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S-fluorouracil suppresses stem cell-like properties
by inhibiting p38 in pancreatic cancer cell line PANC-1
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Abstract

Introduction. Suppressing the phenotype of cancer stem cells (CSCs) is a promising treatment strategy for cancer.
P38 mitogen-activated protein kinases (MAPK, p38) play an important role in the occurrence, development,
and stemness maintenance of tumors. The aim of the current study was to investigate the effect of p38 on the
stemness maintenance of CSCs in pancreatic cancer cell line PANC-1.

Material and methods. PANC-1 human pancreatic cancer cells were treated with 5-fluorouracil (5-FU) at 0.5
I1C50, IC50, and 2 IC50 for 24 h. PANC-1 cells were treated for 24 h with 5-FU at 0.51C50, IC50, and 2IC50
with or without VX-702, p38 phosphorylation inhibitor. Cells were resuspended in DMEM supplemented with
20 ng/ml epidermal growth factor, 2% B27, 5 ug/ml insulin, 20 g/ml basic fibroblast growth factor, and 10 pwg/ml
transferrin. Cells were seeded in ultra-low adhesion 6-well dishes to observe tumor spheroidization. The expres-
sion of CDK2, cyclin B1, cyclin D1, OCT4, SOX2, Nanog, and p38 was measured by Western blot. The mRNA
expression of p38, OCT4, Nanog, and SOX2 was measured by RT-PCR. Flow cytometry was performed to
evaluate the cell cycle, apoptosis, and proportion of CD44+CD133+ PANC-1 cells.

Results. 5-FU decreased cell viability and increased apoptosis. 5-FU suppressed the stemness maintenance of CSCs
in PANC-1 cells, as demonstrated by the inhibition of tumorsphere formation, the decrease in CD44+CD133+
cells’ fraction, and downregulation of OCT4, Nanog, and SOX2 expression. In addition, 5-FU inhibited the
phosphorylation of p38 in PANC-1 cells. The phosphorylation of p38 was subsequently suppressed by VX-702,
p38 mitogen-activated protein kinase inhibitor, which exhibited similar effects as those of 5-FU treatment. The
effect of VX-702 on PANC-1 cells was further enhanced by 5-FU treatment. Thus, p38 inhibitor decreased the
viability and increased the apoptosis of PANC-1 cells. P38 inhibitor suppressed the stemness maintenance of CSCs
in PANC-1 cells, as demonstrated by the inhibition of tumorsphere formation, the decrease in CD44+CD133+
cells, and the downregulation of OCT4, Nanog, and SOX2 expression.

Conclusions. These findings indicate that the inhibition of p38 phosphorylation suppresses the stemness main-
tenance and 5-FU resistance of PANC-1 cells, providing a potential therapeutic target for the prevention and
treatment of pancreatic cancer. (Folia Histochemica et Cytobiologica 2022, Vol. 60, No. 1, 55-65)
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Introduction survival rate of only 7% and a median survival time

of 6 months [1, 2]. Because of the lack of effective
early diagnosis indicators, most patients are already
in the middle and advanced stage when they are diag-
nosed, having missed the best treatment period [3, 4].
Chemotherapy is the major treatment for pancreatic
cancer at present. However, its therapeutic effect is

Pancreatic cancer is one of the deadliest cancers
worldwide, exhibiting a poor prognosis with a five-year
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severely limited by the drug resistance of cancer cells,
which results in tumor metastasis and recurrence, the
main cause of greater than 90% of cancer-associated
deaths [5, 6]. Therefore, it is necessary to identify
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potential diagnostic markers and therapeutic targets
for the prevention and treatment of pancreatic cancer.

Tumor cells with stem cell-like features, known as
cancer stem cells (CSCs), often have great multi-di-
rectional differentiation potential and self-renewal
ability [7]. CSCs not only are a possible cause of tumor
occurrence, but also explain tumor heterogeneity,
metastasis, and recurrence [8]. In addition, CSCs are
identified as vital targets that mediate tumor resist-
ance [6, 9]. Previous studies have demonstrated that
CSCs promote the drug resistance and metastasis of
pancreatic cancer by regulating the occurrence of
epithelial-mesenchymal transition [10]. Thus, sup-
pressing the CSC phenotype is a promising treatment
strategy for cancer [11, 12].

