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A B S T R A C T

Background: Non-small cell lung cancer (NSCLC) remains a leading cause of cancer-related 
mortality. Chemotherapy is crucial in NSCLC treatment, and targeting Wee1 kinase, a key 
regulator of the G2/M cell cycle checkpoint, may enhance the efficacy of cytotoxic agents. This 
study investigates the potential of the Wee1 inhibitor MK-1775 in combination with gemcitabine 
and pemetrexed to enhance cytotoxicity in NSCLC cell lines.
Methods: Human NSCLC cell lines H1975, HCC827, A549, and H460 were treated with MK-1775 
and chemotherapeutic agents, both alone and in combination. Growth inhibitory effects were 
assessed using the CCK8 assay. Apoptotic markers were evaluated via Western blotting, and cell 
cycle distribution was analyzed using FACS. In vivo efficacy was assessed using xenograft mouse 
models with H1975 and H460 cells, monitoring tumor growth and treatment toxicity.
Results: MK-1775 combined with gemcitabine or pemetrexed significantly decreased cell survival 
rates and IC50 values in A549 and HCC827 cell lines. Increased levels of phosphorylated cdc2, 
γ-H2AX, and PARP indicated enhanced apoptosis. Cell cycle analysis revealed G2/M phase arrest 
in p53-mutant HCC827 and H1975 cells treated with MK-1775 and gemcitabine. In xenograft 
models, the combination significantly inhibited tumor growth without significant toxicity.
Conclusions: MK-1775 enhances the cytotoxic effects of gemcitabine and pemetrexed in NSCLC 
cell lines and effectively inhibits tumor growth in vivo. These findings suggest that Wee1 inhi
bition by MK-1775, combined with chemotherapy, represents a promising therapeutic strategy for 
NSCLC treatment.
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1. Introduction

Chemotherapy has remained the standard treatment for non-small cell lung cancer (NSCLC), even with the advent of targeted 
therapies and immunotherapies. The epidermal growth factor receptor (EGFR) mutation is the most common driver gene mutation in 
Asian NSCLC patients [1,2]. Activating mutations in the EGFR gene result in increased growth factor signaling activity, regarding the 
cancer cells responsive to tyrosine kinase inhibitors (TKIs) [3,4]. Consequently, first-generation EGFR TKIs, such as gefitinib and 
erlotinib, were developed as the initial treatment for patients with EGFR-mutated NSCLC [5–8]. Afatinib, a second-generation EGFR 
TKI, acts as a pan-HER family inhibitor that irreversibly binds to EGFR and has been approved for the treatment of EGFR-mutated 
NSCLC, based on results from key randomized clinical trials [9–11]. Osimertinib, a third-generation EGFR TKI, has shown superior 
survival outcomes compared to first-generation EGFR TKIs (gefitinib or erlotinib) when used as frontline treatment [12,13]. It also 
demonstrated significantly greater efficacy than platinum therapy plus pemetrexed in patients with T790M-positive NSCLC whose 
disease had progressed during initial EGFR TKI therapy [14,15]. Targeted therapies are also indicated for NSCLC patients with other 
driver mutations, such as ALK, ROS-1, BRAF, RET, MET, and NTRK [16]. For patients without driver gene mutations or those who 
become refractory to frontline TKIs, chemotherapy, with or without immunotherapy, is recommended [17,18]. Unfortunately, patients 
often experience disease progression after receiving targeted therapy and chemotherapy. Ultimately, these patients receive supportive 
care and eventually succumb to the disease. Despite significant advancements in targeted therapies through preclinical and clinical 
studies, an unmet need remains: patients eventually develop treatment resistance and die. Therefore, novel therapeutic strategies are 
essential to improve treatment outcomes and patient survival.

Cell cycle dysregulation is a hallmark of tumor cells [19]. The tumor suppressor gene TP53 regulates G1 arrest via p21, and several 
studies have explored targeting p53 in cancer treatment [20–24]. In contrast, Wee1 kinase is essential for the G2/M cell-cycle 
checkpoint, which allows for DNA repair before mitotic entry. Normal cells repair damaged DNA during G1 arrest, but 
p53-mutated cancer cells often have a defective G1/S checkpoint and depend on the G2/M checkpoint for DNA repair under cytotoxic 
conditions. Wee1 inhibitors, when combined with cytotoxic agents, prevent G2/M arrest for DNA repair, causing cells to re-enter the 
G1 phase and undergo apoptosis [25,26]. For patients with advanced NSCLC without actionable genomic alterations or those resistant 
to current targeted therapies, targeting Wee1 to disrupt the G2/M checkpoint presents a promising therapeutic strategy.

