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Abstract: At present, chemotherapy, one of the common treatment methods for lung cancer, has become far less effective due to drug resistance generated during treatment and the toxic and side effects of chemotherapeutic drugs themselves. This has made it an urgent task to find safer and more effective therapeutic drugs. Traditional Chinese medicine (TCM) is the essence of China's medical and pharmaceutical culture, and the anti-tumor effects of TCM preparations have attracted increasing attention. In this study, human lung cancer A549 cells were used as the research object. Different concentrations of artesunate (Art) were added, and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, flow cytometry, Trans-well migration and invasion assay, combined with atomic force microscope (AFM), were used to observe the effects of Art on cell proliferation, cell cycle, migration, cell mechanical properties and surface ultrastructure. The aim was to provide effective scientific basis for the anti-lung cancer mechanism of Art.
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Materials and methods
Main reagents and instruments
Human lung cancer cell line A549 (Shanghai Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences); sterile powder of artesunate for injection (Guangxi Guilin Pharmaceutical Factory); RPMI-1640 medium and 0.25% trypsin (Gibco); fetal bovine serum (FBS, Hangzhou Sijiqing Bioengineering Materials Co., Ltd.); Annexin V-PI apoptosis detection kit, cell cycle detection kit (Beijing Solarbio Science & Technology Co., Ltd.). CO₂ incubator (Heal Force); Agilent 5500 atomic force microscope (Agilent); inverted microscope (Olympus); FACS-Calibur flow cytometer (BD).
Methods
Cell culture
Human lung cancer A549 cells were inoculated into RPMI-1640 medium containing 10% FBS and routinely cultured in a CO₂ incubator with 5% CO₂, 100% humidity and 37 ℃ until the cells adhered to the wall. The medium was changed every 24 hours. When the cells grew to confluence, they were digested with 0.25% trypsin [containing 0.02% ethylenediaminetetraacetic acid (EDTA)] and passaged at a ratio of 1:3. Cells in the logarithmic growth phase were collected for experiments.
Determination of cell proliferation by MTT assay
A549 cells in the logarithmic growth phase were digested with trypsin and collected routinely. The cells were made into a single-cell suspension with RPMI-1640 medium containing 10% FBS and inoculated into 96-well plates at a density of 5×10³ cells per well. After 24 hours of culture, the original medium was removed, and 200 μl of cell culture medium containing different concentrations of artesunate (0, 10, 30, 50 mg/L) was added. At 24 h, 36 h and 48 h, 20 μl of MTT solution (concentration 5 mg/L) was added to each well, followed by further culture for 4 hours. The supernatant was removed, 200 μl of dimethyl sulfoxide (DMSO) solution was added, and the mixture was shaken on a shaker at room temperature for 20 minutes (110 r/min) to dissolve. The absorbance (A) value of each well at 490 nm was detected by a microplate reader. Each treatment had 6 replicate wells, and the experiment was repeated 3 times. Previous MTT experiments showed that artesunate could significantly inhibit the proliferation of lung cancer A549 cells in a time- and dose-dependent manner. After 48 hours of artesunate treatment, the inhibitory effect of 30 mg/L artesunate experimental group on the growth of lung cancer A549 cells was significantly better than that of the control group and 10 mg/L artesunate experimental group, but there was no statistically significant difference from the 50 mg/L Art experimental group. To achieve effective therapeutic purposes while reducing the toxic and side effects of the drug itself, 30 mg/L Art was selected as the appropriate concentration to observe the effects of the drug on other aspects of A549 cells.
Flow cytometric detection of cell cycle and apoptosis
A549 cells in the control group and Art-treated group for 48 hours were digested, centrifuged, washed twice with phosphate-buffered saline (PBS) at room temperature, and filtered through a 300-mesh nylon mesh to remove cell clumps. The operation was performed according to the instructions of Annexin V-PI apoptosis detection kit and cell cycle detection kit, and then detected by flow cytometry. The experiment was repeated 3 times.
