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A B S T R A C T   

Background: Non-small cell lung Cancer (NSCLC) persists as a lethal neoplastic manifestation, 
exhibiting a diminished 5-year survival rate, partially attributable to chemotherapeutic resis-
tance. This investigative endeavor aimed to elucidate the synergistic antineoplastic effects and 
underlying mechanisms of the SMYD2 inhibitor BAY-598 and the chemotherapeutic agent 
doxorubicin (DOX) in NSCLC. 
Methods: The human non-small cell lung cancer cell lines A549 and H460 were subjected to 
treatment regimens involving BAY-598 and/or DOX. Cellular viability, apoptotic events, invasive 
capacity, and migratory potential were evaluated through the implementation of CCK-8 assays, 
flow cytometric analyses, and Transwell assays, respectively. Protein expression levels were 
quantified via Western blot analyses. An in vivo xenograft murine model was established to assess 
therapeutic efficacy. 
Results: BAY-598 and DOX synergistically suppressed the viability, invasiveness, and migratory 
capabilities of NSCLC cells. Co-treatment Promoting cell apoptosis and cell cycle arrest. Addi-
tionally, Furthermore, co-administration significantly inhibited cell migration and invasion. 
Mechanistic studies revealed coordinately inhibited JAK-STAT signaling upon combination 
treatment. In vivo study further validated the synergistic antitumor efficacy of BAY-598 and DOX 
against NSCLC xenografts. 
Conclusions: Our findings demonstrate that BAY-598 potentiates the anti-cancer effects of DOX in 
non-small cell lung cancer cells by modulating the JAK/STAT signaling pathway as a synergistic 
strategy. The combination holds promise as an emerging therapeutic strategy for NSCLC. Further 
optimization and validation are warranted to promote its translational potential.   
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Mesenchymal Transition. 

* Corresponding author. Department of Pulmonary and Critical Care Medicine, The First Hospital of Nanchang, The Third Affiliated Hospital of 
Nanchang University, Nanchang, 330008, Jiangxi, China. 
** Corresponding author. 

E-mail addresses: 15072165260@163.com (C. Li), lfy55672023@163.com (F. Li).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2024.e32015 
Received 29 January 2024; Received in revised form 26 May 2024; Accepted 27 May 2024   

mailto:15072165260@163.com
mailto:lfy55672023@163.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e32015
https://doi.org/10.1016/j.heliyon.2024.e32015
https://doi.org/10.1016/j.heliyon.2024.e32015
http://creativecommons.org/licenses/by-nc/4.0/


Heliyon 10 (2024) e32015

2

1. Introduction 

Pulmonary carcinoma stands as the preeminent etiology of cancer-related mortality on a global scale [1]. The non-small cell lung 
cancer (NSCLC) subtype constitutes approximately 80 % of all lung neoplasm cases [2,3]. Notwithstanding the advancements in 
targeted therapeutic modalities for NSCLC, the 5-year survival prognosis persists at a suboptimal level, primarily attributed to the 
acquisition of chemoresistance [4,5]. Therefore, exploring novel combinatorial therapies that can enhance chemosensitivity and 
overcome drug resistance is key to improving the survival and life quality of NSCLC patients. 

BAY-598 is an inhibitory agent targeting the catalytic activity of the SMYD2 (SET and MYND domain-containing protein 2) [6], 
SMYD2, a constituent of the SET and MYND-containing lysine methyltransferase (SMYD) family, exerts many array of functional roles 
by catalyzing methylation events on both histone and non-histone protein substrates [7]. SMYD2 exerts a crucial regulatory function in 
gene expression modulation through its histone methyltransferase activity. It is a widely recognized lysine methyltransferase enzyme 
capable of catalyzing methylation at the lysine 4 and 36 residues (H3K4 and H3K36) of histone proteins, in addition to its ability to 
target non-histone protein substrates. Accumulating evidence suggests that SMYD2 exhibits aberrant upregulation and activation 
across various malignancies, including pulmonary, hepatic, and pancreatic carcinomas, wherein its dysregulation is intimately 
associated with the initiation and progression of these neoplastic processes [8–10]. BAY-598 can inhibit its methylation activity by 
competitively binding to the SAM (S-adenosyl methionine) binding site of SMYD2. Several investigative studies have substantiated the 
capacity of BAY-598 to impede the proliferative potential of diverse solid tumor malignancies, including hepatocellular carcinoma, 
pancreatic adenocarcinoma, and glioblastoma multiforme. Specifically, BAY-598 can competitively bind to the SET domain of SMYD2, 
inhibit SMYD2’s methylation modification of chromatin histones, reduce the generation of H3K9me2 and H3K36me2, cause changes 
in gene expression profiles, and ultimately culminating in the suppression of neoplastic cellular proliferation and metastatic 
dissemination [11]. This may be an important mechanism for BAY-598 to exert anti-tumor activity. 

