








	BIOCELL
DOI: 10.32604/biocell.2023.029120
	[image: images]



	Article
	




Blue LED promotes the chemosensitivity of human hepatoma to Sorafenib by inducing DNA damage
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Abstract: Background: Phototherapies based on sunlight, infrared, ultraviolet, visible, and laser-based treatments present advantages like high curative effects, small invasion, and negligible adverse reactions in cancer treatment. We aimed to explore the potential therapeutic effects of blue light emitting diode (LED) in human hepatoma cells and decipher the underlying cellular and molecular mechanisms. Methods: Wound healing and transwell assays were employed to probe the inhibition of the invasion and migration of hepatocellular carcinoma cells in the presence of blue LED. The sphere-forming test was used to evaluate the effect of LED blue light irradiation on cancer stem cell properties. Immunofluorescence and western blotting were used to detect the changes in γ-H2AX. The Cell Counting Kit-8 assay, 5-ethynyl-2′-deoxyuridine staining, and colony formation assay were used to detect the combined effect of blue LED and sorafenib on cell proliferation inhibition. Results: We demonstrated that the irradiation of blue LED light in hepatoma cells could lead to cell proliferation reduction along with the increase of cell apoptosis. Simultaneously, blue LED irradiation also markedly suppressed the migration and invasion ability of human hepatoma cells. Sphere formation analysis further revealed the decreased cancer stemness of hepatoma cells upon blue LED irradiation. Mechanistically, blue LED irradiation significantly promoted the expression of the phosphorylation of the core histone protein H2AX (γ-H2AX), a sensitive molecular marker of DNA damage. In addition, we found that the combined treatment of blue LED irradiation and sorafenib increased cancer cell sensitivity to sorafenib. Conclusion: Collectively, we demonstrated that blue LED irradiation exhibited anti-tumor effects on liver cancer cells by inducing DNA damage and could enhance chemosensitivity of cancer cells, which represents a potential approach for human hepatoma treatment.
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Introduction

Phototherapy is a promising medical technique, where sunlight or artificial light including infrared, ultraviolet, visible light, and laser radiations are used to prevent and treat diseases or promote physical rehabilitation. Light emitting diode (LED) is being studied as the preferred light source for phototherapy as a result of its affordability and none or minimal side effects across various wavelengths. Previous studies have shown that various levels of light exposure would cause different biological effects (Migliario et al., 2018; Costa et al., 2019; Oh and Jeong, 2019). Recent reports also discovered that LED treatment could significantly ameliorate lung inflammation, inhibit human gingiva fibroblast cell proliferation, and facilitate post-surgical recovery and wound healing (Barolet and Boucher, 2008; Erdle et al., 2008; Yoshida et al., 2013; Siqueira et al., 2017). Notable among the various types of LED is the blue LED including wavelengths of 430–490 nm, which has shown excellent antitumor activity in vitro and in vivo experiments. Blue light could effectively inhibit the tumor progression of skin tumors, melanoma, leukemia, and colon cancer mainly by the accumulation of intracellular reactive oxygen species (ROS) (Oh et al., 2017; Ohara et al., 2002, 2003, 2004). Consistent with these findings, our previous study demonstrated that blue LED could cause autophagic cell death in human osteosarcoma through increasing ROS generation and dephosphorylating epidermal growth factor receptor (EGFR) (He et al., 2021). Furthermore, blue LED irradiation could enhance the anti-tumor effects of arsenic trioxide on human osteosarcoma and cause cell death in colorectal cancer by increasing ROS accumulation and DNA damage-mediated p53 activation (Yan et al., 2018; Feng et al., 2019). Although blue LED showed such promising anti-tumor effects in the above studies, the potential effects of blue LED irradiation on liver cancer remain unclear.

Liver cancer, the second leading cause of cancer mortality in the world, is most prevalent in Asia and Africa with over forty percent of new cases and deaths occurring in China (Bray et al., 2018; Chen et al., 2018; Petrick et al., 2020). Earlier research has illuminated that the aberrant activation of the wnt/β-catenin signaling pathway, the mammalian target of rapamycin (mTOR) pathway, metabolic pathways, and liver tumor microenvironment (TME) play important roles in significantly the molecular pathogenesis of liver cancer (Ringelhan et al., 2018; Satriano et al., 2019; Jung et al., 2021; Lu et al., 2021). However, the limitation of current treatments for liver cancer and the phenomenon of resistance to sorafenib are becoming increasingly common, suggesting that further exploration of the molecular mechanisms of hepatocarcinogenesis and chemoresistance is urgently needed to develop new treatment strategies.

