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Abstract The present study aims to evaluate whether repres-
sion of the Numb/Notch signaling pathway affects the radio-
sensitivity of human pancreatic cancer cell lines. Different
doses of X-rays (0, 2, 3, 4, and 5 Gy) were applied to the
PANC-1, SW1990, and MIA PaCa-2 human pancreatic cancer
cell lines, and the Numb/Notch pathway inhibitor DAPT was
added at different doses (0, 1, 3, and 5 μmol/l). MTT assay,
colony formation assay, flow cytometry, scratch assay, and
Transwell experiments were performed, and qRT-PCR and
Western blot were conducted for the detection of Numb expres-
sion. Tumorigenicity assay in nude mice was carried out to
verify the influence of blocker of the Numb/Notch signaling
pathway on the radiosensitivity of xenograft tumors. The MTT
assay, colony formation assay and flow cytometry experiments
revealed that proliferation decreased as radiation dose in-
creased. The viability of PANC-1 cells at 5 Gy, SW 1990 cells
at 4 Gy and 5 Gy, and MIA PaCa-2 cells at 2–5 Gy was sig-
nificantly lower than that of non-irradiated cells (all P < 0.05).
The migration and invasion assays indicated that the PANC-1
cell line was least radiosensitive, while the MIA PaCa-2 cell
line was the most radiosensitive. Numb expression significant-
ly increased with increasing radiation dose, whereas the expres-
sion of Hes1, Notch1, and Hes5 significantly decreased com-
pared to non-irradiated cells (P < 0.05). Compared to untreated
control cells, DAPT dose dependently increased Numb expres-
sion and inhibited Notch1, Hes1, and Hes5 expressions at 2 Gy

(P < 0.05). Subcutaneous tumorigenicity assay in nude mice
demonstrated that DAPT increased the radiosensitivity of
PANC-1, SW 1990, and MIA PaCa-2 cells. These findings
suggest that Numb/Notch signaling in pancreatic cancer cells
is associated with X-ray radiation and that inhibition of the
Numb/Notch signaling pathway can enhance radiosensitivity,
suggesting that inhibition of the Numb/Notch signaling path-
way may serve as a potential target for clinical improvement of
the radiosensitivity of pancreatic cancer.
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Introduction

Pancreatic cancer is a malignant tumor with a poor prog-
nosis and a relatively high mortality rate among digestive
tract tumors, partly due to difficulties in its treatment and
diagnosis [1, 2]. The causes of pancreatic cancer are not
yet clear, though its occurrence has been related to many
risk factors, such as smoking, obesity, chronic pancreati-
tis, family history, and diabetes [3]. As for treatment
method, radiotherapy (primarily ionizing radiation) is an
effective treatment widely used in the clinic for treatment
of pancreatic cancer [4]. Radiotherapy delivers a high
dose of radiation to the tumor mass while avoiding dam-
age to normal tissues [5]. However, large doses of ioniz-
ing radiation are harmful to human health. Additionally,
due to the deep anatomical location of the pancreas and
the poor tolerance of the liver and surrounding bone mar-
row to radiation as well as insensitivity to radiotherapy,
the efficacies of conventional radiotherapy are poor [6].
Therefore, the identification of a scientific and feasible
approach to enhance the effect of radiotherapy and
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improve the prognosis has become an exciting area of
research or pancreatic cancer treatment.

Notch and Numb have been identified as asymmetric cell
division signaling proteins in multicellular organisms. The
release of Numb inhibition on the Notch signaling pathway
is closely related to tumorigenesis [7]. A recent study has
found that the Notch signaling pathway is involved in cell
proliferation and apoptosis and affects organ development
and function [8]. High active Notch-1 expression in pancreatic
cancer cells is closely related to their malignant proliferation
[9, 10]. The asymmetric cell division determinant Numb plays
a decisive role in multicellular organisms [11]. Numb expres-
sion is primarily dependent on pathway activation and radia-
tion dose. Meanwhile, a previous study has shown that the
primary function of Numb in tumors is to prevent tumor sup-
pressor protein degradation [12]. To date, there has been little
research on the effects of the Numb/Notch signaling pathway
on human pancreatic cancer cell radiosensitivity. Therefore,
we examined the expression of the Numb/Notch signaling
pathway in pancreatic cancer and suggest a theoretical basis
for further examination of the molecular mechanisms of pan-
creatic cancer and the identification of newmolecular-targeted
therapeutic targets.

