

[image: Ononin Shows Anticancer Activity Against Laryngeal Cancer via the Inhibition of ERK/JNK/p38 Signaling Pathway]
Ononin Shows Anticancer Activity Against Laryngeal Cancer via the Inhibition of ERK/JNK/p38 Signaling Pathway





ORIGINAL RESEARCH

published: 14 July 2022

doi: 10.3389/fonc.2022.939646

[image: image2]


Ononin Shows Anticancer Activity Against Laryngeal Cancer via the Inhibition of ERK/JNK/p38 Signaling Pathway


Ben Ye 1, Jianhua Ma 2, Zhaoxia Li 1, Yang Li 3 and Xiaopan Han 4*


1 Department of Ear, Nose, and Throat (ENT), Shandong Provincial Hospital Affiliated to Shandong First Medical University, Ji’nan, China, 2 Department of Cardiology, Shandong Rongjun General Hospital, Ji’nan, China, 3 Department of Plastic Surgery, Central Hospital Affiliated to Shandong First Medical University, Jinan, China, 4 Department of ENT, Central Hospital Affiliated to Shandong First Medical University, Ji’nan, China




Edited by:
 
Aamir Ahmad, University of Alabama at Birmingham, United States

Reviewed by:

C Sykora, Australian National University, Australia

Gerald Schwan, University of Texas Southwestern Medical Center, United States



*Correspondence: 

Xiaopan Han
 xingfu040930@sina.com

Specialty section: 
 This article was submitted to Molecular and Cellular Oncology, a section of the journal Frontiers in Oncology


Received: 09 May 2022

Accepted: 13 June 2022

Published: 14 July 2022

Citation:
Ye B, Ma J, Li Z, Li Y and Han X (2022) Ononin Shows Anticancer Activity Against Laryngeal Cancer via the Inhibition of ERK/JNK/p38 Signaling Pathway. Front. Oncol. 12:939646. doi: 10.3389/fonc.2022.939646




Background

Laryngeal cancer is a type of head and neck tumor with a poor prognosis and survival rate. The new cases of laryngeal cancer increased rapidly with a higher mortality rate around the world.



Objective

The current research work was focused to unveil the in vitro antitumor effects of ononin against the laryngeal cancer Hep-2 cells.



Methodology

The cytotoxic effects of ononin against the laryngeal cancer Hep-2 cells and normal HuLa-PC laryngeal cells were studied using an 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. The intracellular Reactive Oxygen Species (ROS) generation, apoptotic cell death, Mitochondrial Membrane Potential (MMP), and cell adhesion on the 25 and 50 µM ononin-treated Hep-2 cells were detected using respective staining assays. The levels of TBARS and antioxidants were assayed using specific kits. The expressions of c-Jun N-terminal kinase 1/2 (JNK1/2), Extracellular Signal-regulated Kinase 1/2 (ERK1/2), p38, Phosphatidylinositol-3 Kinase 1/2 (PI3K1/2), and protein kinase-B (Akt) in the ononin-treated Hep-2 cells were investigated using Reverse Transcription-Polymerase Chain Reaction (RT-PCR) assay.



Results

The ononin treatment effectively inhibited the Hep-2 cell viability but did not affect the viability of HuLa-PC cells. Furthermore, the ononin treatment effectively improved the intracellular ROS accumulation, depleted the MMP, and triggered apoptosis in Hep-2 cells. The Thiobarbituric acid reactive substances (TBARS) were improved, and Glutathione (GSH) levels and Superoxide dismutase (SOD) were depleted in the ononin-administered Hep-2 cells. The ononin treatment substantially inhibited the JNK/ERK/p38 axis in the Hep-2 cells.



Conclusion

Together, the outcomes of this exploration proved that the ononin has remarkable antitumor activity against laryngeal cancer Hep-2 cells.





Keywords: laryngeal cancer, ononin, Hep-2 cells, apoptosis, ERK/JNK/p38 pathway



Introduction

Laryngeal cancer is a common head and neck tumor with increased occurrence and death rates. In 2018, approximately 177,000 new cases with 94,000 mortalities were recorded worldwide due to laryngeal cancer (1). The aged persons particularly men have a higher chance of developing laryngeal cancer (2). The cancer initiation is primarily triggered by the array of alterations in the cell genome. These alterations provoke the cells to incessantly multiplication and evade apoptosis, thus disturbing the tissue homeostasis (3).

Most of the signaling cascades that mediate the tumor cell apoptosis are Mitogen-Activated Protein Kinase (MAPK) family members (4). The Extracellular Signal-regulated Kinase (ERK), c-Jun N-terminal kinase (JNK), and p38 kinase are the well-known MAPK subfamily proteins. c-Jun N-terminal kinase (JNK) enhances apoptosis via two distinct events. The stimulated c-Jun N-terminal kinase (JNK) translocation to the nucleus elevates the pro-apoptotic gene expressions via triggering the c-Jun–dependent events. In contrast, the stimulated c-Jun N-terminal kinase (JNK) translocates to mitochondria and phosphorylates pro-apoptotic proteins, in that way antagonizing anti-apoptotic proteins and lastly exhibiting anti-apoptotic activity (5). Extracellular Signal-regulated Kinase (ERK) is a well-known anti-apoptotic protein that is regularly deregulated in cancer cells because of the mutations in several proteins. It primarily possesses an anti-apoptotic upshot via enhancing the anti-apoptotic protein expressions and hindering pro-apoptotic protein expressions (6).

Because of the vast developments in the medical field, the death rate of communicable diseases is decreased remarkably; meanwhile, the cancer-associated deaths were increased by 40% in recent decades (7). This is because of the fact that every tumor has its own characteristics, for example, tumor cells behave differently by means of multiplication, survival, and metastasis. In addition, tumor cells can acquire resistance to presently employed chemotherapeutic drugs (8).

