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Background: Esophageal squamous cell carcinoma (ESCC) is an aggressive
tumor with a 5-year survival rate of only 20%. More than 80% of ESCC patients
possess TP53 mutation, which abolishes the G1/S checkpoint and accelerates
the cell cycle. Thus, WEEL and PKMYT1, regulators of G2/M phase in cell cycle,
play essential roles in TP53-mutated cancer cells. PD0166285(PD) is a
pyridopyrimidine compound that can inhibit WEE1 and PKMYT1
simultaneously, however, the effects of PD on ESCC, either as monotherapy
or in combination therapy with radiotherapy, remain unclear.

Methods: To measure the anti-tumor efficacy of PD in ESCC cells, cell viability,
cell cycle and cell apoptosis assays were examined in KYSE150 and TE1 cells
with PD treatment. The combination therapy of PD and irradiation was also
performed in ESCC cells to find whether PD can sensitize ESCC cells to
irradiation. Vivo assays were also performed to investigate the efficacy of PD.

Results: We found that the I1Cs5q values of PD among ESCC cells ranged from
234 to 694 nM, PD can regulate cell cycle and induce cell apoptosis in ESCC
cells in a dose-dependent manner. When combined with irradiation, PD
sensitized ESCC cells to irradiation by abolishing G2/M phase arrest, inducing
a high ratio of mitosis catastrophe, eventually leading to cell death. We also
demonstrated that PD can attenuate DNA damage repair by inhibiting Rad51,
further research also found the interaction of WEE1 and Rad51. In vivo assays,
PD inhibited the tumor growth in mice, combination therapy showed better
therapeutic efficacy.
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Conclusion: PD0166285 can exert antitumor effect by inhibiting the function
of WEE1 and PKMYT1 in ESCC cells, and also sensitize ESCC cells to irradiation
not only by abolishing G2/M arrest but also attenuating DNA repair directly. We
believe PD0166285 can be a potent treatment option for ESCC in the future.
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Introduction

Esophageal carcinoma (EC), including esophageal cell
carcinoma (ESCC) and esophageal adenocarcinoma (EAC), is
the seventh most common cancer in the world, and the sixth in
mortality overall (544,000 deaths) (1). In 2020, one in every 18
cancer deaths was due to EC. While the predominant type of EC
worldwide is ESCC, EAC is dominant in the United States and
western countries (2-4). The etiology of esophageal cancer is
complex, smoking, alcohol abuse and nitrosamine intake are
closely related to the incidence of ESCC, while gastroesophageal
reflux, Barrett’s esophagus, and excess body weight cause EAC
(5-8). China accounts for more than 50% of the global morbidity
and mortality, and more than 90% of patients with EC in China
are ESCC (9, 10). Owing to the nonspecific symptoms and
biomarkers of EC, most patients are diagnosed at an advanced
stage with poor diagnosis (11, 12). Although surgery is believed
to be the best treatment for EC patients, multidisciplinary
treatments are also considered to ensure optimal treatment.
Unfortunately, the prognosis for esophageal cancer remains
poor, with a 5-year survival rate of less than 20% (13, 14).
Unlike EAC, which has more therapeutic targets and drugs,
there are limited treatment options for ESCC. Thus, it is urgent
to identify more potential therapeutic targets for ESCC patients.