Materials and methods

Cell culture

The PANC-1, SW 1990, and MIA PaCa-2 human pancre-
atic cancer cell lines (purchased from the Shanghai
Institute of Cell Bank) were cultured as monolayers in
DMEM medium (Gibco, USA) containing 10 % fetal bo-
vine serum (HyClone Company, USA) in 5 % CO2

(Thermo, USA; model #: Thermo Scientific 8000) at
37 °C with 95 % humidity. Cells were allowed to reach
90 % confluence; then, they were washed twice with PBS
and digested with 0.25 % trypsin (Gibco, USA). Trypsin
was decanted after cell detachment was observed. A
DMEM medium containing 10 % fetal bovine serum was
added to the cells to make a single-cell suspension.

Ionizing radiation

Cells in the logarithmic growth phase were digested with
trypsin and counted. Suspensions of the appropriate cell
density were prepared and seeded into a suitable dish or
culture plate for incubation for 12 h. A Varian 21 EX
linear accelerator with high-energy radiation X-ray (6
MV) at a dose rate of 3 Gy/min was applied with different
doses of radiation (0, 2, 3, 4, 5 Gy) to vertically irradiate
cells. Cells were covered by a 1-cm plexiglass to allow for
dose build-up. The irradiation distance was 100 cm, and

the irradiation range was 10 cm × 10 cm. Cells were
allowed to recover for 48 h in the incubator prior to sub-
sequent experiments.

DAPT treatment

After the cells were cultured for 12 h using the above proce-
dure, the Numb/Notch signaling pathway inhibitor DAPTwas
added to the cells at a final concentration of 0, 1, 3, or 5 μmol/l
[13–15]. Cells were treated with 2 Gy radiation as described
above. The cells were allowed to recover in the incubator and
cultured for an additional 48 h for subsequent experiments.

Colony formation assay

Cells in the logarithmic growth phase were digested to cre-
ate a cell suspension. Cells were diluted in a gradient dilu-
tion and were seeded in 10-cm cell culture dishes at a den-
sity of 1000 cells per dish. After incubation for 12 h, cells
were irradiated or treated with DAPT. Experiments were
performed in triplicate. Cells were cultured for 10 to
14 days. Once clones were visible, the cells were washed
twice with PBS and fixed in 95 % methanol (5 ml) for
5 min. Cells were stained with a crystal violet solution for
10 min, followed by gently washing with flowing water.
Cells were allowed to air dry, grid lines were made, and
clones containing more than 50 cells were counted using
the naked eye. The number of clones was calculated within
each grid. The plating efficiency (PE) was calculated as
follows: plating efficiency (PE) = (number of cloned cells/
number of cells seeded) × 100 %; survival fraction
(SF) = (PE in radiation group/PE in control group) × 100 %.
The SF under a dose of 2 Gy (SF2) is an international and
important parameter to measure radiosensitivity. Pancreatic
cancer cell radiosensitivity differences were compared to
the calculated SF2. Experiments were repeated three times
and an average value was calculated.

MTTassay

Cells were seeded into 96-well plates at a density of 3 × 105

cells/well in 200 μl of medium. After incubation for 12 h, cells
were irradiated or treated with DAPT in triplicate. After 48 h,
5 mg/ml MTT solution (20 μl, Sigma, USA) were added to
each well for 4 h. A volume of 150 μl DMSO (Amresco
Company, US) was added to each well, which was gently
shaken for 10 min to promote crystal dissolution. The absor-
bance (OD) value of each well was measured with an ELISA
reader (OD490). The MTTcurve was generated by setting the
absorbance value as the vertical axisand the interval as the
horizontal axis. The procedure was repeated three times.
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Apoptosis analysis

Cells were seeded into 6-well plates at a density of 3 × 103

cells/well. After incubation for 12 h, cells were irradiated or
treated with DAPT in triplicate. After 48 h, cells were collect-
ed by centrifugation and washed twice with PBS. Cells were
added to 200 μl Binding Buffer and shaken. Then 2.5 μl of
Annexin V-FITC were added to the cell suspension. The re-
action was performed in the dark at room temperature for 10 to
15 min. A volume of 5 μl PI was added to the cells, and flow
cytometry (MACSQuant TM Analyzer, Miltenyi Biotec) was
immediately performed to detect apoptosis. The procedure
was repeated three times.

