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Abstract: Globally, gastric cancer is the second leading cause of cancer deaths because of the lack of effective 
treatments for patients with advanced tumors when curative surgery is not possible. Thus, there is an urgent need 
to identify molecular targets in gastric cancer that can be used for developing novel therapies and prolonging pa-
tient survival. Checkpoint kinase 1 (Chk1) is a crucial regulator of cell cycle transition in DNA damage response 
(DDR). In our study, we report that Chk1 plays an important role in promoting gastric cancer cell survival and 
growth, which serves as an effective therapeutic target in gastric cancer. First, Chk1 ablation by small interfering 
RNA could significantly inhibit cell proliferation and sensitize the effects of ionizing radiation (IR) treatment in both 
p53 wild type gastric cancer cell line AGS, and p53 mutant cell line MKN1. Secondly, we tested the anticancer ef-
fects of Chk1 chemical inhibitor LY2606368, which is a novel Chk1/2 targeted drug undergoing clinical trials in 
many malignant diseases. We found that LY2606368 can induce DNA damage, and remarkably suppress cancer 
proliferation and induce apoptosis in AGS and MKN1 cells. Moreover, we identified that LY2606368 can significantly 
inhibit homologous recombination (HR) mediated DNA repair and thus showed marked synergistic anticancer effect 
in combination with poly (ADP-ribose) polymerase 1 (PARP1) inhibitor BMN673 in both in vitro studies and in vivo 
experiments using a gastric cancer PDx model. The synergy between LY2606368 and PARP1 was likely caused by 
impaired the G2M checkpoint due to LY2606368 treatment, which forced mitotic entry and cell death in the pres-
ence of BMN673. In conclusion, we propose that Chk1 is a valued target for gastric cancer treatment, especially 
Chk1 inhibitor combined with PARP inhibitor may be a more effective therapeutic strategy in gastric cancer.
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Introduction

Despite the development of early diagnosis 
and new therapeutic strategy, the clinical out-
come of gastric cancer has only been modestly 
improved [1]. It still ranks as the fourth cause of 
cancer and the second cause of cancer-related 
mortality worldwide [2]. Conventionally, surgery 
is the most effective treatment method for the 
limited number of patient identified without 
metastasis to other organs. However, for gas-

tric cancer patients with distant metastasis, 
chemotherapy and radiotherapy are the major 
approaches but are relatively ineffective [3]. 
Due to poor response rate to chemotherapy 
and radiation, the prognosis of advanced gas-
tric cancer patient remains abysmal. To over-
come this clinical obstacle, novel chemothe- 
rapy approaches and deeper molecular mecha-
nistic understanding required to implement 
effective gastric cancer treatment strategies [4, 
5].
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In the past decades, emerging targeted therapy 
against cell cycle checkpoints have provided 
the opportunity to improve therapeutic out-
come of cancer patient [6, 7]. Normally, DNA 
damage activates the cell cycle checkpoint that 
causes arrest injury at different cell cycle phas-
es, protecting cells from apoptosis and unsch- 
eduled death until DNA damage is repaired. 
Two major signaling pathways are involved in 
the DNA damage response; one is the ataxia 
telangiectasia mutated serine/threonine kin- 
ase (ATM)/checkpoint kinase 2 (Chk2) pathway 
[8], and another is the ATM and Rad3-related 
serine/threonine kinase (ATR)/checkpoint kin- 
ase 1 (Chk1) cascade [9]. In contrast to fre-
quent mutations and/or loss of ATM/Chk2 sig-
naling components, the components involved 
in ATR/Chk1 pathway are often overexpressed 
in malignant cells and are considered to pro-
mote the tumor tumorigenesis [10]. Given that 
p53 is the major checkpoint regulator in the G1 
phase, and due to the common mutations or 
loss of p53 function, cancer cells largely 
depend on the G2M checkpoint to repair endog-
enous and exogenous DNA damage, thus pro-
viding an attractive opportunity for cancer 
treatment by targeting key regulators of the 
G2M checkpoint especially in p53 mutant can-
cer [11, 12]. Chk1 is a highly conserved serine-
threonine kinase, which is encoded by the 
CHK1 gene located at chromosome 11q22-23, 
with its C-terminal SQ/TQ domain regulating 
translocation between the nuclear compart-
ment and cytoplasm, which is critical for its 
activity [13, 14]. Independent of p53 status, 
Chk1 can be activated by most DNA damage 
types including single-stranded DNA breaks 
and stalled forks causing replication stress, 
which may lead to the degradation of Cdc25A 
due to its phosphorylation, and blocks the cells 
from the entry of mitosis with unrepaired DNA 
damage. Chk1 is not only involved in G2M 
arrest but also play a role in G1-S, intra S, and 
mitotic checkpoints [15]. Thus Chk1 may be an 
ideal target for cancer therapy [16].

