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TAp63α Is Involved in Tobacco Smoke-Induced Lung Cancer EMT and the Anti-cancer Activity of Curcumin via miR-19 Transcriptional Suppression
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As a key risk factor for lung cancer, tobacco smoke (TS) influences several cellular processes, including epithelial-mesenchymal transition (EMT). TAp63α is a crucial transcription factor involved in tumor progression. The present study was designed to investigate the potential role and underlying mechanisms of TAp63α in TS-induced lung cancer EMT. We found that compared to normal tissues, the tumor tissues collected from lung cancer patients showed a lower level of TAp63α expression, along with downregulated E-cadherin expression and upregulated Vimentin expression. Results of treatment with TAp63α and TAp63α siRNA as well as with tumor growth factor-β (TGF-β) showed that TAp63α acted as a tumor suppressor gene, and its upregulated expression suppressed lung cancer EMT. Significantly, TS exposure altered expression of EMT-related markers, enhanced cell migratory and invasive capacities, and decreased the TAp63α expression level in lung cancer cells. Overexpression of TAp63α significantly alleviated TS-stimulated lung cancer EMT. Mechanistically, TAp63α expression transcriptionally reduced the miR-19 level, which resulted in the suppression of lung cancer EMT. Additionally, as a natural compound possessing anti-cancer effects, curcumin inhibited TS-induced lung cancer EMT by increasing TAp63α expression and reducing miR-19 expression. Collectively, our results indicate that TAp63α inhibits TS-induced lung cancer EMT via transcriptionally suppressing miR-19 and the inhibitory effect of TAp63α on miR-19 mediates the anti-cancer action of curcumin. These findings provide new insights into novel targets for lung cancer prevention.
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INTRODUCTION

Tobacco smoke (TS) contains numerous mutagens and carcinogens, and it constitutes a well-known lung cancer risk that causes 90% of lung cancer cases (Lemjabbar-Alaoui et al., 2015). Epithelial-mesenchymal transition (EMT) is a necessary process that drives metastasis during lung cancer development (Zhang et al., 2012; Vu et al., 2016). TS exposure can induce the accumulation of multiple molecular abnormalities and lead to lung cancer occurrence and development (Zhang et al., 2012; Pillai et al., 2015; Vu et al., 2016). The inactivation of specific tumor suppressor genes is also correlated with lung cancer progression (Ji et al., 2007; Lin et al., 2010; Li et al., 2019).

The transcription factor p63 belongs to the p53 family and plays a vital role in cancer pathogenesis. It is transcribed into two isoforms: activating ΔNp63 and inhibitory TAp63 (Moll and Slade, 2004; Bankhead et al., 2020). Each isoform can be spliced into three transactivating domains (α, β, γ), of which α has been demonstrated to be the essential domain in tumorigenesis (Carroll et al., 2006). ΔNp63α exhibits oncogenic action against p53 family members. TAp63 is functionally similar to wild-type p53 regarding its tumor suppressive function. However, the function of TAp63α in tumor progression is tissue/cell type-dependent. Previous studies have shown that TAp63 is downregulated in lung cancer specimens (Lo et al., 2011). TAp63 repression is involved in the promotion of lung cancer EMT by long non-coding RNA SNHG1 (Zhang et al., 2017). However, the possible role and relevant mechanisms of TAp63α in TS-stimulated lung cancer EMT are still poorly understood.

MicroRNAs (miRNAs) are small non-coding RNAs that modulate multiple solid tumor pathology processes (Rupaimoole and Slack, 2017; Ingenito et al., 2019). Among the miR-17∼92 clusters, miR-19 (containing two isoforms: miR-19a and miR-19b) is an essential oncogenic gene in tumorigenesis (Olive et al., 2009). Higher level of miR-19 has been detected in clinical specimens from lung cancer patients (Peng et al., 2018; Qiu et al., 2018). The overexpression of miR-19 promotes lung cancer cell proliferation (Peng et al., 2018). Lin et al. (2014) found that TAp63α inhibited miR-133b to suppress the metastasis capacity of colon cancer. However, the link between TAp63α and miR-19 in lung cancer EMT has not been reported.

Recently, extensive preclinical studies have revealed that curcumin acts as a chemopreventive agent for cancer. Curcumin is a well-known natural polyphenol derived from turmeric (Curcuma longa). The effective inhibition of cancer by curcumin is presented through various mechanisms, including the suppression of cell proliferation, migration, and invasion, by targeting numerous genes. Our previous data showed that curcumin alleviated chronic TS exposure-induced urocystic EMT through the Wnt/β-catenin signaling pathway (Liang et al., 2017). Nevertheless, the protective effects of curcumin against TS-triggered lung cancer EMT via regulation of TAp63α are still elusive.