WEE1 G2 checkpoint kinase (WEE1) and protein kinase
membrane associated tyrosine/threonine 1 (PKMYTI1) are
members of the WEEI kinase family, and act as dominant cell
cycle regulators in G2/M checkpoint. WEE1 and PKMYT1 can
arrest the cell cycle at G2/M phase by phosphorylating CDKI.
WEEI can only phosphorylate CDK1 at Tyr15, while PKMYT1
has dual activity for Thrl4 and Tyrl5 (15, 16). The
overexpression of WEE1 and PKMYT1 has been reported in
multiple cancers, such as lung cancer, glioblastoma, liver cancer,
colorectal cancer, esophageal and so on (17-20). A high
frequency of Tp53 mutation occurs in most tumors cell, which
makes the G2/M checkpoint more important for tumor cells to
repair DNA damage. Due to the properties of tumor cells and
WEE]1 protein kinase family, it’s possible to treat tumors by
targeting WEEI kinase family. There are several I/II phase
clinical trials focusing on MK1775, a specific inhibitor of
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WEEL, showing promising efficacy and safety (21-24).
However, there are very few studies investigate the anti-tumor
efficacy of PKMYT1 and WEEL co-inhibition. Large-scale
genome sequencing shows that almost 90% of ESCC patients
have TP53 mutation (25-28). A previous study has also
demonstrated that inhibition of WEEI can exert antitumor
effect in ESCA (25). Hence, we hypothesize that inhibiting
PKMYT1 and WEEI simultaneously can be a promising
therapeutic treatment method.

PD0166285 (PD) is a pyridopyrimidine compound that can
simultaneously inhibit WEEI and PKMYT1 with ICs, values of
24 and 72 nM, respectively (29). In TP53-deficient cells, PD can
induce premature mitosis by inhibiting WEE1 and PKMYT],
which will further reduce DNA damage repair and induce
mitotic catastrophe, eventually lead to cell death. A variety of
studies demonstrated the anti-tumor and radiosensitizing effects
of PD (29, 30). However, the effects of PD on ESCC, either as
monotherapy or in combination therapy with radiotherapy,
remain unclear.

In this study, We explored the anti-tumor effect of PD in
ESCC cells in vitro and in vivo.

PD can also sensitize ESCC during radiotherapy by
abrogating the G2/M checkpoint and decreasing DNA damage
repair. Our study demonstrates that PD has potential therapeutic
efficacy in ESCC, and may further improve the therapeutics
outcomes of ESCC when combined with radiotherapy.

Methods
Cell culture and chemicals

Human esophageal squamous carcinoma cells and normal
esophageal epithelial cells (KYSE70, KYSE150, KYSE410,
KYSE450, KYSE510, TE1, TE7, EC1, HEEC) were maintained
in RPMI 1640 medium (HyClone, USA) with 10% fetal bovine
serum (HyClone, USA), 1% penicillin/streptomycin (Life
Technologies, USA). Cells were cultured at 37°C in a
humidified atmosphere with 5% CO,. All cell lines were
obtained from Shanghai Institute of Biochemistry (Shanghai,
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China) and were validated by mycoplasma testing. PD0166285
(PD) was purchased from MedChemExpress (MCE,USA), PD
was dissolved in DMSO (MCE, USA) at 10mmol/mL and stored
in -80°C,

Cell viability assay

Cell Counting Assay Kit-8 (CCK8) (MCE, USA) was used to
measure cell viability. After treatment, cells were incubated with
10% CCKS for 3 h, then measured by a microplate reader (Bio-
Rad, USA) with an absorbance at 450 nm. Each experiment had
six duplicate wells and was performed three times.

Western blot and antibodies

Cells were collected and lysed with RIPA Lysis Buffer
(Beyotime, China), the concentration of proteins were
measured by Bicinchoninic Acid (BCA) protein assay kit
(Thermo, USA) and proteins were boiled in 1xSDS loading
buffer. The proteins were separated by SDS-PAGE, and then
transferred to NC membranes. After blocking, membranes were
incubated overnight at 4°C with primary antibodies (antibodies
were showed in Supplement Tablel), after incubating with
secondary antibodies, then the membranes were detected with
a Bio-Rad Molecular Imager ChemiDoc XRS + System (Bio-
Rad, USA).

Immunoprecipitation

Cells were collected and lysed with IP buffer. After
centrifuging, the lysates were incubated with protein G
magnetic beads for 1h at 4°C. The immunoprecipitation
reaction were set up with equal quantities of the lysates (input,
nonreactive antibody-Mouse/Rabbit IgG, and specific antibody),
the input lysates were boiled with SDS immediately, the other
lysates rotated overnight at 4°C. The beads were washed next day
with wash buffer at least three times, and then boiled with SDS,
followed by western blot.