Chk1 overexpression is observed in many can-
cer types and is associated with poor response 
to chemotherapy and radiotherapy, including 
lung cancer and breast cancer and leukemia 
[17-19]. To date many inhibitors against Chk1 
have been designed are in clinical trials. For 
example, LY2606368 can selectively and 

potentially inhibit the activity of Chk1. Preclinical 
data suggests that LY2606368 treatment 
induces DNA damage and apoptosis, and in 
phase I clinical trials LY2606368 showed 
potential anticancer effects in solid tumors [20, 
21]. However, there is no report on the thera-
peutic value of targeting Chk1 in gastric cancer 
what both p53 and ATM aberrations are com-
mon. Our study is designed to demonstrate the 
role of Chk1 in regulating cell proliferation and 
the response to DNA damage in gastric cancer. 
Moreover, we also investigated the therapeutic 
effect of Chk1 inhibitor LY2606368 in gastric 
cancer cells, and examined the rational combi-
nations with LY2606368 that may be more 
effective for gastric cancer treatment.

Material and methods

Cell culture

Gastric cancer cell lines AGS (p53 wild type) 
was obtained from American Type Culture 
Collection(ATCC, USA), MKN1 was a gift from Dr 
Sanghoon Lee(MD Anderson cancer center, 
USA), cells were grown in RMPI 1640 supple-
mented with 10% fetal bovine serum (Gibco, 
USA) and 0.5% penicillin/streptomycin (Gibco, 
USA). Cells were cultured in a humidified cell 
culture incubator containing 5% carbon dioxide 
at 37°C, routinely changed the cell culture 
medium every 3 days.

Drugs and irradiation preparation

PARP inhibitor BMN673 was purchased from 
Selleckchem (USA), Chk1 inhibitor LY2606368 
was bought from Eli Lily and Company (USA), 
both reagents were dissolved in DMSO for vitro 
experiment. Irradiation was generated by X-ray 
irradiator (Radsource, USA) at 250 kv.

Small interfering RNA

AGS and MKN1 were seeded to 6cm cell cul-
ture dish with 30% density overnight, and trans-
fected with Chk1 or non-target siRNA (Sigma 
Aldrich, USA) using oligofectamine transfection 
reagent (Thermo Fisher Scientific, USA) accord-
ing to the protocol provided by the manufac-
ture. The following is siRNA sequences of Chk1 
and non-target control: Chk1: GCAACAGTATT- 
TCGGTATAAT; non-target control: UAAGGCUAU- 
GAAGAGAUAC.
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MTS assays

Proliferation inhibition effect of Chk1 ablation, 
IR sensitivity, anticancer effect of BMN673 and 
LY2606368 were detected by MTS Cell Pro- 
liferation Colorimetric Assay Kit (Biovision, 
USA). Cells were seeded into 96 wells cell cul-
ture plate, then treated with indicated experi-
ment conditions, then added 20 uL MTS re- 
agent to each well subsequently, after incubat-
ed for 2 hours, cell viability of each well was 
detected on microplate reader (BioTek, USA) at 
a wavelength of 490 nM.