Adavosertib (MK-1775), a Wee1 inhibitor, is currently under clinical investigation. Preclinical studies have reported that MK-1775 
selectively enhances the radiosensitivity of p53-mutant (p53mut) cell lines while having no effect on p53-wild-type (p53wt) cell lines 
[27]. Conversely, another study indicated that MK-1775 can potentiate the effects of antimetabolite chemotherapeutics independently 
of TP53 status in both hematologic and solid tumor models [28]. Thus, the dependence on p53 may be limited to specific cancers 
and/or chemotherapeutics. Biomarker analysis in phase I studies of MK-1775 revealed response rates of 21 % in TP53-mutant 
(TP53mut) patients compared to 12 % in wild-type TP53 (TP53wt) patients, suggesting a slight enrichment of responders with TP53 
mutations [29]. Phase II studies of MK-1775 alone and in combination with other cytotoxic agents are ongoing, and larger cohort 
studies are needed to confirm whether p53 mutation is a predictive factor for the use of MK-1775.

The study aims to evaluate MK-1775 in combination with cytotoxic agents such as gemcitabine and pemetrexed to determine if 
Wee1 inhibition can synergistically enhance their efficacy. Our data showed that MK-1775 significantly increased the cytotoxic effects 
of gemcitabine and pemetrexed in NSCLC cell lines, particularly A549 and HCC827, by decreasing cell survival rates and IC50 values, 
and inducing apoptosis. These findings suggest that MK-1775 may enhance the therapeutic efficacy of these chemotherapeutic agents 
in treating NSCLC.

2. Material and methods

2.1. Cell lines and compounds

Human NSCLC cell lines H1975, HCC827, A549, and H460 were obtained from the American Type Culture Collection (ATCC, 
Manassas, VA, USA). All cells were cultured in RPMI 1640 medium (Gibco, Grand Island, NY, USA) with 10 % fetal bovine serum (FBS), 
100 U/mL penicillin, and 100 μg/mL streptomycin (Gibco, Grand Island, NY, USA) at 37 ◦C in a humidified atmosphere with 5 % CO2. 
MK-1775 was obtained from AstraZeneca under material transfer agreement (MTA) with the certificate of analysis (COA) confirming a 
purity greater than 98 %. Gemcitabine was purchased from Selleckchem, and pemetrexed was purchased from MedChemExpress.

2.2. Growth inhibitory assay

Cells were plated at a density of 3000 cells per well in 96-well plates and incubated overnight before being treated for 72 h with 
afatinib, osimertinib, gemcitabine, cisplatin, MK1775, and their combinations. The CCK8 assay (Dojindo Molecular Technologies, Inc., 
Kumamoto, Japan) was conducted according to the manufacturer’s protocol, and absorbance was read at 450 nm using a microplate 
reader.

2.3. Western blotting

Following treatment with the specified inhibitor for the indicated times (typically 6 and 24 h), cell lysates were prepared using 
Pierce™ RIPA Lysis and Extraction buffer (Thermo Scientific, NY, USA) with added protease and phosphatase inhibitors (Roche) on 
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ice. Total protein concentration was measured with a Pierce™ bicinchoninic acid kit (Thermo Scientific, NY, USA). Equal amounts of 
protein were then loaded onto SDS-polyacrylamide gels for separation. The proteins were subsequently transferred to and immobilized 
on Amersham™ nitrocellulose membranes (GE Healthcare Life Science, UK). Primary antibodies against Wee1 (GTX111392, 1:1000, 
GeneTex), phospho-Wee1 (#4910, 1:1000, Cell Signaling Technology), cdc2 (GTX108120, 1:1000, GeneTex), phospho-cdc2 
(GTX128155, 1:1000, GeneTex), phospho-histone H2AX Ser139 (γ-H2AX; #05–636, 1:1000, EMD Millipore), poly (ADP-ribose) 