In the current study, we explored the role of various intensities of blue LED on hepatoma cells including HepG2 and Hep3B cell lines. We found that blue LED could suppress the proliferation, aggregation, migration, and invasion of HepG2 and Hep3B cells along with the promotion of cell apoptosis via DNA damage, impacting the cell sensitivity to sorafenib.

Materials and Methods

Cell culture and reagents

Hepatoma carcinoma cell lines Hep3B and HepG2 were purchased from Fenghui Biotechnology, China. The passage number of cells used for the study was within 15 passages. Cells were cultivated in Dulbecco’s modified Eagle medium (DMEM) (Life Technologies Corporation, California, USA) containing 4,500 mg/L glucose supplemented with 10% fetal bovine serum (FBS). Sorafenib (5 μM) was purchased from MCE (HY-10201, USA).

Light emitting diode irradiation

At room temperature, blue light (peak at 470 nm) was irradiated at 0, 72, 144, 216 and 288 J/cm2 for 15, 30, 45 and 60 min, respectively.

Trypan blue staining assay

Cells were plated at a density of 1 × 106 glass bottom cell culture dish (NEST, Hong Kong, China). When the cell confluence reached about 70%, blue light irradiation was performed for 15, 30, 45 and 60 min at 0, 72, 144, 216 and 288 J/cm2, respectively. The cells were digested by trypsin to prepare a single-cell suspension. The cell suspension was mixed with 0.4% trypan blue solution (Biosharp, BL627A, Shanghai, China) at a 9:1 ratio, and the living and dead cells were counted respectively in 3 min. Microscopically, dead cells are stained with a blue color, while living cells are colorless and transparent. The formula used was: Dead cell rate (%) = total number of dead cells/(total number of living cells + total number of dead cells) × 100% (Feng et al., 2019).

5-ethynyl-2′-deoxyuridine (EdU) cell proliferation assay

The EdU Apollo DNA in vitro kit (Ribobio, #C10310-1, Guangzhou, China) was used for this staining. Cells were plated into a glass-bottom cell culture dish (NEST, #801002, Hong Kong, China) at a density of 2.0 × 105 cells/mL. Irradiation with 0 and 144 J/cm2 blue light was done for 30 min, or treatment with sorafenib 5 μM for 24 h was done. The cells were fixed with 4% paraformaldehyde (m/v) for 30 min and followed by incubation with 30 μM of EdU at 37°C for 90 min. After the cells were permeabilized in 0.5% Triton X-100, the Apollo staining solution was added into the cell culture medium for 30 min in the dark. Finally, the cells were incubated with 20 μg/mL 4′,6-diamidino-2-phenylindole (DAPI) for 10 min. Finally, cells were placed under the confocal laser scanning microscope (FV10i, Olympus, Tokyo, Japan) for imaging. The EdU index (%) was the average ratio of EdU-positive cells to total cells in 5 randomly selected regions (Yuan et al., 2021).

Cell wound healing assays

Cells were plated into 6-well culture plates at a density of 2.5 × 105 cells/mL. When the confluence of cells reached 70%, a wound was created by scraping the cells with a 200 μL pipette tip, and three scratches were evenly distributed in each well plate. The cells were rinsed with PBS and then the medium was replaced with fresh medium. Cells were kept in a humidified incubator. Subsequently, cells were treated with blue LED irradiation. Wound healing was monitored at 0, 24, 48, and 72 h with standard light microscopy (Eclipse TS100, Nikon, Japan). The wound area was measured using ImageJ software (National Institutes of Health (NIH), USA) (He et al., 2021).

Colony-formation assay

HepG2 cells and Hep3B cells were seeded in 6-well cell culture plates at 1500 cells/well, respectively, and suspended in a medium containing 10% FBS and incubated for 24 h. According to the experimental requirements, the experimental groups were treated with blue light for 30 min or sorafenib for 24 h when the cell confluence reached 70%. The indicated cells were cultured in a humidified atmosphere containing 5% CO2 at a constant temperature of 37°C to form colonies for 14 days. Colonies were stained with crystal violet after being fixed with formaldehyde. Different colony morphologies were captured under a light microscope (Eclipse TS100, Nikon, Japan) (Zhao et al., 2018).