Colony formation assays

AGS and MKN1 were seeded to 6 well cell cul-
ture plate, then treated with indicated condi-
tions, cultured for 10-14 days, washed with 
PBS twice, then fixed in 4% polymerised formal-
dehyde, discarded the medium and washed 
with PBS, stained the cells with crystal violet, 
colony formation in all groups were calculated.

Apoptosis assay

Annexin V/PI apoptosis kit (Invitrogen, USA) was 
applied to detect the apoptosis. Cells were 
treated with indicated reagents, gently trypsin-
ized the cells, then washed the cells with cold 
PBS twice, resuspended the cells in 500 uL 
Annexin V binding buffer, added 5 uL Annexin V 
and 5 uL propidium iodide (PI) into each sam-
ple, incubated in the dark room for 5 minutes at 
room temperature, analyzed the Annexin-V and 
PI binding using fluorescence-activated cell 
sorting (FACS) (Beckman Coulter, USA).

Cell cycle analysis

AGS and MKN1 cells were treated with 
LY2606368, BMN673 or combination of these 
two drugs for 24 hours, control groups treated 
with DSMO were settled. After treatment, cells 
were collected and fixed in 70% ethanol at 4°C 
overnight, then washed with PBS twice, sus-
pended the cell and stained with PI Staining 
solution (50 ug/ml PI and RNase in PBS), cell 
cycle analysis were measured using FACS 
(Beckman Coulter, USA).

HR repair analysis

As previous reported [22], U2OS cells contain-
ing HR repair reporter with direct repeat GFP 
(DR-GFP) was generated for HR repair capacity 
analysis. GFP-expressing plasmid was used as 

a control of transfection efficiency. pCBASecI 
plasmid was transfected to detect the HR repair 
capacity. After overexpression for 24 hours, 
cells were treated with 20 nM LY2606368 for 
another 24 hours, then GFP positive cells were 
detected by FACS. For hydroxyurea (HU)-syn- 
chronized HR repair assay [22], the same pro-
cedure was performed as HR repair analysis 
assay, then treated with 2 mM Hu for another 
16 hours to synchronize the cell cycle, GFP pos-
itive cells were detected by FACS.

Western blot

Cells were harvested and lysed in urine buffer 
supplemented with 1% protease and 1% phos-
phorylation inhibitors (GeneDepot, USA), 
Bradford protein assay kit was used to deter-
mine the protein concentration for each sam-
ple. Total 30 μg protein for each sample was 
loaded to gradient SDS-PAGE gel, after finishing 
gel electrophoresis, protein was transferred 
from gel to PVDF membranes, then blocked in 
5% skim milk (Sigma Aldrich, USA) for 1 hours, 
washed by 0.1% Tween-20 with PBS(PBST) for 
three times (10 minutes/time), then incubated 
with primary antibodies overnight at 4°C, 
washed the membranes by PBST for 10 min-
utes in the second day, repeated for three 
times, incubated with anti-mouse or rabbit-HRP 
conjugated secondary antibodies(Invitrogen, 
USA, 1:2500 in PBST) for 1 hour, after washing 
with PBST for another 3 times, the expression 
of the targeted proteins were detected using 
ECL solution (BioRad, USA), beta-actin (Sigma 
Aldrich, USA) was chosen as loading control. 
The following were the information of the target 
primary antibodies: anti-Chk1, anti-phospho 
Chk1(Ser345), anti-γ-H2AX, anti-cleaved capas- 
ed3, anti-phospho-H3 (S10), anti-Cyclin-B1 
were purchased from Cellsignaling Tech- 
onology (USA).

