
Zhu et al. Cancer Cell Int          (2019) 19:195  
https://doi.org/10.1186/s12935-019-0896-9

PRIMARY RESEARCH

Checkpoint kinase inhibitor AZD7762 
enhance cisplatin‑induced apoptosis 
in osteosarcoma cells
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Abstract 

Background:  AZD7762 is a checkpoint kinase 1 (Chk 1) inhibitor, which has been reported to sensitize many tumor 
cells to DNA damage. However, whether AZD7762 could sensitize osteosarcoma cells to chemotherapy cisplatin has 
not been defined.

Methods:  We used a variety of methods such as cell viability assays, flow cytometry, western blotting, and immu-
nohistochemistry analysis to determine AZD7762 enhancing cisplatin-induced apoptosis on osteosarcoma cell lines 
in vitro and in vivo.

Results:  In the present study, we demonstrated that AZD7762 could enhance cisplatin-mediated apoptosis and 
mitotic catastrophe of osteosarcoma cells in vitro, and promote the inhibition of xenograft growth induced by 
cisplatin in vivo. The mechanistic study indicated that AZD7762 enhance the effect of cisplatin through abrogating 
cisplatin-mediated G2/M arrest and inhibiting the cisplatin damage repair as demonstrated by increasing cisplatin-
induced γH2AX expression.

Conclusion:  These results suggest that AZD7762 could effectively promote cisplatin-induced apoptosis and mitotic 
catastrophe in osteosarcoma cells. The clinical application of AZD7762 as an adjuvant in the chemotherapy of osteo-
sarcoma should be further explored.
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Background
Osteosarcoma (OS) is the most common primary malig-
nant tumor of bone, occurring predominantly in children 
and adolescents with a very high propensity for local 
invasion and early systemic metastases. The highest-risk 
population is children aged 5 to 15, and it has become 
the third cause of cancer-related death in adolescents [1]. 
With current therapies of OS, such as extensive surgical 

excision, radiotherapy, and neoadjuvant chemotherapy, 
the 5-year survival rate has increased up to 50–60%. By 
contrast, in the metastatic and recurrent conditions, the 
long-term survival rate of osteosarcoma patients still 
remains at 10–20% [2]. At the same time, the high-dose 
use of chemotherapeutic drugs is limited because of their 
systemic toxicity and drug resistance, which become 
major obstacles for the treatment of osteosarcoma [3, 
4]. Therefore, the development of novel therapies for the 
management of osteosarcoma is especially urgent.

Cisplatin is a commonly used adjuvant chemothera-
peutic drug for osteosarcoma treatment. Cisplatin could 
bind to purine and pyrimidine bases of DNA to form 
crosslinks between chains, which damages cellular DNA 
and causes cancer cells to die. The cytotoxicity of cispl-
atin involves the formation of intra and interstrand DNA 

Open Access

Cancer Cell International

*Correspondence:  litao@zjcc.org.cn; liangchengzheng@zju.edu.cn; 
huimintao@zju.edu.cn 
†Jian Zhu and Hanhui Zou contributed equally to this work
‡Tao Li, Chengzhen Liang and Huimin Tao are co-communication authors
1 Department of Orthopedics, 2nd Affiliated Hospital, School of Medicine, 
Zhejiang University, #88 Jie Fang Road, Hangzhou 310009, Zhejiang, 
People’s Republic of China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12935-019-0896-9&domain=pdf


Page 2 of 11Zhu et al. Cancer Cell Int          (2019) 19:195 

adducts, and the resulting DNA damage triggers apop-
tosis. However, DNA damage also activates cell cycle 
proteins, arresting the impaired cell cycle and allowing 
time for DNA repair [5, 6]. The damage of DNA can acti-
vate multiple cell cycle checkpoints (G1/S, S, G2/M) and 
arrest the cell cycle at the detection point for DNA repair. 
This is a cell’s self-protection mechanism, and inhibition 
of this mechanism can enhance the role of the chemo-
therapeutic drug.

Checkpoint protein kinases (Chk) Chk1 and Chk2 play 
a key role in regulating cell cycle. The activation of Chk1 
is responsible for S phase and G2/M phase block, while 
Chk2 is generally considered to play a role in detection 
effect amplification [7, 8]. Unlike Chk2, Chk1 plays a 
key role in maintaining DNA integrity. During cell cycle 
arrest induced by DNA damage, activation of Chk1 could 
induce the phosphorylation of Cdc25 phosphatase fam-
ily, which inhibits the activation of the regulatory protein 
Cdc2. Therefore, the tumor cells can be arrested at the 
cycle detection point until the damaged DNA is repaired.

Recently, a novel selective Chk1 and Chk2 inhibitor 
1-(2-((S)-piperidin-3-ylcarbamoyl)-5-(3-fluorophenyl) 
thiophen-3-yl)urea (AZD7762) has entered clinical tests 
[9, 10]. Chk1 inhibitors AZD7762 significantly potenti-
ated the cytotoxic effects of gemcitabine, cisplatin and 
paclitaxel [8]. AZD7762 could enhance the effect of cispl-
atin on tumor cells, including breast cancer [11], ovarian 
cancer [12, 13], head and neck cancer [14] and medul-
loblastoma [15]. However, the role of Chk inhibitors 
AZD7762 in combination with cisplatin in osteosarcoma 
has not been studied. Therefore, this study aims to verify 
whether AZD7762 can enhance the chemotherapy effect 
of cisplatin in osteosarcoma, and to explore the underly-
ing mechanism.