The present study was designed to investigate the role and potential mechanisms of TAp63α on TS-triggered lung cancer EMT, along with the preventive effect of curcumin on TS-induced lung cancer.



MATERIALS AND METHODS


Clinical Samples

Thirty-two specimens of lung cancer tissue and the corresponding relative normal tissues were obtained from Huai’an First People’s Hospital Affiliated with Nanjing Medical University. An experienced pathologist evaluated all tissue sections to confirm the diagnosis of non-small cell lung cancer (NSCLC), according to the WHO classification. The Ethics Committee approved all procedures involving human tumors of Nanjing Medical University (ethical clearance application number 2016-318). Written informed consent was obtained from all patients who participated in this study. The baseline patient characteristics were listed in Table 1. Collected specimens were frozen in liquid nitrogen immediately after surgical resection and maintained at −80°C until protein extraction.


TABLE 1. Baseline patient characteristics.
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Cell Culture and Cigarette Smoke Extract Preparation

Human lung cancer H1299 and A549 cell lines were purchased from the Shanghai Institute of Cell Biology, Chinese Academy of Sciences (Shanghai, China). A549 and H1299 cells were cultured in RPIM 1640 medium supplemented with 10% fetal bovine serum (Gibco, Grand Island, NY, United States), 100 U/mL penicillin, and 100 μg/mL streptomycin (Gibco), and then incubated at 37°C in an atmosphere of 5% CO2. TGF-β (purity: ≥98%) was purchased from APExBIO Technology LLC (Houston, United States). Cigarette smoke extract (CSE) was prepared daily, immediately before use, according to a previously reported protocol (Wang J. et al., 2018; Xie et al., 2019).



Western Blot Analysis

Proteins from cells and tissues were collected using a lysis buffer. The BCA assay kit was used to measure the protein concentration. Immunoblotting was performed according to a standard protocol (Wang J. et al., 2018; Xie et al., 2019). The primary antibodies, including for E-cadherin (Cat No. 60335-1), Vimentin (Cat No. 10366-1), ZO-1 (Cat No. 66452-1), N-cadherin (Cat No. 66219-1), GAPDH (Cat No. 60004-1), and β-actin (Cat No. 66009-1), were obtained from Proteintech (Rosemont, IL, United States). The TAp63α antibody (Cat No. TA802078) was purchased from OriGene Technologies (Rockville, MD, United States). The secondary anti-mouse antibody (Cat No. L3032-2), and anti-rabbit (Cat No. L3012-2) antibodies were purchased from Signalway (Beijing, China).



Tissue Immunohistochemical Staining

According to the manufacturer’s protocol, immunohistochemical staining was performed using the Vectastain Elite ABC Kit (Vector Laboratories, Burlingame, CA, United States). Briefly, paraffin-embedded lung cancer tissues and the adjacent tissues were deparaffinized and hydrated in xylene, ethanol, and water. After heat-induced antigen retrieval procedures, the sections were incubated overnight at 4°C with primary antibodies, including TAp63α (dilution 1:200), E-cadherin (dilution 1:500), and N-cadherin (dilution 1:500). After the primary antibodies were washed off, the ABC detection system was used together with biotinylated anti-rabbit IgG or biotinylated anti-mouse IgG. The slides were counterstained with hematoxylin and mounted in xylene mounting medium for examination. The tissue cores of the H&E-stained slices were punched (1.5 mm in diameter) in the selected tissue areas and placed on a recipient block.



Transwell Assay

The cell migration and invasion capabilities were measured using transwell inserts (BD bioscience, SanJose, CA) using an 8 μm filter. A total of 2 × 103 H1299 cells were cultured in the upper chamber of the insert in a serum-free medium. Complete medium was added to the lower chamber. Subsequently, methanol was used to fix the indicated cells, which were stained using Giemsa. Then, the cells on the top surface of the membrane were wiped off, and the cells on the lower surface were visualized and photographed using a microscope. In addition, 50 μL of Matrigel (BD Biosciences, Franklin Lakes, NJ, United States) was added to the upper chambers for the invasion assay.



Transition Transfection

Cells were transiently transfected with pcMV-TAp63α plasmids (2 μg) or a control vector (2 μg), TAp63α-siRNA (75 nM) or control siRNA (75 nM), miR-19a/miR-19b mimics (50 nM), and miR-19a/miR-19b inhibitors (50 nM), according to the manufacturer’s protocols, using Lipofectamine 2000 (Invitrogen). miR-19a/miR-19b mimics and miR-19a/miR-19b inhibitors were purchased from RiboBio (Guangzhou, China). The pcMV-TAp63α (catalog # RG208013) was purchased from OriGene (Rockville, MD, United States). Invitrogen synthesized TAp63α-specific siRNAs and the control siRNA.