Scratch assay

Horizontal lines were evenly drawn at an interval of 0.5–1 cm
on the back of 6-well plates using markers. Cells (3 × 103)
were seeded into 6-well plates and incubated overnight. When
the cell density was between 80 and 90% the next day, pipette
tips perpendicular to the horizontal lines were used to scratch
the plates. Cells were subsequently irradiated or treated with
DAPT. After 48 h, eight fields with a scratch were randomly
selected in each well. Cell migration across the scratch was
analyzed, and samples and photos were acquired. Motic
Images Advanced (version 3.2) was used to calculate the rel-
ative scratch width (the percentage relative to the 0-h scratch
width), which reflected the cell migration. Each experiment
was repeated at least three times.

Transwell experiments

Matrigel was thawed overnight at 4 °C and diluted 1:3 in
serum-free DMEM medium. Matrigel (30 μl) was aliquoted
three times (15, 7.5, and 7.5 μl) onto the upper chamber of a
transwell membrane. Each aliquot was spread evenly onto the
bottom surface of the upper chamber to cover the micropores
and incubated for 10 min before the next layer was added. The
cell suspension was inoculated onto the upper chamber at a
density of 3 × 104 cells per pore. A DMEM medium (0.5 ml)
containing 10 % fetal bovine serum was added into the lower
chamber of a 24-well plate. Cells were irradiated or treated
with DAPTafter 12 h. After 48 h, the number of cells that had
migrated through the Matrigel was quantified as a measure of
their invasiveness.

Xenograft tumor in nude mice

Four- to six-week-old Balb/c male nude mice (weighing
18–22 g) were purchased from Shanghai Laboratory
Animal Center, Chinese Academy of Sciences ,
Shanghai, China. Tumor cell suspension at concentration
of 4 × 106 were prepared with human pancreatic cancer

cell lines PANC-1, SW 1990, and MIA PaCa-2, and a
0.2 ml tumor cell suspension was injected into the dorsum
of nude mice to establish a xenograft model. Tumor
growth was observed each week and tumor volume was
measured by a vernier caliper and calculated following the
formula: V = π/6 × L × W × H, where L, W and H,
respectively, stand for the length, width, and height of
the xenograft tumor. One week after the inoculation of
tumor cells, tumors initiated to grow in the dorsum of
nude mice. When tumors grew to about 5 mm after
2 weeks, all mice were randomly divided into two groups:
DAPT treatment group and control group, with five mice
in each group. The DAPT treatment group was treated
with an intraperitoneal injection of DAPT, while the con-
trol group was given an intraperitoneal injection of nor-
mal saline. Each 5 mg of DAPT was fully dissolved with
1 ml DMSO + 19 ml dd H2O, and nude mice were intra-
peritoneally injected with 100 mg/kg DAPT each time
[16]. The two groups were injected once every other
day. The tumors in the dorsum of nude mice in each
group were locally irradiated with electron beam at
16 Gy once every 7 days and a total of four times. After
4 weeks of intervention, the mice were sacrificed and the
xenografts were taken out, weighed, and photographed.

Real-time quantitative polymerase chain reaction assay
for Numb, Notch1, Hes1, and Hes5 mRNA levels

Total RNA was extracted from cells by the Trizol method
(Invitrogen, USA). Ultrapure diethylpyrocarbonate (DEPC)
water was used to dissolve RNA. The OD260/280 value of
each RNA extraction was examined using an ND-1000 UV/
VIS spectrophotometer (Nanodrop Company, USA), and the
amount of total RNAwas calculated. RNA concentration was
adjusted for qRT-PCR. Reverse transcription was performed
according to the kit manufacturer’s instructions (Fermentas,
USA). The primer sequences are listed in Table 1. PCR reaction