Doxorubicin (DOX) is a first-line chemotherapeutic agent that finds widespread application in the treatment of NSCLC [12,13]. It 
exhibits potent antineoplastic activity against various malignancies, including breast carcinoma, ovarian carcinoma, gastric adeno-
carcinoma, and pulmonary carcinoma [13–16]. However, its clinical utility is constrained by its inherent adverse effects and the 
development of chemoresistance. Consequently, there is an urgent imperative to find a better efficacious and safer therapeutic 
approach that incorporates low-dose DOX in combination with adjuvant pharmacological agents to circumvent resistance mechanisms 
and mitigate toxicity. 

Although BAY-598 and doxorubicin have shown anti-tumor effects when used alone, the synergistic anticancer mechanism be-
tween them in NSCLC treatment is still not completely clear. It is worth noting that similar synergistic effects have also been observed 
in other types of tumors. Here is a rewritten version using more technical terminology while avoiding repetition:For instance, under 
specific experimental paradigms, the concomitant administration of these two pharmacological agents can elicit a more pronounced 
therapeutic response by potentiating apoptotic induction, impeding cell cycle progression, and modulating pivotal signal transduction 
cascades [17,18]. However, whether the synergistic mechanism of action between DOX and BAY-598 is applicable to NSCLC, and its 
specific molecular regulatory mechanisms, still require further in-depth research and verification. Consequently, the overarching 
objective of this investigative endeavor is to elucidate the synergistic antineoplastic mechanisms underlying the combined adminis-
tration of BAY-598 and doxorubicin in NSCLC. This is aimed at furnishing novel theoretical underpinnings and therapeutic strategies 
for the management of NSCLC. By comprehensively dissecting the interaction dynamics between these two pharmacological agents, 
we aspire to unveil more efficacious treatment modalities for patients afflicted with NSCLC, while concurrently providing valuable 
insights into combination therapeutic approaches for other neoplastic pathologies. 

2. Methods 

2.1. Cell culture and treatment 

In this study, human non-small cell lung cancers lines A549 and H460, procured from the Chinese Academy of Sciences Cell Re-
pository, were employed for the present study. These cell lines were cultured in RPMI-1640 medium enriched with 10 % fetal bovine 
serum (Gibco, Grand Island, NY) and incubated at 37 ◦C in a humidified atmosphere containing 5 % CO2. Subculturing procedures 
were executed upon attainment of 90 % confluency. Cells in the logarithmic growth phase were subjected to drug treatments, and four 
experimental groups were established: The DMSO group as the negative control, the DOX(MCE, MedChem Express, HY-15142 group 
(treated with DOX at 30 nM), the BAY-598 (MCE, MedChem Express, HY-19546)group (treated with BAY-598 at 20 nM), and the DOX 
+ BAY-598 group (treated with DOX at 30 nM and BAY-598 at 20 nM). The final DMSO concentration in all treatments was maintained 
at 0.5 % (v/v). Post 48-h treatment, cells were harvested for subsequent analyses, including proliferation assays, apoptosis assays, 
migration assays, and protein expression studies using Western blotting. 

2.2. CCK-8 assay 

To detect the effects of DOX and BAY-598, individually or in combination, on the proliferation of lung cancer cells, we performed 
experiments using the CCK-8 cell viability assay kit. First, lung cancer cells were seeded into 96-well culture plates at a certain density 
and allowed to adhere. Subsequently, the cells were treated with varying concentrations of DOX, BAY-598, or a combination of both, 
along with untreated blank control and vehicle control groups. After 24 and 48 h of drug treatment, CCK-8 reagent was added to each 
well. This reagent contains a water-soluble compound that can be reduced by dehydrogenases in viable cells to produce a soluble 
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orange-yellow colored product. The absorbance values at 450 nm were measured using a microplate reader, with the absorbance 
values being directly proportional to the number of viable cells. By comparing the absorbance values of the experimental groups with 
the control groups, the cell viability inhibition rates at different drug concentrations and time points were calculated. The CCK-8 assay 
is a convenient and reproducible method widely used to evaluate the effects of drugs on cell proliferation. 