Fig. 1. MK-1775 in combination with gemcitabine increased the cytotoxic activity in NSCLC. The survival rate of gemcitabine alone or plus wee1 
inhibitor in p53wt NSCLC A549 (A) and H460 (B). The p53mut NSCLC HCC827 (C) and H1975 (D) cells treated with the same drug therapy for 72 h. 
The IC50 is displayed in bar graph (E) or detailed data in the table (F). The p values (mean ± SEM) presented are from three independent exper
iments. *p < 0.05 by Student’s t-tests.
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polymerase (PARP; #9532, 1:1000, Cell Signaling Technology), α-Tubulin (T9026, 1:1000, Sigma-Aldrich), along with secondary goat 
anti-mouse/rabbit horseradish peroxidase-conjugated antibodies (#115-035-003/111-035-003, Jackson ImmunoResearch Labora
tories), were used. All antibodies were diluted in 5 % (w/v) non-fat milk in TBS-T. Protein detection was carried out using enhanced 
chemiluminescence (Merck Millipore, Darmstadt, Germany) and visualized with a UVP ChemStudio PLUS detector [30].

2.4. Cell cycle distribution by fluorescence activated cell sorting (FACS)

After treating the cells with the specified agents or combinations for 24 and 48 h, both floating and adherent cells were collected 
and fixed with 70 % cold ethanol. The samples were then incubated in PI/RNase Staining Solution (Cell Signaling) for 20 min at room 
temperature in the dark. Following this, they were analyzed using a FACSCalibur™ flow cytometer with CellQuest Pro software 
(Becton Dickinson, Oxford, UK). Cell cycle distribution was assessed based on DNA content using FlowJo vX software.

2.5. Xenograft mouse model

In vivo studies were approved by the Institutional Animal Care and Use Committee (IACUC, No. 2022032302) of the Chang Gung 
Memorial Hospital at Linko. H1975 cells (2 × 106) and H460 cells (1 × 106) were inoculated subcutaneously into the flanks of 4-week- 
old null male mice in 50 μl PBS. Tumor growth was monitored until the tumors reached an average volume of 100 mm3. At this point, 
mice were randomly assigned to different treatment groups, receiving either vehicle (0.5 % methylcellulose), gemcitabine (50 mg/kg), 
pemetrexed (100 mg/kg), MK-1775 (50 mg/kg), or a combination of these drugs. Treatments were administered via intraperitoneal 
injection according to the schedule depicted in Figs. 5A and 6A. Tumor size was measured using calipers, and tumor volume was 
calculated using the formula: V= (1/2) × L × W2, where L is the length and W is the width of the tumor. Body weight and any 
observable adverse events were recorded throughout the treatment period to assess toxicity. Mice were observed daily for signs of 
distress, weight loss, or other adverse effects. At the end of the treatment period, mice were sacrificed, and tumors were carefully 
excised, weighed, and photographed. Tumor volumes and weights were compared across different treatment groups to evaluate the 
efficacy of the drug combinations.

2.6. Statistical analysis

The data are shown as the mean ± SEM. Statistical analyses were performed using Student’s t-test and two-way ANOVA where 
applicable, with GraphPad Prism 8 software. A p-value of less than 0.05 was deemed statistically significant.