Materials and methods
Regents and antibodies
AZD7762 was from Selleck Chemicals (Houston, 
TX, USA). The chemical formula of AZD7762 is 
C17H19FN4O2S. Cisplatin was purchased from Sig-
maAldrich (St. Louis, MO, USA). AZD7762 and cispl-
atin were separately dissolved in PBS to produce a stock 
solution. The AZD7762 and cisplatin stock solution were 
diluted in a cell culture medium prior to its use in each 
experiment. Trypsin (0.25%), PBS, fetal bovine serum 
(FBS), Eagle’s Minimum Essential medium (EMEM) and 
Mcroy’ 5A medium were from Gibco; Thermo Fisher Sci-
entific, Inc. (Waltham, MA, USA). MTS kit was obtained 
from Promega Corporation (Madison, WI, USA). Anti-
bodies against cleaved-caspase-3 (Cat. no. 9661), cleaved-
caspase-9 (Cat. no. 9505), poly (ADPribose) polymerase 
(PARP; Cat. no. 9532), cyclin B1 (Cat. no. 4135), Bcl-2 
(Cat. no. 4223), Bcl-2 X-associated protein (Bax; Cat. 

no. 5023), phosphorylated-Chk1 (Cat. no. 2348), phos-
phorylated-Cdc25C (Cat. no. 4901), Phospho-Histone 
H2A.X (Cat. no. 9718), phosphorylated-Cdc2 (Cat. no. 
4901) and GAPDH (Cat. no. 5174) were from Cell Signal-
ing Technology, Inc., (Beverly, MA, USA).

Cell and cell culture
The human osteosarcoma cell lines MNNG/HOS (CRL-
1547TM, ATCC), Saos-2 (HTB-85TM, ATCC) were 
obtained from Cell Bank of Shanghai Institute of Bio-
chemistry and Cell Biology, Chinese Academy of Sci-
ences (Shanghai, China). Saos-2 cells were cultured in 
McCoy’5A medium (Invitrogen GIBCOLTM) containing 
10% fetal bovine serum and 100 U/mL of penicillin/strep-
tomycin. HOS cells were incubated in EMEM containing 
10% fetal bovine serum and 100  U/mL penicillin/strep-
tomycin (Invitrogen GIBCOL TM). Cells were inoculated 
into 25  cm2 cell culture flasks and cultured in a 37  °C 
incubator containing 5% CO2. Both the control group 
and drug-treated group cells were treated with serum-
containing media.

MTS assay for inhibition of cell proliferation
The cells in logarithmic growth phase were washed 
with sterile PBS and digested with trypsin containing 
EDTA. The osteosarcoma cells were seeded in a 96-well 
plate with a density of 4–5 × 103  cells/well and cul-
tured for 24  h to adhere cells. After discarding the cul-
ture medium and washing with PBS, 100  μL of culture 
medium containing the different concentration of cispl-
atin (1.25 μmol/L to 80 μmol/L) was added to each well 
of the test group and the control group for 24  h. After 
the medium was discarded and washed with PBS, 100 μL 
medium containing 100 nmol/L AZD7762 was added to 
each well of the test group and cultured for 24  h. Then 
MTS solution was added and incubated in an incuba-
tor containing 5% CO2 and 37 °C for 2–3 h. The absorb-
ance OD was measured at a wavelength of 490 nm using 
an enzyme-linked reaction detector. The difference of 
inhibition rates between the test group and the control 
group was compared. The median inhibitory concentra-
tion (IC50) was calculated using the Logit method. The 
data was averaged in six replicates, and each experiment 
repeated for three times. 

Flow cytometry cell cycle assay
Osteosarcoma cells were seeded at a density of 
2 × 104 cells/well in a 6-cm dish and cultured for 24 h to 
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adhere cells. In the experimental group and the control 
group, 2  mL of the culture medium containing cispl-
atin (10 μmol/L) was added, and the incubator was cul-
tured for 24  h. Then the culture medium was removed 
and washed twice with PBS. The test group was supple-
mented with 2  mL of medium containing 100  nmol/L 
AZD7762, and the control group was supplemented with 
2 mL of medium for 24 h. Then cells were fixed in − 20 °C 
overnight with 75% ethanol. The fixed cells were incu-
bated with the PI reagent for 15 min at room temperature 
in the dark and tested on the flow cytometry (FACSCali-
bur; BD Biosciences, San Jose, CA, USA). The results 
were analyzed by ModFit software (version 3.3; Verity 
Software House, Topshame, ME, USA). The experiment 
was repeated for three times.

Western blot experiment
Cells were cultured in 6-well plates at a density of 
3 × 105  cells/well. Following seeding, cells were treated 
with 100  nmol/L AZD7762, 10  μmol/L cisplatin, or 
a combination of both for 24  h. After 24  h, the culture 
medium was removed and washed twice with PBS. Cells 
were lysed on ice with RIPA lysate containing PMSF (pro-
tease inhibitor) and the supernatant was collected after 
lysis on ice for 30 min. The concentration of protein was 
quantified using the BCA Protein Concentration Detec-
tion Kit. Total proteins (40 µg) protein was separated by 
8–12% SDS-PAGE at 80 V for 1–1.5 h. Protein was trans-
ferred to 2.2  µm PVDF membranes at 250  mA for 2  h. 
The PVDF membranes were blocked with bovine serum 
albumin for 30 min and incubated with primary antibody 
(CST antibody dilution ratio 1:1000) in a gentle horizon-
tal shaker overnight. After rinsing five times with TBST 
solution for 5 min each time, the PVDF membranes were 
incubated with the secondary antibody (1:5000 dilution) 
in a gentle shaker for 1.5  h at room temperature. The 
bands were developed by enhanced chemiluminescence 
kit (Millipore).

Xenograft orthotopic model
Male BALB/c-nu mice (16–18  g) were purchased from 
Shanghai Laboratory Animal Center of Chinese Acad-
emy of Sciences. Mice were maintained under specific 
pathogen-free conditions with sterilized food and water. 
HOS cells were transfected with luciferase (HOS-luc) for 
in vivo imaging. Each mouse was injected with HOS-luc 
cells (5 × 106) in the right tibia. An in  vivo biolumines-
cence imaging system was used to measure luminescence 
intensity. When the luminescence intensity reached 
1 × 106 p/s, mice were randomly divided into four groups 
(five mice per group). Mice with a very low or high lumi-
nescence signal were killed. Then, AZD7762 was dosed 
intraperitoneally daily at 25  mg/kg and cisplatin was 

dosed at 6  mg/kg intraperitoneally every 3  days for the 
treatment. The luminescence intensity was measured 
every 5 days. After 15 days of dosing, all mice were killed. 
The tumors were excised and fixed in 4% paraformalde-
hyde for further analysis. All treatments were approved 
by the Research Ethics Committee of the Second Affili-
ated Hospital of Zhejiang University School of Medicine, 
China.