Gastric cancer PDX mouse model

All animal work was approved by MD Anderson 
Cancer Center Institutional Animal Care and 
Use Committee. The primary tumor was obta- 
ined from the surgical specimen (F0) of gastric 
cancer patient, then transplanted to six weeks 
old male Balb/c-nude mice, after two genera-
tions culture to establish stable PDX tumor, the 
PDX tumor was transplanted to the leg flank of 
male nude mice. After the PDX tumor volume 
reached 50 mm3, then randomly divided to 4 
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groups (N=5 per group): 1; untreated group as 
control, 2; BMN673 (0.33 mg/kg orally, one 
time daily), 3; LY2606368 (2 mg/kg, subcuta-
neous injection, 3 times/week), 4; Combination 
group. Tumor volume was measured and 
recorded once every two days, after nearly 3 
weeks treatment, mice were sacrificed, and 
tumor weight was measured. Tumor volume 
was calculated by the following formula: tumor 
volume = length * width2/2.

Statistical analysis

All data in this study were presented with mean 
value ± standard deviation (SD). The student t 
test was used to determine the P value between 
different groups, if the P value was less than 
0.05, the result was considered to be valued.

Results

Chk1 ablation can significantly suppress the 
cell proliferation and sensitize the IR treat-
ment in gastric cancer cells

To evaluate the role of Chk1 on the survival and 
proliferation of gastric cancer cell lines, AGS 

and MKN1 were transfected with Chk1 siRNA 
and control groups with non-target siRNA. As 
shown in Figure 1A, 1B, Chk1 knockdown in 
AGS and MKN1 cell lines significantly inhibited 
cell proliferation. We then assessed the effect 
of Chk1 knockdown on the responses to IR 
treatment. We found that Chk1 ablation signifi-
cantly enhanced the anticancer effects of IR 
treatment both in AGS and MKN1 cells (Figure 
1C). Western blot analysis showed that the 
siRNA could significant inhibit expression of 
Chk1 (Figure 1D). Together, these data suggest 
that targeting Chk1 might be a good choice for 
gastric cancer treatment.

Chk1 inhibitor LY2606368 can induce DNA 
damage and apoptosis, and can suppress cell 
proliferation in gastric cancer cells

AGS and MKN1 cells were treated with different 
concentrations of LY2606368 for 3 days, and 
cell viability was then evaluated. Our results 
showed that the viability of cells treated with 
LY2606368 was significantly reduced in a dose 
dependent manner for both the cell lines 
(Figure 2A). Further, clonogenic assay also 

Figure 1. Chk1 ablation can significantly suppress the cell proliferation and sensitize the IR treatment in gastric 
cancer cells. A, B. Graphical presentation of cell viability at different days examined by MTS assay after Chk1 knock-
down. OD values were measured and plotted with respect to time (*P<0.05). C. Graphical presentation of relative 
(%) cell viability of AGS and MKN1 cells exposed with IR (2 Gy), and with IR (4 Gy) respectively, (*P<0.05). D. Western 
blot analyses using anti-Chk1 antibodies showing Chk1 siRNA efficiently inhibited the expression of Chk1 in AGS 
and MKN1 cells. Actin was used as a loading control.
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showed remarkable inhibition of proliferation 
by LY2606368 in AGS and MKN1 cells (Figure 
2B). Moreover, increased levels of cleaved-cas-
pase3 indicated significant apoptosis induction 
after exposure to LY2606368 (Figure 2C, 2D). 
Furthermore, Western blot analyses of AGS and 
MKN1 cells treated with LY2606368 showed 
substantial reduction in the level of endoge-
nous Chk1, whereas the phosphorylation of 
Chk1 (Ser345) and the expression of γ-H2AX 
was significantly increased, indicating the per-
sistence of double-strand break (DSB) in the 
treatment groups (Figure 2E).