3. Results

3.1. The combination of MK-1775 with gemcitabine increased cytotoxic activity in NSCLC cell lines

Chemotherapy and EGFR TKIs are the most commonly used drugs in NSCLC. We firstly evaluated whether Wee1 inhibition by MK- 
1775 enhances the cytotoxic activity of afatinib or osimertinib, most commonly used EGFR TKIs in clinical practice, in EGFR mutated 
NSCLC cell lines HCC827 (harbors the EGFR L858R/T790M double mutations and p53 R273H mutation) and H1975 (harbors the 
EGFR E746-A750 deletion and p53 V218 deletion). Survival rates were similar whether afatinib or osimertinib were used alone or 
combined with MK-1775 (Supplementary Figs. 1A and B). The half-maximal inhibitory concentration (IC50) values showed no sig
nificant differences between monotherapy and combination treatments in both cell lines (Supplementary Figs. 1C and D). These 
findings suggest MK-1775 does not augment the effectiveness of afatinib and osimertinib in these cell lines, indicating alternative 
strategies may be needed. Next, we evaluated the cytotoxic effect of combining chemotherapy with MK-1775 in NSCLC cells. The 
effects of varying concentrations of gemcitabine, both alone and in combination with MK-1775, on the survival rates of two EGFR and 
p53 wild type NSCLC cell lines (A549 and H460) and two mutation NSCLC cell lines (HCC827 and H1975) were evaluated (Fig. 1A–D). 
In the A549 (Fig. 1A) and HCC827 (Fig. 1C) cell lines, the combination treatment significantly decreased cell survival rates compared 
to gemcitabine alone. In contrast, although the combined treatment group in the H460 (Fig. 1B) and H1975 (Fig. 1D) cell lines showed 
lower cell survival rates, the differences were not statistically significant. The IC50 values across the four cell lines were summarized 
(Fig. 1E). For the A549 and HCC827 cell lines, the IC50 values in the combined treatment group were significantly lower than those for 
gemcitabine alone, indicating an enhanced anticancer effect. In the H460 and H1975 cell lines, the IC50 values for the combined 
treatment were lower but not significantly different from those for gemcitabine alone. Specifically, in the A549 cell line, the IC50 for 
gemcitabine alone was 0.029 ± 0.002 μM, while it was significantly reduced to 1.458e-07 ± 1.160e-08 μM in the combined treatment 
group. For the H460 cell line, the IC50 for gemcitabine alone was 0.025 ± 0.036 μM, and for the combined treatment, it was 0.026 ±
0.03 μM, with no significant difference. In the HCC827 cell line, the IC50 for gemcitabine alone was 0.049 ± 0.052 μM, while it was 
significantly reduced to 0.003 ± 0.002 μM in the combined treatment group. In the H1975 cell line, the IC50 for gemcitabine alone was 
0.273 ± 0.199 μM, and for the combined treatment, it was 0.093 ± 0.057 μM, with no significant difference (Fig. 1F). These results 
demonstrated that combining gemcitabine with MK-1775 significantly decreased cell survival rates and IC50 values in the A549 and 
HCC827 NSCLC cell lines, indicating enhanced anticancer effects, while the H460 and H1975 cell lines showed decreased cell survival 
and IC50 values without statistically significant differences.
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3.2. The combination of MK-1775 with pemetrexed increased cytotoxic activity in NSCLC cell lines

Pemetrexed is a chemotherapy drug used to treat various types of cancer, including non-small cell lung cancer (NSCLC). The effects 
of varying concentrations of pemetrexed, both alone and in combination with MK-1775, on the survival rates of four NSCLC cell lines 
(A549, H460, HCC827, and H1975) were evaluated. In the A549 cell line, the combination treatment significantly decreased cell 

Fig. 2. Wee1 inhibition plus pemetrexed improved cell death in NSCLC except for HCC827 cells. The cell survival of pemetrexed only or in 
combination with MK-1775 in A549 (A), H460 (B), HCC827 (C), and H1975 (D). The bar graph (E) and the table (F) presented the IC50 and p values 
(mean ± SEM) after NSCLC treated with the above monotherapy or combination therapy. The p values presented are from three independent 
experiments. *p < 0.05 by Student’s t-tests.

C.-P. Chen et al.                                                                                                                                                                                                        Heliyon 10 (2024) e40299 