The first-line treatment options for laryngeal cancer are chemo- and radiotherapy subsequent to the surgical removal. At present, the total laryngotomy is acknowledged as a most hopeful technique to treat laryngeal cancer, although it possesses some serious adverse effects, like problems with voice and swallowing (9). It was already proved that the promotion of tumor cell apoptosis is one of the hopeful techniques for cancer treatment (10). Although early-stage laryngeal cancer can be treated by radiotherapy or surgery, for the most of victims in the developed stage, there is still a lack of development standard care (11). Nevertheless, because of the lack of effectiveness of chemotherapy, patients have a poor prognosis due to the metastasis and local recurrence (12, 13). Consequently, the exploration of novel bioactive agents with the capacity of destroying the growth and metastasis of cancer cells is highly needed.

The medicinal plants have been enriched with immense bioactive compounds with anticancer properties (14–16). In addition, natural products are inexpensive when related to synthetic agents. Ononin is a natural isoflavone that is extensively dispersed in several food plants like Astragalus membranaceus, kudzu, broccoli, soybean, and lupine (17). It has already been described that ononin owns anti-inflammatory (18), antidiabetic (19), and antitumor activities (20). Meng et al. (21) mentioned that ononin treatment showed effective in vitro antiarthritic activity. Pan et al. (22) reported the cardioprotective properties of ononin. Ononin demonstrated an effective anti-angiogenic activity (23). Nonetheless, no reports were found on the antitumor property of ononin against laryngeal cancer. As a result, this research work was focused to explore the in vitro antitumor property of ononin against the laryngeal cancer Hep-2 cells through the ERK/JNK/p38 signaling inhibition.



Materials and Methods


Chemicals

Ononin (≥99.0%), Fetal Bovine Serum (FBS), Dimethyl Sulfoxide (DMSO), and other chemicals were purchased from Sigma-Aldrich (USA). The marker-specific kits for the biochemical examinations were attained from MyBioSource and Thermofisher (USA), respectively.



Collection and Maintenance of Hep-2 Cells

Laryngeal cancer Hep-2 cells and normal HuLa-PC laryngeal cells were purchased from the American Type Culture Collection (ATCC) (USA). The collected cells were grown on a Dulbecco's Modified Eagle Medium (DMEM) enriched with Fetal Bovine Serum (FBS) (10%) at 37°C in a moistened CO2 (5%) incubator. The cultured cells were trypsinized after gaining the 80% confluency and utilized for further studies.



Cytotoxicity Assay

The cytotoxic property of ononin against the Hep-2 and HuLa-PC cells was studied by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) cytotoxicity assay. Both cells were loaded separately on a 96-well plate at 5 × 103 cells per well for 24 h at 37°C. Afterward, the medium containing cells was supplemented with the various concentrations (10–100 μM) of ononin for 24 h. Then, 20 μl of MTT along with Dulbecco's Modified Eagle Medium (DMEM) (100 µl) was mixed in all wells and stood for 4 h. The developed formazan crystals were liquefied using Dimethyl Sulfoxide (DMSO) (100 μl) and measured at 570 nm.



Dual Acridine Orange/Ethidium Bromide (AO/EB) Staining

The apoptosis-inducing capacity of ononin on the Hep-2 cells was studied using AO/EB staining technique. Hep-2 cells were loaded onto the 24-well plate at 5 × 105 cells per well. Then, Hep-2 cells were supplemented with the varied dosages (25 and 50 μM) of ononin for 24 h. Afterward, cells were stained by the addition of AO/EB (1:1) dye mixture (100 μg/ml) for 5 min, and lastly, cells were studied using a fluorescent microscope.



Measurement of Reactive Oxygen Species (ROS)

The 2'-7'dichlorofluorescin diacetate (DCFH-DA) staining was employed to detect the ROS accumulation in control and ononin-supplemented Hep-2 cells. For this, Hep-2 cells were placed on a 24-well plate and treated with the ononin (25 and 50 μM) for 24 h. Cells were then stained by the addition of 10 μl of DCFH-DA stain for 1 h. Last, the production of ROS in the ononin-supplemented Hep-2 cells was examined under a fluorescent microscope.



Mitochondrial Membrane Potential

The mitochondrial membrane potential (MMP) level in the ononin-supplemented and control Hep-2 cells was studied using Rh-123 staining. Hep-2 cells were placed on the 24-well plate and then treated with ononin (25 and 50 μM) and maintained for another 24 h at 37°C. Then, Rh-123 dye (10 μg/ml) was used to stain the cells for 30 min, and then, MMP was examined under a fluorescence microscope.



Propidium Iodide Staining

The apoptotic levels were investigated using the propidium iodide (PI) staining technique. Hep-2 cells were loaded on a 24-wellplate for 24 h. Later, Hep-2 cells were supplemented with varied dosages (25 and 50 μM) of ononin for 24 h. Afterward, cells were stained with 5 µl of PI dye for 20 min, and then, apoptosis in the control and ononin-administered Hep-2 cells was monitored under a fluorescent microscope.



Cell Adhesion Assay

The cell adhesion level in control and ononin-supplemented Hep-2 cells was studied, and, for this, Hep-2 cells were placed on a gelatin-coated plate and then supplemented with the various dosages (25 and 50 μM) of ononin for 60 min at 37°C. After that, cells were rinsed with saline and then trypan blue was utilized to stain the cells for the identification of adhesive levels and observed under an optical microscope.



Measurement of Oxidative Stress and Antioxidants

The level of TBARS, glutathione (GSH), and SOD activity in the control and ononin (25 and 50 μM)–supplemented Hep-2 cells were assessed by assay kits using protocols described by the manufacturer (MyBioSource, USA).