Clonogenic survival assay

Cells were plated in 6-well plates with different numbers
(1000-5000 cells). 3 hours prior to irradiation, PD was added
into the medium and the terminal concentration was 100 nM.
Cells were irradiated with a Precision X-RAD 225 machine
operating at 225 kV and 13.3 mA with a 2-mm Al filter
(source-to-skin distance (SSD): 36 cm; dose rate: 1.3 Gy/
min). Medium was changed 2 days after irradiation. 14 days
after irradiation, the plates were fixed with 4% paraformaldehyde
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(PFA) for 15 min, and the stained with 0.2% crystal violet for
30 min, then washed with PBS. The linear quadratic (LQ) model
(SF = exp(-oD-BD2)) was employed to fit the survival curves.
Each experiment had three duplicate wells and was performed
three times.

Flow cytometry

The cell cycle assay and cell apoptosis assay were performed
with BD FACS Canto II (BD Biosciences, USA). Cell cycle was
evaluated with Cell Cycle Kit (BD Biosciences, USA), 48 h after
incubation with PD alone or 24 h after irradiation, the cells were
collected for analysis, and followed the manufacturer’s
instructions. Apoptosis assay was performed with a
FITC Annexin V apoptosis detection kit I (BD Biosciences,
USA), and 48h after treatment, cells were collected for assay. Cell
cycle data was analyzed with Modfit (Verity Software House,
USA), and apoptosis data was analyzed with Flowjo (BD
Biosciences, USA). Flow cytometry results were obtained on
the same machine at the same settings on the same day. All these
assays were performed three times.

Immunofluorescence

Cells were plated on glass slides that were put in 24-well
plates. After irradiation, cells were washed 3 times with PBS and
fixed with 4% PFA for 20 min. Then cells were blocked with 5%
BSA for 30 min and incubated with y-H2AX and Rad51
overnight at 4°C. Then cells were incubated with FITC-
conjugated anti-rabbit antibody (Abcam, USA) for 1 h at
room temperature. DAPI (Beyotime, China) was used for the
final stain, and images were captured by a Leica TCS SP8
confocal microscope.

Comet assay

To further assess DNA damage, an alkaline comet assay was
performed with a comet assay kit (Trevizen, USA) following the
manufacturer’s instructions. We finally stained the slides with
SYBR Green I, and images were captured with Olympus IX71
inverted microscope (Tokyo, Japan). The DNA damage was
calculated by measuring the taill DNA% (percent DNA in the
tail) and tail moment (TM = percentage of DNA in the tail X tail
length). We measured at least 100 cells with CASP software.

The gene co-expression analysis

The co-expressed genes of WEE1 were calculated by the R
(version 3.6.3) package “stat” based on the TCGA project’s
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expression datasets of the ESCC transcriptome. Results were
presented using the R package “ggplot2” (version 3.3.3). The
statistical significance of correlations was assessed with
Pearson’s rank correlation coefficient test. P < 0.05 were
considered statistically significant.

Biological functional analysis

Using the R package “Cluster Profiler”(version 3.14.3), gene
enrichment analysis of Gene Ontology (GO) and Kyoto
Encyclopedia of Genes Genome (KEGG) were performed on
co-expressed genes of WEEI with Pearson rho greater than 0.30.
Pathways enriched were considered significant with p.adjust <
0.05 and q value < 0.2.

Gene pathway correlation analysis

RNA-sequencing expression (level 3) profiles and
corresponding clinical information for ESCC were downloaded
from the TCGA dataset (https://portal.gdc.com).

R software GSVA package was used to analyze, choosing
parameter as method="ssgsea’. The correlation between genes
and pathway scores was analyzed by Spearman correlation.
P values < 0.05 was considered statistically significant.

SiRNA and Transfection

SiRNAs targeting Weel were synthesized by GenePharm
(China), the sequences were list in Supplement Table2.
JetPRIME (Polyplus-transfection, France) was used for
transfection, KYSE150 cells were cultured in 6-well plates with
50% intensity. 48 h after transfection, cells were collected for
subsequent assays.