Mitogen-activated protein kinases (MAPKs) are
widely expressed serine/threonine kinases contain-
ing three subtypes that participate in various signal
transduction pathways: extracellular signal-regulated
kinases, p38 MAPK, and c-Jun NH2-terminal kinases
[13, 14]. Evidence has demonstrated that p38 MAPK
(p38) plays an important role in tumor occurrence,
development, and drug resistance. P38 promotes
tumorigenesis by mediating tumor cell invasion and
metastasis [15]. In addition, p38 inhibition suppressed
the stemness maintenance of CSCs in pancreatic
cancer and reduced the number of circulating tumor
cells in the body [16]. However, the relationship be-
tween p38 and the stemness maintenance of CSCs in
pancreatic cancer has been rarely reported.

To address this, PANC-1 human pancreatic can-
cer cells were treated with 5-fluorouracil (5-FU).
The effect of 5-FU on the stemness maintenance of
pancreatic CSCs and the expression of p38 were eval-
uated. Then, the expression of p38 in 5-FU-treated
PANC-1 cells was suppressed by VX-702, a specific
inhibitor of p38, to investigate the effect of p38 on the
stemness maintenance of pancreatic CSCs and the
drug resistance of pancreatic cancer cells.

Materials and methods

Cell culture and treatment. The human pancreatic cancer
cellline PANC-1 was purchased from the Shanghai Institutes
for Biological Sciences, Chinese Academy of Science. The
cells were cultured in Dulbecco’s modified eagle medium
(DMEM, Hyclone, UT, USA) containing 10% fetal bovine
serum (FBS, Gibco, Gaithersburg, MD, USA) and main-
tained at 37°C with 5% CO,. When the confluence reached
80-90%, the cells were treated with 5-FU (SigmaAldrich, St.
Louis, MO, USA) at 0, 5, 10, 20, 50, and 200 4M to obtain
the median inhibitory concentration (IC50) using a logit
model. The cells were then treated for 24 h with 5-FU at
0.5 x IC50, IC50, and 2 x IC50 to investigate the effect of
5-FU on the biological behavior and stemness maintenance
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of PANC-1 cells. The cells were subsequently treated with
VX-702, p38 mitogen-activated protein kinase inhibitor
(p38MAPK) (2 mM) (Selleck, Houston, TX, USA) [17], an
inhibitor of p38, combined with 5-FU at the concentration
of 0.5 x IC50, IC50, and 2 x IC50 for 24 h to explore the
effect of p38 on 5-FU-treated PANC-1 cells.

Cell Counting Kit-8 (CCK-8) assay. PANC-1 cells were
seeded into 96-well plates at 5 x 10° cells/well and main-
tained at 37°C with 5% CO, overnight. The cells were then
treated for 24 hwith (1) 5-FU at 0, 5, 10, 20, 50, and 200 uM;
(2) 5-FU at 0.5 x IC50, IC50, and 2 x IC50; (3) VX-702
(2 uM) [17] combined with 5-FU at 0.5 x IC50, IC50, and
2 x IC50. After treatment, 10 ul of CCK-8 solution (Bi-
oswamp, Wuhan, China) was added to each well and the
cells were further incubated at 37°C for 4 h. Finally, the
absorbance of each well was detected using a microplate
reader (Allsheng, Hangzhou, China) at 450 nm.

Flow cytometry. Flow cytometry was performed to evaluate
the cell cycle, apoptosis, and proportion of CD44+CD133+
PANC-1 cells. To evaluate cell cycle: 1 x 107 cells were
centrifuged at 1000 g for 5 min and resuspended in 300 ul
of phosphate-buffered saline (PBS) (Bioswamp). After the
addition of 700 ul of absolute ethyl alcohol, the cells were
maintained at —20°C for 24 h and centrifuged at 1000 X g
for 5 min. The collected cell pellets were then resuspended
in 100 ul of RNase A (1 mg/l). After 30 min of incubation
at 37°C, 400 ul of propidium iodide (PI) (BD, Shanghai,
China) was added at 50 ug/ml and the cells were incubated
in the dark for 10 min. Finally, the cells were subjected to
flow cytometry (ACEA Biosciences, San Diego, CA, USA).
To evaluate apoptosis: 1 X 10° cells were centrifuged at 1000
g at 4°C for 5 min and resuspended in 1 ml of PBS, followed
by centrifugation at 1000 g at 4°C for 5 min (twice). The cells
were resuspended in 200 ul of binding buffer (Bioswamp),
after which 10 ul of Annexin V-fluorescein isothiocyanate
(FITC, BD, Shanghai, China) and 10 ul of PI were added.
The cells were incubated in the dark at 4°C for 30 min and
subjected to flow cytometry. To evaluate the proportion of
CD44+CD133+ cells: 0.25% Pancreatin was added to the
cells and the cells were collected by centrifugation at 1000 X
g for 5min. 1 x 10° cells were resuspended in 100 ul of PBS.
After the addition of 2 ul of CD133-phycoerythrin and 2 ul
of CD44-allophycocyanin, the cells were cultured in the dark
at 4°C for 30 min. The cells were washed twice with 2 ml of
PBS, centrifuged at 1000 X g at 4°C for 5 min, resuspended
in 400 ul of PBS, and subjected to flow cytometry.