Cell migration assay
A549 cells treated with different concentrations of Art (0 mg/L, 30 mg/L) were taken, and serum-free medium was added to the upper chamber of Trans-well to adjust the concentration so that each upper chamber of Trans-well contained 1×10⁴ A549 cells. Medium containing 10% FBS was added to the lower chamber of Trans-well. After 36 hours, the invaded cells were stained with crystal violet and counted under a microscope. The experiment was repeated 3 times.
AFM sample preparation
A549 cells treated with 30 mg/L artesunate for 48 hours were gently washed twice with PBS buffer, fixed with 4% paraformaldehyde solution at room temperature for 20 minutes, rinsed 3 times with distilled water, dried at room temperature and then observed by AFM.
Sample Imaging and Viscoelasticity Detection
The prepared AFM samples were placed on the stage of Agilent 5500 AFM. Imaging scanning and mechanical parameter detection were performed on the samples at room temperature and in normal air. During imaging scanning, tapping mode was selected in the corresponding software, silicon nitride probe was used with a microcantilever spring constant of 0.68 N/m, and a probe with a spring constant of 0.10 N/m was used for force spectroscopy detection. The AFM images were smoothed by software (Picoimage 1.6 and Gywddion 2.26) to eliminate low-frequency background noise in the scanning direction.
Statistical analysis
SPSS 13.0 statistical analysis software was used for data processing. Measurement data were expressed as x±s, and one-way analysis of variance (ANOVA) was used for comparison of means between groups. P<0.05 was considered statistically significant.
Results
Effects of artesunate on proliferation and cell cycle of lung cancer a549 cells
MTT assay showed that the inhibitory effect of artesunate on A549 proliferation was dependent on drug concentration and treatment time. With the increase of artesunate concentration and the extension of treatment time, the proliferation ability of A549 decreased rapidly. After 48 hours of artesunate treatment, there was no statistically significant difference in the proliferation inhibitory effect between the 30 mg/L experimental group and the 50 mg/L experimental group on A549, but there was no statistically significant difference from the control group and the 10 mg/L experimental group (See Figure 1 for details).
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Statistical notes: Compared with the 0 mg/L group, P < 0.05; compared with the 10 mg/L group, P < 0.05; compared with the 30 mg/L group, P < 0.05.
Figure 1. Proliferation of A549 cells before and after Artesunate treatment.
After detection by flow cytometry, the proportion of A549 cells in G1 phase (resting phase) in the control group was (43.5±0.8)%, and the cell apoptosis rate was (7.7±1.2)%; the proportion of A549 cells treated with 30 mg/L artesunate in G1 phase was (68.4±0.8)%, and the cell apoptosis rate reached (77.4±4.6)%. The above results indicated that artesunate could arrest A549 cells in G1 phase (resting phase) and significantly increase the cell apoptosis rate, with statistically significant differences.
Effects of artesunate on migration of lung cancer a549 cells
Trans-well assay is a rapid and effective method for detecting the migration ability of tumor cells. The migration ability of A549 cells in the control group was significantly higher than that of A549 cells treated with 30 mg/L artesunate (see Figure 2).
AFM observation of changes in cell mechanical properties and surface morphology after drug treatment
AFM detection showed that the adhesiveness of A549 cells in the control group was (1200±300) pN, the elasticity was (12±5) MPa, the cell surface was relatively smooth, and the average roughness of the cell membrane was (19.7±0.6) nm; the adhesiveness of A549 cells treated with 30 mg/L artesunate was (2600±500) PN, the elasticity was (4.0±2.0) MPa, the cell surface had large pores and was not smooth, and the average roughness of the cell membrane was (46.5±1.2) nm. The above results indicated that the cytoskeleton system of A549 cells was greatly affected after treatment with 30 mg/L artesunate, and the cell mechanical properties and the ultrastructure of the cell membrane surface also changed significantly: the adhesiveness of A549 cells after drug treatment increased, while the elasticity decreased, which was significantly different from the control group; at the same time, scanning the ultrastructure of A549 cell membrane after treatment with 30 mg/L artesunate found that the surface roughness of the cells increased significantly, and the cell membrane had many uneven phenomena.