In vivo bioluminescence assay
200  μL of luciferin (15  mg/mL) was injected intraperi-
toneally into the mice 10 min before performing in vivo 
imaging according to the manufacturer’s instructions. 
Mice were anaesthetized with isoflurane. An IVIS 200 
imaging system was used to perform in  vivo imaging, 
and the results were analyzed with Living Image Software 
(Version 3.0.4, Xenogen, Hopkinton, MA, USA). The 
total flux of the region of interest was measured as pho-
tons (p)/s for each mouse.

Tumor histology
The fixed tumor tissue was dehydrated with gradient 
increased alcohol and embedded in paraffin. Tumor tis-
sue was cut into serial sections (3 μm) and deparaffinized. 
Then slides were stained with hematoxylin and eosin.

Immunohistochemistry analysis
Sections were deparaffinized and incubated with 3% 
H2O2 for 15 min to block endogenous peroxidase activity. 
Next, sections were immersed in boiling sodium citrate 
buffer (pH 6.0) for antigen retrieval. Then, the slides were 
blocked with 5% BSA for 30 min at 37 °C and incubated 
with first antibodies against cleaved caspase 3, cleaved 
caspase 9, Bax, Ki-67, p-Chk1, p-Cdc25C, p-Histone 
H2A.X at 4  °C overnight. Then the slides were incu-
bated with biotin-labelled secondary antibody at 37  °C 
for 30  min. Immunoreactivity was detected by SABC 
method. The results were recorded by a DP70 CCD cam-
era (Olympus) and an AX-70 microscope (Olympus). 
Digital images were analyzed by image-pro-plus (ver-
sion. 6.0, Media Cybernetics). The measure parameters 
contained mean density, total area and IOD. The optical 
density was calibrated and the area of interest assigned 
value for hue, 0–30; saturation, 0–255; intensity, 0–230. 
Then the image was transformed into a grey-scale image 
to measure the values.

Statistical analysis
The data were expressed as mean ± SD. The data differ-
ences were analyzed with one-way ANOVA and Student’s 
t-test. Data analysis was performed in SPSS software 
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(version 19.0; SPSS, Inc., Chicago, IL, USA). p < 0.05 indi-
cates a significant difference.

Results
The inhibitory effect of AZD7762 on the proliferation 
of human osteosarcoma cell lines
The inhibitory effect of Chk1 inhibitor AZD7762 was 
studied on the proliferation of two human osteosarcoma 
cell lines. As shown in Fig.  1a, MTS assay showed that 
AZD7762 had no significant inhibitory effect on the pro-
liferation of human osteosarcoma cell lines at low con-
centrations (≤ 200 nmol/L), and AZD7762 inhibited the 
two cell lines at higher concentrations (> 200  nmol/L). 
The effect appeared dose-dependent. The IC50 of 
AZD7762 on HOS and Saos-2 cell lines were 550 nmol/L 
and 2.3 μmol/L on 24 h, respectively. For further experi-
ments, we determined the concentration of AZD7762 to 
be 100 nmol/L based on the results of MTS and accord-
ing to the referenced literature. At this concentration, 
AZD7762 had no significant inhibitory effect on the two 
osteosarcoma cell lines.

AZD7762 combined with cisplatin significantly inhibits 
proliferation of osteosarcoma cell lines
The inhibitory effect of AZD7762 (100  nmol/L) com-
bined with cisplatin on two human osteosarcoma cell 
lines was detected by MTS. The IC50 of cisplatin alone in 
HOS and Saos-2 cells was 8.82 μmol/L and 20.64 μmol/L, 
respectively (Fig.  1b). Compared with cisplatin alone, 
AZD7762 (100 nmol/L) combined with cisplatin signifi-
cantly enhanced the inhibitory effect of cisplatin on two 
human osteosarcoma cell lines. The IC50 of cisplatin and 
AZD7762 in HOS and Saos-2 cells was 3.28 μmol/L and 
8.04 μmol/L, respectively (Fig. 1c). This enhanced inhibi-
tion was also evident at very low cisplatin concentrations 
and significantly increased the sensitivity of HOS and 
Saos-2 osteosarcoma cells to cisplatin.

AZD7762 enhances apoptosis of osteosarcoma induced 
by cisplatin
Annexin-PE/PI staining results indicated that cisplatin 
combined with AZD7762 induced more apoptosis of 
osteosarcoma cell lines than cisplatin alone (Fig.  1b, c). 
As showed in Fig.  1e, AZD7762 significantly increased 
the expression of apoptosis-related proteins in tumor 
cells. In apoptosis, caspase is the principal enzyme that 
performs apoptosis. As previously reported, caspase-9 is 
usually considered to be the starting factors of apopto-
sis, and caspase-3 acts as the activation factor of apopto-
sis which cleaves PARP [16]. Compared with the control 
group, cisplatin significantly increased the expression of 
caspase-3 and caspase-9 in HOS and Saos-2 cells and 

up-regulated the cleavage and expression of its sub-
strate PARP. The combination of AZD7762 increased the 
expression of caspase-3, -9 and PARP induced by cispl-
atin. At the same time, we also detected that AZD7762 
also increased the expression of cisplatin-mediated 
mitochondrial apoptosis-related protein Bax. Further-
more, AZD7762 decreased the expression of Bcl-2 and 
increased the expression pf Bak mediated by cisplatin 
(Additional file 1).

