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ABSTRACT

KRAS is frequently mutated in non-small cell lung cancer (NSCLC). However, 
direct targeting of KRAS has proven to be challenging, and inhibition of KRAS effectors 
has resulted in limited clinical efficacy. Wee1 kinase is an important regulator of 
the G2 checkpoint and is overexpressed in various cancers. Inhibition of Wee1 
exerts anticancer effects as a monotherapy or in combination with DNA-damaging 
agents when cancer cells harbor TP53 mutations. However, its role in KRAS-mutant 
NSCLC, especially as a single agent, has not been explored. Here, we investigate 
the anticancer potential of Wee1 inhibitor AZD1775 as a monotherapy and uncover 
a possible cellular context underlying sensitivity to AZD1775. Our data show that 
treatment with AZD1775 significantly inhibited cell survival, growth, and proliferation 
of TP53-mutant (TP53MUT) compared to TP53 wild-type (TP53WT) in KRAS-mutant 
(KRASMUT) NSCLC cells. In KRASMUT/TP53MUT cells, AZD1775 treatment led to DNA 
damage, a decrease of survival signaling, and cell death by apoptosis. Interestingly, 
cell death through apoptosis was found to be heavily dependent on specific cellular 
genetic context, rather than inhibition of Wee1 kinase activity alone. In addition, 
AZD1775 treatment was well tolerated and displayed single-agent efficacy in a mouse 
xenograft model. This study provides rationale for inhibiting Wee1 using AZD1775 
as a potential anticancer therapy against the TP53MUT subgroup of KRASMUT NSCLC.

INTRODUCTION

KRAS is the most frequently mutated oncogene 
in non-small cell lung cancer (NSCLC), and activating 
KRAS mutations predict poor outcome in response 
to conventional treatment regimens [1–3]. Although 
targeting KRAS effector pathways has been suggested as 
a therapeutic alternative, there are no approved targeted 
therapies for the treatment of KRAS-mutant (KRASMUT) 
cancers. Thus, KRASMUT NSCLC remains a clinical 
challenge. Oncogenic KRAS expression is frequently 
associated with increased DNA damage through 
replicative stress [3, 4]. In response to DNA damage or 

replication stress, KRAS-driven cancer cells activate G2 
checkpoint kinases, such as ATR, Chk1, and Wee1, which 
might promote the survival of these cells [3, 5]. Therefore, 
G2 checkpoint kinase inhibitors have been suggested 
as therapeutics for targeting KRAS-driven cancers [6]. 
Recently, the Wee1 inhibitor AZD1775 was identified as 
a potential agent for targeting mutant KRAS-expressing 
cancers [3, 7].

Wee1 is a protein kinase and inhibitory regulator of 
the G2/M cell cycle checkpoint. During a normal G2/M 
transition, Plk1 phosphorylates Wee1, which targets 
Wee1 for degradation via the ubiquitin ligase complex. 
In the presence of DNA damage, ATM/ATR pathways 
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negatively regulate Plk1 and stabilize Wee1 to cope with 
DNA damage [8, 9]. In response to DNA damage, Wee1 
inactivates CDK1 through phosphorylation at Tyr15, 
thereby preventing cells from proceeding through mitosis 
by maintaining G2 arrest. This G2 arrest gives rise to a 
survival advantage in tumor cells by allowing them time 
to repair their damaged DNA [8]. In addition, Wee1 
stabilizes DNA replication forks during the S phase of the 
cell cycle via a CDK2 mechanism [8, 10]. Inhibition of 
Wee1 has been expected to abrogate the G2/M checkpoint, 
forcing tumor cells with DNA damage to enter into 
unscheduled mitosis to undergo cell death [11–13]. Wee1 
overexpression has been observed in several cancers, and 
high Wee1 expression has also been shown to correlate 
with tumor progression [8, 14–16]. In addition, high 
expression of Wee1 has been observed in response to 
elevated replication stress [8].