Chk1 inhibitor LY2606368 reduces HR repair

As proper cell cycle regulation is essential for 
efficient DNA repair, we further investigate 
whether LY2606368 may impair HR repair, 
which is a predominant repair mechanism uti-
lized by cells in S and G2/M phases. We utilized 
a HR repair reporter assay, where in the 
pCBASecI plasmid was transfected to induce 
DSB. The ability of cells to repair DSBs through 

HR can be examined by the ratio of GFP posi-
tive cells to negative cells. As showed in Figure 
3A, LY2606368 significantly impaired HR 
repair capacity. We also found that LY2606368 
also caused S phase arrest (Figure 3B). Thus 
we used HU to synchronized the cell cycle to 
test whether Chk1 inhibition may regulate HR 
repair in addition to its effect on controlling cell 
cycle transition. We found that HR repair was 
decreased in LY2606368 treatment group 
even after HU exposure (Figure 3C, 3D). 
Together, our data demonstrated that 
LY2606368 could repress HR repair indepen-
dent of its effect on cell cycle progression.

LY2606368 has synergistic anticancer effects 
with the PARP inhibitor BMN673 in gastric 
cancer cells

Given that, Chk1 inhibits HR repair, and PARP 
inhibitors are more effect in HR repair deficient 
cells, it is likely that Chk1 inhibition could 
enhance the effect of PARP inhibitor by decreas-
ing HR repair capacity. To address this possibil-

Figure 2. Chk1 inhibitor LY2606368 can induce DNA damage and apoptosis, and can suppress cell proliferation 
in gastric cancer cells. A. Graphical presentation of % cell viability of AGS and MKN1 cells measured 3 days after 
treatment with LY2606368. B. Clonogenic assay in AGS and MKN1 cells. Cells were treated with LY2606368 for 3 
days. Cell viability in AGS and MKN1 cells were significantly inhibited in a dosage-dependent manner. C. Graphical 
presentation of relative (%) colony formation of AGS and MKN1 cells in clonogenic assay as described in B after 
exposure to 25 nM LY2606368 for 24 hours. D. Graphical presentation of apoptosis in AGS and MKN1 cells, mea-
sured using Annexin V/PI after exposure to 25 nM LY2606368 for 24 hours. Significant apoptosis was observed in 
AGS and MKN1 cells staining. E, F. Western blot analyses of AGS and MKN1 cells treated with LY2606368 for 24 
hours. Endogenous Chk1, γ-H2AX, cleaved caspase3, and p-Chk1 (Ser345) were detected using their respective 
antibodies as shown left to each panel.
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Figure 3. Chk1 inhibitor LY2606368 can suppress HR repair capacity. DR-GFP cells were used to detect the effect 
of LY2606368 on HR repair. A. LY2606368 treatment (20 nM) for 24 hours suppresses the HR repair capac-
ity (P<0.05, LY20606368 VS DMSO). Each value was presented with the percentage of the GFP positive cells in 
pCBASecI transfected cells. The fold change was calculated, and data was showed as Mean ± SD. B. Cell cycle in HR 
repair assay was analyzed. LY2606368 induces S phase arrest in DR-GFP cells. C. HU was used to synchronize the 
cell cycle distribution for 16 hours before HR repair analysis, fold change was showed as mean ± SD. D. Cell cycle 
analysis for HU-synchronized HR repair assays showed there was no significant cell cycle alternation between DMSO 
control and LY2606368 treated groups after HU synchronization.
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ity, we examined whether the PARP inhibitor 
BMN673 has synergistic anticancer effect with 
LY2606368 in gastric cancer cells. Chou-Ta- 
lalay method was applied to calculate the com-
bination index (CI) of BMN673 and LY2606368 
in AGS and MKN1 cells [23]. As shown in Figure 
4A, 4B, significant synergy was observed bet- 
ween BMN673 and LY2606369. Moreover, the 
combination treatment was associated with 
decreased colony formation and more apopto-
sis in AGS and MKN1 cells (Figure 4C-E). Fur- 
thermore, increased expression levels of cle- 
aved caspase3 in combination groups also sup-
ported the synergistic effect.