Vivo assay

All animal experiments were approved by the Committee of
Animal Experimental Ethical Inspection of the First Affiliated
Hospital, College of Medicine, Zhejiang University, and followed
by the institutional Guidelines for animal care and use.

Six-week-old female nude mice were purchased and housed
in an SPF environment. 1x10° KYSE150 cells were injected
subcutaneously into the right flank of nude mice and when
tumor volume reached 100-150mm?>, mice were randomly
divided into four groups (n=6), the irradiation group accepted
a total dose of 12Gy radiation using an X-RAD225 small animal
irradiator with a 0.95 Gy/min dose rate. PD was dissolved in the
mixture (10% DMSO, 40% PEG300, 5% Tween-80 and 45%
saline) with a final concentration of 2.5 mg/mL. Mice were
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injected intraperitoneally at the dose of 10mg/kg every two days.
For combination therapy group, PD was injected 3 hours before
irradiation. Tumor volumes were calculated every two days with
a caliper and measured with the formula (L x W x W)/2. Mice
were sacrificed after 2 weeks of treatment, and tumors and
organs were collected for subsequent experiments.

Immunohistochemistry

Tumor tissues were formalin-fixed and paraffin-embedded,
and 4-um sections were cut. After dewaxing and hydration,
slides were incubated with antigen retrieval solution. Then the
slides were treated with 3% H,O, and 5% goat serum. Slides were
incubated with primary antibody (PKMYT1, 1:50, WEEI, 1:100)
at 4°C overnight. After incubation with secondary biotinylated
antibody and DAB stain, the slides were scanned by a Motic
EasyScan (Motic, USA) with 200x magnification.

Statistical analysis

All statistical analyses were conducted using SPSS 23.0 for
windows (SPSS Inc., Chicago, USA) and GraphPad Prism
(GraphPad Software Inc, USA). Data are presented as the
means + standard deviation. P values < 0.05 indicate statistical
significance. Each experiment was replicated thrice.

Result

PD inhibits WEE1 and PKMYT1 activities
in ESCC cells

We measured the expressions of WEEI and PKMTY1 in
ESCC cell lines and normal esophageal epithelial cells, which
showed high expressed Weel and PKMYT1 in ESCC cell lines
(Figure 1B). To determine the anti-tumor efficacy of PD in ESCC
cells, we evaluated the cell viability with different PD
concentrations (Figure 1A). We found that the ICs, values of
PD in ESCC cells ranged from 234 to 694 nM (Figures 1C, D,
Supplementary Figure S1), which was lower than HEEC’s ICs,
value (Figure 1E). This may be caused by the high expression of
WEEL, PKMYT1, and TP53 mutation in esophageal cancer cells.
We then measured the expression of p-CDKI1 T14, p-CDK1 Y15
and CyclinB1 in KYSE150 and TE1 treated with PD [300 nM] at
different time. Down-regulated p-CDK1 T14 and p-CDK1 Y15
can be observed 6 hours after PD was added. In the meantime,
decreased protein levels of WEEI and PKMYT1 were also
observed (Figure 1F). Clonogenic assay with PD at dose
escalating concentrations was also performed in KYSE150 and
TE1 cells, increasing doses with PD caused decreased cell clones
(Figures 1E-H).
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PD regulates the cell cycle and
induces cell apoptosis in a
dose-dependent manner