2.3. IC50 and combination index calculation 

Using the nonlinear regression analysis tool in GraphPad Prism 8.0 software, we fitted the dose-response data to a four-parameter 
logistic equation, from which the half-maximal inhibitory concentrations (IC50) of the different drugs were calculated. This four- 
parameter logistic model can accurately depict the mathematical relationship between drug concentration and cell viability inhibition. 

Y=Bottom + (Top − Bottom) / (1+ 1̂0((LogIC50 − X)×HillSlope))

For combination treatments, A549 and H460 cells were exposed to both DOX and BAY-598 for 48 h. The synergistic effects of the 
drugs were analyzed using the Chou-Talalay method and CompuSyn software, which calculated the Combination Index (CI). CI values 
indicated the nature of the interaction: CI = 1 for additive effects, CI < 1 for synergistic effects, and CI > 1 for antagonistic effects. 

2.4. Transwell assay 

To evaluate the effects of DOX and BAY-598, individually or in combination, on the migratory and invasive capabilities of lung 
cancer cells, we conducted migration and invasion assays. Initially, a defined number of lung cancer cells were seeded into the upper 
chambers and allowed to adhere thoroughly before being treated with various concentrations of the drugs, along with untreated blank 
and vehicle control groups. The upper and lower chambers were separated by a porous membrane pre-coated with an extracellular 
matrix protein(BD Biosciences, Franklin Lakes, NJ), mimicking the in vivo extracellular matrix environment. After a specific duration 
of drug exposure, cells that migrated through the porous membrane and invaded the matrix layer were fixed and stained. Finally, the 
numbers of migrated and invaded cells in each group were quantified through microscopic imaging systems and image analysis 
software. 

2.5. Colony formation assay 

To evaluate the effects of the drugs on the long-term proliferative capacity of lung cancer cells, we employed a colony formation 
assay to analyze tumor cell clonogenic efficiency. Initially, a defined number of lung cancer cells were evenly seeded into 6-well culture 
plates. After the cells had completely adhered, they were treated with varying concentration gradients of DOX, BAY-598, or their 
combination, along with appropriate blank and vehicle control groups. Following approximately 7 days of drug exposure, surviving 
single cells that had formed clones were rendered visible as colonies through specialized fixation and staining procedures. Subse-
quently, ImageJ software was utilized to enumerate and analyze the colonies in each well, yielding the clonogenic efficiency under 
different drug treatment conditions. This assay reflects the unlimited proliferative potential of cells and serves as a robust tool for 
assessing the long-term inhibitory effects of anticancer drugs. 

2.6. Apoptosis and cell cycle analysis 

To investigate the mechanisms of cytotoxicity induced by the drugs, we employed flow cytometry to analyze the apoptotic rates and 
cell cycle distributions of lung cancer cells under different drug treatment conditions. At specific time points after exposure to DOX, 
BAY-598, or their combination, A549, H460 cells were subjected to dual staining with Annexin V (a phospholipid-binding protein) and 
a nucleic acid dye. Annexin V binds to phospholipids on the outer leaflet of the cell membrane, while the nucleic acid dye penetrates 
the nuclei of late apoptotic or necrotic cells that have lost membrane integrity. Following appropriate staining reactions, the cell 
suspension samples were subjected to multiparametric detection and quantitative analysis using a flow cytometer. Based on the 
distinct fluorescence signal patterns of the dyes, the cell populations could be categorized into viable, early apoptotic, late apoptotic, 
and necrotic subsets, thereby allowing the calculation of apoptotic rates for each treatment group. Concurrently, we also evaluated the 
impact of the drugs on cell cycle distribution. After cell fixation and DNA staining, flow cytometric analysis enabled the determination 
of the DNA content in individual cells, thereby identifying their respective cell cycle phases (G0/G1, S, or G2/M). By analyzing the 
changes in the proportions of cells in different phases, we could elucidate whether the drugs induced cell cycle arrest, consequently 
inhibiting the proliferation of tumor cells. 