Tumorsphere formation. PANC-1 cells were treated for
24 h with 5-FU at 0.5 x IC50, IC50, and 2 x IC50 with
or without VX-702. Then, the cells were resuspended in
DMEM supplemented with 20 ng/ml epidermal growth
factor (PeproTech, Rocky Hill, NJ, USA), 2% B27 (Gibco),
5 ug/mlinsulin (Bioswamp), 20 ug/ml basic fibroblast growth
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factor (PeproTech), and 10 ug/ml transferrin (Bioswamp,
Wuhan, China). The cells were seeded at 1 x 10° cells/ml
(2 ml per well) in ultra-low adherent 6-well dishes (Corning,
New York, USA) and incubated at 37°C with 5% CO2 for
6 days. Thereafter, tumorspheres were observed under an
inverted fluorescence microscope (Leica, Wetzlar, Germany).

Western blot. Total proteins were extracted from PANC-1
cells and quantified using a bicinchoninic acid assay kit (Bi-
oswamp, Wuhan, China). 20 ug of harvested proteins were
separated by 12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and transferred onto polyvinylidene
fluoride membranes (Millipore, Billerica, MA, USA). After
blocking, the membranes were cultured for 1 h at room
temperature (RT) with primary rabbit antibodies against
cyclin-dependent kinase 2 (CDK2, 1:1000 dilution), cyclin B1
(1:1000), cyclin D1 (1:1000), octamer-binding transcription
factor 4 (OCT4, 1:1000), sex-determining region Y-box 2
(SOX2, 1:1000), Nanog (1:1000), p38 (1:1000), and GAPDH
(1:1000). The membranes were then incubated for 1 h at RT
with horseradish peroxidase-labeled goat anti-rabbit IgG
secondary antibodies (1:20000). All antibodies were supplied
by Bioswamp. GAPDH served as an endogenous control.

Quantitative reverse transcription-polymerase chain reac-
tion (QRT-PCR). Total RNA was extracted from PANC-1
cells and reversed-transcribed into cDNA. The harvested
cDNA was amplified using the SYBR Green PCR kit
(KAPA Biosystems, Boston, USA) according to the man-
ufacturer’s protocol in a CFX-CONNECT 96 apparatus
(Bio-Rad, Hercules, CA, USA). The primer sequences were
as follows: p38 forward, 5>-CCCGCTTATCTCATTA-3’,
reverse, 5’-CAGGCTTTTCCACTCA-3’; OCT4 forward,
5-CTGGGGGTTCTATTTG-3’, reverse, 5’-GGTTCGCT-
TTCTCTTT-3’; Nanog forward, 5-GTGTCGCAAAAAA-
GGA-3’, reverse, 5-CAGGATGTTGGAGAGTTC-3’;
SOX2 forward, 5-GGGTTCGGTGGTCAAGTC-3’,
reverse, 5-TGTGAAGTCTGCTGGGGG-3’; GAPDH
forward, 5’- CCACTCCTCCACCTTTG-3’, reverse,
5-CACCACCCTGTTGCTGT-3’; GAPDH served as an
endogenous control. Relative mRNA expression levels were
calculated using the 2-22“ method [18].

Statistical analysis. Data are presented as the mean =+ stand-
ard deviation (SD). Differences among groups were analyzed
using a one-way analysis of variance followed by Tukey test. P
< 0.05 was considered to be statistically significant.