5 



survival rates compared to pemetrexed alone (Fig. 2A). In the H460 cell line, the combined treatment group showed significantly lower 
cell survival rates compared to pemetrexed alone (Fig. 2B). In the H1975 cell line, the combination of pemetrexed and MK-1775 
significantly reduced cell survival rates compared to pemetrexed alone (Fig. 2D). However, in the HCC827 cell line, there was no 
significant difference in cell survival rates between the treatment groups (Fig. 2C). The IC50 values were summarized across the four 
cell lines. For the A549 cell line, the IC50 in the combined treatment group was significantly lower, indicating an enhanced anticancer 
effect (Fig. 2E). Specifically, for the A549 cell line, the IC50 for pemetrexed alone was 0.639 ± 0.067 μM, while the IC50 for the 
combined treatment was significantly reduced to 0.208 ± 0.04 μM. In the H460 cell line, there was no significant difference in IC50 
between the two treatment groups, with the IC50 for pemetrexed alone being 1.572 ± 0.158 μM, and for the combined treatment, it was 
1.058 ± 0.11 μM. In the HCC827 cell line, the IC50 values did not show a significant difference between the treatment groups, with the 
IC50 for pemetrexed alone being 0.353 ± 0.166 μM, and for the combined treatment, it was 0.486 ± 0.22 μM. In the H1975 cell line, 
the IC50 in the combined treatment group was not significantly different from that of the pemetrexed alone group, with the IC50 for 
pemetrexed alone being 0.058 ± 0.027 μM, and for the combined treatment, it was 0.051 ± 0.008 μM (Fig. 2F). These data indicated 
that the combination of pemetrexed and MK-1775 significantly enhanced the anticancer effect in the A549 and H1975 cell lines, as 

Fig. 3. MK-1775 in combination with chemotherapy induced apoptosis in NSCLC. Western blot analyzed the expression of Wee1, cdc2, γ-H2AX, and 
PARP after MK-1775 monotherapy or combined with gemcitabine in A549 (A), H460 (B), HCC827 (C), and H1975 (D) or four cells treated MK-1775 
plus pemetrexed for 24 h in E (The original uncropped images are provided in the Supplementary file 2).
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evidenced by the reduced survival rates and lower IC50 values.

3.3. The combination of MK-1775 with cisplatin increased cytotoxic activity in NSCLC cell lines

Wee1 inhibition by MK-1775 shows varying effects on the cytotoxic activity of cisplatin in NSCLC cell lines. The effects of this 
combinations were evaluated in A549, H460, HCC827, and H1975 cells. The combination with MK-1775 significantly decreased cell 
survival rates in the A549 and H460 cell lines compared to cisplatin alone, indicating enhanced cytotoxicity (Supplementary Figs. 2A 
and B). However, in the HCC827 and H1975 cell lines, no significant differences in survival rates were observed between the com
bination treatment and cisplatin alone (Supplementary Figs. 2C and D). The IC50 values also showed a significant reduction in A549 
and H460 cell lines with the combination treatment, while no significant differences were observed in HCC827 and H1975 cell lines 
(Supplementary Figs. 2E and F). These data indicated that the combination of MK-1775 with cisplatin significantly enhanced the 
cytotoxic effect in A549 and H460 cell lines but not in HCC827 and H1975 cell lines. These findings suggest that the efficacy of MK- 
1775 in combination with chemotherapy drugs may vary depending on the specific genetic and molecular characteristics of different 
NSCLC cell lines.

3.4. MK-1775 in combination with chemotherapy induced apoptosis in NSCLC cell lines

Western blot analysis showed that combining MK-1775 with gemcitabine or pemetrexed resulted in reduced levels of phosphor
ylated cdc2 (p-cdc2), increased level of γ-H2AX, and PARP in A549, H460, HCC827, and H1975 cell lines (Fig. 3A–E). These markers 
indicate enhanced apoptosis when MK-1775 is combined with these chemotherapy agents. Combining MK-1775 with cisplatin also 
resulted in similar apoptotic effects, with increased γ-H2AX, and PARP levels across the same cell lines after 24 h of treatment 
(Supplementary Fig. 3). This further supports the role of MK-1775 in enhancing the apoptotic effects of chemotherapy in NSCLC cell 
lines.

During the treatment period, apoptosis marker γ-H2AX represented more sensitive responses in p53-mutant HCC827 and H1975 
cell lines. Further analysis using FACS to evaluate cell cycle distribution showed that MK-1775 combined with gemcitabine stimulated 
the G2/M phase in these two cell lines. Specifically, the combination treatment led to an increased percentage of cells in the G2/M 
phase at both 24 and 48 h compared to gemcitabine alone (Fig. 4A–B).