2.7. Western blot analysis 

Total protein was extracted from control and various treatment groups of A549 and H460 cells. Protein concentration in each group 
was measured using the BCA method (Boster Biological Technology) and adjusted to the same level. Equal amounts of protein samples 
were separated by SDS-PAGE gel electrophoresis and transferred to PVDF membranes for Western blot analysis. The membranes were 
blocked with 5 % BSA at room temperature, then incubated with primary antibodies (1:15,000, Promega) overnight at 4 ◦C After 
washing the membranes with TBST, secondary antibodies were applied at room temperature for 1 h. Following additional washes, 
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protein expression levels were detected using ECL chemiluminescence reagents, and the results were visualized through exposure, 
scanning, and imaging. Actin or GAPDH served as housekeeping proteins for relative quantitative analysis of protein expression across 
different groups. The antibodies used in this study included: anti-p-mTOR, anti-mTOR, anti-p-ERK1/2, anti-ERK1/2, anti-p-STAT3, 
anti-STAT3, and anti-CDK2 from Cell Signaling Technology. Anti-BCL2, anti-BAX, anti-β-actin, anti-p-JAK2, anti-JAK2, anti- 
Vimentin, anti-N-cadherin, and anti-E-cadherin were purchased from Abcam (MA, United States). 

2.8. Xenograft model 

Evaluation of in vivo efficacy using a nude mouse xenograft model. A549 cell suspension (3 × 10^6 cells in 200 μL) was 

Fig. 1. Effects of DOX alone, BAY-598 alone, and their combination on the viability of A549 cells and H460 cells. (A, B). The effects of either DOX or 
BAY-598 on lung cancer cells are dose-dependent and time dependent. CCK-8 was used to detect cell proliferation in A549 and H460 cells after they 
were treated separately with various doses of BAY-598 or DOX for 24 h, 48 h. (C). The drug concentrations of DOX and BAY-598 required to reach 
half maximal inhibitory concentration (IC50) at different time points. (D). The combination index (CI) of DOX and BAY-598 was calculated for the 
lung cancer cells. (E–H). Representative images and bar graphs of DOX and BAY-598 synergistically inhibiting clone formation of A549 and H460 
cells. Data are means ± SD (n = 3). (*P < 0.05, **P < 0.01, ***P < 0.001, compared to DMSO). 
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subcutaneously injected into the scapular region of female nude mice. When tumor volume reached approximately 200 mm3, the mice 
were randomly divided into four groups: control group (saline), DOX group (intraperitoneal injection of 2 mg/kg every five days), 
BAY-598 group (intraperitoneal injection of 5 mg/kg every two days), and combination treatment group (DOX and BAY-598 
administered at the same doses). Tumor size was measured weekly. After 32 days, the mice were sacrificed, and the tumors were 
excised and weighed. All experimental procedures were approved by the Ethics Committee of the Third Affiliated Hospital of Nan-
chang University. 

2.9. Statistical analysis 

All experimental data were replicated a minimum of three times and presented as the mean ± standard deviation. The Student’s t- 

Fig. 2. Co-treatment with DOX and BAY-598 synergistically inhibited the invasion and migration of A549 cells and H460 cells. (A–D). In Transwell 
assays, the combination of DOX and BAY-598 synergistically inhibited the invasion and migration of A549/H460 cells. (E–H). Western blot analysis 
of the expression of epithelial-mesenchymal transition and invasion related proteins under treatment with DOX or BAY-598. β-actin was used as a 
loading control. The protein densities were analyzed with ImageJ. (*P < 0.05, **P < 0.01, ***P < 0.001). 
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test was employed to analyze the differences between two groups. P < 0.05 were considered statistically significant. 

3. Results 

3.1. Impact of BAY-598, DOX, and their combination on non-small cell lung cancer cell viability 

We employed the CCK8 assay to determine the impact of varying concentrations of BAY-598 and DOX on A549 and H460 cells. 