Preclinical efficacy of the Wee1 inhibitor AZD1775, 
also known as MK1775, was assessed in several cancers 
on the basis of the concept of synthetic lethality. In these 
studies, AZD1775 abrogated the G2 checkpoint arrest 
and selectively sensitized p53-deficient cells to various 
DNA-damaging agents [17–20]. Furthermore, a recent 
clinical phase II study reported that AZD1775 enhances 
carboplatin efficacy in TP53-mutant (TP53MUT) ovarian 
cancer [21]. Together, these studies suggest that treatment 
with AZD1775 in combination with DNA-damaging 
agents is particularly effective against TP53MUT cancers. 
TP53 is the most commonly mutated gene in human 
cancers and is a significant player in G1/S checkpoint 
regulation. DNA damaged cells that have mutations 
in TP53 rely extensively on the G2 checkpoint for 
survival. Thus, abrogation of the G2 checkpoint might 
preferentially sensitize TP53-mutant cancers to DNA-
damaging agents [5]. However, other studies have shown 
that inhibition of Wee1 is also effective in TP53 wild-
type (TP53WT) contexts, implying that the mechanism 
of action is independent of TP53 status [8, 22, 23]. In 
addition, a recent phase I trial showed that some patients 
obtained benefits from AZD1775 monotherapy for a 
prolonged period of time, regardless of TP53 mutational 
status [24]. Taken together, these findings indicate that 
it is unlikely that TP53 status alone can fully predict the 
efficacy of Wee1 inhibitors in cancer. Nevertheless, certain 
TP53 mutations might act as one of several factors that 
contribute to an increase in the efficacy of Wee1 inhibitors.

Although the antitumor effects of AZD1775 have 
been usually tested in combination with chemotherapy, 
several studies have shown that AZD1775 exerts 
potent cytotoxic effects as a single agent in sarcoma, 
glioblastoma, neuroblastoma, and HNSCC [19, 22, 25, 
26]. However, the single-agent efficacy of AZD1775 in 
KRASMUT NSCLC remains largely unknown. Therefore, 
we investigated the efficacy of AZD1775 in the context of 
TP53 status in KRASMUT NSCLC. Results obtained from 
this study provide evidence that AZD1775 can be effective 

in treating a subset of NSCLC harboring concomitant 
KRAS and TP53 mutations.

RESULTS

Cytotoxic effects of AZD1775 are dependent on 
TP53 status in KRAS-mutant NSCLC cells

To investigate the cellular response to AZD1775 
and explore the contributions of KRAS genomic status 
to its effects, we used KRASMUT NSCLC cell lines with 
previously defined TP53 and STK11 status. For evaluation 
of the cytotoxic effects of AZD1775, eight KRASMUT 
NSCLC cell lines were treated for 72 h. As shown in 
Figure 1A, the TP53MUT cell lines (H23, H2009, H441, 
SK-LU-1, SW900, and Calu-6) were significantly more 
sensitive to AZD1775 than the TP53WT cell lines (H460 
and A549). Comparing the mean IC50 values of the two 
groups revealed that the TP53MUT group had a much 
lower mean IC50 (0.277±0.054) than that of the TP53WT 
group (6.498±3.043) (Figure 1B). When given as a long-
term treatment, AZD1775 inhibited colony formation 
only in the TP53MUT group, (Figure 1C). In addition, cell 
proliferation was significantly reduced in the TP53MUT 
group, but not in the TP53WT group (Figure 1D). However, 
there was no correlation between STK11 mutation status 
and cytotoxic effects of AZD1775. These results suggest 
that AZD1775 is effective as a single agent in a subtype of 
NSCSL carrying concomitant KRAS and TP53 mutations, 
regardless of the coexistence of STK11 mutation.