To further investigate the underlying mechanism of PD in
ESCC cells. We treated KYSE150 and TE1 with escalating PD
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concentrations (200 nM, 400 nM, 600 nM). after drug exposure
(48 h), cells were collected for flow cytometry to detect cell cycle
and cell apoptosis. PD interrupted the regular cell cycle, G2/M
ratio of the cell cycle decreased gradually with increased PD
concentrations (Figures 2A-C). We also collected protein for
Western blot assay at the same time, the biomarkers of the cell
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cycle were detected and the results were consistent with the
results obtained with flow cytometry (Figures 2B-D). Cell
apoptosis assay indicated that PD induced cell apoptosis in a
dose-dependent manner. With PD concentration reaching 600
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nM, almost half of the cells died, which is consistent with our cell
viability experiments above (Figures 2E-G). Western blot
showed apoptosis-related proteins changed gradually with the
increased drug concentration (Figures 2F-H).
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PD sensitizes ESCC cells to radiotherapy
by breaking cell cycle arrest

Previous research showed cell cycle arrest in cells treated
with irradiation, cell cycle arrests in all phases to repair DNA
damages, including single-strand break repair (SSBR), double-
strand break repair (NHE]J), Homologous recombination (HR),
and so on. Since G1 arrest depends on the full function of P53,
G2/M arrest means much more important in P53-deficient
cells. We observed significant G2/M blockage in ESCC. ESCC
cells had a high rate of TP53 mutation. Therefore, we
hypothesized that PD could sensitize ESCC cells to
radiotherapy by abrogating G2/M blockage. We performed a
clonogenic assay with escalating radiation doses, PD (100 nM)
was added into the medium 3 hours before irradiation, and we
exchanged the medium 48 hours after irradiation. Cells were
cultured for 14 days, then fixed and stained with a crystal violet
solution. There were few clones in plates treated with
radiotherapy and PD, Sensitization enhancement ratio (SER)
value was calculated and both greater than 1. (Figures 3A, B). We
then determined the effect of PD on the cell cycle after
irradiation. Cells were grown in six-well plates and added PD
3 hours before irradiation, cells were collected 24 hours after
irradiation for flow cytometry and western blot. Flow cytometry
showed that PD abrogated the G2/M arrest in ESCC cells, and
the ratio of the G2/M phase decreased significantly

NS
-

i
2 o1t SER=137 -

}
IR Dose (Gy)

Ratio

IR(4Gy)

KYSE150

NN
SN L
d’&\ e
<&

R@Gy) - - o+ o+
PD10ONM) - + -+
pODKTYIS | M | -
CyeinBl | s s a——| e

KYSE150

FIGURE 3

10.3389/fonc.2022.1061988

(Figures 3C, D). In the meantime, PD also inhibited the
protein levels of the G2/M phase checkpoint (Figures 3E-F).
Disruption of the cell cycle also leads to cell apoptosis, where PD
showed an accumulative effect in combination with irradiation
in ESCC cells (Figures 4A, B), and the results of western blot
were consistent with the results from the flow cytometry assays.
The expression of caspase9, caspase3, bcl2, and parp were
downregulated, while cleaved-caspase9, cleaved-caspase3,
cleaved-parp were upregulated (Figures 4C, D).

PD enhances radiation-related mitotic
catastrophe and attenuates DNA damage
repair (DDR)

It’s known that sublethal DNA damage can induce mitotic
catastrophe, especially in cells with irradiation. Mitotic
catastrophe can be seen as a typical anti-cancer way of
irradiation. PD inhibited the function of WEE1 and PKMYT1,
then induced premature cell division, which disrupted the
normal cell cycle and will ultimately induce mitotic
catastrophe. We cultured cells in 14 mm slides, and treated
them with irradiation alone or in combination with PD (100
nm). Cells were fixed and stained with Phalloidine and DAPI 24
hours after irradiation. Slides were scanned by confocal
microscopy and analyzed to determine the percentage of cells
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PD sensitizes ESCC cells to irradiation and disrupts the G2/M arrest due to irradiation. (A, B) Clonogenic survival assays of KYSE150 and TE1 cells
with different doses of irradiation. (C, D) PD disrupts the G2/M arrest induced by irradiation, reducing the G2/M ratio of cell cycle in ESCC cells.
(E, F) PD induces altered expression of G2/M phase-related cyclins. ***P < 0.001..
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with mitotic catastrophe (at least 100 cells were counted). The
combination group had a higher percentage of mitotic
catastrophe than irradiation alone (Figure 5A). We also
detected the effect of PD on DNA damage repair, cells were
fixed and stained with y-H2AX and DAPI after irradiation (3
hours, 6hours,12 hours). Greater than 15 foci per nucleus with y-
H2AX stained was considered positive cells (cells with DNA
damage). We observed that in 3h, the y-H2AX peaked and then
gradually decreased, but the combination group had more
positive cells in 24h (Figures 5B, C). We also performed an
alkaline comet assay to directly measure the effect of PD on
DNA damage repair, as shown in figure (Figures 5D, E), the
results showed that after irradiation for 24 h, the combination
group significantly increased the comet tail DNA% and tail
moment. All these observations indicated that PD attenuates
DNA damage repair in ESCC cells.