Table 1 qRT-PCR primer sequences

Target genes Primer sequences

Numb Forward 5′-TCAGCAGATGGACTCAGAGTT-3′

Reverse 5′-AGGCTCTATCAAAGTTCCTGTCT-3′

Notch1 Forward 5′-CCGCTGTGAGTCGGTCATTA-3′

Reverse 5′-GGCACCTACAGATGAATCCA-3′

Hes1 Forward 5′-TTCAGCGAGTGCATGAACGA-3′

Reverse 5′-GTAGGTCATGGCGTTGATCT-3′

Hes5 Forward 5′-AAGAGCCTGCACCAGGGCAC-3′

Reverse 5′-CGCTGGAAGTGGTAAAGCA-3′

β-actin Forward 5′-GGTTACCAGGGCTGCCTTCT-3′

Reverse 5′-ATGGGTTTCCCGTTGATGAC-3′

qRT-PCR quantitative reverse transcription polymerase chain reaction
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conditions were as follows: 70 °C (10 min), ice bath (2 min),
42 °C (60 min), and 70 °C (10 min). The complementary DNA
(cDNA) obtained by reverse transcription was stored at −80 °C.
The TaqMan probe method was used for qRT-PCR, and the
reaction systemwas performed according to the manufacturer’s
instructions (Fermentas, USA). The PCR reaction conditions
were as follows: initial denaturation at 95 °C for 30 s followed
by denaturation at 95 °C for 10 s, annealing at 60 °C for 20 s,
and extension at 70 °C for 10 s for a total of 40 cycles. A real-
time quantitative PCR instrument (Bio-Rad, USA, Bio-Rad
iQ5) was used to detect the reaction. β-actin served as an in-
ternal control, and relative quantification was used. The relative
expression of target genes was calculated using 2-ΔΔCt and
each experiment was repeated three times.

Western blot for Numb, Notch1, Hes1 and Hes5 protein
expressions

Cultured cells were rinsed in cold PBS buffer three times, and
the protein extraction buffer was added (100 μl/50 ml culture
flasks) to lyse the cells. The cells were placed on ice for
30 min and centrifuged at 12,000 rpm for 10 min at 4 °C.
The supernatant was aliquoted into 0.5-ml centrifuge tubes
and stored at −20 °C. A 2 μg/μl BSA protein standard was
serially diluted in PBS to a final concentration of 20, 15, 10, 5,
2.5, and 0 μg/μl. After the amount of BCA reagents (Thermo,

USA) was calculated according to the number of samples,
BCA reagents were prepared (volume ratio of liquid A to B
solution = 50: 1). A total of 2 μl lysed protein sample was
diluted in 18μl double distilled water. Each sample was added
to two wells. After 200 μl detection liquid was added to each
well of a 96-well plate, the sample and the standard were
added into each well for detection. The dose of each well
was 10 μl. The mixture was gently shaken, incubated at
37 °C for 30min, then cooled to room temperature. OD values
of samples at 490 nm were tested using a microplate reader. A
standard curve was generated to calculate the protein concen-
tration of each sample. Proteins were separated at 60 V at the
beginning of electrophoresis and 120 V through the resolving
gel for 1–2 h at 4 °C. After electrophoresis, PVDF transfer
membrane (wet transfer method) was used. The transfer time
was 2 h, and the transfer was performed in a cold room at 4 °C.
After transfer, the PVDF membrane was blocked with 5 %
nonfat milk in TBSTand incubated at room temperature for 1–
2 h. Primary antibodies against Numb, Notch1, Hes1, and
Hes5 (CST, USA) were added and the membrane was incu-
bated at 4 °C overnight. The membrane was washed three
times with TBST for 10 min each. Mouse secondary antibod-
ies were added (Abcam, UK), and the membrane was incu-
bated for 1 h at a room temperature. The membrane was
washed three times with TBST for 10 min each. Blots were
developed using chemiluminescence.
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Statistical analysis

All data analysis was performed using SPSS (version 20.0,
IBM) and measurement data were presented as the
mean ± standard deviation (SD). Multiple comparisons among
groups were examined using variance analysis, while compar-
isons between two groups were examined using an LSD-t test.
A P value less than 0.05 was considered statistically
significant.

Results

Effects of ionizing radiation on cell proliferation
and apoptosis

The MTT assays (Fig. 1) revealed that the OD values of
PANC-1 cells did not significantly change after exposure to
2, 3, or 4 Gy for 48 h compared to non-irradiated cells
(0 Gy dose) (P > 0.05). However, there was a statistically
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significant difference in OD values after treatment with 5 Gy
(P < 0.05). The OD values of SW1990 cells at 2 and 3 Gy
were not significantly different than non-irradiated cells
(P > 0.05), while the differences in OD values under 4 and
5 Gy were statistically significant (P < 0.05). The OD values of
MIA PaCa-2 cells under 2, 3, 4, and 5 Gy were significantly
lower than non-irradiated cells (P < 0.05).