Results

Effect of 5-FU on the proliferation, apoptosis,

and cycle of PANC-1 cells

PANC-1 cells were treated with various concentra-
tions of 5-FU for 24 h and CCK-8 assay was carried
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out to assess the cell viability (Fig. 1A). The cell
viability decreased with increasing concentrations of
5-FU, and the IC50 of 5-FU on PANC-1 cells was
calculated to be 2657 uM. El-Mahdy ef al. indicated
that after 48 h treatment, the IC50 of 5-FU is 12.66
uM for PANCI [19]. However, Cheng et al. showed
that the cell growth of PANCI cells showed no change
after 500 uM 5-Fu treatment for 24 h [20], indicating
that the IC50 is more than 500 uM. The high IC50 of
5-FU for PANCI1 may be associated with the experi-
mental environment, cellular state, and experimental
method. The PANC-1 cells were subsequently treated
with 5-FU at concentrations of 0.5 X IC50, IC50, and
2 x IC50. The results showed that 5-FU decreased
the viability (Fig. 1B) and increased the apoptosis
(Fig. 1C) of PANC-1 cells in a concentration-depend-
ent manner. In addition, 5-FU induced S phase arrest
of PANC-1 cells in a concentration-dependent manner,
as demonstrated by the decrease of CDK2, cyclin B1,
and cyclin D1 proteins’ expression (Fig. 1D and 1E).

Effect of 5-FU on the stemness maintenance

of PANC-1 cells

Tumorspheres show solid and spherical structures,
which are believed to be derivates of CSCs. As shown
in Fig. 2A, 5-FU suppressed the tumorsphere forma-
tion of PANC-1 cells in a concentration-dependent
manner, as demonstrated by the decrease of the mean
diameter of 20 tumorspheres. In addition, CD44 and
CD133 are specific biomarkers of CSCs [21]. Flow
cytometry was performed to evaluate the proportion
of CD44+CD133+ cells, in turn determining the
proportion of CSCs in PANC-1 cells The results indi-
cated that 5-FU decreased the proportion of CSCs in
PANC-1 cells in a concentration-dependent manner
(Fig. 2B). Furthermore, the protein and mRNA ex-
pression of stemness-related factors (OCT4, Nanog,
and SOX2) were measured. Both the protein (Fig. 3A)
and mRNA (Fig. 3B) expression of OCT4, Nanog,
and SOX2 were reduced after PANC-1 cells were
treated with 5-FU. The expression of p38 in PANC-1
cells was also evaluated after 5-FU treatment. Both
the phosphorylation (Fig. 4A) and mRNA (Fig. 4B)
expression of p38 were decreased by 5-FU in PANC-1
cells, suggesting that the effect of 5-FU on the stem-
ness maintenance of PANC-1 cells might be mediated
by the p38 signaling pathway.

Effect of p38 inhibition on the proliferation,
apoptosis, and cell cycle of PANC-1 cells

To investigate the effect of p38 signaling on the behav-
ior of PANC-1 cells, p38 expression was suppressed
by its inhibitor, VX-702. As shown in Fig. 5, com-
pared to untreated PANC-1 cell, VX-702 suppressed
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Figure 1. Effect of 5-FU on the proliferation, apoptosis, and cell cycle progression in PANC-1 cells. A. PANC-1 cells were
treated with different concentrations of 5-FU to obtain the IC50 (2657 uM) using a logit model. Based on the IC50 of 5-FU,
PANC-1 cells were treated with 5-FU at 0.5 x IC50, IC50, and 2x IC50 to evaluate the effect of 5-FU on the (B) viability,
(C) apoptosis, (D) cell cycle, and (E) cell cycle related protein expression. 5-FU decreased cell viability, promoted cell ap-
optosis, and induced S phase arrest in PANC-1 cells in a concentration-dependent manner. Data are presented as the mean
= SD,n = 3, *p < 0.05.
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Figure 2. Effect of 5-FU on tumorsphere formation and the proportion of CD44+CD133+ cells in PANC-1 cells. PANC-1
cells were treated with 5-FU at 0.5 x IC50, IC50, and 2x IC50 to evaluate the effect of 5-FU on (A) tumorsphere formation
(magnification X200) and the mean diameter of 20 tumorspheres in each group. B. The proportion of CD44+CD133+
cells. 5-FU suppressed tumorsphere formation and decreased the proportion of CD44+CD133+ cells in PANC-1 cells in
a concentration-dependent manner. Data are presented as the mean * SD, n = 3, *p < 0.05.

cell viability and promoted apoptosis; in addition,
VX-702 induced S phase arrest, as demonstrated by
decreased expression of CDK2, cyclin B1, and cyclin
D1 proteins. These effects were further accentuated
with combined 5-FU treatment with VX-702.