AZD7762 reduces cisplatin‑mediated G2/M cell cycle arrest
AZD7762 is an inhibitor of Chk1 which regulates the 
cell cycle. Therefore, we explored whether AZD7762 
enhances the inhibition effect of cisplatin on osteosar-
coma proliferation through regulating the cell cycle. 
HOS and Saos-2 cells were treated with PBS (control 
group), cisplatin (10  μmol/L), AZD7762 (100  nmol/L), 
and cisplatin + AZD7762 for 24  h, and flow cytomet-
ric analysis was performed (Fig.  2a). Compared with 
the control group, the G2/M phase of HOS and Saos-2 
cells treated with cisplatin was significantly increased. 
When AZD7762 was combined with cisplatin, the num-
ber of cells in the G2/M phase was significantly reduced 
(Fig.  2b). Although there was a decrease in the G1/0 
phase and an increase in the S phase ratio in both cells 
treated with AZD7762 alone, there was no significant 
difference.

AZD7762 combined with cisplatin down‑regulates cell 
cycle checkpoint protein expression
To investigate the mechanism that AZD7762 reducing 
cisplatin-mediated G2/M cell cycle arrest in the human 
osteosarcoma cell lines HOS and Saos-2 cells, the pro-
tein of p-Chk1, p-Cdc25c, p-Cdc2, p-histone H2A.X and 
Cyclin-B1 that involved in G2/M cell cycle regulation 
were performed in western blot experiments. Cisplatin 
significantly increased the phosphorylation of protein 
kinase Chk1, Cdc25c, Cdc2 and histone H2A.X in HOS 
and Saos-2 cells and upregulate the expression level of 
Cyclin-B1 compared to the control group (Fig.  2c). On 
the contrary, when both cells were treated with cispl-
atin combined with AZD7762, the expression levels of 
p-Chk1, p-Cdc25c, p-Cdc2 and Cyclin B were signifi-
cantly decreased and p-histone H2A.X was upregulated. 
The relative expression of P-Cdc2, P-Chk1 and cyclin B1 
in saos-2 cells were shown in Additional file 2. This result 
indicated that AZD7762 reduces arrest of G2/M phase 
mediated by cisplatin through regulating the cell cycle 
checkpoint protein expression.
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Fig. 1  AZD7762 enhance the effect of cisplatin on human osteosarcoma cells. a, b MTS assay analyzes the inhibitory effect of AZD7762 and 
cisplatin on the proliferation of osteosarcoma cell lines. HOS and Saos-2 cell were treated with different concentration of AZD7762 and cisplatin 
for 24 h, respectively. The results are the mean of six replicates, and each experiment performed in triplicate. c, d The inhibitory effect detected 
by MTS assay that AZD77762 (100 nmol/L) in combination with different concentration of cisplatin on HOS and Saos-2 cells for 24 h. The results 
are the mean of six replicates, and each experiment performed in triplicate. e Human osteosarcoma cells HOS and Saos-2 were treated with PBS 
(control group), cisplatin (10 μmol/L), AZD7762 (100 nmol/L) and cisplatin + AZD7762 for 24 h. The expression level of apoptosis-related protein 
PARP, cleaved caspase-3, -9 and Bax were determined by western blot. *p < 0.05 and **p < 0.01 versus control group. #p < 0.05 and ##p < 0.01 versus 
cisplatin treatment with the same concentration. FL full length, CL cleaved
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Fig. 2  Analysis of AZD7762 in combination with Cisplatin on cell cycle of osteosarcoma cells. a, b HOS and Saos-2 cells were treated with PBS 
(control group), cisplatin (10 μmol/L), AZD7762 (100 nmol/L) and cisplatin + AZD7762 for 24 h. The data of cell cycle distribution detected by flow 
cytometry were obtained from three independent experiments. *p < 0.05 and **p < 0.01 versus control group. c Human osteosarcoma cells HOS 
and Saos-2 were treated with cisplatin (10 μmol/L) alone or in combination with AZD7762 (100 nmol/L) for 24 h. The expression of cell cycle related 
protein of p-Chk1, p-Cdc25C, p-Cdc2, Cyclin B1 and phosphorylated histone H2A.X were measured by western blot. #p < 0.05 and ##p < 0.01 versus 
cisplatin treatment with the same concentration
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Cisplatin combined with AZD7762 reduced tumor growth 
in vivo
In order to simulate the circumstance of osteosarcoma 
in  vivo, an orthotopic model was established through 
inoculating the osteosarcoma cell into the tibia of nude 
mice. HOS cells were transferred with luciferase so that 
tumor size could be calculated by the luciferin intensity. 
The tumor luminescence intensity showed a significant 
difference between cisplatin and cisplatin combined 
with AZD7762 (Fig.  3). The H&E and Ki-67 staining 
showed more dead cells and apoptosis proportion in cis-
platin combined with AZD7762 treated tumor tissues 
compared to cisplatin used alone. Cisplatin combined 
with AZD7762 decrease the expression of p-Chk1 and 
p-Cdc25c and upregulate the expression of cleaved cas-
pase-3, and p-histone H2A.X compared to cisplatin, the 
immunohistochemical analysis results were consistent 

with the western blot results (Fig. 4). The high-resolution 
immunohistochemistry images of p-γHA2X were shown 
in Additional file 3. These results indicated that AZD7762 
enhances the effect of cisplatin in inhibiting the growth 
of osteosarcoma in vivo.