Cell counting kit-8 assay

Logarithmic growth stage cells were seeded in a 96-well plate at a density of 1500 cells per well at 37°C, 5% CO2 and cultured for 24 h. Treatments included the sorafenib group, the sorafenib combined with the blue LED group, and the LED group. After 24 h, treated cells were then incubated with 10 μL CCK8 for 90 min. The absorbance was read at 450 nm using a spectrophotometer (Tecan, Infinite 200 PRO, Männedorf, Switzerland) (Du et al., 2020).

Propidium iodide (PI)/hoechst 33342 staining

PI/Hoechst 33342 staining was performed using the Hoechst 33342/PI Double Staining Kit (Solarbio Science, CA1120, Beijing China). Cells were plated into a glass-bottom cell culture dish (NEST, Hong Kong, China) at a density of 2.0 × 105 till the cells were evenly grown on the bottom of the culture dish. They were irradiated with blue LED at room temperature for 30 min at 0 and 144 J/cm2. Samples were collected for staining on the third day after cell inoculation. Cells were fixed with paraformaldehyde, and stained with the dye solution at room temperature and away from light. Finally, images of the staining were captured by a confocal laser scanning microscope (FV10i, Olympus, Tokyo, Japan) (Yu et al., 2019).

Invasion assays

A 24 mm Transwell® chamber (Corning, #3412, USA) was used to detect cell invasion abilities. Matrigel was diluted with PBS (1:8) and coated on the upper surface of the membrane at the bottom of the chamber. After 12 h of cell starvation, the cells were digested with trypsin and resuspended in serum-free medium at a cell density of 5 × 104 cells/mL. Further, 1 × 104 cells were added to the upper compartment, and 300 μL of DMEM medium with 10% FBS was added to the lower compartment and subsequent blue light irradiation of 0 and 144 J/cm2. After 24 h, cells that migrated through the membrane were stained with 0.1% crystal violet (Beyotime Biotechnology, #C0121, China) and counted using light microscopy (Eclipse TS100, Nikon, Japan) (Yuan et al., 2021).

Spheroid formation assay

A total of 1000 hepatoma cells were plated in ultralow attachment plates. The cells were cultured for 10 days in DMEM/F12 medium (Invitrogen, Shanghai, China) supplemented with 4 mg/mL insulin (Sigma, Shanghai, China), B27 (1:50, Gibco, Shanghai, China), 20 ng/mL epidermal growth factor (EGF) (Sigma, Shanghai, China) and 20 ng/mL basic fibroblast growth factor (FGF) (Sigma, Shanghai, China). Liver cancer cells in good condition were digested with trypsin, centrifuged, washed with PBS, and resuspended with the prepared stem cell culture medium. The cells were cultured in six-well plates with ultra-low attachment surface for 10 days, during which the cells were irradiated with blue light at 0 and 144 J/cm2. Finally, they were counted using light microscopy (Eclipse TS100, Nikon, Japan) (Park et al., 2020).

Immunofluorescence experiments

Cells were plated at a density of 2 × 105 cells/mL. The next day, cells were irradiated by blue LED of 0 and 144 J/cm2 for 30 min. Samples were fixed with 4% paraformaldehyde, followed by permeabilization with 0.1% Triton X-100 at room temperature, and sealed with goat serum albumin. The cells were incubated with primary antibody (γ-H2AX; Affinity, AF6823, China) and secondary antibody (ZSGB-BIO, ZF-0511, China) and stained with DAPI in the dark for 20 min. After staining, the images were observed under a laser confocal microscope (FV10i, Olympus, Tokyo, Japan) and randomly selected for imaging. Cells were quantified using Image-Pro Plus software (Media Cybernetics, Silver Spring, MD) (Feng et al., 2019).

Western blotting

Cells were uniformly plated (4 × 105 cells/mL) at the bottom of a cell bottle for adherent growth for 24 h. The next day after cell irradiation by blue light of 0 and 144 J/cm2 for 30 min, the protein content was extracted with RIPA buffer (Beyotime Biotechnology, P0013B, China). Protein fractions were collected by centrifugation at 13,500 rpm for 15 min, and then supernatants were heated with sodium dodecyl sulfate (SDS) buffer at 100°C for 4 min. Proteins were separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to a polyvinylidene difluoride membrane. The blots were then blocked with 5% non-fat milk powder in PBST buffer for 1 h and incubated at 4°C overnight with the appropriate primary antibodies at appropriate dilutions. After washing, the blots were incubated with the HRP-conjugated secondary antibody for 1 h at room temperature. The primary antibody used was phosphorylation of the core histone protein H2AX (γ-H2AX; ABclonal, AP0099, China). β-actin was used as the internal control (Abcam, ab6276, China) (Cenni et al., 2020).