Discussion
In this study, lung cancer cell line A549 was used as the research object, and various biological detection methods were used to observe the effects of artesunate on the biological behavior of lung cancer cells. The experimental results showed that artesunate could effectively inhibit the proliferation of A549 cells and significantly arrest A549 cells in G1 phase (resting phase); the surface of the cell membrane of lung cancer cells treated with artesunate was uneven, and the roughness increased significantly, suggesting that macromolecular substances on the cell membrane surface may be damaged, and the integrity and signal transmission function of the membrane structure were greatly affected; compared with the control group, the cell adhesion of lung cancer cells in the experimental group was significantly increased, resulting in a significant impact on their migration ability; on the contrary, the elasticity of lung cancer cells in the experimental group was significantly decreased. Cell elasticity can reflect the potential of cell deformation to a certain extent [2]. The decrease in cell elasticity indicates a decrease in their deformability. Tumor cells need to undergo cell deformation to complete a series of biological behaviors such as invasion and migration [3]. The decrease in elasticity indicates that artesunate inhibits the deformation potential of A549. The results of Trans-well assay also confirmed the effect of mechanical changes on cell migration ability.
The cell membrane surface contains many different biological macromolecules, including phospholipids, transmembrane glycoproteins, glycoproteins, galactose and glucose, etc. These macromolecules can transmit external cell signals into the cell interior, and at the same time, as important components of the cell membrane, maintain the function and integrity of the cell membrane [4]. Changes in the integrity and signal transmission of the cell membrane surface can directly affect cell activity and cytoskeleton, thereby affecting cell biological behavior. The cytoskeleton inside the cell is mainly composed of related tubulin, microfilament protein and intermediate filaments, which determine the morphological characteristics and mechanical properties of cells under different physiological states [5]. In addition to maintaining the normal morphology of cells and withstanding external forces, the cytoskeleton also plays an important role in intracellular material transport and chromosome separation during cell division. When cytoskeletal proteins change, cell biological behavior will be greatly affected [6]; resisting cell apoptosis is one of the important characteristics of tumor cells [7]. The experimental results suggest that artesunate can significantly increase the apoptosis rate of lung cancer A549 cells by affecting the cytoskeleton structure. When actin in the cytoskeleton is damaged, it will adversely affect cell function and cause cell apoptosis [8]. The results of this study may provide a scientific basis and theoretical foundation for the selection of new effective anti-tumor drugs.
References
Chen W, Zheng R, Baade PD, et al. Cancer Statistics in China, 2015[J]. CA Cancer J Clin, 2016, 66: 115-132.
Fletcher DA, Mullins RD. Cell mechanics and the cytoskeleton [J]. Nature, 2010, 463: 485-492.
Kumar S, Weaver VM. Mechanics, malignancy, and metastasis: the force journey of a tumor cell [J]. Cancer Metastasis Rev, 2009, 28: 113-127.
Puech PH, Poole K, Knebel D, et al. A new technical approach to quantify cell-cell adhesion forces by AFM[J]. Ultramicroscopy, 2006, 106: 637-644.
Sato K, Adachi T, Ueda D, et al. Measurement of local strain on cell membrane at initiation point of calcium signaling response to applied mechanical stimulus in osteoblastic cells[J]. J Biomech, 2007, 40: 1246-1255.
Saunders WS, Shuster M, Huang X, et al. Chromosomal instability and cytoskeletal defects in oral cancer cells[J]. PNAS, 2000, 97 (1): 303-308.
Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation[J]. Cell, 2011, 144: 646-674.
Gourlay CW, Ayscough KR. A role for actin in aging and apoptosis[J]. Biochemi Soc Trans, 2005, 33: 1260-1264.


https://doi.org/10.62852/csa/2026/193
Copyright (c) 2026 Cambridge Science Advance
image1.png
A sgo(nm)

35

80 mg/L. 0 10 mg/L
830 mg/L® 50 mg/L

48 h