Cytotoxic effects of AZD1775 are kinase activity 
independent

To elucidate the molecular mechanisms of 
AZD1775, we conducted Western blot analysis. Although 
Wee1 expression level was slightly higher in TP53MUT 
cell lines, this difference was not statistically significant 
(Figures 2A and 2B). The ability of AZD1775 to inhibit 
Wee1 kinase activity was assessed using p-CDK1 (Tyr15) 
as a surrogate. After AZD1775 treatment, all KRASMUT 
NSCLC cell lines showed a dramatic decrease in p-CDK1 
level irrespective of TP53 mutation status (Figure 2C). 
Time-course analysis of p-CDK1 protein expression level 
revealed that Wee1 inhibition by AZD1775 maintained 
this downregulation for 72 h (Figure 2C). However, 
p-CDK1 level had no correlation with cell viability when 
AZD1775 was used as a single agent: PARP cleavage was 
only detected in TP53MUT cells, but not in TP53WT cells 
(Figure 2D). In signal pathway analysis of cell survival 
using p-AKT and p-ERK, AZD1775 significantly reduced 
p-AKT level in TP53MUT cells (Figure 3A). In contrast, 
except in H2009 cells, p-ERK level was not significantly 
changed by AZD1775 treatment in any of the tested cell 
lines (Figure 3B). These results indicate that the kinase 
activity of Wee1 might not be involved in the apoptotic 
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response to AZD1775 as a single agent in KRASMUT 
NSCLC.

DNA damage underlies AZD1775-induced 
cytotoxicity

Next, we choose three representative cell lines, 
A549, H23, and Calu-6, to further investigate the 
molecular mechanisms of AZD1775. Because Wee1 is 
required for the regulation of both the S and G2 phases 
of the cell cycle, inhibition of Wee1 is expected to lead 
to both S phase defects (DNA double-strand breaks) and 
G2/M defects (premature mitosis) [22]. To test whether 
either or both of these effects is necessary for AZD1775-
induced cytotoxicity, we analyzed cell cycle and apoptosis 
after treatment with this compound. While no cell cycle 
change was observed in the TP53WT A549 cell line, 
the TP53MUT H23 and Calu-6 cell lines showed a slight 
increase of in the percentage of cells in the S phase after 

24 h of treatment (Figures 4A and 4B). Accordingly, 
the sub G1 population was significantly increased by 
AZD1775 treatment only in TP53MUT cells (Figure 
4C). Consistent with apoptotic cell death (Figure 5A), 
AZD1775 treatment also led to an increase in the S139 
phosphorylation of H2AX (γH2AX) (Figures 5B and 
5C). Moreover, AZD1775 induced pan-nuclear γH2AX 
staining without visible foci, which is consistent with 
previous reports (Figure 5C) [12, 27]. Increased γH2AX 
level indicates that AZD1775 might cause DNA damage 
through replication stress.

AZD1775 monotherapy has antitumor activity 
in vivo

To evaluate the efficacy of AZD1775 in KRASMUT 
NSCLC in vivo, we generated tumor xenografts derived 
from A549 (TP53WT) and Calu-6 (TP53MUT) cells. Mice 
bearing tumor xenografts were treated with a vehicle 

Figure 1: Mutational status of TP53 determines the effectiveness of AZD1775 in KRASMUT lung cancer. (A) KRASMUT 
lung cancer cell lines were treated with the indicated concentrations of AZD1775 for 72 h. Cell viability was determined using a CCK-
8 assay. Data are presented as mean ± SE (n=6). (B) KRAS-mutant cell lines were divided into TP53WT and TP53MUT groups. The dots 
represent the IC50 of each cell line, and the bars indicate the means. **, P<0.01. (C) Cells were treated with 100 nM AZD1775 for 14 days 
and then stained with crystal violet. A representative plate is shown. (D) After 48 h of treatment, cell proliferation was determined by BrdU 
incorporation. Data are presented as mean ± SE (n=8). MUT, mutant; WT, wild-type.
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control (once daily) or AZD1775 (30 mg/kg, once daily or 
60 mg/kg, twice daily). This dosing strategy was tolerable, 
and no body weight loss or other signs of toxicity were 
observed. In line with in vitro data, AZD1775 significantly 
decreased tumor growth of Calu-6 xenografts after 11 
days of treatment, but had no effects on A549 xenografts 