Statistical analysis

Data are expressed as mean ± SEM. Statistical analysis was performed using GraphPad Prism8 software and analyzed with Student’s t-test (two-tailed). All experiments were independently repeated at least three times and similar results were obtained. The p-values were as follows: *p < 0.05; **p < 0.01; ***p < 0.001.

Results

Blue light emitting diode irradiation inhibited cell viability and promoted apoptosis of hepatocellular carcinoma (HCC) cells

To investigate whether the irradiation of blue LED could affect HCC cell growth, the morphologic changes of HCC cells were observed. HepG2 and Hep3B cell lines were irradiated with different doses of blue LEDs of 0, 72, 144, 216, and 288 J/cm2. As exhibited in Fig. 1A, with the higher light intensity, the more damaged cell morphology was observed. This was seen as a decrease in viable cells, as well as an increase in the ratio of dead cells upon the treatment of blue LED irradiation (Fig. 1B).
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Figure 1: Blue light emitting diode (LED) exposure reduced the viability of hepatoma cells. (A) The representative images of hepatoma cells irradiated with blue LED light. (B) The number of live cells was counted by Trypan blue exclusion. Hep3B cells and HepG2 cells were irradiated with blue LED for 0 and 144 J/cm2, respectively (Scale bar: 200 μm). Data are expressed as the mean ± SEM. *p < 0.05; **p < 0.01; ***p < 0.001.

Furthermore, the EdU staining assay was used to assess the effects of blue LED irradiation on the cell proliferation ability of HepG2 and Hep3B cells with or without blue LED irradiation. Compared with non-irradiated control cells, EdU-positive cells in the irradiation group decreased from about 40% to about 10%, indicating significant suppression of the proliferative ability of HepG2 and Hep3B cells under the blue LED irradiation (Figs. 2A and 2B). The PI/Hoechst staining assay was performed to detect cell apoptosis. The 144 J/cm2-irradiated group showed a significant increase of PI-positive cells, indicating that LED blue light irradiation had a role in promoting apoptosis of hepatoma cells (Figs. 2C and 2D).
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Figure 2: Blue light emitting diode (LED) light inhibited proliferation and promoted apoptosis in hepatoma cells. (A and B) The proliferation of hepatoma cells was determined by 5-ethynyl-2′-deoxyuridine (EdU) staining (Scale bar: 25 μm). (C and D) The apoptosis in hepatoma cells was detected by Hoechst/propidium iodide (PI) staining after blue LED light exposure. Hep3B cells and HepG2 cells with blue LED exposure at 0 and 144 J/cm2, respectively (Scale bar: 25 μm). Data are expressed as the mean ± SEM. *p < 0.05; **p < 0.01; ***p < 0.001.

Blue light emitting diode irradiation inhibited the migration and invasion of hepatoma cells

Subsequently, wound healing and transwell assays were then employed to evaluate whether cell invasion and migration were affected by blue LED irradiation on HCC cells. As shown in Figs. 3A and 3B, the wound healing assay revealed that the size of the wounds in the control group decreased over time compared to the LED blue light irradiated group (144 J/cm2) at 24, 48, and 72 h, and the speed of wound healing could be used to measure cell migration. Compared with the non-irradiated control group, wound closure was significantly inhibited in the irradiated group. The cells were then further evaluated for changes in their ability to migrate by staining as crystal violet is a basic dye that can bind to DNA in the nucleus, thereby staining the nucleus. The cell migration through matrigel-coated membranes was markedly inhibited in blue LED-treated groups compared with control groups (Figs. 3C and 3D).
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Figure 3: Blue light emitting diode (LED) light impedes the migration and invasion of hepatoma cells. (A and B) The migration of hepatoma cells was assessed by the wound healing assay (A), (Scale bar: 200 μm). The ratio of wound healing in migrated cells (B). (C and D) The representative images from hepatoma cells stained with crystal violet (C) (Scale bar: 50 μm) and transwell assays showing the invasion ability (D). Data are expressed as the mean ± SEM. *p < 0.05; **p < 0.01; ***p < 0.001.