Dual-Luciferase Reporter Assay

The wild-type (wt)-miR-17-92 promoter and mutant (mut)-miR-17-92 promoter were cloned into the pGL3 vector via directional cloning. H1299 cells were co-transfected with 0.2 μg of firefly luciferase reporter vector, 0.02 μg of the control vector containing Renilla luciferase, pRL-SV40, TAp63α, and TAp63α-siRNA using Lip 2000 (Invitrogen, Carlsbad, CA) in 24-well plates. Luciferase assays were performed 48 h after transfection. Firefly luciferase activity was normalized to that of Renilla luciferase. Luciferase reporter gene plasmids of the wt-miR-17-92 promoter and mut-miR-17-92 promoter were obtained from GENEray (Shanghai, China). pRL-SV40 plasmids were obtained from Promega (Madison, WI, United States).



Statistics

Statistical analyses were performed using SPSS 25.0 software (SPSS, Chicago, IL, United States). Data are expressed as the mean ± standard deviation. One-way ANOVA was used to compare the statistical differences between multiple groups, and a t-test was used for comparisons between two groups. Differences with a p < 0.05 were considered statistically significant.



RESULTS


TAp63α Is Correlated With Lung Cancer EMT

We first measured the expression of TAp63α in lung tissues collected from lung cancer patients using immunohistochemical (IHC) staining and western blotting, respectively. IHC results showed that lung cancer tissues had a dramatically reduced expression of TAp63α compared with the normal tissues (Figure 1A). Interestingly, decreased E-cadherin expression and increased Vimentin expression were also observed in lung cancer tissues (Figure 1A). In line with the IHC assay data, western blot analysis confirmed the decreased expression levels of TAp63α and E-cadherin and the increased Vimentin expression level in lung cancer tissues compared to the corresponding relative normal tissues (Figures 1B,C). These results indicate that TAp63α might be correlated with the TS-induced lung cancer EMT process.
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FIGURE 1. TAp63α is correlated with lung cancer EMT. (A) Immunohistochemistry analysis (200×) was used to determine TAp63α, E-cadherin, and N-cadherin protein levels in lung cancer tissues and normal pneumocyte tissues. Scale bar, 100 μm. (B) The expression of EMT-related markers, including E-cadherin and Vimentin was measured using western blotting. (C) Densitometry results are shown as fold change compared with the control group after normalization to β-actin (n = 32). Results are shown as mean ± SD. *P < 0.05, ***P < 0.001 compared with the normal group.




Inhibition of TAp63α Promotes Lung Cancer EMT Process

To explore the role of TAp63α in lung cancer EMT, A549 cells were transfected with TAp63α plasmids, and the EMT-relevant biomarkers were measured using western blotting. Figure 2A showed that the overexpression of TAp63α elevated the levels of ZO-1 and E-cadherin, but decreased N-cadherin and Vimentin expression levels. In contrast, in response to TAp63α-siRNA transfection, the protein expression levels of E-cadherin and ZO-1 were decreased, while those of N-cadherin and Vimentin were increased in these cells (Figure 2B). The suppression of TAp63α significantly increased the number of migrated and invaded H1299 cells (Figures 2C,D), suggesting that TAp63α might act as a tumor suppressor gene in lung cancer progression. To further verify the regulation of TAp63α on EMT in lung cancer, 2 ng/mL TGF-β (a classical EMT inducer) was used to trigger the lung cancer EMT process, and the relevant gene expression was analyzed using western blot analysis. As expected, TGF-β remarkably altered the expression of EMT-associated biomarkers, including decreased ZO-1 and E-cadherin expression and increased N-cadherin and Vimentin expression in A549 and H1299 cells (Figure 2E). The level of TAp63α was also reduced in TGF-β-treated lung cancer cells (Figure 2F). Interestingly, TAp63α overexpression restored TGF-β-induced alterations in EMT-associated biomarkers in H1299 cells (Figure 2G). The above data suggest that the suppression of TAp63α promotes the lung cancer EMT process.
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FIGURE 2. Inhibition of TAp63α promotes lung cancer EMT process. (A) A549 cells were treated with TAp63α transfection plasmids (2 ng), and the EMT-related biomarkers were analyzed using western blotting. (B) H1299 cells were transfected with TAp63α siRNA (75 μM) for 48 h, and the expression of the indicated proteins was measured using western blot in H1299 cells following transfection with TAp63α siRNA. (C,D) The cell abilities of migration and invasion were detected using a Transwell assay and the number of migrated and invaded H1299 cells was determined (100 ×). (E,F) A549 and H1299 cells were treated with TGF-β (2 ng/mL) for 2 days, western blotting analysis was used to measure the levels of TAp63α, ZO-1, E-cadherin, N-cadherin, and Vimentin. (G) H1299 cells were exposed to TGF-β in the presence or absence of TAp63α plasmids (2 ng) for 2 days, and the indicated gene expression was detected. Results are shown as mean ± SD of at least three independent experiments. **P < 0.01, ***P < 0.001 compared with the control group.