Fig. 3. DOX and BAY-598 synergistically induce apoptosis and inhibit cell cycle progression in lung cancer cells. (A, B). Flow cytometry was used to 
assess the apoptosis of A549/H460 cells. FITC and PI reagents were used to treat lung cancer cells that had been infected with DOX and BAY-598 for 
48 h. The percentage of apoptosis in various drug treatment groups was measured. (C, D). The expression of BAX and BCL2 protein in DMSO, DOX 
and/or BAY-598. (E, F). The cell cycle distribution was analyzed by flow cytometry. The percentage of lung cancer cells in the G1, S, and G2 phases 
in the bar chart indicates that DOX/BAY-598 cooperatively arrests the cell cycle in the G2 phase. (G, H). Western blot analysis of cyclin-related 
proteins was performed in A549 and H460 cells. β-actin was used as a loading control. The protein densities were analyzed with ImageJ. (*P <
0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001). 
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Results showed that both BAY-598 and DOX inhibited the proliferation of these cells in a time- and dose-dependent manner. After 24 h 
of treatment, the 50 % inhibitory concentration (IC50) for BAY-598 was 57.19 nM in A549 cells and 69.01 nM in H460 cells. After 48 h, 
these values decreased to 24.12 nM for A549 cells and 31.72 nM for H460 cells (Fig. 1A–C). Similarly, the IC50 for DOX in A549 cells 
was 117.51 nM at 24 h and 71.54 nM at 48 h (Fig. 1C). In H460 cells, the IC50 values were 96.54 nM at 24 h and 54.78 nM at 48 h 

Fig. 4. Co-treatment with BAY-598 and DOX inhibits lung cancer cell growth through the NFκB and JAK-STAT signaling pathway. (A). Western 
blotting showing expression levels of P-p65, p65, P-STAT3, STAT3, P-ERK, ERK, P-MTOR, MTOR in A549 cells. (B). Western blotting showing 
expression levels of P-p65, p65, P-STAT3, STAT3, P-ERK, ERK, P-MTOR, MTOR in H460 cells. (C, D) Pathway-related Protein Quantification, The 
protein densities were analyzed with ImageJ. (*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001). 
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(Fig. 1C). We also evaluated the cytotoxicity of BAY-598 on normal cell lines 293 T and HBE. As indicated in Supplementary Figs. 1A 
and 1B, BAY-598 showed minimal impact on these normal cells at concentrations effective against cancer cells. 

To investigate if BAY-598 could potentiate the effect of DOX, we treated A549 and H460 cells with different concentrations of BAY- 
598 (15 or 20 nM) in combination with DOX (15 nM, 30 nM, or 60 nM) for 48 h. The data revealed a significant synergistic reduction in 
cell viability when both drugs were used together compared to each drug alone (Supplementary Figs. 1C,D, and Fig. 1D). Specifically, 
the combination of BAY-598 (20 nM) and DOX (30 nM) inhibited A549 cell growth by approximately 50 %, with a Combination Index 
(CI) of less than 1, signifying a synergistic effect. Notably, at these concentrations, BAY-598 and DOX had negligible effects on the 
viability of normal cell lines 293 T and HBE, underscoring the specificity and enhanced efficacy of the drug combination. These results 
led us to select BAY-598 (20 nM) and DOX (30 nM) for further experiments. 

3.2. BAY-598 and DOX collaboratively suppress invasion and migration of non-small cell lung cancer cells 

We probed the effects of BAY-598 and DOX on the proliferation of NSCLC cells. Utilizing a colony formation evaluation, we 
witnessed that the combined application of BAY-598 and DOX remarkably suppressed the multiplication of NSCLC cells (Fig. 1E–H). 
Further, we utilized a Transwell assay to assess their impact on NSCLC cell invasion and migration (Fig. 2A–D). Both BAY-598 and DOX 
individually reduced cell invasion and migration significantly, with their combination showing an even stronger inhibitory effect. 

Epithelial-mesenchymal transition (EMT) is essential for cancer metastasis. Therefore, we analyzed EMT-related protein levels via 
western blotting. The combined treatment with BAY-598 and DOX significantly lowered the expression of Vimentin and N-cadherin 
while elevating E-cadherin levels. These findings indicate that the BAY-598 and DOX combination synergistically hinders the EMT 
process in NSCLC cells (Fig. 2E–H). 

3.3. BAY-598 and DOX jointly trigger apoptosis and hinder cell cycle progression in non-small cell lung cancer cells 

Next, we further investigated the inhibitory effects of DOX and BAY-598 on the proliferation of NSCLC cells, we treated A549 and 
H460 cells with DMSO, BAY-598, DOX, and a combination of BAY-598 and DOX at optimal concentrations for 48 h. Apoptosis and cell 
cycle progression were then analyzed using flow cytometry. As shown in Fig. 3A and B, the combined treatment with BAY-598 and 
DOX significantly promoted apoptosis in NSCLC cells. Additionally, Western blot analysis revealed that the combined treatment 
significantly increased the expression of apoptosis-related proteins in NSCLC cells (Fig. 3C and D). Furthermore, cell cycle analysis 
indicated that the combined treatment significantly inhibited cell cycle progression in NSCLC cells (Fig. 3E and F). Western blotting 
further corroborated these cell cycle findings (Fig. 3G and H). In summary, the combination of BAY-598 and DOX enhances apoptosis 
induction and cell cycle inhibition in NSCLC cells. 