PD attenuates DNA damage repair by
inhibiting the function of Rad51

We then examined several protein markers in DNA damage
repair pathways by western blot. We observed that the expression
of Rad51 was significantly downregulated while the expression of
other proteins was unchanged or upregulated (Figure 6A). Thus,
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we assessed Rad51 foci formation by immunofluorescence. Cells
were fixed and stained at several time points (after irradiation for
3 h, 12 h, 24 h), slides were scanned by confocal microscopy and
analyzed. Less Rad51 foci were observed in the combination
therapy group at 12 h and 24 h (Figures 6B, C).

WEEL1 interacts with Rad51 in ESCC

Based on TCGA database with ESCC, KEGG/GO
enrichment analysis showed that WEE1 and DNA damage
repair were related (Figure 7A). Gene Set Enrichment
Analysis (GSEA) showed enrichment for DNA replication and
cell cycle (Figures 7B, C). We then examined the expression
correlations between WEE1 and Rad51 using the TCGA
database and revealed that WEEL expression was statistically
positively associated with Rad51 (R=0.293, p=0.008)
(Figure 7D). We then transfected KYSE150 with siRNA to
inhibit the expression of WEEI, and we also observed the
downregulation of Rad51 (Figure 7E). We performed
immunoprecipitation (IP) assay in KYSE150 cells, and
obtained the interaction between WEE1l and Rad5l
(Figure 7F). Decreased level of Rad51 was also obtained by IF
in KYSE150 cells (Figure 7G). We proved that PD inhibited the
function of Rad51 because of the inhibition of WEEL.
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PD sensitizes ESCC cells to
irradiation in vivo

To determine whether PD can sensitize ESCC cells to
irradiation in vivo, we explored the combination therapy of PD
and irradiation in vivo using nude mice xenografts with KYSE150
cells. When tumors grow to a certain size (100-150 mm°), mice
were randomized to groups that were treated with vehicle, PD (10
mg/kg) alone, irradiation (12 Gy), or the combination of PD and
irradiation (Figure 8A). Combination therapy significantly
inhibited tumor growth (Figure 8B). We then performed western
blot of the tumor lysates, PD reduced the proteins levels of p-CDK1
T14, p-CDK1 Y15 CyclinB1, and Rad51 (Figure 8C), which was
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consistent with our previous findings. The immunohistochemical
staining of tumors showed similar results (Figure 8D). During the
treatment, PD showed good safety and tolerability, and no mice
died because of treatment. We collected the liver and kidneys of
mice for hematoxylin and eosin (HE) staining, there was no
obvious tissue damage in organs (Supplementary Figure S2),
indicating the potential application of PD.()

Discussion

Esophageal cancer (EC) is the seventh most common cancer
worldwide, there are hundreds of thousands of new cases of EC
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each year, resulting in approximately half a million deaths (1).
Radiotherapy is an accepted treatment in ESCC, especially for
locally advanced ESCC or tumor recurrence; however, due to the
heterogeneity of tumor, treatment leads to different outcomes
(14, 31). Radiotherapy mainly treats tumors by DNA damage,
which will arrest cell cycle to repair DNA damage. More than
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90% ESCC patients have TP53 mutations, which abolish the G1/
S checkpoint and make the G2/M checkpoint more important
for DNA damage repair (26, 27).