RT-PCR Analysis

The total RNA was separated from the Hep-2 cells using a TRIzol kit (Thermofisher, USA). After that, the isolated RNA was utilized to construct the cDNA using a PCR kit. The gene expressions were scrutinized by RT-PCR assay using manufacturer protocols (Takara, Japan). The primer sets are as follows: ERK1/2 sense: 5′-TCAAGCCTTCCAACCTC-3′, antisense: 5′-GCAGCCCACAGACCAAA-3′; JNK1/2 sense: 5′-GCCATTCTGGTAGAGGAAGTTTCTC-3′, antisense: 5′-CGCCAGTCCAAAATCAAGAATC-3′; p38 sense: 5′-AGGGCGATGTGACGTTT-3′, antisense: 5′-CTGGCAGGGTGAAGTTGG-3′; PI3K1/2 sense: 5′-GGACAATCGCCAATTCAG-3′, antisense: 5’-TGGTGGTGCTTTGATCTG-3’; and Akt sense: 5′-ATGAGCGACGTGGCTATTGTGAAT-3′, antisense: 5′-GAGGCCGTCAGCCACAGTCTGGATG-3′. The Glyceraldehyde-3-phosphate dehydrogenase (GADPH) was utilized as an internal control.



Statistical Analysis

Data are analyzed using SPSS software. Values are deliberated as mean ± SD of triplicate results. Outcomes were scrutinized by one-way ANOVA and Tukey post hoc assay and p < 0.05 were fixed as significant.




Results


Ononin Treatment Decreased the Hep-2 Cell Viability and Did Not Reduce the Normal HuLa-PC Cell Viability

The effects of ononin treatment on the viabilities of Hep-2 and HuLa-PC cells were studied using an MTT assay, and the outcomes were given in Figures 1A, B. The ononin treatment at different dosages (10, 25, 50, 75, and 100 µM) appreciably diminished the Hep-2 cell viability (Figure 1A). However, the same concentrations of the ononin did not affect the viability of normal HuLa-PC cells (Figure 1B). A remarkable decrement was found in the viability of Hep-2 cells when treated with increased dosages of ononin. The Half-maximal inhibitory concentration (IC50) dose of ononin against the Hep-2 cells was found at 25 µM (Figure 1A). Consequently, 25 µM as an IC50 and 50 µM as a high concentration of ononin were selected for the further fluorescent staining assays.




Figure 1 | Effect of ononin on the cell viability of laryngeal cancer Hep-2 and normal HuLa-PC cells. The ononin treatment substantially decreased the viability of the laryngeal cancer Hep-2 cells (A) and did not affect that normal HuLa-PC cells (B). The IC50 dose of ononin against Hep-2 cells was recorded at 25 µM. Outcomes were signified as mean ± SD of triplicate values. Outcomes were examined using one-way ANOVA and Tukey post hoc tests. “*” denotes p < 0.05 compared with control.





Ononin Treatment Increased the Apoptosis in the Hep-2 Cells

The influence of ononin on the apoptosis in the Hep-2 cells was inspected by dual staining and findings were presented in Figure 2A. The ononin treatment (25 and 50 μM) remarkably augmented the apoptosis in the Hep-2 cells (higher yellow/orange fluorescence). The Hep-2 cells administered with ononin (25 and 50 μM) displayed an improved yellow/orange fluorescence than the control, which indicates the higher numbers of early and late apoptotic cells (Figure 2A).




Figure 2 | Effect of ononin on the apoptosis, ROS accumulation, and MMP level in the Hep-2 cells. The ononin (25 and 50 μM)–treated Hep-2 cells demonstrated the higher yellow and orange fluorescence than the control cells, which evidenced the occurrence of increased early and late apoptotic events (A). The ononin (25 and 50 μM)–treated Hep-2 cells exhibit a bright green fluorescence, which confirms the improved ROS accumulation (B). The Hep-2 cells treated with ononin (25 and 50 μM) revealed a depleted green fluorescence than the control cells, which evidenced the suppressed MMP level (C). The increased red fluorescence was noted on the ononin (25 and 50 μM)–treated Hep-2 cells than the control cells, which proved the increased apoptotic cell death in the Hep-2 cells (D).





Ononin Treatment Elevated the ROS Generation in the Hep-2 Cells

Figure 2B reveals the outcomes of ononin on the ROS accumulation in the Hep-2 cells. The ononin treatment (25 and 50 μM) demonstrated the increased ROS generation in the Hep-2 cells. The Hep-2 cells treated with ononin (25 and 50 μM) revealed the intense green fluorescence that represents the occurrence of higher ROS accumulation (Figure 2B). When compared with the 25 µM treatment, the 50 µM ononin treatment drastically improved the ROS accretion in the Hep-2 cells.



Ononin Treatment Reduced the MMP Level in the Hep-2 Cells

The effects of ononin administration on the MMP status of Hep-2 cells were scrutinized by Rh-123 staining, and findings were presented in Figure 2C. The ononin treatment (25 and 50 μM) appreciably decreased the MMP level in the Hep-2 cells when related to control cells. The Hep-2 cells administered with ononin (25 and 50 μM) displayed the reduced green fluorescence, which proves the depleted MMP (Figure 2C).



Ononin Treatment Increased the Apoptosis in the Hep-2 Cells

The apoptotic inducing ability of ononin on the Hep-2 cells was studied using PI staining, and findings were portrayed in Figure 2D. As Figure 2D reveals, the ononin treatment (25 and 50 μM) remarkably improved the apoptosis in Hep-2 cells, which is confirmed by the improved red fluorescence. The Hep-2 cells administered with ononin (25 and 50 μM) displayed the intense red fluorescence that indicates the increased apoptosis (Figure 2D).



Ononin Reduced the Cell Adhesion in the Hep-2 Cells

The impact of ononin on the cell adhesion of Hep-2 cells was inspected, and outcomes were represented in Figure 3. The ononin treatment effectively increased the cell death in the Hep-2 cells, which was witnessed by the Trypan blue staining. The cells administered with the ononin (25 and 50 μM) demonstrated the higher cell death when compared with control.




Figure 3 | Effect of ononin on the cell adhesion of Hep-2 cells. The increased Trypan blue–stained cells in the ononin (25 and 50 μM)–supplemented Hep-2 cells displayed higher cell death when compared with control.