Discussion
The cell cycle checkpoint kinase Chk1/2 plays a crucial 
role in cell cycle regulation. After DNA damage occurs, 
Chk1 and Chk2 are phosphorylated by ATM and ATR, 
causing cell cycle arrest and activating DNA damage 
repair system to maintain cell genome stability [17]. 
Although this DNA damage regulatory system plays 
a key role in maintaining genetic stability in normally 
proliferating cells, it can also be used by tumor cells to 
evade death [18]. A major feature of cell malignancy 

Fig. 3  Cisplatin combined with AZD7762 inhibits the growth of xenografts in vivo. a, b The luminescence intensity was used as an indicator of 
tumour size by in vivo imaging system. And luciferase intensity was calculated using the in vivo imaging software. c Body weight was measured 
every 3 days
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is dysregulation of the cell cycle. As the previous study 
reported, Saos-2 is p53 deficiency, and HOS cell is 
p53-mutation [19]. Non-functional p53 was expressed 
in HOS and Saos-2 cells [20, 21]. Deletion of the P53 
gene often occurs in tumor cells [22] and results in the 
loss of G1-S cell cycle detection sites, making tumor 
cells particularly dependent on G2-M phase detection 
sites to perform DNA repair [23]. Therefore, the dys-
regulated expression of Chk1/2 plays an important role 
in the proliferation of tumor cells and resistance to gen-
otoxic drugs. In particular, some studies found that the 

expression of Chk1 was often low in normal cells but was 
high in certain malignant tumors [24]. Our study is based 
on the above background, inhibiting the activity of cell 
cycle detection point kinase Chk1 can increase the sensi-
tivity of tumor cells to DNA toxic drugs, and enhance the 
effect of chemotherapeutic drugs on tumor cells.

AZD7762 is a novel ATP-competitive cell cycle detec-
tion point kinase inhibitor, which has a strong inhibiting 
effect on Chk1. AZD7762 could inhibit phosphoryla-
tion of Cdc25C peptide by reversible binding to the ATP 
binding site of Chk1 [25]. Moreover, AZD7762 is 100 

Fig. 4  Histology and apoptotic status of tumor tissues were evaluated with H&E staining, Ki-67 expression. Immunohistochemistry was used to 
assess the levels of cleaved caspase-3, p-Chk1, p-Cdc25C, and p-histone H2A.X. Representative images are presented. Scale bar, 50 μm
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times more selective binding to Chk1 than the traditional 
Chk inhibitor UCN-01. Several studies have confirmed 
that AZD7762 can abolish DNA damage-mediated cell 
cycle detection in many cell lines, including breast can-
cer, ovarian cancer, urothelial carcinoma, head and neck 
cancer, medulloblastoma and lung adenocarcinoma. 
AZD7762 acts in synergy with cisplatin in reducing cell 
proliferation in medulloblastoma [15]. AZD7762 in com-
bination chemotherapy represent a promising option 
for the treatment of triple-negative breast cancer [11]. 
AZD7762 enhanced sensitivity of urothelial carcinoma 
cells to gemcitabine by inhibiting DNA repair [26]. 
AZD7762 sensitizes p53 deficient squamous cell carci-
noma of the head and neck to cisplatin through induction 
of mitotic cell death [14]. And AZD7762 could enhance 
the effect of chemotherapy/radiotherapy on tumor cells 
and overcome radiotherapy/chemotherapy resistance of 
tumor cell [8, 11, 27–33]. However, the role of AZD7762 
combined with DNA damage drugs in osteosarcoma has 
not been studied. Therefore, we choose clinical osteo-
sarcoma patients commonly used drug cisplatin for the 
following studies. The effect and mechanism of Chk1 
inhibitor AZD77762 combined with chemotherapeutic 
drugs in osteosarcoma cell lines were verified through 
comparing single drug and combined effect. The results 
may provide new ideas and protocols for clinical treat-
ment of bone tumors.

We first studied the proliferation inhibitory effects 
of Chk1 inhibitor AZD7762 alone on HOS and Saos-2 
cells. We found that AZD7762 had no significant inhibi-
tory effect on the proliferation of human osteosarcoma 
cell lines at low concentrations (≤ 200  nmol/L). We 
then verified that AZD7762 combined with cisplatin 
enhances the inhibitory effect of cisplatin on osteosar-
coma cell proliferation. We have found that AZD7762 
can significantly enhance the cytotoxicity of cisplatin 
on both osteosarcoma cells compared to cisplatin alone. 
Combination therapy significantly increased the IC50 of 
cisplatin (p < 0.05). In  vivo study, tumor size calculated 
by the luciferin intensity showed a significant difference 
between cisplatin and cisplatin combined with AZD7762. 
However, tumor position is very essential for IVIS signal, 
tumor volume data will be most accurate if tumors are 
dissectible. In future work, we should further calculate 
the tumor volume when the tumor is dissectible. These 
results indicated that AZD7762 may reduce the amount 
of cisplatin in clinical work, accordingly reducing the 
incidence of cisplatin dose-dependent adverse reactions.

Cisplatin could induce apoptosis of osteosarcoma 
cells via caspase-mediated apoptosis pathways [34]. So 
we use the western bolt to test whether AZD7762 could 
increase the incidence of cisplatin-mediated apoptosis 

to enhance the effect of cisplatin. Compared with cispl-
atin alone, combined AZD7762 significantly increased 
caspase-3, -9 activation and PARP shear in both cell 
lines. We also found that the combination of AZD7762 
and cisplatin significantly increased the expression of 
the mitochondrial apoptotic protein Bax. In previous 
studies, Bak/Bax clusters serve as a channel-like pore 
on mitochondrial outer membrane and enable small 
molecules such as cytochrome C to enter the cytoplasm 
to trigger and activate the intrinsic apoptosis path-
way [35, 36]. Autophagy is an evolutionally conserved 
catabolic process which is necessary for cancer cells 
to adapt to an unfavorable tumor microenvironment. 
Accumulating evidence suggests that autophagy has 
a close relationship with programmed cell death [37]. 
However, we did not conduct in-depth research on this 
issue. In future work, we can further explore this mech-
anism and pathway.