(Figures 6A and 6B). Along with inhibiting tumor growth, 
AZD1775 treatment reduced the level of p-AKT in Calu-6 
xenografts, but had no effect on p-ERK activation in either 
xenograft model. In addition, AZD1775-treated Calu-6 
tumors showed significantly greater levels of replication 
stress, as measured by γH2AX pan-nuclear staining 

Figure 2: AZD1775 induces cell death regardless of p-CDK1 inhibition. (A) Cell lysates were subjected to immunoblot analysis 
to detect Wee1 expression. (B) The graphs represent densitometric quantification of Wee1 immunoblot bands. (C and D) Cells were treated 
with 500 nM AZD1775 for the indicated times. Phosphorylation of CDK1 (C) and PARP cleavage (D) was assessed using Western blots. 
MUT, mutant; WT, wild-type.
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(Figures 6E and 6F). Taken together, these results suggest 
that AZD1775 is a potential therapeutic option for NSCLC 
patients carrying concomitant KRAS and TP53 mutations.

DISCUSSION

Replication stress is a common feature of oncogene-
driven NSCLC, which could sensitize cells to checkpoint 
kinase inhibition by enhancing S phase damage [5, 6, 
13]. Activating mutations in KRAS are the most common 
oncogenic driver in NSCLC and account for 20-30% of 
NSCLC cases. Recently, it has been reported that KRASMUT 
cell lines display intrinsic genotoxic stress, and that 
checkpoint kinase inhibitions have synergistic cytotoxic 
effects in these cells [28]. Also, studies have suggested 
that KRASMUT cell lines might adapt to oncogenic stress 
by simultaneous inactivation of TP53 [28]. Recently, 

Skoulidis et al. demonstrated that co-occurring genetic 
alterations in STK11, TP53, and CDKN2A/B define three 
major subgroups of KRASMUT lung adenocarcinoma with 
distinct biology and therapeutic vulnerabilities [29]. In 
drug sensitivity analysis, KRASMUT/STK11MUT cells showed 
increased vulnerability to HSP90-inhibitor therapy [29]. 
Other reports have shown that KRASMUT/TP53MUT and 
KRASMUT/STK11MUT lung cancers presented markedly 
different responses to docetaxel monotherapy in a mouse 
model [30]. These results suggest that this classification 
scheme could be useful in guiding treatment strategies.

Initially, it was believed that sensitivity to Wee1 
inhibition was associated with an aberrant G1 checkpoint 
caused by a mutation in TP53 [8, 23, 31]. However, 
many studies have subsequently shown that inhibition 
of Wee1 is also effective in TP53WT contexts, suggesting 
the effects of this inhibition are independent of TP53 

Figure 3: AKT signaling is involved in the sensitivity of KRASMUT/TP53MUT lung cancer to AZD1775. Cells were treated 
with 500 nM AZD1775 for the indicated times. (A) Phosphorylation of AKT was determined by immunoblotting. (B) Phosphorylation of 
ERK was determined by immunoblotting. MUT, mutant; WT, wild-type.
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Figure 4: AZD1775 has no effect on cell cycle. A549, H23, and Calu-6 cells were treated with 500 nM AZD1775. After 24 h 
treatment, cell cycle analysis was performed using PI staining followed by flow cytometry. (A) Histogram representing the distribution of 
cell cycle. (B) The percentage distribution of cells in the G0/G1, S, and G2/M phases are shown. Data represent mean ± SEM (n = 3). (C) 
The bars represent the percentage of cells in the sub-G1 fraction in each cell lines. MUT, mutant; WT, wild-type.
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status. A Wee1 inhibitor as a monotherapy has also been 
found to be effective in the absence of DNA-damaging 
agents. In a clinical study, AZD1775 as a single agent 
was well tolerated in patients, with a favorable adverse 
effect profile [24]. Although Wee1 inhibitors are currently 
being tested in several clinical trials, predictive biomarkers 
for sensitivity to Wee1 inhibitors have not been fully 
elucidated [8]. It is important to note that TP53 is the 
only biomarker currently being employed in clinical trials 
assessing AZD1775 therapy [21].