LY2606368 could force mitotic entry of G2M 
phase cells induced by BMN673 in gastric 
cancer cells

To detect potential mechanism of underlying 
synergistic effect of the BMN673 and LY260- 

6368 combination in gastric cancer cells, cell 
cycle analyses were performed. As showed in 
Figure 5A, BMN673 induced a G2M arrest in 
AGS and MKN1 cells. Chk1 inhibition by 
LY2606368 impaired the G2M checkpoint, 
which resulted in decreased G2M arrest in 
combination groups (Figure 5B). Western blot 
analyses of AGS and MKN1 cells showed that 
BMN673 treatment increased the level of the 
G2M phase marker Cyclin-B1, and in contrast 
LY2606368 inhibited Cyclin B1 induction by 
BMN673. The expression level of mitotic mark-
er p-H3 was increased in combination groups 
suggesting that the blockade was in fact in M 
phase (Figure 5C, 5D). Together these results 
suggest that BMN673 and LY2606368 combi-
nation could force mitotic entry of G2M phase 
cells with unrepaired DNA damage, which may 
lead to the synergistic anticancer effect of 
BMN673 and LY2606368.

Figure 4. LY2606368 can sensitize the anticancer effect of PARP inhibitor BMN673 in gastric cancer cells. A, B. 
Graphical presentation of relative (%) cell viability of AGS and MKN1 cells after treatment with indicated drugs for 
5 days. Cell viability was detected by MTS assays, significant synergistic anticancer effect between LY2606368 and 
BMN673 was observed in AGS and MKN1 cell, CI value of EC50 is 0.76 in AGS, and 0.41 in MKN1 (CI<1 indicates 
synergy). C. Clonogenic assay showed that LY2606368 (5 nM) and BMN673 (10 nM) combination inhibits cell 
survival of AGS and MKN1 cells. D. Graphical presentation of relative (%) colony formation in clonogenic assay as 
described in C (*P<0.05). E. Graphical presentation of (%) rate of apoptosis in AGS and MKN1 cells after treatment 
with 5 nM LY2606368, 1 µM BMN673, or both (AGS for 72 hours, MKN1 for 48 h) (*P<0.05). F. Western blot analy-
ses of AGS and MKN1 cells treated with LY2606368, BMN673, or both. Combination of BMN673 and LY2606368 
can induce more expression of apoptosis marker cleaved caspase3.

Figure 5. LY2606368 could force mitotic entry of G2M phase cells induced by BMN673 in gastric cancer cells. A, B. 
Cell cycle analysis of AGS and MKN1 cells after treatment with BMN673 (1 µM), LY2606368 (10 nM), or combina-
tion for 24 hours. C, D. Western blot analyses of AGS and MKN1 cells respectively after treatment with BMN673 (1 
µM), LY2606368 (10 nM), or combination for 24 hours using antibodies as indicated left to each panel. 
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LY2606368 and BMN673 combination has 
synergistic anticancer effect in gastric cancer 
PDX model

In order to determine the anticancer effect of 
the LY2606368 and BMN673 combination in 
vivo, we developed a gastric cancer patient 
derived tumor graft model (PDX). In this model, 
we found that BMN673 and LY2606368 combi-
nation showed a significant inhibition of tumor 
growth compared to single drug treatment 
using BMN673 or LY2606368 (Figure 6A, 6B). 
Twenty days after treatment, compared to the 
single drug treatment group, the tumor volume 
and weight in the combination group was sig-
nificantly decreased (Figure 6C, 6D). In sum-
mary, results from a PDX model support the 
rationale to assess the combination of LY26- 
06368 and PARP inhibitor as a therapeutic 
strategy in gastric cancer.

Discussion

Although chemotherapy and radiotherapy only 
modestly improves clinical outcome of adva- 
nced gastric cancer, this benefit is compro-
mised by toxicity and side effects. Thus it is 
important to identify key factors involved in 
chemoradiotherapy response, and this may 
provide chance to develop safer and more 
effective therapeutic strategies [24]. Given the 
important role of Chk1 in the response to DNA 
damage induced chemotherapy drugs and 
radiotherapy [25], and that activation of ATR/
Chk1 pathway may allow cancer cells to escape 
from the toxicity induced by DNA damage by 
preventing the entry of the damaged cells into 
mitosis [26], we propose Chk1 as a validated 
therapeutic target in gastric cancer. In our stud-
ies, first we evaluated the role of Chk1 in cell 
proliferation in gastric cancer cells. We found 