Colony formation assay (Fig. 2) showed that the
colony-forming efficiencies of PANC-1 cells treated with
2, 3, or 4 Gy for 48 h were not significantly different than
that of non-irradiated cells (P > 0.05), but there was a
significant difference in colony-forming efficiency when
the cells were treated with 5 Gy (P < 0.05). The colony-
forming efficiencies of SW1990 cells at 2 and 3 Gy were
not significantly different than that of non-irradiated cells
(P > 0.05), while they were significant after treatment
with 4 or 5 Gy irradiation (P < 0.05). Colony-forming
efficiencies of MIA PaCa-2 cells at 2, 3, 4, and 5 Gy were
significantly lower than those of non-irradiated cells
(P < 0.05). The survival fractions (SF2) of PANC-1, SW
1990 and MIA PaCa-2 cells were 43.63 %, 39.89 % and
31.01 %, respectively. Our results further confirmed that

the PANC-1 line was least radiosensitive, while the MIA
PaCa-2 line was the most radiosensitive.

Apoptosis analysis (Fig. 3) revealed that PANC-1 cell
apoptosis was not significantly different than non-
irradiated cells after exposure to 2, 3, or 4 Gy for 48 h
(P > 0.05), although the apoptosis rates were significantly
different after 5 Gy irradiation (P < 0.05). The overall
apoptosis rates of SW1990 cells under 2 and 3 Gy were
not significantly different than non-irradiated cells
(P > 0.05), while the apoptosis rates at 4 and 5 Gy were
significantly different (P < 0.05). The overall apoptosis
rates of MIA PaCa-2 cells after 2, 3, 4, and 5 Gy treatment
were significantly higher than non-irradiated cells
(P < 0.05). These results were consistent with the colony
formation assay results, which suggested that the PANC-1
was the least radiosensitive, while the MIA PaCa-2 was the
most radiosensitive.

Effects of ionizing radiation on cell invasion andmigration

Scratch assays (Fig. 4) revealed that the relative scratch widths
(percentage relative to the 0-h scratch width) of PANC-1 cells
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after 48 h 0–5 Gy were 29.58 ± 2.34, 30.37 ± 3.65,
31.28 ± 3.63, 43.54 ± 5.64, and 54.86 ± 5.36, respectively,
and after 4 and 5 Gy exposure, cell migration significantly
decreased compared to non-irradiated cells (all P < 0.05). The
relative scratch widths of SW1990 cells were 28.56 ± 2.51,
30.01 ± 3.43, 35.26 ± 1.63, 43.53 ± 5.64, and 55.28 ± 6.35,
respectively, and after 3, 4, and 5 Gy exposure, cell migration
significantly decreased compared to non-irradiated cells (all
P < 0.05). The relative scratch widths of MIA PaCa-2 cells
were 26.58 ± 3.36, 37.37 ± 4.62, 47.26 ± 4.63, 53.53 ± 5.45,
and 62.86 ± 6.36, respectively, and after 2, 3, 4, and 5 Gy
exposure, cell migration significantly decreased compared to
non-irradiated cells (all P < 0.05).

Transwell experiments (Fig. 5) showed that exposure to
0–5 Gy radiation for 48 h decreased the number of invad-
ed PANC-1 cells compared to non-irradiated cells and that
the differences after 4 and 5 Gy exposure were statistical-
ly significant (P < 0.05). The number of invaded SW
1990 cells after 3, 4, and 5 Gy exposure significantly
decreased compared to non-irradiated cells (P < 0.05).
The number of invaded MIA PaCa-2 cells after 2, 3, 4,
and 5 Gy exposure significantly decreased compared to
non-irradiated cells (all P < 0.05).