Effect of p38 inhibition on the stemness
maintenance of PANC-1 cells

VX-702 suppressed the tumorsphere formation
(Fig. 6A) and the proportion of CD44+CD133+
cells (Fig. 6B) in PANC-1 cells, which were further
suppressed with combined 5-FU treatment. Western
blot was performed to evaluate the protein expres-
sion of the stemness-related proteins OCT4, Nanog,
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and SOX2 in PANC-1 cells treated with VX-702,
with/without 5-FU (Fig. 7A). p38 inhibitor sup-
pressed the expression of OCT4, Nanog, and SOX2
proteins, and this effect was further downregulated
by 5-FU. The effect of p38 inhibition on the mRNA
expression of OCT4, Nanog, and SOX2 was similar
to that of protein expression (Fig. 7B). Furthermore,
the phosphorylation and mRNA expression of p38
were measured using Western blot and qRT-PCR,
respectively (Fig. 8). The effect of VX-702 and
5-FU on p38 expression was similar to that on the
expression of OCT4, Nanog, and SOX2, suggesting
that p38 was involved in regulating the stemness
maintenance of PANC-1 cells.
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Figure 3. Effect of 5-FU on the expression of stemness-related indicators in PANC-1 cells. PANC-1 cells were treated with
5-FU at 0.5 x IC50, IC50, and 2x IC50 to evaluate the effect of 5-FU on the (A) protein and (B) mRNA expression of OCT4,
Nanog, and SOX2. 5-FU downregulated both the protein and mRNA expression of OCT4, Nanog, and SOX2 in PANC-1
cells in a concentration-dependent manner. Data are presented as the mean = SD, n = 3, *p < 0.05.
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both the protein and mRNA expression of p38 in PANC-1 cells in a concentration-dependent manner. Data are presented
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Discussion

Chemotherapy is a major treatment strategy for pan-
creatic cancer, and commonly used chemotherapeutic
agents for pancreatic cancer include 5-FU and gem-
citabine [22]. Since chemoresistance severely impairs
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the therapeutic effect, research has been focused on
revealing the mechanism and targets that mediate
drug resistance and developing better therapeutic
strategies for pancreatic cancer [23-25]. However,
the underlying mechanism that explains the treatment
effect of 5-FU on pancreatic cancer, particularly its
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Figure 5. Effect of combined p38 inhibition and 5-FU on the proliferation, apoptosis, and cycle cell progression in PANC-1
cells. PANC-1 cells were treated with a p38 inhibitor VX-702 (2 uM) with 5-FU at 0.5 x IC50, IC50, and 2 x IC50, and cell
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Figure 6. Effect of combined p38 inhibition and 5-FU on tumorsphere formation and the proportion of CD44+CD133+
cells in PANC-1 cells. PANC-1 cells were treated with a p38 inhibitor with/without 5-FU at 0.5 x IC50, IC50, and 2 X
IC50 and (A) tumorsphere formation (magnification x200) and the mean diameter of 20 tumorspheres in each group. B.
The proportion of CD44+CD133+ cells. P38 inhibition suppressed tumorsphere formation and reduced the proportion of
CD44+CD133+ cells in PANC-1 cells. The effect of p38 inhibition was further accentuated by combined 5-FU treatment.

Data are presented as the mean = SD, n = 3, *p < 0.05.

