure 6). Tumor growth was slower, th- 
us the tumor volume was significantly reduced 
(P < 0.05) in each treatment group vs the con-
trol group; tumor volume in the S-1 and cele-
coxib combination group was significantly sm- 
aller than in each monotherapy group (P < 
0.05); tumor volumes in the S-1 group and cele-
coxib group exhibited no significant differenc- 
es (P > 0.05). Inhibition rates of tumor growth 
were 32.61%, 39.53% and 73.13% for the S-1 
group, celecoxib group and the S-1 combined 
with celecoxib group, respectively. The q = 1.23 
> 1.15 indicated that S-1 and celecoxib pro-
duced significant synergistic effects when used 
in combination.

S-1 and celecoxib synergistically inhibited the 
expression of survivin in vivo

To confirm further the inhibitory effects of S-1 
(8.3 mg/kg·d) and celecoxib (50 mg/kg·d) on 
the expression of survivin in vivo, we investi-
gated the expression of survivin in xenograft 
tumor tissue by immunohistochemical staining. 
As shown in Figure 7, compared with the con-

Figure 6. S-1 and celecoxib synergistically suppressed tumorigenicity. PANC-
1 cells were injected subcutaneously into the skin under the front legs of 
nude mice. Tumor growth was measured and the curves plotted as indicat-
ed. Data are shown as the mean ± SD (n = 8). Similar results were obtained 
in three independent experiments. *P < 0.05.

0.05); while between the S-1 
and celecoxib group no sta- 
tistically significant difference 
was obtained (P > 0.05).

S-1 and celecoxib synergisti-
cally suppressed tumorigenic-
ity

Six days after PANC-1 cell 
inoculation, 2 of the 40 mice 
failed to form tumors (long di- 
ameter tumor ≥ 5 mm), with a 
tumor formation rate of 95%. 
Celecoxib (50 mg/kg·d) and 
S-1 (8.3 mg/(kg·d) were admi- 
nistered to mice. After intra-
gastric dosing of S-1 and/or 
celecoxib, the mice did not 
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trol group, S-1 and celecoxib significantly re- 
duced survivin expression in xenograft tumor 
tissue (P < 0.05); compared with the mono- 
therapy group, survivin expression in xenograft 
tumor tissue was significantly reduced in the 
S-1 and celecoxib combination group (P <  
0.05); while survivin expression in the S-1 group 
xenograft tumor tissue was greater than in the 
celecoxib group (P < 0.05).

Discussion

Gemcitabine has been the first-line clinical 
treatment for pancreatic cancer over the past 
10 years. Even though the outcome of single-
agent gemcitabine treatment against pancre-
atic cancer is limited, other remedies alone or 
in combination failed to demonstrate a survival 
benefit greater than gemcitabine monotherapy 
alone, until the combination of gemcitabine 

nism in cancer pathogenesis [28], and has 
been widely recognized as a hallmark of most 
types of cancer [29]. By regulation of specific 
mechanisms that are usually involved in trig-
gering cancer cell apoptosis, drugs that can 
induce cancer cell apoptosis hold great prom-
ise for therapy and have been the focus of 
many preclinical drug discovery studies. Apo- 
ptosis is initiated by cell-surface death recep-
tors such as Fas (the extrinsic pathway) after 
directly activating a caspase-activation cas-
cade. The mitochondrial pathway (the intrinsic 
pathway) of apoptosis, on the other hand, is 
triggered by loss of the integrity of the mito-
chondrial outer membrane, which allows the 
release of pro-apoptotic factors (e.g., cyto-
chrome C) from the mitochondria into the cyto-
sol [30, 31]. In our study, for the first time, it  
has been demonstrated that S-1 and celecoxib 
can synergistically inhibit the viability of human 

Figure 7. Survivin protein expression in xenograft tumor tissue (immuno-
histochemical staining × 200). A. Control group; B. S-1 group; C. celecoxib 
group; D. S-1 and celecoxib combination group; E. Optical density of survivin 
protein expression in tumor tissues. The images and data shown are repre-
sentative of 3 independent experiments. *P < 0.05; **P < 0.01.

and erlotinib was shown to 
bring significant benefits [25, 
26]. Later, it was reported 
that FOLFIRINOX (a combina-
tion chemotherapy regimen 
including fluorouracil, oxalipla-
tin, irinotecan and leucovorin) 
provided a statistically and 
clinically significant advanta- 
ge over gemcitabine mono-
therapy in advanced pancre-
atic cancer patients. This is 
the first actual therapeutic 
progress achieved since the 
introduction of gemcitabine 
even though the toxicity asso-
ciated with the S-1 and cele-
coxib combination is signifi-
cantly increased. It is strong- 
ly recommended to use the 
combination treatment as a 
more effective strategy to im- 
prove outcomes in patients 
with advanced pancreatic can- 
cer than gemcitabine mono-
therapy alone [27].