3.4. Concurrent treatment with BAY-598 and DOX impedes non-small cell lung cancer cell growth via JAK-STAT signaling pathways 

Our earlier findings indicated that the combination of BAY-598 and DOX markedly suppresses NSCLC cell growth, migration, 
invasion, apoptosis, and cell cycle progression. However, the exact pathways involved remained unclear. To address this, we examined 
potential mechanisms, focusing on classical pathways such as MAPK and JAK-STAT in NSCLC cells treated with BAY-598 and DOX, 
both separately and together. Interestingly, the JAK-STAT pathway was notably inhibited in A549 and H460 cells subjected to the 
combined treatment compared to those receiving either agent alone. This observation suggests that the JAK-STAT pathway could play 
a crucial role in the synergistic suppression of NSCLC cell proliferation by BAY-598 and DOX (Fig. 4A–D). 

Fig. 5. BAY-598 demonstrated a synergistic inhibition of subcutaneous tumor growth with DOX. (A). A549 cells were subcutaneously injected into 
mice, and on the third day, the following treatments were administered via intraperitoneal injection: the control group received PBS, DOX, BAY-598, 
and DOX in combination with BAY-598. After two weeks of treatment, the morphology and size of the xenografts excised from nude mice are 
depicted in figure. (B). Starting from the fifth day, tumor volume changes for the four treatment groups were recorded every two days. (C). Final 
tumor weight changes for the four treatment groups. (**P < 0.01, ***P < 0.001, ****P < 0.0001). 
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3.5. Joint administration of BAY-598 and DOX elicits synergistic effects in vivo to suppress non-small cell lung cancer xenograft tumor 
growth 

To better validate the inhibitory effects of BAY-598 and DOX on the proliferation of lung cancer cells, we evaluated the anti-tumor 
efficacy of BAY-598 alone, DOX alone, and their combination on lung cancer xenograft models in immunocompromised mice. The 
findings demonstrated that both BAY-598 and DOX, when administered individually, significantly suppressed the growth and mass of 
lung cancer tumors in NOD-SCID mice. Notably, the concomitant administration of BAY-598 and DOX exhibited a more potent in-
hibition of tumor growth compared to either agent alone (see Fig. 5A–C). This indicates that the combination of BAY-598 and DOX can 
effectively impede the proliferation of lung cancer cells in vivo. 

4. Discussion 

In this research, we investigated the synergistic effects and underlying mechanisms of the SMYD2 inhibitor BAY-598 combined 
with the chemotherapeutic agent DOX for the treatment of NSCLC. NSCLC is a highly fatal malignancy with significant therapeutic 
challenges [19]. Despite some advancements, drug resistance continues to be a major hurdle impeding treatment efficacy [20–22]. 
Consequently, developing new therapeutic strategies to enhance treatment sensitivity and mitigate drug resistance is crucial for NSCLC 
patients. This study aimed to elucidate the synergistic mechanisms of action of BAY-598 and DOX in NSCLC treatment and to assess 
their impact on cell proliferation, migration, invasion, apoptosis, and cell cycle progression. 

BAY-598 is a highly potent and selective inhibitor of the SMYD2. It inhibits the methyltransferase activity of SMYD2 by 
competitively binding to the substrate recognition site [23]. Kinetic analysis of SMYD2 inhibition revealed that BAY-598 acts as an 
uncompetitive inhibitor against the SAM cofactor and a competitive inhibitor against the p53 peptide substrate, suggesting it pref-
erably binds to the SMYD2-SAM complex [23]. BAY-598 suppresses the methylation of important SMYD2 substrates such as p53 and 
AHNAK. Both in vitro and in vivo studies demonstrated that BAY-598 decreases the monomethylation levels of p53 and AHNAK. 
Mouse xenograft models also validated that BAY-598 decreases AHNAK methylation levels in tumor cells in vivo [23]. BAY-598 
sensitizes cells to apoptosis induced by chemotherapeutic agents like doxorubicin, consistent with the biological functions of 
SMYD2. Co-treatment of BAY-598 and doxorubicin in mice showed enhanced antitumor efficacy. In summary, BAY-598 selectively 
inhibits the binding of peptide substrates to the binding site of SMYD2, leading to reduced methylation of SMYD2 substrates and 
inhibition of SMYD2 biological functions, which contributes to its antitumor activity. 