We further explore the effect of AZD7762 and cis-
platin on the cell cycle of HOS and Saos-2 osteosar-
coma cells by flow cytometric analysis. As expected, we 
found that cisplatin caused numerous G2/M cell cycle 
arrest, whereas AZD7762 significantly abolished the 
G2/M phase cell cycle arrest mediated by Chk1 activa-
tion. We also found that the use of AZD7762 alone can 
increase the proportion of cells in the S phase, although 
there was no significant difference at a concentration of 
100 nmol/L AZD7762, this phenomenon became more 
and more obvious as the concentration of AZD7762 
increased (data not shown).

Many studies have shown that Chk1 mainly plays 
a role in the G2/M phase detecting point. The regula-
tion of the G2/M phase detecting point by Chk1 was 
mainly achieved through the ATR-Chk1-Cdc25C-
Cdc2(Cdk1)/Cyclin-B1 pathway [24], and we confirmed 
that AZD7762 could regulate the key protein of this 
pathway. Compared with the control group, cisplatin 
significantly increased the phosphorylation of Chk1, 
Cdc25C and Cdc2 in HOS and Saos-2 cells, while up-
regulated the expression Cyclin-B1, causing cell G2/M 
arrest. When cisplatin was combined with the Chk1 
inhibitor AZD7762, we detected a significant decrease 
in p-Chk1, p-Cdc25C, p-Cdc2, and Cyclin-B1 expres-
sion, suggesting that AZD7762 inhibits G2/M cell cycle 
detection sites, which reduces cell cycle arrest. We also 
noted that AZD7762 significantly increased cisplatin-
mediated phosphorylation of histone H2A.X (p-his-
tone H2A.X). Histone H2A.X is a histone variant that 
accounts for only 10% of histone H2A in normal human 
fibroblasts. Histone H2A.X plays an important role in 
the cell cycle arrest mediated by cell cycle monitoring 
and repair after DNA double-strand breaks [38]. In 
addition to its role in DNA damage repair, H2A.X also 
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plays a key role in DNA fragmentation during apoptosis 
and can be phosphorylated by a variety of apoptosis-
related kinases [39–41]. Therefore, the up-regulation 
of p-Histone H2A.X indicates that there is a large 
amount of DNA damage and the occurrence of apop-
tosis-related pathways. The above results indicate that 
the Chk1 inhibitor AZD7762 enhances cisplatin-medi-
ated cytotoxicity and inhibits the onset of G2/M phase 
cell cycle arrest caused by DNA damage. Interestingly, 
AZD7762 alone did not show changes in the expression 
of other proteins in the Chk1-Cdc25C-Cdc2(Cdk1)/
Cyclin-B1 pathway in both osteosarcoma cell lines, 
which may be due to no occurrence of a large number 
of cell cycle arrests.

Conclusion
In summary, our study confirmed that AZD7762 can 
reduce DNA damage induced by cisplatin through inhib-
iting the activation of G2/M cell cycle checkpoints and 
regulating Chk1-Cdc25C-Cdc2/Cyclin-B1 cell signaling 
pathways. The G2/M phase cell cycle arrest enhances 
the cytotoxicity of cisplatin on osteosarcoma cells and 
increases the occurrence of cisplatin-mediated apoptosis. 
The Chk1 inhibitor AZD7762 is expected to be combined 
with standard DNA damage chemotherapy drugs as a 
new option for the treatment of osteosarcoma.

Additional files

Additional file 1. Human osteosarcoma cells HOS and Saos-2 were 
treated with PBS (control group), cisplatin (10 μmol/L), AZD7762 
(100 nmol/L) and cisplatin + AZD7762 for 24 h The expression level of 
protein Bcl-2 and Bak were determined by western blot.

Additional file 2. The relative expression of P-Cdc2, P-Chk1 and cyclin B1 
in saos-2 cells were shown with bar graph. *p < 0.05 versus cisplatin treat-
ment with the same concentration.

Additional file 3. The high-resolution Immunohistochemistry images of 
p-γHA2X.

Abbreviations
AZD7762: 1-(2-((S)-piperidin-3-ylcarbamoyl)-5-(3-fluorophenyl) thiophen-3-yl)
urea; OS: osteosarcoma; Chk: checkpoint protein kinases; Cdc: cell division 
cycle; Cdk: cyclin-dependent kinases; IC50: half maximal inhibitory con-
centration; MTS: 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium; BSA: albumin from bovine serum; TUNEL: 
terminal-deoxynucleotidyl transferase mediated nick end labeling; EMEM: 
Eagle’s Minimal Essential medium; OD: optical density; PMSF: phenylmethane-
sulfonyl fluoride; Cis: cisplatin.

Acknowledgements
Not applicable.

Authors’ contributions
JZ and HHZ designed and performed most of the experiments and drafted 
the manuscript; WY and YLH respectively performed most of the experiments; 
BL analyzed data; TL, CZL and HMT participated in the experimental design 
and analysis. All authors read and approved the final manuscript.

Funding
This research was supported by Grants from the National Natural Science 
Foundation of China (NO. 81472504, NO. 81401822 and 81572177), Science 
and Technology Foundation of Zhejiang Province (2016C33151), Medical 
Science and Technology Project of Zhejiang Province of China (2016146428, 
2016KYA096 and 2017KY071) and Natural Science Funds of Zhejiang Province 
(Y17H160033, LQ14H060002 and LY14H060004).

Availability of supporting data
The datasets supporting the conclusions of this article are included in the 
article.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Orthopedics, 2nd Affiliated Hospital, School of Medicine, 
Zhejiang University, #88 Jie Fang Road, Hangzhou 310009, Zhejiang, People’s 
Republic of China. 2 Orthopedics Research Institute of Zhejiang University, #88, 
Jiefang Road, Hangzhou 310009, China. 3 Department of Gynecologic Oncol-
ogy, Women’s Hospital, School of Medicine, Zhejiang University, Hangzhou, 
China. 4 Dept Bone & Soft Tissue Surg, Zhejiang Canc Hosp, 38 Guangji Rd, 
Hangzhou 310022, Zhejiang, People’s Republic of China. 