In summary, MK-1775 combined with gemcitabine, pemetrexed, or cisplatin enhances apoptosis in NSCLC cell lines, as evidenced 
by the modulation of key apoptotic markers. Additionally, MK-1775 in combination with gemcitabine stimulates cell cycle arrest in the 
G2/M phase in p53-mutant HCC827 and H1975 cell lines. These findings suggest that MK-1775 may be a valuable addition to 

Fig. 4. Wee1 inhibition by MK-1775 plus gemcitabine stimulated the G2/M phase in p53mut HCC827. FACS evaluated the cell cycle after MK-1775 
alone or plus gemcitabine in HCC827 (A), and H1975 (B) for 24 and 48 h. The mean ± SEM presented are from three independent experiments.
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chemotherapy regimens for improving therapeutic outcomes in NSCLC.

3.5. Effects of MK-1775 with chemotherapy on NSCLC tumor growth

The experimental timeline showed the treatment schedule for H1975 xenograft models with vehicle, gemcitabine, MK-1775, and 
their combination (Fig. 5A). There were no significant differences in body weights among the different treatment groups, indicating no 
overt toxicity (Fig. 5B). Tumor volume analysis revealed that the combination of MK-1775 and gemcitabine significantly inhibited 
tumor growth compared to either treatment alone (Fig. 5C). This is visually confirmed by the harvested tumors (Fig. 5D), where the 
combination treatment resulted in smaller tumors. The tumor weights were also significantly reduced in the combination treatment 
group (Fig. 5E).

For the H460 xenograft models, the treatment schedule included vehicle, pemetrexed, MK-1775, and their combination (Fig. 6A). 
Similarly, there were no significant differences in body weights among the different treatment groups, indicating no overt toxicity 
(Fig. 6B). Tumor volume analysis showed that the combination of MK-1775 and pemetrexed significantly inhibited tumor growth 
compared to either treatment alone (Fig. 6C). The harvested tumors confirmed these findings, with the combination treatment group 
showing the smallest tumors (Fig. 6D). The tumor weights were also significantly reduced in the combination treatment group 

Fig. 5. Wee1 inhibition plus gemcitabine inhibits H1975 tumor formation. (A) Schema showing the experimental timeline. (B) There were no 
significant differences in the body weights of xenografted mice treated with vehicle, gemcitabine, MK-1775, or combined with these two drugs. (C) 
Tumor volume raised in the vehicle, gemcitabine, and MK-1775 groups but not in the gemcitabine plus MK1775 group. (D) The harvested tumors 
are shown. (E) The tumor weights show the mean values of D, along with the standard errors and p values. Data are expressed as mean ± SEM. Scale 
bar: 1 cm *, p < 0.05. Gem: gemcitabine.
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(Fig. 6E). These data indicated that MK-1775 combined with gemcitabine or pemetrexed effectively inhibited tumor growth in NSCLC 
xenograft models without causing significant toxicity. These findings suggest that MK-1775 may enhance the therapeutic efficacy of 
gemcitabine and pemetrexed in treating NSCLC.

4. Discussion

This study investigates the potential of the Wee1 inhibitor MK-1775 to enhance the efficacy of chemotherapeutic agents gemci
tabine and pemetrexed in NSCLC cell lines. The data demonstrate that MK-1775, in combination with these chemotherapeutic agents, 
significantly enhances cytotoxic effects, as evidenced by decreased cell survival rates, lower IC50 values, and increased apoptosis. The 
results showed that, compared to using gemcitabine or MK-1775 alone in H1975 cells, the combination therapy significantly reduced 
tumor growth. Similarly, in the H460 cell line, the combination of MK-1775 with pemetrexed demonstrated a significantly greater 
inhibitory effect compared to pemetrexed alone. The in vivo studies confirmed that the combination therapy effectively inhibits tumor 
growth without causing significant toxicity. These findings underscore the importance of exploring combination therapies in lung 
cancer to improve treatment outcomes and overcome resistance to standard therapies. Although the statistical analysis in our study 
revealed significant differences at only a few concentrations between the two groups, the combination of chemotherapy drugs with 
MK-1775 exhibited a trend of more effectively inhibiting cancer cell growth compared to chemotherapy alone, as shown in Fig. 1B–D 