Effects of ionizing radiation and DAPT
on the Numb/Notch signaling pathway

We performed Western blotting and qRT-PCR to evaluate
the expression of the Numb/Notch signaling pathway
members Numb, Notch1, Hes1, and Hes5 after ionizing
radiation and treatment with the Numb/Notch inhibitor

DAPT. Compared to non-irradiated cells, Numb expres-
sion significantly increased in irradiated cells, while
Notch1, Hes1, and Hes5 expression significantly de-
creased. The changes were more obvious with increasing
radiation dose (P < 0.05) (Fig. 6). The expression of
Notch1, Hes1, and Hes5 was the highest in PANC-1 cells,
while Numb expression was the lowest. In contrast, the
expression of Notch1, Hes1, and Hes5 was the lowest and
Numb expression was the highest in MIA PaCa-2 cells.
These results suggest that Notch signaling pathway acti-
vation in pancreatic cancer cells and radiation dose was
correlated with sensitivity of pancreatic cancer cells to
radiation. We treated cells with various doses of DAPT
after 2 Gy radiation treatment. Compared to irradiated
cells not treated with DAPT (0 μmol/l DAPT), DAPT-
treated cells had evidently increased Numb expression
and obviously decreased expression of Notch1, Hes1,
and Hes5 in a dose-dependent manner (Fig. 7).

Effects of DAPTon cell proliferation and apoptosis
under radiotherapy

MTT assays (Fig. 8a) showed that the OD values of the cells
decreased as the concentration of DAPT increased, and the dif-
ferences in OD values between treated and untreated PANC-1
and SW 1990 cells were statistically significant (P < 0.05).

Colony formation assay (Fig. 8b) showed that at the
same radiation dose (2 Gy), the colony-forming efficien-
cies of PANC-1, MIA PaCa-2, and SW 1990 cells de-
creased as DAPT concentration increased. PANC-1 and
SW 1990 cells showed significant differences in colony-
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forming efficiencies between treated and untreated cells
(P < 0.05). At a DAPT concentration of 5 μmol/l, the SF2
of PANC-1, SW 1990, and MIA PaCa-2 cells was
(23.66 ± 4.38)%, (13.57 ± 2.80)%, and (25.25 ± 2.45)%,
respectively. Compared to cells not treated with DAPT, the
SF2 of these cells was significantly different (P < 0.05).

Apoptosis analysis (Fig. 8c) revealed that at the same radi-
ation dose (2 Gy), the overall apoptosis rates of the three cell
lines increased as DAPT concentration increased. Relatively
low radiosensitive PANC-1 and SW 1990 cells showed sig-
nificant differences in overall apoptosis rates between treated
and untreated cells (P < 0.05). The above results strongly
suggest that the Numb/Notch signal inhibitor DAPT can im-
prove pancreatic cancer cell sensitivity to radiation.

Effects of DAPTon cell migration and invasion
under radiotherapy

Scratch experiments (Fig. 9a) showed that the relative scratch
widths increased as DAPT concentration increased. The less
adiosensitive PANC-1 and SW 1990 cell lines showed signif-
icant differences in relative scratch widths between treated and
untreated cells (P < 0.05).

We used Transwell chambers plated with Matrigel to
detect the invasiveness of the pancreatic cancer cell lines
treated or untreated with different concentrations of

DAPT after 2 Gy irradiation. The results (Fig. 9b) showed
that compared to the DAPT-untreated group, 1, 3, or
5 μmol/l DAPT effectively inhibited the invasion of the
cells. The less radiosensitive PANC-1 and SW 1990 cell
lines showed significant differences in the numbers of
cells passing through chambers between treated and un-
treated cells (P < 0.05).

Effects of inhibition of the Numb/Notch signaling pathway
on radiosensitivity of xenografts in nude mice

Tumors grew in all nude mice and the tumorigenic rate was
100 %. After DAPT treatment, subcutaneous xenografts of neg-
ative control group grew rapidly, and with the tumor growth, the
activity of nude mice decreased, weight slightly dropped, appe-
tite became bad, and reaction delayed. Compared to the control
group, subcutaneous xenografts of the DAPT treatment group
significantly slowed down, the nude mice moved freely and
reacted quickly, and all nude mice survived in the process of
experiment. The tumor growth curve of nude mice injected with
PANC-1, SW 1990, and MIA PaCa-2 cells showed that the
subcutaneous xenograft growth of the DAPT treatment group
was remarkably slower than the control group at the same radi-
ation dose (P < 0.05) (Fig. 10). After the experiment finished, all
mice were sacrificed and the xenografts were completely sepa-
rated and then weighed and photographed. The results
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demonstrated that tumor weight of the control group injected
with PANC-1, SW 1990, andMIA PaCa-2 cells was higher than
the DAPT treatment group (P < 0.05).