Based on these results, we investigated whether 
Wee1 inhibition might have a different therapeutic efficacy 
in KRASMUT NSCLC depending on TP53 status. In this 
study, we identified that AZD1775 as a single agent is 
significantly more cytotoxic to KRASMUT/TP53MUT than 
to KRASMUT/TP53WT NSCLC cell lines. The cytotoxic 
effects of AZD1775 were not dependent on inhibition of 
Wee1 kinase activity alone. The anticancer effects of this 
Wee1 inhibitor might be related to the genomic instability 
of the cancer cells, which results in sub-lethal DNA 

Figure 5: AZD1775 treatment causes DNA damage in KRASMUT/TP53MUT lung cancer. A549, H23, and Calu-6 cells were 
treated with 500 nM AZD1775 for 24 h. (A) Phase-contrast image of cells. (B) Expression levels of γH2AX and H2AX were analyzed by 
Western blotting. (C) Cells were stained for γH2AX (Alexa Fluor 594, red), and nuclei were counterstained with DAPI. Scale bar, 50 μm. 
MUT, mutant; WT, wild-type.



Oncotarget67533www.impactjournals.com/oncotarget

damage, rather than the G2 checkpoint kinase activity. 
Despite the profound growth inhibitory effects observed 
in vitro, the effects of AZD1775 monotherapy on tumor 
inhibition in vivo were moderate in this study. Since Calu-
6 cells are known to easily establish tumor xenografts 
in nude mice, we choose this cell line for in vivo study. 
However, Calu-6 cells showed more rapid formation of 
colonies in the colony formation assay and persistent AKT 

activation after AZD1775 treatment compared with other 
KRASMUT/TP53MUT NSCLC cells. These characteristics of 
Calu-6 cells could explain the moderate in vivo effects of 
AZD1775 seen in this study. The induction of γH2AX in 
KRASMUT/TP53MUT NSCLC cells by AZD1775 suggests 
that DNA damage by replication stress is the dominant 
mechanism underlying the effectiveness of AZD1775. 
In concordance with our results, several studies have 

Figure 6: In vivo antitumor efficacy of AZD1775 in xenograft models of KRASMUT/TP53WT and KRASMUT/TP53MUT lung 
cancer. A549 (KRASMUT/TP53WT) and Calu-6 (KRASMUT/TP53MUT) cells were subcutaneously injected into the flanks of Balb/c nude mice. 
(A and B) A549 (A) and Calu-6 (B) xenograft-bearing mice were treated with either vehicle (once a day) or AZD1775 (30 mg/kg;once a day 
and 60 mg/kg; twice a day) by oral gavage. Tumor volumes were measured twice weekly, and data are presented as mean ± SE (n=5-7). *, 
P < 0.05; **, P < 0.01. (C and D) A549 (C) and Calu-6 (D) tumor lysates were immunoblotted with the indicated antibodies, and β-actin 
was used as a loading control. (E and F) A549 (E) and Calu-6 (F) tumor sections were stained with γH2AX (Alexa Fluor 594, red). Nuclei 
were counterstained with DAPI. Scale bar, 50 μm. MUT, mutant; WT, wild-type.
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reported that Wee1 inhibition induces replication stress 
[10, 13, 25, 32, 33]. AZD1775 has been shown to result 
in an increase in γH2AX level in breast carcinoma cells, 
with concomitant accumulation of cells in the S phase 
[34]. Similar results have also been obtained using 
siRNA against Wee1 in human osteosarcoma cells [35]. 
AZD1775 has been shown to cause excess origin firing, 
caused by an increase in active CDK1, which leads to 
nucleotide exhaustion and double-strand DNA breaks [36]. 
Preclinical and clinical research has demonstrated that 
AZD1775, acting as a single agent, is associated with the 
role of Wee1 in the stabilization of replication forks and 
homologous recombination repair [8, 24, 31]. Especially, 
in a phase I study of AZD1775 as a single agent, Do et 
al. reported one NSCLC patient with a KRASMUT/TP53WT 
status who showed concurrent increases in p-HH3 
and γH2AX levels in the post-treatment tumor biopsy 
compared with baseline levels [24].