Fig. 6. Wee1 inhibition plus pemetrexed inhibits H460 tumor formation. (A) Schema showing the experimental timeline. (B) There were no sig
nificant differences in the body weights of xenografted mice treated with vehicle, pemetrexed, MK-1775, or pemetrexed plus MK-1775. (C) Tumor 
volume raised in the vehicle and pemetrexed groups but not in the combination group. (D) The harvested tumors are shown. (E) The tumor weights 
show the mean values of D, along with the standard errors and p values. Data are expressed as mean ± SEM. Scale bar: 1 cm *, p < 0.05.
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and 2A-B. This trend may be attributed to the different genetic backgrounds and varying synergistic effects of the drugs across cell 
lines. Additionally, the decreased p-cdc2 levels confirm that MK-1775 successfully inhibited its downstream targets, as seen in nearly 
all treatment groups (Supplementary Fig. 4). Therefore, even though certain drug combinations did not reach statistical significance, 
the combination of MK-1775 with chemotherapy drugs still demonstrates therapeutic potential.

Wee1 kinase plays a critical role in regulating the G2/M cell cycle checkpoint, allowing for DNA repair before mitotic entry [31]. 
Inhibiting Wee1 kinase with MK-1775 prevents G2/M arrest, forcing cancer cells with DNA damage to undergo apoptosis. This study 
highlights the enhanced cytotoxic effects of MK-1775 when combined with chemotherapeutic agents, compared to the limited efficacy 
observed with EGFR TKIs (afatinib and osimertinib) [9,10,32,33]. This suggests that the therapeutic potential of MK-1775 may be 
more pronounced when paired with DNA-damaging agents rather than with TKIs, making it a valuable addition to chemotherapy 
regimens. TKIs may predominantly induced cell cycle arrest rather than DNA damage associated apoptosis in EGFR mutated NSCLC 
[34,35], which explained why MK-1775 did not show additional efficacy when combining EGFR TKIs.

The tumor suppressor gene TP53 is crucial in regulating the cell cycle and apoptosis [36]. Many cancer cells, including those in 
NSCLC, exhibit p53 mutations, leading to defective G1/S checkpoints and increased reliance on the G2/M checkpoint for DNA repair 
[37]. Although gemcitabine and pemetrexed are both chemotherapeutic agents, their mechanisms of action differ slightly. Previous 
studies have indicated that both gemcitabine and pemetrexed exert cytotoxic effects on cancer cells via both p53-dependent and 
p53-independent pathways [38,39]. These studies support with the findings in our study, where both chemotherapeutic agents inhibit 
the growth of cells, regardless of whether the cells have wild-type or mutated p53. While the results in Fig. 1E show a greater decrease 
in the average IC50 of mutant cells (HCC827 and H1975), the significant effect was observed in the wild-type A549 cells. In Fig. 2E, 
although the wild-type cells (A549 and H460) displayed a larger decrease in IC50, the mutant H1975 cells exhibited a notable increase 
in synergistic efficacy, making the combination treatment with pemetrexed more effective across a dosage range of 0.1–100 μM 
compared to pemetrexed alone. These results indicate that p53 is not the only factor affecting the efficacy of combination therapies; the 
cancer type and the genetic background of the cancer cells also play critical roles in determining therapeutic success.

Preclinical studies provide robust evidence supporting the combination of MK-1775 with gemcitabine or pemetrexed in enhancing 
cytotoxicity in pancreatic cancer and sarcoma [27,40]. Early clinical trials of MK-1775, either alone or in combination with other 
cytotoxic agents, have shown promising results, particularly in patients with advanced solid tumors including lung cancer harboring 
TP53 mutations [29]. These above findings and the results of this study highlight the potential clinical benefits of incorporating Wee1 
inhibitors into standard chemotherapy regimens to improve therapeutic outcomes in NSCLC patients.

While this study presents compelling evidence for the efficacy of MK-1775 combined with chemotherapy, several limitations exist. 
The study primarily focuses on preclinical models, and the translatability of these results to clinical settings remains uncertain. 
Additionally, the heterogeneity of NSCLC and the variability in p53 status across patients may affect the generalizability of the 
findings. Further research is needed to understand the mechanisms underlying the differential responses to Wee1 inhibition and to 
identify biomarkers for predicting treatment outcomes. Larger, well-designed clinical trials are essential to validate the preclinical 
findings and determine the safety and efficacy of MK-1775 in combination with chemotherapy in diverse patient populations.
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