Ononin Treatment Increased the TBARS and Depleted the Antioxidants in the Hep-2 Cells

The effects of ononin on the TBARS level, GSH level, and SOD activity were scrutinized using kits, and the results were displayed in Figure 4. The TBARS level was drastically elevated on the ononin (25 and 50 μM)–supplemented Hep-2 cells when related to the control. The ononin supplementation (25 and 50 μM) also depleted the GSH level and SOD activity in the Hep-2 cells (Figure 4). These findings evidenced that the ononin improved oxidative stress in the Hep-2 cells via, depleting the antioxidant mechanisms.




Figure 4 | Effect of ononin on the TBARS and antioxidants in the Hep-2 cells. The ononin (25 and 50 μM)–administered Hep-2 cells demonstrated the improved TBARS and depleted GSH level and SOD activity than the control. Outcomes were signified as mean ± SD of triplicate values. Data were examined using one-way ANOVA and Tukey post hoc tests. “*” and “#” denote p < 0.05 compared with control.





Ononin Treatment Decreased the JNK/ERK/p38 Signaling Pathway in the Hep-2 Cells

The expressions of JNK1/2, ERK1/2, p38, PI3K1/2, and Akt in the Hep-2 cells were inspected using RT-PCR, and outcomes were revealed in Figure 5. The ononin remarkably blocked the JNK/ERK/p38 signaling in the Hep-2 cells. The ononin treatment (25 and 50 μM) demonstrated the decreased expressions of JNK1/2, ERK1/2, p38, and PI3K1/2 in the Hep-2 cells. The ononin also improved the Akt expression in the Hep-2 cells (Figure 5). These findings demonstrated that the ononin inhibited the JNK/ERK/p38 signaling pathway in the Hep-2 cells.




Figure 5 | Effect of ononin on the JNK/ERK/p38 signaling pathway in the Hep-2 cells. The mRNA expressions of JNK1/2, ERK1/2, p38, and PI3K1/2 in the ononin (25 and 50 μM)–treated Hep-2 cells were remarkably decreased when compared with control. Outcomes were signified as mean ± SD of triplicate values. Data were examined using one-way ANOVA and Tukey post hoc tests. “*” and “#” denote p < 0.05 compared with control.






Discussion

Laryngeal cancer is a general head and neck malignant tumor with a poor prognosis and survival rate (24). Lifestyle habits comprising drinking and smoking, biliary tract ailments, and gastroesophageal reflux can elevate the laryngeal cancer risks (25, 26). Presently, surgical resection along with radio/chemotherapy is the first-line treatment approach for laryngeal cancer. The patients with developed stage are susceptible to recurrence and metastasis subsequently surgery, which results in a poor prognosis. In addition, the adverse effects of chemotherapeutic agents also restrict their anticancer efficiency (27). Hence, the current study focuses to explore the in vitro antitumor action of ononin against the laryngeal cancer Hep-2 cells. Our findings confirmed that the ononin substantially inhibited the Hep-2 cell growth. In addition, the ononin did not affect the viability of normal HuLa-PC cells, which proves the selective toxicity of ononin against laryngeal cancer cells.

Apoptosis is a highly regulated cell necrotic event that performs critical functions in manifold biological mechanisms in normal tissues. The faults in apoptosis could enhance the tumor progression and make tumor cells highly resistant to therapy. In this aspect, the elusion of apoptosis is a remarkable phenomenon in cancers (28). Essentially, cancer cells display lessened apoptotic events that lead to assisting the progression and metastasis of cancer cells (29, 30). Tumor cells evade the normal apoptosis and continue to multiply, obstructing the normal cells or tissue functions, which can lead to death. Thus, stimulating apoptosis has been regarded as a hopeful option to hinder tumors (31). Furthermore, the important aim of clinical oncology is the improvement of treatment strategies enhancing the potential removal of tumor cells via triggering apoptosis (32). In this research, we witnessed that the ononin triggered the apoptotic cell death in the Hep-2 cells, which is witnessed by the outcomes of dual staining and PI (Figures 2A, D).

Several investigations were proved that the array of anticancer agents triggers apoptosis via its oxidative effects, like depleting cellular antioxidant mechanisms and/or elevating ROS accumulation (33). Although overaccumulation of ROS is tightly connected to mitochondrial dysfunction, it participates in the extrinsic and intrinsic cascades. In addition, the accumulation of aberrant ROS has straight connections in causing the oxidative injury of DNA (34). Hence, these annotations propose that an elevation in ROS accumulation in tissues/cells is an imperative phenomenon for enhancing tumor cell necrosis. Regulating intracellular ROS status could proficiently kill tumor cells and suppress the adverse effects of radio/chemotherapy, and it is presently regarded as the primary means of tumor management (35). Several previous studies already demonstrated that many natural compounds are well known to increase the intracellular ROS production and lead to cell death in cancer cells (36–38). Likewise, we found that the ononin treatment substantially augmented the intracellular ROS status in the Hep-2 cells, thereby leading to oxidative stress mediated cell death (Figure 2B).

PI3K/AKT axis is participated in mediating the cell multiplication, cell cycle, and apoptosis (39). In cancer cells, the PI3K axis is highly stimulated (40). The stimulated AKT phosphorylate Bad enhances the antiapoptotic protein expressions, in that way hindering apoptosis via the mitochondrial pathway (41). In addition, AKT can hinder apoptosis via triggering various signaling proteins like Nuclear factor kappa B (NF-κB) (42). Consecutively, inhibiting this signaling cascade may efficiently enhance the tumor cell apoptosis to exhibit anticancer activity. It was already stated that stimulation of the PI3K/Akt cascade not only improves the multiplication and metastasis of tumor cells but also provokes the chemoresistance toward chemotherapy (43–45). Interestingly, our outcomes revealed that the PI3K/AKT axis in the Hep-2 cells was substantially blocked by the ononin (Figure 5).