WEEL kinase family plays an indispensable role in mitosis
and meiosis (15, 16, 24, 32). WEE1 inhibition has been proved to
be a promising therapeutic target in TP3-mutated tumors.
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MK1775, as a specific inhibitor of WEEL, has been used in
several preclinical studies and clinical trials (22-24, 33).
Unfortunately, some patients didn’t respond to WEEI
inhibition as expected, and the mechanism of resistance is
unclear (34, 35). Up-regulation of PKMYT1 was also observed
in some patients with resistance to Weel inhibition, which may
explain why some patients had no response to WEE1 inhibition.
Evolving research reveals functional redundancy in WEE1 and
PKMYT1, which ensures the activation of CDK1 and the
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coordination of cell cycle (36-39). PKMYT]I, different from
WEEL, can phosphorylate CDK1 at both Thr14 and Tyrl5,
and also act as an indispensable regulator of G2/M phase (15, 16).
PKMYT1 implicates multiple tumors, overexpression of
PKMYT1 frequently leads to poor prognosis (16, 19, 20). Thus,
simultaneous inhibition of WEE1 and PKMYT1 is of great
significance for the treatment of tumors.

PD0166285 is a compound of the pyridopyrimidine class
that inhibits WEE1 and PKMYT1 activities at nanomolar
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concentrations (29). Our assays demonstrate that cells respond
to PD 3-6 hours after dosing, the ICs, values of PD in ESCC cells
range from 234 to 694 nM. PD can down-regulate the expression
of p-CDK1 T14 and Y15 at the same time, which suggests that
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PD inhibits the normal activity of WEE1 and PKMYT1.
Interestingly, we also reveal that PD inhibits the expression of
WEE1L and PKMYT1 with escalating PD concentrations. We
observe that PD regulates the cell cycle of ESCC cells and
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Schematic showing the potential therapeutic effects of PD toward ESCC

downregulates the G2/M ratio of cell cycle. Meanwhile, PD
exhibits potent antitumor efficacy, where cell apoptosis can be
induced by the compound in a dose-dependent manner.
Irradiation can directly cause DNA damage thus activate
DNA damage checkpoint, which leads to cell cycle arrest. Due to
the deficiency of TP53 and abolition of G1/S arrest, G2/M
checkpoint is more dependent on DNA repair after
irradiation. We have observed the upregulation of WEE1 and
PKMYT1 in ESCC cells when treated with irradiation (24). We
revealed that the administration of PD before irradiation can
inhibit the phosphorylation of CDK1 and abolish G2/M phase
arrest, which will decrease DNA repair and result in cell death
both in vitro and in vivo. In addition to regulating the cell cycle,
we also demonstrated that PD can directly regulate DNA repair
pathways through inhibition of Rad51, an essential component
of the homologous recombination repair pathway (40). Recent
studies pointed out that the formation foci of Rad51 in cell is an
important marker of HR repair (41, 42). In our research, PD
significantly reduced the Rad51 foci formation and the protein
expression simultaneously. In order to verify the mechanism, we
performed genome sequencing to determine the relationship
between WEE1 and Rad51 in ESCC. We demonstrate the
expression of WEE1 correlates with Rad51, and after
inhibiting WEEI with siRNAs, the expression of Rad51 was
reduced in the same time. The result of Immunoprecipitation
further agrees with the previous results, we confirm the direct
regulation between WEE1 and Rad51. Thus, we believe that PD
can affect the sensitivity of ESCC to radiotherapy by regulating
DNA repair in both direct and indirect manners (Figure 9).
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In conclusion, our research demonstrate that PD0166285 can
exert antitumor effect by inhibiting the function of WEEI and
PKMYT1 in ESCC cells, and also sensitize ESCC cells to irradiation
not only by abolishing G2/M arrest but attenuating DNA repair
directly. We believe PD0166285 can be a potent treatment option
for ESCC in the future and further clinical trials are needed.
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