Apoptosis is a physiological 
process of programmed cell 
death that removes cells no 
longer required or that have 
become irreparably damaged. 
Abnormal regulation of apop-
tosis is an important mecha-
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pancreatic cancer PANC-1 cells in a dose-de- 
pendent manner. To identify further the spe- 
cific apoptosis pathways involved in S-1 and 
celecoxib-induced PANC-1 cell apoptosis, the 
expression of caspase-3 and caspase-8 were 
investigated and the results revealed that both 
caspase-3 and caspase-8 were upregulated in 
PANC-1 cells after exposure to S-1 and celecox-
ib, strongly suggesting that the extrinsic path-
way for apoptosis had been triggered.

Survivin is by far one of the strongest apoptos- 
is inhibitor proteins and an important indica- 
tor of tumor proliferation and malignancy [32]. 
Survivin can directly inhibit the activity of apop-
tosis terminal effector enzyme caspase-3 and 
caspase-7, and simultaneously interfere with 
the activity of caspase-9, thereby suppressing 
Fas or TRAIL receptor-induced apoptosis. Sur- 
vivin can also cause ribosome phosphorylation 
by binding to the cell cycle regulator CDK4, thus 
accelerating the cell cycle G1/S conversion pro-
cess, thus indirectly inhibiting the activity of 
caspase-3 by the release of P21 and prevent-
ing mitochondrial release of cytochrome C, the- 
reby inhibiting apoptosis [33]. In the present we 
found that S-1 and celecoxib could inhibit the 
expression of survivin in both human pancre-
atic cancer PANC-1 cells and xenograft tumor 
tissues at the mRNA and protein level, in a 
dose-dependent manner. Cell cycle analysis 
indicated that combination treatment with S-1 
and celecoxib resulted in a statistically signifi-
cant G0/G1 phase arrest of PANC-1 cells, which 
in combination with enhanced apoptosis re- 
flected essentially suppressed tumor growth  
in xenograft-bearing nude mice after S-1 plus 
celecoxib application with a q value of 1.23, 
indicating that both drugs acted synergistically. 
Taken together, our data suggests that S-1 and 
celecoxib synergistically inhibited PANC-1 cell 
growth in vitro and in vivo, by inhibiting prolif-
eration due to cell cycle arrest and induced 
apoptosis, shown by downregulation of Bcl-2 
and survivin as well as upregulation of Bax. Our 
findings provide a theoretical basis for the use 
of S-1 combined with celecoxib as a new the- 
rapeutic strategy to treat human pancreatic 
cancer.

Acknowledgements

This work was supported by The Hunan Provin- 
ce high-level health “225” (project No. K2013) 
and the Development and Reform Commission 
of Hunan Province Industry (project No. 2015).

Disclosure of conflict of interest

None.

Address correspondence to: Chaohui Zuo, Depart- 
ment of Gastro Duodenal and Pancreatic Surgery, 
Laboratory of Digestive Oncology, Hunan Cancer 
Institute, Hunan Cancer Hospital, The Affiliated 
Cancer Hospital of Xiangya School of Medicine, 
Central South University, No. 283 Tongzipo Road, 
Changsha 410013, P. R. China. Tel: +86-138759- 
11328; Fax: +86-731-89762142; E-mail: zuochao-
hui@vip.sina.com

References

[1] Wolfgang CL, Herman JM, Laheru DA, Klein AP, 
Erdek MA, Fishman EK and Hruban RH. Recent 
progress in pancreatic cancer. CA Cancer J Clin 
2013; 63: 318-348.

[2] Long J, Luo GP, Xiao ZW, Liu ZQ, Guo M, Liu L, 
Liu C, Xu J, Gao YT, Zheng Y, Wu C, Ni QX, Li M 
and Yu X. Cancer statistics: current diagnosis 
and treatment of pancreatic cancer in Sh- 
anghai, China. Cancer Lett 2014; 346: 273-
277.

[3] Wang Y, Schrag D, Brooks GA and Dominici F. 
National trends in pancreatic cancer outcomes 
and pattern of care among medicare benefi-
ciaries, 2000 through 2010. Cancer 2014; 
120: 1050-1058.

[4] Siegel R, Naishadham D and Jemal A. Cancer 
statistics, 2013. CA Cancer J Clin 2013; 63: 
11-30.