Discussion

In the present study, we found that ionizing radiation is in-
versely related to proliferation activity, migration, and inva-
sion of the PANC-1, SW 1990, and MIA PaCa-2 human pan-
creatic cancer cell lines. Ionizing radiation, which is widely
used in radiation treatment, induces tumor cell death through
several signaling pathways [17]. Radiation ionizes atoms,
which is an important method for the diagnosis and treatment
of diseases [18]. A previous study has shown that the survival
fraction of PANC-1 and SW1990 cells irradiated with 125I
seeds decreased as dose increased [19]. DNA breakage occurs
in the vast majority of cancer cells after exposure to a lethal

dose of ionizing radiation, and the proliferation of damaged
cells accordingly decreased [20], which is consistent with the
results of this study. A study has shown that different human
pancreatic cancer cell lines, such as PANC-1, SUIT-2, and
MIA PaCa-2, differentially influenced pancreatic cancer ra-
diosensitivity [21]. The study suggests that PANC-1 cells
were less radiosensitive than MIA PaCa-2 cells.

This study also found that the Numb/Notch signaling path-
way inhibitor (DAPT) increased Numb expression; decreased
the expression of Notch1, Hes1, and Hes5; and increased pan-
creatic cell radiosensitivity. The Notch signaling pathway is
composed of three parts—the Notch receptors (Notch1–4),
Notch ligands (Jagged-1, 2 and Delta-1, 3, 4) and CSL DNA
binding protein [22]. Recent studies have found that the
Notch-1 signaling pathway promotes the proliferation and mi-
gration of some tumor cells [23, 24]. Therefore, modulation of
Notch-1 activity may be a potential cancer therapy target. At
the same time, a study has reported that the Notch-1 signaling
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pathway is highly expressed in pancreatic cancer cells and is
closely related to the malignant proliferation of pancreatic
cancer cells [25], which is consistent with the results of our
study. DAPT, a γ-secretase inhibitor, blocks Notch signaling
by inhibiting Notch receptor dissociation [26]. The Notch1
receptor is an important component of the Notch signaling
pathway and is abnormally highly expressed in tumors [27].
Hes1 and Hes5 are downstream Notch signaling pathway tar-
get genes, and their expression can affect cell proliferation and
differentiation [28]. A study of the SHG-44 human glioma cell
line revealed that DAPT treatment significantly decreased
Hes1 and Notch-1 gene expression compared to the simple
induction group and decreased the number of cancer cells
[29], suggesting that DAPT inhibits radiotherapy. This is con-
sistent with the results of this study. Therefore, it is plausible to
conclude that DAPT can inhibit the Numb/Notch signaling
pathway by upregulating Numb expression and downregulat-
ing Notch1 expression through inhibiting Notch receptor dis-
sociation, and subsequently downregulating Hes1 and Hes5
which are downstream Notch signaling pathway target genes,
resulting in a decrease in cell proliferation and differentiation
and a corresponding increase in radiosensitivity.

Furthermore, we constructed a xenograft tumor model in
nude mice to verify our results, which demonstrated that com-
pared to the control group, subcutaneous xenografts of the
DAPT treatment group significantly slowed down, the nude
mice moved freely and reacted quickly, and all nude mice
survived in the process of experiment. The tumor growth
curve of nude mice injected with PANC-1, SW 1990, and
MIA PaCa-2 cells showed that the subcutaneous xenograft
growth of the DAPT treatment group was remarkably slower
than the control group at the same radiation dose.
Additionally, tumor weight of the control group injected with
PANC-1, SW 1990, and MIA PaCa-2 cells was higher than
the DAPT treatment group. The above results suggest that
DAPT treatment enhances the radiosensitivity of PANC-1,
SW 1990, and MIA PaCa-2 cells in nude mice.

In summary, Numb/Notch signaling pathway activation and
the dose of X-ray radiation are related to pancreatic cancer cell
sensitivity to radiation. Suppression of the Numb/Notch signal-
ing pathway increases the radiosensitivity of pancreatic cancer
cell lines, suggesting that inhibition of the Numb/Notch signal-
ing pathwaymay serve as a potential target for clinical improve-
ment of the radiosensitivity of pancreatic cancer. However,
there are still some limitations to this study. We only discussed
the relevance of the Numb/Notch signaling pathway and radio-
therapy in the context of pancreatic cancer. Future studies
should explore the relevant mechanisms to more fully under-
stand the molecular mechanisms underlying pancreatic cancer
to identify novel targets for the treatment of pancreatic cancer.
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