effect on the stem-like properties, is barely elucidat-
ed. CSCs were shown to play an important role in
5-FU resistance [26, 27] but on the contrary, 5-FU
exerted anti-tumor effects partially by suppressing
the stem-like properties of cancer cells [28]. Cell cycle
regulation is one of the key regulatory mechanisms
of cancer cell growth, and cell proliferation could be
inhibited by inducing cell cycle arrest in the S phase
[29, 30]. The current study demonstrated that after
24 h of 5-FU treatment at different concentrations,
cell viability was decreased, apoptosis was promoted,
and the arrest of the cell cycle at the S phase was
induced in PANC-1 cells in a concentration-depend-
ent manner. An obvious fall in the cyclin D1, cyclin
B1, and CDK2 protein levels that play an important
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role in the S phase arrest was shown. In addition,
the ability of PANC-1 cells to form tumorspheres,
which are initiated from CSCs, was suppressed by
5-FU, and the proportion of PANC-1 cells exhibiting
positive expression of CD44 and CD133 (a marker of
CSCs (21)) was decreased. Stemness genes NANOG,
OCT4, and SOX2 are important transcription factors
that regulate stem-cell self-renewal. Down-regulation
of stemness genes (OCT4, NANOG, and SOX2) was
found to reduce the stemness of mesenchymal stem
cells [31]. Furthermore, 5-FU attenuated the expres-
sion of the stemness-related indicators OCT4, Nanog,
and SOX2 in a concentration-dependent manner,
which was consistent with previous studies [31]. Thus,
this work suggests that the mechanism via which 5-FU
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Figure 7. Effect of combined p38 inhibition and 5-FU on the expression of stemness-related markers in PANC-1 cells.
PANC-1 cells were treated with a p38 inhibitor with/without 5-FU at 0.5 x IC50, IC50, and 2 X IC50 concentrations, and
the (A) protein and (B) mRNA expression of OCT4, Nanog, and SOX2 were evaluated. P38 inhibition downregulated both
the protein and mRNA expression of OCT4, Nanog, and SOX2 in PANC-1 cells. The effect of p38 inhibition was further
accentuated by combined 5-FU treatment. Data are presented as the mean + SD, n = 3, *p < 0.05.
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Figure 8. Effect of combined p38 inhibition and 5-FU on the expression of p38 in PANC-1 cells. PANC-1 cells were treated
with a p38 inhibitor with/without 5-FU at 0.5 x IC50, IC50, and 2 x IC50 concentrations, and the (A) protein and (B) mRNA
expression of p38. P38 inhibition downregulated both the protein and mRNA expression of p38 in PANC-1 cells. The effect of
p38 inhibition was further accentuated by combined 5-FU treatment. Data are presented as the mean = SD, n = 3, *p < 0.05.
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suppressed the development of pancreatic cancer may
be associated with its inhibitory effect on the stem-like
properties of pancreatic cancer cells.

p38 is a major target for chemotherapy in cancer
treatment [32]. Additionally, p38 has been found to
mediate the properties of CSCs [33] and is activated
by 5-FU in colorectal cancer cells, thereby regulating
the balance between autophagy and apoptosis [34].
Thus, we proposed that the effect of 5-FU on the
stem-like properties of pancreatic cancer cells may
be mediated by p38. We revealed that 5-FU inhib-
ited p38 expression in PANC-1 cells in a concentra-
tion-dependent manner, which was different from
previous results showing that 5-FU upregulated p38
in colorectal cancer cells [34]. This difference could
be due to cell-type specificity. The expression of p38
was then suppressed by its inhibitor to investigate the
effect of p38 on the stem-like properties of pancreatic
cancer cells. Mammalian p38 is inhibited in various
conditions, ranging from physiological processes like
cell proliferation to pathological states including can-
cer. Inhibition of p38 often showed different effects
depending on the cell type, organ, and pathophysi-
ologic condition [35, 36]. Recently, Xu et al. found
that p38 knockdown impaired the self-renewal of
CSCs in breast cancer cells [33], consistent with the
current study showing that p38 inhibition decreased
the ratio of pancreatic CSCs.

Previous studies have demonstrated that OCT4,
Nanog, and SOX2 are sufficient to reprogram human
somatic cells into pluripotent stem cells that show sub-
stantial characteristics of embryonic stem cells [37].
Thus, OCT4, Nanog, and SOX2 have been identified
as biomarkers of stem cells [38]. OCT4 is an important
regulator of CSC pluripotency and self-renewal [28],
and its overexpression in breast cancer cells increased
tumorsphere formation compared to that in cells
with low OCT4 levels and increased the expression
of CSC markers including CD34 and CD133 [39].
Co-expression of OCT4 and Nanog, another stem
cell marker [40], enhanced tumor metastasis, migra-
tion, and invasion through epithelial-mesenchymal
transition and promoted the stem cell phenotype
in hepatocellular carcinoma [41]. The current study
demonstrated that p38 inhibition reduced the pro-
portion of CD44+CD133+ cells and the expression
of the stem cell markers OCT4, Nanog, and SOX2.

In conclusion, the current study provides evidence
that 5-FU suppresses stem-like properties of pancre-
atic cancer cells. The underlying mechanism may be
associated with the downregulation of p38 signaling.
The deeper mechanisms of 5-FU and VX-702 to
maintain the stemness of PANC-1 cells need to be
further investigated. Thus, targeting p38 may prove
to be instrumental in pancreatic cancer therapy.
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