Blue light emitting diode irradiation inhibited the stem cell potential of hepatocellular carcinoma cells

Essentially, cancer stem cells maintain the vitality of tumor cell populations through self-renewal and unlimited proliferation; Cancer stem cells can be in a dormant state for a long time with a variety of drug resistance approaches and are not sensitive to external physical and chemical factors that kill tumor cells, resulting in tumor recurrence, and migration. The sphere-forming test of tumor cells (sphere-forming size and number) is the gold standard for measuring the stemness of tumor cells. Hence, we next evaluated the effect of LED blue irradiation on the functional properties of cells by studying their ability to form colonies and spheres after they were irradiated with blue light. All HCC cell lines in the 144 J/cm2 LED blue irradiation group had significantly reduced colony-forming and sphere-forming abilities. In contrast, the control group was not affected (Fig. 4).
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Figure 4: Blue light emitting diode (LED) light reduces the potential of stem cells in liver cancer. Tumor sphere formation of hepatoma cells after blue LED light irradiation at 0 and 144 J/cm2, respectively (Scale bar: 200 μm).

Blue light emitting diode irradiation exhibited anti-tumor effects on liver cancer by inducing DNA damage

Our study so far fully demonstrated the potential of blue LED irradiation to inhibit hepatoma cells. Next, we sought to clarify the potential regulatory mechanisms of such blue light irradiation-induced cancer cell death. Among the many types of DNA damage, DNA double-strand breaks (DSBs) are considered to be the most serious type of damage because they affect the double helix structure of DNA. Phosphorylating histone H2AX (phosphorylated H2AX histones are called γ-H2AX) accumulates at double-stranded breaks to form foci formed by the accumulation of large amounts of γ-H2AX. The number of γ-H2AX foci in cells can be used to evaluate DNA double-strand breaks, which can then be used to evaluate the mutagenic ability of genotoxic factors. Our immunofluorescence results indicated that γ-H2AX was dramatically increased after fluorescence irradiation both in HepG2 and Hep3B (Figs. 5A and 5B). Consistently, western blotting results also showed that the total γ-H2AX content in HepG2 and Hep3B cells was significantly increased after LED blue light irradiation, which means that blue light irradiation severely damaged the DNA of hepatoma cells (Figs. 5C and 5D).
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Figure 5: Blue light emitting diode (LED) exposure increased γ-H2AX expression in liver cancer cells. Hep3B cells and HepG2 cells treated with blue LED irradiation at 0 and 144 J/cm2 respectively. (A and B) Representative images from γ-H2AX immunostained liver cancer cells (Scale bar: 25 μm). (C and D) The protein levels of γ-H2AX after exposure to blue LED light. Data are expressed as the mean ± SEM. *p < 0.05; **p < 0.01; ***p < 0.001.

Sorafenib combined with blue light emitting diode irradiation enhanced the sensitivity of liver cancer cells to sorafenib

Being a multi-target kinase inhibitor, sorafenib can block tumor cell proliferation by inhibiting the activity of Raf-1, B-Raf and other kinases in the Ras/Raf/Mitogen-activated protein kinase/extracellular-signal-regulated kinase (Ras/Raf/MEK/ERK) signaling pathway. According to previous clinical trials, sorafenib is significantly effective in patients with advanced hepatocellular carcinoma. Due to the genetic heterogeneity of hepatocellular carcinoma, a significant proportion of patients are insensitive to sorafenib. Hence, limiting the number of patients who benefit from sorafenib treatment. The CCK-8 assay, EdU staining and colony formation assay were used to analyze the effect of the blue light LED and sorafenib combined treatment on cell proliferation. While CCK8 results showed that cell growth was inhibited in the sorafenib group, cell growth was further lowered in the sorafenib combined with LED group (Fig. 6A). EdU staining and colony formation assay experiments further showed that HepG2 and Hep3B cells in the combined sorafenib and the LED irradiation group had a decreased colony-forming ability compared with the other groups (Figs. 6B and 6E). Given that the proliferation process was inhibited, it indicated that the cells had increased sensitivity to sorafenib.
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Figure 6: Combined blue light emitting diode (LED) irradiation treatment and sorafenib enhanced the sensitivity of liver cancer cells to sorafenib. (A) The viability of HepG2 and Hep3B cells and the effect on half maximal inhibitory concentration (IC50) were detected by the Cell Counting Kit-8 (CCK-8) assay. (B and C) 5-ethynyl-2′-deoxyuridine (EdU) staining was used to detect cell proliferation before and after treatment (Scale bar: 25 μm). (D and E) In the presence of blue LED irradiation, the effect of sorafenib was enhanced on colony formation by HepG2 and Hep3B cell lines. Data are expressed as the mean ± SEM. *p < 0.05; **p < 0.01; ***p < 0.001.