Received: 2 August 2018   Accepted: 1 July 2019

References
	1.	 Ritter J, Bielack SS. Osteosarcoma. Ann Oncol. 2010;21(Suppl 7):vii320–5.
	2.	 Loh AH, Navid F, Wang C, Bahrami A, Wu J, Neel MD, et al. Management 

of local recurrence of pediatric osteosarcoma following limb-sparing 
surgery. Ann Surg Oncol. 2014;21:1948–55.

	3.	 He H, Ni J, Huang J. Molecular mechanisms of chemoresistance in osteo-
sarcoma. Oncol Lett. 2014;7:1352–62.

	4.	 Duan L, Perez RE, Hansen M, Gitelis S, Maki CG. Increasing cisplatin sen-
sitivity by schedule-dependent inhibition of AKT and Chk1. Cancer Biol 
Ther. 2014;15:1600–12.

	5.	 Eastman A. Cell cycle checkpoints and their impact on anticancer thera-
peutic strategies. J Cell Biochem. 2004;91:223–31.

	6.	 Smith J, Tho LM, Xu N, Gillespie DA. The ATM-Chk2 and ATR-Chk1 
pathways in DNA damage signaling and cancer. Adv Cancer Res. 
2010;108:73–112.

	7.	 Kastan MB, Onyekwere O, Sidransky D, Vogelstein B, Craig RW. Participa-
tion of p53 protein in the cellular response to DNA damage. Cancer Res. 
1991;51:6304–11.

	8.	 Bartucci M, Svensson S, Romania P, Dattilo R, Patrizii M, Signore M, et al. 
Therapeutic targeting of Chk1 in NSCLC stem cells during chemotherapy. 
Cell Death Differ. 2012;19:768–78.

	9.	 Zabludoff SD, Deng C, Grondine MR, Sheehy AM, Ashwell S, Caleb BL, 
et al. AZD7762, a novel checkpoint kinase inhibitor, drives checkpoint 
abrogation and potentiates DNA-targeted therapies. Mol Cancer Ther. 
2008;7:2955–66.

	10.	 Sausville E, Lorusso P, Carducci M, Carter J, Quinn MF, Malburg L, et al. 
Phase I dose-escalation study of AZD7762, a checkpoint kinase inhibitor, 
in combination with gemcitabine in US patients with advanced solid 
tumors. Cancer Chemother Pharmacol. 2014;73:539–49.

	11.	 Bryant C, Rawlinson R, Massey AJ. Chk1 inhibition as a novel therapeutic 
strategy for treating triple-negative breast and ovarian cancers. BMC 
Cancer. 2014;14:570.

	12.	 Meng Y, Chen CW, Yung MMH, Sun W, Sun J, Li Z, et al. DUOXA1-mediated 
ROS production promotes cisplatin resistance by activating ATR-Chk1 
pathway in ovarian cancer. Cancer Lett. 2018;428:104–16.

https://doi.org/10.1186/s12935-019-0896-9
https://doi.org/10.1186/s12935-019-0896-9
https://doi.org/10.1186/s12935-019-0896-9


Page 11 of 11Zhu et al. Cancer Cell Int          (2019) 19:195 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	13.	 Itamochi H, Nishimura M, Oumi N, Kato M, Oishi T, Shimada M, et al. 
Checkpoint kinase inhibitor AZD7762 overcomes cisplatin resistance in 
clear cell carcinoma of the ovary. Int J Gynecol Cancer. 2014;24:61–9.

	14.	 Gadhikar MA, Sciuto MR, Alves MV, Pickering CR, Osman AA, Neskey DM, 
et al. Chk1/2 inhibition overcomes the cisplatin resistance of head and 
neck cancer cells secondary to the loss of functional p53. Mol Cancer 
Ther. 2013;12:1860–73.

	15.	 Prince EW, Balakrishnan I, Shah M, Mulcahy Levy JM, Griesinger AM, 
Alimova I, et al. Checkpoint kinase 1 expression is an adverse prognostic 
marker and therapeutic target in MYC-driven medulloblastoma. Onco-
target. 2016;7:53881–94.

	16.	 Napso T, Fares F. Zebularine induces prolonged apoptosis effects via 
the caspase-3/PARP pathway in head and neck cancer cells. Int J Oncol. 
2014;44:1971–9.

	17.	 Rouse J, Jackson SP. Interfaces between the detection, signaling, and 
repair of DNA damage. Science. 2002;297:547–51.

	18.	 Lapenna S, Giordano A. Cell cycle kinases as therapeutic targets for 
cancer. Nat Rev Drug Discov. 2009;8:547–66.

	19.	 Ganjavi H, Gee M, Narendran A, Parkinson N, Krishnamoorthy M, Freed-
man MH, et al. Adenovirus-mediated p53 gene therapy in osteosarcoma 
cell lines: sensitization to cisplatin and doxorubicin. Cancer Gene Ther. 
2006;13:415–9.

	20.	 Salnikow K, An WG, Melillo G, Blagosklonny MV, Costa M. Nickel-induced 
transformation shifts the balance between HIF-1 and p53 transcription 
factors. Carcinogenesis. 1999;20:1819–23.

	21.	 Zuffa E, Mancini M, Brusa G, Pagnotta E, Hattinger CM, Serra M, et al. P53 
oncosuppressor influences selection of genomic imbalances in response 
to ionizing radiations in human osteosarcoma cell line SAOS-2. Int J 
Radiat Biol. 2008;84:591–601.

	22.	 Zlowocka E, Cybulski C, Gorski B, Debniak T, Slojewski M, Wokolorczyk D, 
et al. Germline mutations in the CHEK2 kinase gene are associated with 
an increased risk of bladder cancer. Int J Cancer. 2008;122:583–6.