The GSH and SOD are the prime antioxidants that guard the cells/tissues against oxidative stress (46). The basal status of ROS could sustain the normal cell homeostasis; low and chronic status of ROS enhances mitosis and improves genomic uncertainty to stimulate the incidence and development of cancers (47); high and acute ROS levels damage macromolecules and consequently provoke apoptosis, ferroptosis, and necrosis. Hence, the elevated ROS levels in cancer cells and defects in antioxidant systems make tumor cells highly vulnerable to ROS inflection (48). Our findings from the current study proved that the ononin treatment remarkably enhanced the TBARS level and depleted the GSH level and SOD in the Hep-2 cells, thereby facilitating oxidative stress-mediated cell death (Figure 4).

As described earlier, MAPK signaling cascades mediate several cellular events like apoptosis. Manifold reports have recognized that JNK/p38 MAPK signaling axis is actively participated in cell necrosis, whereas the Extracellular Signal-regulated Kinase (ERK) cascade is connected with cell survival (49). As described, oxidative stress triggers c-Jun N-terminal kinase (JNK) expression and deactivates the anti-apoptotic protein expressions, although it stimulates the pro-apoptotic protein expressions (50). The stimulation of c-Jun N-terminal kinase (JNK) and p38 is essential for apoptosis, and ERKs are connected to the tumor cell multiplication and resistance toward apoptosis. The p38 MAPK cascade is stimulated by inflammatory mediators, environmental stress, and several other mitogens (51). The c-Jun N-terminal kinase (JNK) signaling axis actively participates in manifold cellular events where it mediates a variety of cellular mechanisms like multiplication, apoptosis, differentiation, and others (52, 53). The Extracellular Signal-regulated Kinase (ERK) signaling cascade was tightly connected to the multiplication, variation, and apoptosis in tumor cells (54). The abnormal stimulation of the Extracellular Signal-regulated Kinase (ERK) cascade is essential for the incidence and development of several tumors. Hence, novel agents that target the Extracellular Signal-regulated Kinase (ERK) signaling axis can signify the efficient and notable active drugs for tumor treatment (55).

The improvement of tumor cell resistance demonstrates the main difficulty during the monotherapy with ERK/MAPK inhibitors. The improvement of resistance frequently arises due to the ERK/MAPK crosstalk with other signaling cascades like PI3K/Akt signaling. Furthermore, many reports highlight the critical functions of activating the ERK/MAPK cascade during cell necrosis initiation in a wide variety of tumor cells (56). Interestingly, we found that the mRNA expressions of JNK1/2, ERK1/2, and p38 in the Hep-2 cells decreased by the ononin administration (Figure 5). These findings suggest that the ononin can block the JNK/ERK/p38 signaling in the Hep-2 cells.



Conclusion

Together, our results confirmed that ononin could prevent cell growth, stimulate cytotoxicity, and trigger apoptosis in the Hep-2 cells. Most prominently, our outcomes revealed that ononin can block the JNK/ERK/p38 signaling axis in the Hep-2 cells and induce apoptosis. However, the exact therapeutic roles of ononin against laryngeal cancer need to be confirmed in the future with further research. In the future, additional works in this context are needed for the development of a new chemotherapeutic agent for the management of laryngeal cancer.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.



Author Contributions

BY and JM performed experiments and analyzed results; ZL analyzed results; BY, YL, and XH prepared figures and first draft; BY, JM, ZL, YL, and XH edited manuscript. All authors contributed to the article and approved the submitted version.



References

1. Zhang, QW, Wang, JY, Qiao, XF, Li, TL, and Li, X. Variations in Disease Burden of Laryngeal Cancer Attributable to Alcohol Use and Smoking in 204 Countries or Territories, 1990–2019. BMC Cancer (2021) 21:1082. doi: 10.1186/s12885-021-08814-4

2. Rettig, EM, and D’Souza, G. Epidemiology of Head and Neck Cancer. Surg Oncol Clin North Amer (2015) 24(3):379–96. doi: 10.1016/j.soc.2015.03.001

3. Khan, FA, Pandupuspitasari, NS, Chun-Jie, H, Ao, Z, Jamal, M, Zohaib, A, et al. CRISPR/Cas9 Therapeutics: A Cure for Cancer and Other Genetic Diseases. Oncotarget (2016) 7(32):52541–52. doi: 10.18632/oncotarget.9646

4. Papa, S, Choy, PM, and Bubici, C. The Extracellular Signal-Regulated Kinase (ERK) and JNK Pathways in the Regulation of Metabolic Reprogramming. Oncogene (2019) 38(13):2223–40. doi: 10.1038/s41388-018-0582-8

5. Maltais, R, Roy, J, Perreault, M, Sato, S, Levesque, JC, and Poirier, D. Induction of Endoplasmic Reticulum Stress-Mediated Apoptosis by Aminosteroid RM-581 Efficiently Blocks the Growth of PC-3 Cancer Cells and Tumors Resistant or Not to Docetaxel. Int J Mol Sci (2021) 22(20):11181. doi: 10.3390/ijms222011181

6. Yokota, T, and Wang, Y. P38 MAP Kinases in the Heart. Gene (2016) 575:369–76. doi: 10.1016/j.gene.2015.09.030

7. Banik, K, Ranaware, AM, Harsha, C, Nitesh, T, Girisa, S, Deshpande, V, et al. Piceatannol: A Natural Stilbene for the Prevention and Treatment of Cancer. Pharmacol Res (2020) 153:104635. doi: 10.1016/j.phrs.2020.104635

8. Sheng, X, Li, Y, Li, Y, Liu, W, Lu, Z, Zhan, J, et al. PLOD2 Contributes to Drug Resistance in Laryngeal Cancer by Promoting Cancer Stem Cell-Like Characteristics. BMC Cancer (2019) 19:840. doi: 10.1186/s12885-019-6029-y