Discussion

In this study, we discovered for the first time that blue LED irradiation documented an anti-tumor effect on liver cancer cells which was strongly supported by the promotion of cell apoptosis and the inhibition of cell proliferation, cell migration, and cell invasion. Additionally, blue LED irradiation could also significantly destroy the stemness characteristic of human liver cancer HepG2 and Hep3B stem-like cells. Furthermore, we identified that DNA damage maker γ-H2AX was also dramatically up-regulated under blue LED treatment and that the combination of blue LED irradiation with sorafenib increased the sensitivity of cells to the drug. This study further demonstrated that the antitumor ability of blue LED irradiation for liver cancer was modulated by DNA damage, which provides a new approach and strategy for the clinical treatment of human liver cancer.

Phototherapy has successfully documented a good therapeutic effect on many diseases, such as spinal cord injury (Hu et al., 2020), acne (Posadzki and Car, 2018), vitiligo (Bae et al., 2017), to name a few. Our previous studies have explored the anti-tumor function of blue LED in human osteosarcoma through the regulation of ROS production and DNA damage (Yan et al., 2018). Additionally, we also confirmed that the combined treatment of blue LED irradiation and arsenic trioxide in human osteosarcoma played coordinated roles, which improved and strengthened the anti-tumor effect of arsenic trioxide (Feng et al., 2019). However, the role of blue LED irradiation in human liver cancer was unclear. Thus, we detected cell viability and apoptosis in liver cancer cell lines HepG2 and Hep3B under blue LED irradiation at 0 and 144 J/cm2, respectively. Results of our analyses indicated that blue LED irradiation exhibited a powerful lethal action on the assayed human liver cancer cells. Cancer metastasis is a multi-step process including cell migration and invasion, which represents the advanced stage of malignancy. Consisting with our results, a recent work also showed that blue LED could inhibit cell migration and invasion of colon cancer cells and fibrosarcoma cells (Oh et al., 2017).

Cancer stem cells are a small part of cells within tumors, which are classified as cancer-initiating cells and have characteristics of self-renewal, differentiation, and tumorigenicity (Clevers, 2011). Liver cancer has been reported to be derived from liver stem cells occurring in adult liver tissue with an origin that can be endogenous or exogenous to the liver. Sphere-formation analysis is a common method used to identify the properties of cancer stem cells in vitro. In the present study, blue LED irradiation strongly targeted the liver cancer cell capacity of generating liver tumor nodules.

DNA damage is a permanent change in DNA nucleotide sequence that occurs during replication and results in changes in genetic characteristics. DNA damage triggers a series of cellular responses and stimulates cell cycle checkpoints (Roos et al., 2016). Cell cycle checkpoints can repair the damage before it interferes with the DNA replication machinery, which will cause cell death if it fails. Core histone protein H2AX (termed γ-H2AX) persistence is a strong molecular marker of DNA damage. Consistently, our immunofluorescence staining results significantly showed that blue LED irradiation increased the expression of γ-H2AX in HepG2 and Hep3B cells, which represents the accumulation of DNA damage.

The multikinase inhibitor sorafenib is currently the only small molecule targeted agent effective against advanced hepatocellular carcinoma, but the phenomenon of resistance is becoming more common, and differences in patient response to sorafenib have aroused increasing concern. Recent studies have shown that glucose metabolism, tumor microenvironment, and epigenetics affect the development of sorafenib action and its drug resistance. Using the CCK8 assay, we found that blue light irradiation further enhanced the inhibitory effect of sorafenib on cell viability and decreased the half maximal inhibitory concentration (IC50) value. The EdU staining assay and the colony formation assay demonstrated that the combination of the two enhanced the sensitivity of cells to sorafenib.

In conclusion, blue LED irradiation leads to the inhibition of cell proliferation, migration, invasion, induction of cell death, and increase of drug sensitivity by inducing DNA damage in liver cancer cells. Therefore, our study will provide a better understanding of blue LED irradiation in liver cancer therapy.
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