A previous study indicated that lack of Wee1 
expression correlated inversely with prognosis in NSCLC 
[17]. TP53MUT NSCLC cell lines appeared to proceed 
more frequently into mitosis in the presence of AZD1775, 
either as a monotherapy or combined with irradiation, 
compared with untreated cells, indicating abrogation of 
G2 arrest. Furthermore, AZD1775 enhanced the antitumor 
efficacy of irradiation in a NSCLC xenograft model [20]. 
In addition, various studies reported the application of 
Wee1 inhibitor as monotherapy or in combination with 
chemotherapy or radiation therapy [8, 10, 11, 25]. Thus, 
combining AZD1775 with other chemotherapeutic agents 
or targeted therapies may be helpful for the treatment of 
patients with TP53MUT NSCLC.

In conclusion, we demonstrated that AZD1775 
is significantly more cytotoxic to TP53MUT than to 
TP53WT NSCLC both in vitro and in vivo in a KRASMUT 
context. The underlying mechanism of this cytotoxicity 
appears to be related to DNA damage and inhibition of 
AKT signaling. Our results show that the effect of Wee1 
inhibition is not limited to TP53 mutation, but is heavily 
dependent on specific cellular context. These preclinical 
data provide compelling evidence that a personalized 
approach to the treatment of KRASMUT NSCLC with a 
Wee1 kinase inhibitor in TP53-mutated cells might be 
feasible. Based on these results, further clinical study of 
AZD1775 in NSCLC patients with KRASMUT/TP53MUT is 
warranted.

MATERIALS AND METHODS

Cell cultures

The human NSCLC cell lines H460 (KRASQ61H/
TP53WT/STK11Q37*), A549 (KRASG12S/TP53WT/
STK11Q37*), H23 (KRASG12C/TP53M246I/STK11W332*), 
H2009 (KRASG12A/TP53R273L/STK11WT), H441 (KRASG12V/
TP53R158L/STK11WT), SK-LU-1 (KRASG12D/TP53H193R/

STK11WT), SW900 (KRASG12V/TP53Q167*/STK11WT), and 
Calu-6 (KRASQ61K/TP53R196*/STK11WT) were obtained 
from the American Type Culture Collection (ATCC). Cells 
were cultured in RIMI1640 containing 10% FBS at 37°C 
in a humidified atmosphere containing 5% CO2. These cell 
lines were authenticated by short tandem repeat profiling 
at Samsung Biomedical Research Institute.

Chemical reagents and antibodies

AZD1775 was provided by AstraZeneca and 
dissolved in dimethyl sulfoxide (DMSO). Antibodies 
against Wee1, p-cdc2 (Tyr15), CDK1, PARP, p-Akt 
(Ser473), Akt, p-ERK1/2 (Thr202/Thy204), ERK1/2, 
γH2AX (Ser139), and H2AX were purchased from Cell 
Signaling Technology. Anti-β-actin was purchased from 
Santa Cruz Biotechnology.