9. Arenaz Bua, B, Pendleton, H, Westin, U, and Rydell, R. Voice and Swallowing After Total Laryngectomy. Acta Otolaryngol (2018) 138(2):170–174. doi: 10.1080/00016489.2017.1384056

10. Mortezaee, K, Salehi, E, Mirtavoos-Mahyari, H, Motevaseli, E, Najafi, M, Farhood, B, et al. Mechanisms of Apoptosis Modulation by Curcumin: Implications for Cancer Therapy. J Cell Physiol (2019) 234(8):12537–50. doi: 10.1002/jcp.28122

11. Cata, JP, Zafereo, M, Villarreal, J, Unruh, BD, Truong, A, Truong, DT, et al. Intraoperative Opioids Use for Laryngeal Squamous Cell Carcinoma Surgery and Recurrence: A Retrospective Study. J Clin Anesth (2015) 27(8):672–9. doi: 10.1016/j.jclinane.2015.07.012

12. Haapaniemi, A, Vaisanen, J, Atula, T, Alho, OP, Makitie, A, and Koivunen, P. Predictive Factors and Treatment Outcome of Laryngeal Carcinoma Recurrence. Head Neck (2017) 39(3):555–63. doi: 10.1002/hed.24642

13. Saad, AM, Gad, MM, Al-Husseini, MJ, AlKhayat, MA, Rachid, A, Alfaar, AS, et al. Suicidal Death Within a Year of a Cancer Diagnosis: A Population-Based Study. Cancer (2019) 125(6):972–9. doi: 10.1002/cncr.31876

14. Weng, W, and Goel, A. Curcumin and Colorectal Cancer: An Update and Current Perspective on This Natural Medicine. Semin Cancer Biol (2022) 80:73–86. doi: 10.1016/j.semcancer.2020.02.011

15. Mishra, S, Verma, SS, Rai, V, Awasthee, N, Chava, S, Hui, KM, et al. Long Non-Coding RNAs are Emerging Targets of Phytochemicals for Cancer and Other Chronic Diseases. Cell Mol Life Sci (2019) 76:1947–66. doi: 10.1007/s00018-019-03053-0

16. Bolat, ZB, Islek, Z, Demir, BN, Yilmaz, EN, Sahin, F, and Ucisik, MH. Curcumin- and Piperine-Loaded Emulsomes as Combinational Treatment Approach Enhance the Anticancer Activity of Curcumin on HCT116 Colorectal Cancer Model. Front Bioeng Biotechnol (2020) 8:50. doi: 10.3389/fbioe.2020.00050

17. Dong, L, Yin, L, Zhang, Y, Fu, X, and Lu, J. Anti-Inflammatory Effects of Ononin on Lipopolysaccharide-Stimulated RAW 264.7 Cells. Mol Immunol (2017) 83:46–51. doi: 10.1016/j.molimm.2017.01.007

18. Luo, L, Zhou, J, Zhao, H, Fan, M, and Gao, W. The Anti-Inflammatory Effects of Formononetin and Ononin on Lipopolysaccharide-Induced Zebrafish Models Based on Lipidomics and Targeted Transcriptomics. Metabolomics (2019) 15:153. doi: 10.1007/s11306-019-1614-2

19. Hoo, RL, Wong, JY, Qiao, C, Xu, A, Xu, H, and Lam, KS. The Effective Fraction Isolated From Radix Astragali Alleviates Glucose Intolerance, Insulin Resistance and Hypertriglyceridemia in Db/Db Diabetic Mice Through its Anti-Inflammatory Activity. Nutr Metab (2010) 7:67. doi: 10.1186/1743-7075-7-67

20. Zhang, HW, Hu, JJ, Fu, RQ, Liu, X, Zhang, YH, Li, J, et al. Flavonoids Inhibit Cell Proliferation and Induce Apoptosis and Autophagy Through Downregulation of PI3Kgamma Mediated PI3K/AKT/mTOR/p70S6K/ ULK Signaling Pathway in Human Breast Cancer Cells. Sci Rep (2018) 8:11255. doi: 10.1038/s41598-018-29308-7

21. Meng, Y, Ji, J, Xiao, X, Li, M, Niu, S, He, Y, et al. Ononin Induces Cell Apoptosis and Reduces Inflammation in Rheumatoid Arthritis Fibroblast-Like Synoviocytes by Alleviating MAPK and NF-κb Signaling Pathways. Acta Biochim Pol (2021) 68(2):239–45. doi: 10.18388/abp.2020_5528

22. Pan, R, Zhuang, Q, and Wang, J. Ononin Alleviates H 2 O 2-Induced Cardiomyocyte Apoptosis and Improves Cardiac Function by Activating the AMPK/mTOR/autophagy Pathway. Exp Ther Med (2021) 22(5):1307. doi: 10.3892/etm.2021.10742

23. Gong, G, Zheng, Y, Kong, X, and Wen, Z. Anti-Angiogenesis Function of Ononin via Suppressing the MEK/Extracellular Signal-regulated Kinase (ERK) Signaling Pathway. J Nat Prod (2021) 84(6):1755–62. doi: 10.1021/acs.jnatprod.1c00008

24. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68(6):394–424. doi: 10.3322/caac.21492

25. Zhang, Q, Wang, H, Zhao, Q, Zhang, Y, Zheng, Z, Liu, S, et al. Evaluation of Risk Factors for Laryngeal Squamous Cell Carcinoma: A Single-Center Retrospective Study. Front Oncol (2021) 11:606010. doi: 10.3389/fonc.2021.606010

26. de Lima, M, Silva, Á, do Nascimento Filho, A, Cordeiro, TL, Bezerra, J, Rocha, M, et al. Epstein-Barr Virus-Associated Carcinoma of the Larynx: A Systematic Review With Meta-Analysis. Pathog (Basel Switzerland) (2021) 10(11):1429. doi: 10.3390/pathogens10111429