DOX is one of the first-line chemotherapeutic agents for NSCLC treatment. It inhibits tumor growth by interacts with DNA, causing 
DNA damage and triggering cell apoptosis, induces oxidative stress, generating oxygen-free radicals that damage cellular molecules, 
alters the structure of DNA, disrupting normal replication and transcription and induces apoptosis in lung cancer cells through multiple 
pathways, such as interfering with apoptosis signaling pathways. inserting DNA double strands and inducing DNA damage [24–28]. 
Certainly, DOX treatment, while effective in many cases, frequently encounters challenges due to its high drug toxicity and the 
development of acquired resistance. These issues have spurred ongoing research and innovation in the field of oncology. Researchers 
are actively exploring novel drug delivery systems to minimize the adverse effects of DOX and improve its safety profile. Additionally, 
the development of combination therapies that incorporate DOX alongside other agents holds promise in enhancing its efficacy and 
reducing the likelihood of resistance. The quest to address these hurdles not only drives progress in cancer treatment but also un-
derscores the importance of personalized medicine approaches tailored to individual patient needs [29–32]. Given the distinct 
mechanisms of action of BAY-598 and DOX, their combined use may produce synergistic effects and enhance chemotherapy sensitivity. 
Relevant research has also shown that combined use of SMYD2 inhibitors and apatinib can synergistically kill colorectal cancer [11]. 
This provides a theoretical basis for the combined use of BAY-598 and DOX for NSCLC treatment. But its specific synergistic mech-
anisms and modes of action need to be systematically elucidated through more preclinical studies. 

The key discovery of this study is that the combined treatment with BAY-598 and doxorubicin exhibits synergistic effects in NSCLC 
cells. This synergism is evident in the suppression of cell proliferation, migration, and invasion, along with the induction of apoptosis 
and cell cycle arrest. These findings suggest that BAY-598 and doxorubicin may enhance their anti-cancer efficacy through multiple 
pathways. Further investigations into the molecular mechanisms reveal that the combination of BAY-598 and doxorubicin may 
synergistically exert anti-cancer effects by inhibiting the JAK-STAT signaling pathway. The JAK-STAT pathway is crucial for cancer 
cell growth, metastasis, and drug resistance [33–35]. Combined use of BAY-598 and doxorubicin can significantly reduce JAK-STAT 
pathway activity, which may be an important mechanism for its inhibition of NSCLC cell growth and migration. In addition, this study 
also validated the synergistic anti-tumor effects of combined application in vivo models. Through mouse xenograft models, we 
observed that the combination could significantly inhibit tumor growth, further confirming the potential of this combination therapy 
strategy. The results of this study firstly confirmed the synergistic inhibitory effect of BAY-598 on the growth of NSCLC cell lines in 
combination with DOX. We further found that this synergistic effect is related to the induction of cell cycle arrest and apoptosis, which 
is consistent with previous reports that BAY-598 alone can downregulate anti-apoptotic factors and upregulate apoptosis-related 
genes. We also found that the two drugs in combination synergistically inhibit the migration and metastasis of NSCLC cells. This 
may be related to the synergistic inhibition of epithelial-mesenchymal transition (EMT). Finally, we confirmed that the combination of 
the two drugs can synergistically inhibit NSCLC cell growth through inhibition of the JAK-STAT pathway. Preclinical studies have 
confirmed the synergistic antitumor efficacy of this combination strategy in significantly inhibiting tumor xenograft growth. 

In conclusion, our preliminary study provides first evidence that SMYD2 inhibitor BAY-598 can synergistically enhance the 
anticancer efficacy of the chemotherapeutic agent DOX against NSCLC, possibly through coordinated inhibition of the JAK-STAT 
pathway. Our findings may provide a rationale for this combination strategy for the treatment of NSCLC and shed light on the 
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development of synergistic therapy for other cancer types. We believe that with the in-depth translational research, this strategy will 
ultimately bring clinical benefits to NSCLC patients. 
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