Cell viability assay

Cells were seeded in a 96-well plate, allowed 
to adhere overnight, and treated with the indicated 
concentrations of AZD1775 for 72 h. Cell viability 
was determined using a Cell Counting Kit (Dojindo 
Molecular Technologies) according to the manufacturer’s 
instructions. The subsequent absorbance was measured on 
an ELISA reader at a wavelength of 450 nm. Long-term 
viability was assessed by colony formation assay. In brief, 
cells were seeded in 6-well plates. Following 14 days of 
treatment, cells were fixed and stained with crystal violet. 
Colonies with >50 cells were quantified.

BrdU cell proliferation assay

Cell proliferation was determined using a BrdU 
Cell Proliferation Assay Kit (Cell Signaling Technology). 
In brief, cells were seeded in 96-well plates. Following 
48 h of treatment, cells were incubated with BrdU for 
4 h according to the manufacturer’s instructions. After 
fixation, BrdU (Bu20a) mouse mAb was used to detect 
BrdU incorporation into DNA.

Flow cytometric analysis

Cells were treated with AZD1775 (0.5 μM) for 24 
h and harvested. After washing with ice-cold PBS, cells 
were fixed in 70% ethanol at 4°C. Fixed cells were stained 
with 10 μg/ml RNase A and 20 μg/ml propidium iodide 
(PI). DNA content was analyzed by flow cytometry (BD 
Biosciences). Cell cycle was analyzed by gating, and 
apoptosis was determined using the sub G1 fraction.

Western blot analysis

Cells and tumor samples were lysed on ice in NP-40 
lysis buffer supplemented with a protease and phosphatase 
inhibitor cocktail (Sigma). Equal amounts of protein 
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were then subjected to SDS-PAGE (NuPAGE 4-12% Bis-
Tris Gel; Invitrogen) and transferred to polyvinylidene 
difluoride (PVDF) membranes. Membranes were incubated 
with the indicated antibodies and developed by ECL.

Immunocytochemistry and 
immunohistochemistry

For immunocytochemistry, cells were cultured 
on coverslips and treated with AZD1775 (0.5 μM) for 
24 h. After fixation with 3.7% formaldehyde, cells were 
permeabilized with 0.5% Triton X-100 and blocked 
with 5% BSA. Then, the cells were incubated with 
γH2AX (1:200) antibody and conjugated with secondary 
antibodies labeled with Alexa Fluor 594. Cell nuclei 
were counterstained with 4’,6-diaidino-2-phenylindole 
(DAPI), and slides were mounted with coverslips for 
analysis with a fluorescence microscope (OLYMPUS). 
Immunohistochemical staining was performed on 
formalin-fixed, paraffin-embedded tissues from mice 
xenografts, sectioned at a 5-μm thickness.

In vivo xenograft studies

All procedures involving animals were reviewed 
and approved by the Institutional Animal Care and Use 
Committee (IACUC) at Samsung Biomedical Research 
Institute (SBRI). SBRI is an Association of Assessment 
and Accreditation of Laboratory Animal Care International 
(AAALAC International) accredited facility and abides 
by the Institute of Laboratory Animal Resources (ILAR) 
guidelines. Six-week-old BALB/c female nude mice were 
injected subcutaneously with either A549 (5x106) or Calu-
6 (5 x 106) cells. When tumor sizes reached approximately 
100 mm3, mice were randomized by tumor size and 
subjected to the assigned treatment. At least five mice per 
treatment group were included. AZD1775 was dissolved 
in 0.5% methylcellulose. Each group of mice was dosed 
via oral gavage with vehicle (once daily) or AZD1775 (30 
mg/kg/d; once daily or 60 mg/kg/d; twice daily). Tumor 
size and body weight were measured twice weekly. Tumor 
volumes were calculated using the following formula: V = 
(L x W2)/2 (L: length; W: width). The tumors were removed 
for Western blot analysis and immunohistochemistry.

Statistical analysis

Data are presented as the mean ± SEM. Statistical 
analyses were conducted using GraphPad Prism 
(GraphPad software). Data were analyzed using two-tailed 
unpaired Student’s t-test for comparisons of two groups. 
P-values <0.05 were considered statistically significant.
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