27. Rivera, C. Essentials of Oral Cancer. Int J Clin Exp Pathol (2015) 8(9):11884–94. doi: 10.5281/zenodo.192487

28. Hassan, M, Watari, H, AbuAlmaaty, A, Ohba, Y, and Sakuragi, N. Apoptosis and Molecular Targeting Therapy in Cancer. BioMed Res Int (2014) 2014:150845. doi: 10.1155/2014/150845

29. Castelli, V, Giordano, A, Benedetti, E, Giansanti, F, Quintiliani, M, Cimini, A, et al. The Great Escape: The Power of Cancer Stem Cells to Evade Programmed Cell Death. Cancers (2021) 13(2):328. doi: 10.3390/cancers13020328

30. Ozyerli-Goknar, E, and Bagci-Onder, T. Epigenetic Deregulation of Apoptosis in Cancers. Cancers (2021) 13(13):3210. doi: 10.3390/cancers13133210

31. Milisav, I, Poljšak, B, and Ribaric, S. Reduced Risk of Apoptosis: Mechanisms of Stress Responses. Apoptosis (2017) 22(2):265–83. doi: 10.1007/s10495-016-1317-3

32. Carneiro, BA, and El-Deiry, WS. Targeting Apoptosis in Cancer Therapy. Nat Rev Clin Oncol (2020) 17:395–417. doi: 10.1038/s41571-020-0341-y

33. Redza-Dutordoir, M, and Averill-Bates, DA. Activation of Apoptosis Signalling Pathways by Reactive Oxygen Species. Biochim Biophys Acta (2016) 1863:2977–92. doi: 10.1016/j.bbamcr.2016.09.012

34. Orrenius, S, Gogvadze, V, and Zhivotovsky, B. Calcium and Mitochondria in the Regulation of Cell Death. Biochem Biophys Res Commun (2015) 460:72–81. doi: 10.1016/j.bbrc.2015.01.137

35. de Sa Junior, PL, Câmara, DAD, Porcacchia, AS, Fonseca, PMM, Jorge, SD, Araldi, RP, et al. The Roles of ROS in Cancer Heterogeneity and Therapy. Oxid Med Cell Long (2017) ID 2467940:12. doi: 10.1155/2017/2467940

36. Lee, SO, Joo, SH, Kwak, AW, Lee, MH, Seo, JH, Cho, SS, et al. Podophyllotoxin Induces ROS-Mediated Apoptosis and Cell Cycle Arrest in Human Colorectal Cancer Cells via P38 MAPK Signaling. Biomol Ther (Seoul) (2021) 29(6):658–66. doi: 10.4062/biomolther.2021.143

37. Jeon, H, Jin, Y, Myung, CS, and Heo, KS. Ginsenoside-Rg2 Exerts Anti-Cancer Effects Through ROS-Mediated AMPK Activation Associated Mitochondrial Damage and Oxidation in MCF-7 Cells. Arch Pharm Res (2021) 44(7):702–12. doi: 10.1007/s12272-021-01345-3

38. Tsai, MF, Chen, SM, Ong, AZ, Chung, YH, Chen, PN, Hsieh, YH, et al. Shikonin Induced Program Cell Death Through Generation of Reactive Oxygen Species in Renal Cancer Cells. Antioxid (Basel) (2021) 10(11):1831. doi: 10.3390/antiox10111831

39. Liu, JS, Huo, CY, Cao, HH, Fan, CL, Hu, JY, Deng, LJ, et al. Aloperine Induces Apoptosis and G2/M Cell Cycle Arrest in Hepatocellular Carcinoma Cells Through the PI3K/Akt Signaling Pathway. Phytomedicine (2019) 61:152843. doi: 10.1016/j.phymed.2019.152843

40. Xie, XC, Zhao, N, Xu, QH, Yang, X, Xia, WK, Chen, Q, et al. Relaxin Attenuates Aristolochic Acid Induced Human Tubular Epithelial Cell Apoptosis In Vitro by Activation of the PI3K/Akt Signaling Pathway. Apoptosis (2017) 22(6):769–76. doi: 10.1007/s10495-017-1369-z

41. Arlt, A, Müerköster, SS, and Schäfer, H. Targeting Apoptosis Pathways in Pancreatic Cancer. Cancer Lett (2013) 332(2):346–58. doi: 10.1016/j.canlet.2010.10.015

42. Rascio, F, Spadaccino, F, Rocchetti, MT, Castellano, G, Stallone, G, Netti, GS, et al. The Pathogenic Role of PI3K/AKT Pathway in Cancer Onset and Drug Resistance: An Updated Review. Cancers (Basel) (2021) 13(16):3949. doi: 10.3390/cancers13163949

43. Shorning, BY, Dass, MS, Smalley, MJ, and Pearson, HB. The PI3K-AKT-mTOR Pathway and Prostate Cancer: At the Crossroads of AR, MAPK, and WNT Signaling. Int J Mol Sci (2020) 21:4507. doi: 10.3390/ijms21124507

44. Fattahi, S, Amjadi-Moheb, F, Tabaripour, R, Ashrafi, GH, and Akhavan-Niaki, H. PI3K/AKT/mTOR Signaling in Gastric Cancer: Epigenetics and Beyond. Life Sci (2020) 262:118513. doi: 10.1016/j.lfs.2020.118513

45. Wei, X, Xu, L, Jeddo, SF, Li, K, Li, X, and Li, J. MARK2 Enhances Cisplatin Resistance via PI3K/AKT/NF-κb Signaling Pathway in Osteosarcoma Cells. Am J Transl Res (2020) 12:1807–23. 