	23.	 Zhou BB, Elledge SJ. The DNA damage response: putting checkpoints in 
perspective. Nature. 2000;408:433–9.

	24.	 Boutros R, Dozier C, Ducommun B. The when and wheres of CDC25 
phosphatases. Curr Opin Cell Biol. 2006;18:185–91.

	25.	 Wang JN, Zhang ZR, Che Y, Yuan ZY, Lu ZL, Li Y, et al. Acetyl-macrocalin B, 
an ent-kaurane diterpenoid, initiates apoptosis through the ROS-p38-cas-
pase 9-dependent pathway and induces G2/M phase arrest via the 
Chk1/2-Cdc25C-Cdc2/cyclin B axis in non-small cell lung cancer. Cancer 
Biol Ther. 2018;19:609–21.

	26.	 Isono M, Hoffmann MJ, Pinkerneil M, Sato A, Michaelis M, Cinatl J Jr, 
et al. Checkpoint kinase inhibitor AZD7762 strongly sensitises urothelial 
carcinoma cells to gemcitabine. J Exp Clin Cancer Res. 2017;36:1.

	27.	 Mitchell JB, Choudhuri R, Fabre K, Sowers AL, Citrin D, Zabludoff SD, 
et al. In vitro and in vivo radiation sensitization of human tumor cells 
by a novel checkpoint kinase inhibitor, AZD7762. Clin Cancer Res. 
2010;16:2076–84.

	28.	 Morgan MA, Parsels LA, Zhao L, Parsels JD, Davis MA, Hassan MC, et al. 
Mechanism of radiosensitization by the Chk1/2 inhibitor AZD7762 

involves abrogation of the G2 checkpoint and inhibition of homologous 
recombinational DNA repair. Cancer Res. 2010;70:4972–81.

	29.	 Pei XY, Dai Y, Youssefian LE, Chen S, Bodie WW, Takabatake Y, et al. 
Cytokinetically quiescent (G0/G1) human multiple myeloma cells are 
susceptible to simultaneous inhibition of Chk1 and MEK1/2. Blood. 
2011;118:5189–200.

	30.	 Vance S, Liu E, Zhao L, Parsels JD, Parsels LA, Brown JL, et al. Selective 
radiosensitization of p53 mutant pancreatic cancer cells by combined 
inhibition of Chk1 and PARP1. Cell Cycle. 2011;10:4321–9.

	31.	 Yang H, Yoon SJ, Jin J, Choi SH, Seol HJ, Lee JI, et al. Inhibition of check-
point kinase 1 sensitizes lung cancer brain metastases to radiotherapy. 
Biochem Biophys Res Commun. 2011;406:53–8.

	32.	 Ma Z, Yao G, Zhou B, Fan Y, Gao S, Feng X. The Chk1 inhibitor AZD7762 
sensitises p53 mutant breast cancer cells to radiation in vitro and in vivo. 
Mol Med Rep. 2012;6:897–903.

	33.	 Seto T, Esaki T, Hirai F, Arita S, Nosaki K, Makiyama A, et al. Phase I, dose-
escalation study of AZD7762 alone and in combination with gemcitabine 
in Japanese patients with advanced solid tumours. Cancer Chemother 
Pharmacol. 2013;72:619–27.

	34.	 Seki K, Yoshikawa H, Shiiki K, Hamada Y, Akamatsu N, Tasaka K. Cispl-
atin (CDDP) specifically induces apoptosis via sequential activation of 
caspase-8, -3 and -6 in osteosarcoma. Cancer Chemother Pharmacol. 
2000;45:199–206.

	35.	 Tang Y, Dai Y, Grant S, Dent P. Enhancing CHK1 inhibitor lethality in glio-
blastoma. Cancer Biol Ther. 2012;13:379–88.

	36.	 Nasu Y, Benke A, Arakawa S, Yoshida GJ, Kawamura G, Manley S, et al. 
In situ characterization of Bak clusters responsible for cell death using 
single molecule localization microscopy. Sci Rep. 2016;6:27505.

	37.	 Yoshida GJ. Therapeutic strategies of drug repositioning targeting 
autophagy to induce cancer cell death: from pathophysiology to treat-
ment. J Hematol Oncol. 2017;10:67.

	38.	 Yuan J, Adamski R, Chen J. Focus on histone variant H2AX: to be or not to 
be. FEBS Lett. 2010;584:3717–24.

	39.	 Solier S, Sordet O, Kohn KW, Pommier Y. Death receptor-induced activa-
tion of the Chk2- and histone H2AX-associated DNA damage response 
pathways. Mol Cell Biol. 2009;29:68–82.

	40.	 Lu C, Zhu F, Cho YY, Tang F, Zykova T, Ma WY, et al. Cell apoptosis: require-
ment of H2AX in DNA ladder formation, but not for the activation of 
caspase-3. Mol Cell. 2006;23:121–32.

	41.	 Lu C, Shi Y, Wang Z, Song Z, Zhu M, Cai Q, et al. Serum starvation induces 
H2AX phosphorylation to regulate apoptosis via p38 MAPK pathway. 
FEBS Lett. 2008;582:2703–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Checkpoint kinase inhibitor AZD7762 enhance cisplatin-induced apoptosis in osteosarcoma cells
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Regents and antibodies
	Cell and cell culture
	MTS assay for inhibition of cell proliferation
	Flow cytometry cell cycle assay
	Western blot experiment
	Xenograft orthotopic model
	In vivo bioluminescence assay
	Tumor histology
	Immunohistochemistry analysis
	Statistical analysis

	Results
	The inhibitory effect of AZD7762 on the proliferation of human osteosarcoma cell lines
	AZD7762 combined with cisplatin significantly inhibits proliferation of osteosarcoma cell lines
	AZD7762 enhances apoptosis of osteosarcoma induced by cisplatin
	AZD7762 reduces cisplatin-mediated G2M cell cycle arrest
	AZD7762 combined with cisplatin down-regulates cell cycle checkpoint protein expression
	Cisplatin combined with AZD7762 reduced tumor growth in vivo

	Discussion
	Conclusion
	Acknowledgements
	References