[5] Stelzner F, Ruhlmann J and von Mallek D. 
Prediction of prognosis of pancreatic cancer 
based on the homing area. Chirurg 2013; 84: 
214, 216-221.

[6] Sun Y and Shi YK. Manual of medical oncology. 
Beijing: people‘s medical publishing house 
Co., Ltd.; 2009.

[7] Li Q, Yuan Z, Yan H, Wen Z, Zhang R and Cao B. 
Comparison of gemcitabine combined with tar-
geted agent therapy versus gemcitabine 
monotherapy in the management of advanced 
pancreatic cancer. Clin Ther 2014; 36: 1054-
1063.

[8] Ischenko I, Petrenko O and Hayman MJ. A 
MEK/PI3K/HDAC inhibitor combination thera-
py for KRAS mutant pancreatic cancer cells. 
Oncotarget 2015; 6: 15814-15827.

[9] Gong J, Xie J, Bedolla R, Rivas P, Chakravarthy 
D, Freeman JW, Reddick R, Kopetz S, Peterson 
A, Wang H, Fischer SM and Kumar AP. Com- 
bined targeting of STAT3/NF-kappaB/COX-2/
EP4 for effective management of pancreatic 
cancer. Clin Cancer Res 2014; 20: 1259-1273.

[10] Jiang MJ, Dai JJ, Gu DN, Huang Q and Tian L. 
Aspirin in pancreatic cancer: chemopreventive 

mailto:zuochaohui@vip.sina.com
mailto:zuochaohui@vip.sina.com


Clinical benefits and actions of S-1 in combination with celecoxib

3212 Int J Clin Exp Med 2019;12(4):3201-3213

effects and therapeutic potentials. Biochim 
Biophys Acta 2016; 1866: 163-176.

[11] Ueno H, Okusaka T, Ikeda M, Takezako Y and 
Morizane C. An early phase II study of S-1 in 
patients with metastatic pancreatic cancer. 
Oncology 2005; 68: 171-178.

[12] Nakai Y, Isayama H, Sasaki T, Sasahira N, Ito Y, 
Kogure H, Togawa O, Matsubara S, Arizumi T, 
Yagioka H, Yashima Y, Kawakubo K, Mizuno S, 
Yamamoto K, Hirano K, Tsujino T, Ijichi H, 
Tateishi K, Toda N, Tada M, Omata M and Koike 
K. Impact of S-1 on the survival of patients 
with advanced pancreatic cancer. Pancreas 
2010; 39: 989-993.

[13] Miyagawa K, Yata Y, Yamaoka N and Sagara Y. 
A case of complete response(CR) to combina-
tion therapy of S-1 and gemcitabine (GEM)  
for unresectable pancreatic cancer. Gan To 
Kagaku Ryoho 2010; 37: 1145-1147.

[14] Hatata T, Takaya S, Taniguchi K, Naka T, Kondo 
A and Ikeguchi M. A case of complete response 
of gemcitabine (GEM) monotherapy-refractive 
liver metastatic pancreatic cancer treated with 
GEM+S-1 combined chemotherapy. Gan To 
Kagaku Ryoho 2011; 38: 109-112.

[15] Juuti A, Louhimo J, Nordling S, Ristimaki A and 
Haglund C. Cyclooxygenase-2 expression cor-
relates with poor prognosis in pancreatic can-
cer. J Clin Pathol 2006; 59: 382-386.

[16] Tucker ON, Dannenberg AJ, Yang EK, Zhang F, 
Teng L, Daly JM, Soslow RA, Masferrer JL, 
Woerner BM, Koki AT and Fahey TJ 3rd. 
Cyclooxygenase-2 expression is up-regulated 
in human pancreatic cancer. Cancer Res 
1999; 59: 987-990.

[17] Crowell PL, Schmidt CM, Yip-Schneider MT, 
Savage JJ, Hertzler DA 2nd and Cummings WO. 
Cyclooxygenase-2 expression in hamster and 
human pancreatic neoplasia. Neoplasia 2006; 
8: 437-445.

[18] Takatori H, Natsugoe S, Okumura H, Mat- 
sumoto M, Uchikado Y, Setoyama T, Sasaki K, 
Tamotsu K, Owaki T, Ishigami S and Aikou T. 
Cyclooxygenase-2 expression is related to 
prognosis in patients with esophageal squa-
mous cell carcinoma. Eur J Surg Oncol 2008; 
34: 397-402.

[19] Maier TJ, Schilling K, Schmidt R, Geisslinger G 
and Grosch S. Cyclooxygenase-2 (COX-2)-
dependent and -independent anticarcinogenic 
effects of celecoxib in human colon carcinoma 
cells. Biochem Pharmacol 2004; 67: 1469-
1478.