Figure 6. LY2606368 and BMN673 combination has synergistic anticancer effect in gastric cancer PDX model. 
Six weeks old nude mice with subcutaneous implanted gastric cancer PDX tumor were treated with vehicle control, 
BMN673 (0.33 mg/kg), LY2606368 (2 mg/kg) or combination of these two drugs for 16 days. Statistical signifi-
cance differences between groups were calculated using unpaired t test. Significant differences were indicated by 
asterisk (P<0.05) A. Tumor volume of each group was measured in indicated days of treatment. Data were showed 
as mean ± SD. B. Images of gastric cancer PDX tumor of each group were presented at the same time of study end-
ing. C, D. Tumor volume and tumor weight in each group were measured at the end of the treatment and presented.
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that Chk1 ablation is sufficient to significantly 
suppress cell proliferation. Importantly, prolif-
eration inhibition by Chk1 ablation can be 
observed both in p53 mutant and wild type 
gastric cancer cells. However, given that Chk1 
is involved in nearly all cell cycle checkpoints, 
Chk1 inhibition may prove toxic to normal cells.

Because Chk1 regulates activation cell cycle 
checkpoint in response to DNA damage, Chk1 
is an important marker that can predict the 
response to radiotherapy [27, 28]. Further Chk1 
expression levels correlate with and radiothera-
py response in p53 wild type gastric cancer 
cells [29]. However, it remains unknown wheth-
er the ability of Chk1 inhibitors to sensitize gas-
tric cancer cells to radiation is dependent on 
the context of genetic alterations in gastric can-
cer. Loss of p53 function is frequently identified 
in gastric cancer patients, which plays a critical 
role in regulating cellular response to radiation 
through its functions in controlling gene tran-
scription, cell cycle transition and apoptosis. 
We found that Chk1 knockdown can both 
enhance the anticancer effect of IR treatment 
in both p53 wild type and mutant cells, an 
important observation in gastric cancer.

Importantly, we found that the Chk1 inhibitor 
LY2606368 sensitizes gastric cancer cells to 
the effect of the PARP inhibitor BMN673. This 
combination decreased cell viability and indu- 
ced significant apoptosis both in p53 wild and 
mutant gastric cancer cells. Moreover, the dos-
age used in the combination is low, consistent 
with the potential for decreased toxicity to nor-
mal cells. It has been shown that PARP inhibi-
tors could selectively target BRCA1 and BRCA2 
mutant cancer cells through synthetic lethal 
effect in HRD [30, 31]. Although PARP inhibitors 
showed profound anticancer effect as single 
agent, PARP inhibition also showed consider-
able effect when combined with other thera-
peutic reagents, such as EGFR inhibitors [32], 
and PI3K/mTOR inhibitors [33]. In our study, we 
showed that Chk1 could be considered as a 
potential target for combinations with PARP 
inhibitors in gastric cancer. Most tumor cells 
largely rely on the G2M checkpoint for DNA 
damage response due to lack of G1M check-
point function, due to aberrant p53 function. 
When gastric cancer cells were exposed to the 
PARP inhibitor, the G2M checkpoint was acti-
vated and cells were arrested in the G2M phase 

until the DNA damage was repaired. We pro-
pose that the combination of a PARP inhibitor 
with Chk1 inhibitor largely inhibits the function 
of the G2M checkpoint, and speeds up the cell 
cycle, forcing the cell into mitosis with unre-
paired DNA damage, and eventually leading to 
apoptosis and cell death. 

Taken together, we demonstrate that Chk1 is 
credentialed target for gastric cancer therapy, 
and targeting Chk1 could sensitize cells to the 
anticancer effect of the PARP inhibitor BMN673. 
This provides a potential therapeutic strategy 
for advanced gastric cancer patient.
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