46. Nakamura, H, and Takada, K. Reactive Oxygen Species in Cancer: Current Findings and Future Directions. Cancer Sci (2021) 112(10):3945–52. doi: 10.1111/cas.15068

47. Emanuele, S, D’Anneo, A, Calvaruso, G, Cernigliaro, C, Giuliano, M, and Lauricella, M. The Double-Edged Sword Profile of Redox Signaling: Oxidative Events as Molecular Switches in the Balance Between Cell Physiology and Cancer. Chem Res Toxicol (2018) 31(4):201–10. doi: 10.1021/acs.chemrestox.7b00311

48. Fry, F, and Jacob, C. Sensor/effector Drug Design With Potential Relevance to Cancer. Curr Pharmaceut Des (2006) 12(34):4479–99. doi: 10.2174/138161206779010512

49. Zhang, Z, Ren, Z, Chen, S, Guo, X, Liu, F, Guo, L, et al. ROS Generation and JNK Activation Contribute to 4-Methoxy-TEMPO-Induced Cytotoxicity, Autophagy, and DNA Damage in HepG2 Cells. Arch Toxicol (2018) 92:717–28. doi: 10.1007/s00204-017-2084-9

50. Li, Y, Zuo, H, Wang, H, and Hu, A. Decrease of MLK4 Prevents Hepatocellular Carcinoma (HCC) Through Reducing Metastasis and Inducing Apoptosis Regulated by ROS/MAPKs Signaling. BioMed Pharmacother (2019) 116:108749. doi: 10.1016/j.biopha.2019.108749

51. Junttila, MR, Li, SP, and Westermarck, J. Phosphatase-Mediated Crosstalk Between MAPK Signaling Pathways in the Regulation of Cell Survival. FASEB J (2008) 22(4):954–65. doi: 10.1096/fj.06-7859rev

52. Bubici, C, and Papa, S. JNK Signalling in Cancer: In Need of New, Smarter Therapeutic Targets. Br J Pharmacol (2014) 171:24–37. doi: 10.1111/bph.12432

53. Gozdecka, M, Lyons, S, Kondo, S, Taylor, J, Li, YY, Walczynski, J, et al. JNK Suppresses Tumor Formation via a Gene-Expression Program Mediated by ATF2. Cell Rep (2014) 9:1361–74. doi: 10.1016/j.celrep.2014.10.043

54. Maik-Rachline, G, Hacohen-Lev-Ran, A, and Seger, R. Nuclear ERK: Mechanism of Translocation, Substrates, and Role in Cancer. Int J Mol Sci (2019) 20:1194. doi: 10.3390/ijms20051194

55. Jiang, T, Chen, ZH, Chen, Z, and Tan, D. SULF2 Promotes Tumorigenesis and Inhibits Apoptosis of Cervical Cancer Cells Through the ERK/AKT Signaling Pathway. Braz J Med Biol Res (2020) 53:e8901. doi: 10.1590/1414-431x20198901

56. Chappell, WH, Steelman, LS, Long, JM, Kempf, RC, Abrams, SL, Franklin, RA, et al. Ras/Raf/MEK/Extracellular Signal-regulated Kinase (ERK) and PI3K/PTEN/Akt/mTOR Inhibitors: Rationale and Importance to Inhibiting These Pathways in Human Health. Oncotarget (2011) 2:135–64. doi: 10.18632/oncotarget.240




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Ye, Ma, Li, Li and Han. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc.2022.939646_cover.jpg
, frontiers ‘ Frontiers in Oncology

Ononin Shows Anticancer Activity
Against Laryngeal Cancer via the
Inhibition of ERK/JNK/p38
Signaling Pathway





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Ononin Shows Anticancer Activity Against Laryngeal Cancer via the Inhibition of ERK/JNK/p38 Signaling Pathway

      

        		

          Background

        



        		

          Objective

        



        		

          Methodology

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Chemicals

          



          		

            Collection and Maintenance of Hep-2 Cells

          



          		

            Cytotoxicity Assay

          



          		

            Dual Acridine Orange/Ethidium Bromide (AO/EB) Staining

          



          		

            Measurement of Reactive Oxygen Species (ROS)

          



          		

            Mitochondrial Membrane Potential

          



          		

            Propidium Iodide Staining

          



          		

            Cell Adhesion Assay

          



          		

            Measurement of Oxidative Stress and Antioxidants

          



          		

            RT-PCR Analysis

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Ononin Treatment Decreased the Hep-2 Cell Viability and Did Not Reduce the Normal HuLa-PC Cell Viability

          



          		

            Ononin Treatment Increased the Apoptosis in the Hep-2 Cells

          



          		

            Ononin Treatment Elevated the ROS Generation in the Hep-2 Cells

          



          		

            Ononin Treatment Reduced the MMP Level in the Hep-2 Cells

          



          		

            Ononin Treatment Increased the Apoptosis in the Hep-2 Cells

          



          		

            Ononin Reduced the Cell Adhesion in the Hep-2 Cells

          



          		

            Ononin Treatment Increased the TBARS and Depleted the Antioxidants in the Hep-2 Cells

          



          		

            Ononin Treatment Decreased the JNK/ERK/p38 Signaling Pathway in the Hep-2 Cells

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-12-939646-g001.jpg
Cell viability (% of control)

Cell viability (% of control)

Control 10pM

Control 10uM

25nM

25uM

50uM  75uM  100pM

S0uM  75pM  100uM





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-939646-g003.jpg
Control

" -
. - O
. - .
.
° .
. -
- . e
s O .
-
- . o 2
-
L .
-
-
- -
- . -
- L4 (|
- . i -
- * )
- . .. .
. -
-






OEBPS/Images/fonc-12-939646-g005.jpg
Fold change

1.0

ARRNIINININNN (B2

R

PR
SSSSANSANANRANALY
ISSSSSSSSSSSSSSSS (RS
SRNNNNNNNNNY

s\\\\t.\\\k-\\‘ 1

0.0
P13K1/2

&3 Control
=3 25uM
21 50uM





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-939646-g002.jpg





OEBPS/Images/fonc-12-939646-g004.jpg
SOD

TBARS

gl

S S S S
- o o —

umjoad Swysyun

S S S
=) A (o}

ujoad SwpoATU

(=]

25uM S0uM

Control

25uM S0uM

Control

GSH

O 0 0
o o —

unjoad Suysymun

25uM S0uM

Control