[20] Zuo CH, Li ZR, Zhou X, Ouyang YZ, Zhou ZY and 
Zeng L. Inhibitory effects of cyclooxygenase-2 
inhibitor celecoxib on growth and angiogenesis 
of human liver cancer HepG2 cell xenografts in 
small nude mice. Ai Zheng 2006; 25: 414-420.

[21] Zuo C, Qiu X, Liu N, Yang D, Xia M, Liu J, Wang 
X, Zhu H, Xie H, Dan H, Li Q, Wu Q, Burns M and 
Liu C. Interferon-alpha and cyclooxygenase-2 
inhibitor cooperatively mediates TRAIL-induced 
apoptosis in hepatocellular carcinoma. Exp 
Cell Res 2015; 333: 316-326.

[22] Lu XJ, Ma YJ and Zhou M. The statistical analy-
sis methods of drug-independent and drug-
drug interactions function. Chinese Journal of 
Health Statistics 2008; 25: 187-188.

[23] Zhang X, Chen ZG, Choe MS, Lin Y, Sun SY, 
Wieand HS, Shin HJ, Chen A, Khuri FR and 
Shin DM. Tumor growth inhibition by simulta-
neously blocking epidermal growth factor re-
ceptor and cyclooxygenase-2 in a xenograft 
model. Clin Cancer Res 2005; 11: 6261-6269.

[24] Tachimori A, Yamada N, Amano R, Ohira M and 
Hirakawa K. Combination therapy of S-1 with 
selective cyclooxygenase-2 inhibitor for liver 
metastasis of colorectal carcinoma. Anticancer 
Res 2008; 28: 629-638.

[25] Di Marco M, Di Cicilia R, Macchini M, Nobili E, 
Vecchiarelli S, Brandi G and Biasco G. Meta- 
static pancreatic cancer: is gemcitabine still 
the best standard treatment? (review). Oncol 
Rep 2010; 23: 1183-1192.

[26] Moore MJ, Goldstein D, Hamm J, Figer A, Hecht 
JR, Gallinger S, Au HJ, Murawa P, Walde D, 
Wolff RA, Campos D, Lim R, Ding K, Clark G, 
Voskoglou-Nomikos T, Ptasynski M, Parulekar 
W; National Cancer Institute of Canada Clinical 
Trials Group. Erlotinib plus gemcitabine com-
pared with gemcitabine alone in patients with 
advanced pancreatic cancer: a phase III trial of 
the National Cancer Institute of Canada Cli- 
nical Trials Group. J Clin Oncol 2007; 25: 1960-
1966.

[27] Conroy T, Desseigne F, Ychou M, Bouche O, 
Guimbaud R, Becouarn Y, Adenis A, Raoul JL, 
Gourgou-Bourgade S, de la Fouchardiere C, 
Bennouna J, Bachet JB, Khemissa-Akouz F, 
Pere-Verge D, Delbaldo C, Assenat E, Chau- 
ffert B, Michel P, Montoto-Grillot C, Ducreux  
M; Groupe Tumeurs Digestives of Unicancer; 
PRODIGE Intergroup. FOLFIRINOX versus gem-
citabine for metastatic pancreatic cancer. N 
Engl J Med 2011; 364: 1817-1825.

[28] Hanahan D and Weinberg RA. The hallmarks of 
cancer. Cell 2000; 100: 57-70.

[29] Nicholson DW. From bench to clinic with apop-
tosis-based therapeutic agents. Nature 2000; 
407: 810-816.

[30] Green DR and Llambi F. Cell death signaling. 
Cold Spring Harb Perspect Biol 2015; 7.

[31] Nair P, Lu M, Petersen S and Ashkenazi A. 
Apoptosis initiation through the cell-extrinsic 
pathway. Methods Enzymol 2014; 544: 99-
128.



Clinical benefits and actions of S-1 in combination with celecoxib

3213 Int J Clin Exp Med 2019;12(4):3201-3213

[33] Zhang M, Li J, Wang L, Tian Z, Zhang P, Xu Q, 
Zhang C, Wei F and Chen W. Prognostic signifi-
cance of p21, p27 and survivin protein expres-
sion in patients with oral squamous cell carci-
noma. Oncol Lett 2013; 6: 381-386.

[32] Olie RA, Simoes-Wust AP, Baumann B, Leech 
SH, Fabbro D, Stahel RA and Zangemeister-
Wittke U. A novel antisense oligonucleotide 
targeting survivin expression induces apopto-
sis and sensitizes lung cancer cells to chemo-
therapy. Cancer Res 2000; 60: 2805-2809.