TAp63α Affects the TS-Induced Lung Cancer EMT Process

To further investigate the role of TAp63α in TS-induced lung cancer EMT, H1299 cells were treated with various concentrations of CSE for 48 h, and the expression of EMT markers was determined using western blotting. As shown in Figure 3A, CSE dose-dependently decreased the expression of ZO-1 and E-cadherin and increased that of N-cadherin and Vimentin. As expected, TAp63α expression level was reduced in CSE-exposed H1299 cells (Figure 3A). Interestingly, the overexpression of TAp63α blocked CSE-stimulated alterations in EMT-associated biomarkers (Figure 3B). CSE exposure enhanced the migration and invasion abilities of H1299 cells (Figures 3C,D), which were significantly reversed in H1299 cells overexpressing TAp63α (Figures 3C,D). These results suggest that TAp63α is involved in TS-induced lung cancer EMT.
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FIGURE 3. TAp63α affects the TS-induced lung cancer EMT process. (A) H1299 cells were treated with various concentrations of CSE (0–1%) for 2 days, and the expression of TAp63α and EMT-associated markers was analyzed using western blotting. (B) H1299 cells were treated with 1% CSE in the presence or absence of TAp63α plasmid transfection for 48 h, and western blotting analysis was used to detect the expression of the indicated proteins. (C) The cell migration and invasion abilities were tested using Transwell assays (100×). (D) Migrated and invaded cell numbers. Results are shown as the mean ± SD of at least three independent experiments. *P < 0.05, **P < 0.01, compared with the control group. #P < 0.05, ##P < 0.01, compared with the 1% CSE treatment group. CSE: cigarette smoke extract.




TAp63α Transcriptionally Suppresses miR-19 to Inhibit TS-Induced Lung Cancer EMT

miR-19 acts as an oncogene that promotes lung cancer progression. RT-qPCR results revealed that 1% CSE dramatically elevated miR-19a and miR-19b expression in H1299 cells (Figure 4A). To investigate the potential role of miR-19 in regulating TAp63α in lung cancer EMT, H1299 cells were transfected with TAp63α plasmids and TAp63α siRNA, and the levels of miR-19a and miR-19b were measured using qRT-PCR. As shown in Figures 4B,C, TAp63α overexpression significantly reduced the expression of miR-19a and miR-19b, while TAp63α knockdown increased miR-19a and miR-19b expression levels in H1299 cells, suggesting the regulation of miR-19 by TAp63α. To further analyze the binding site of TP63α onto the miR-17-92 promoter, bioinformatics analysis was performed. As shown in Figure 4D, there was a TP63α binding site in the response element (TP63αRE) of the miR-17-92 promoter. A dual-luciferase reporter assay using luciferase plasmids of miR-17-92 p63αRE was performed to detect the transcriptional activity of miR-19. As shown in Figure 4E, TAp63α overexpression significantly reduced the luciferase activity of the miR-17-92 promoter, while TAp63α siRNA promoted the luciferase activity of the miR-17-92 promoter in H1299 cells. In addition, after mutating the TP63α binding site in the miR-17-92 promoter, the luciferase reporter assay showed that the overexpression or knockdown of TAp63α failed to induce alterations in the fluorescence intensity of the mutated miR-17-92 promoter (Figure 4F). Furthermore, the function of miR-19 in EMT in lung cancer was explored. As presented in Figure 4G, the upregulation of miR-19a and miR-19b by transfecting miR-19a/miR-19b mimic increased Vimentin expression and decreased E-cadherin expression. The inhibition of miR-19a and miR-19b reduced the level of Vimentin and elevated the level of E-cadherin in H1299 cells (Figure 4H). Together, these data indicate that TAp63α transcriptionally suppresses miR-19 expression in lung cancer cells.
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FIGURE 4. TAp63α transcriptionally suppresses miR-19 to inhibit TS-induced EMT in lung cancer. (A) RT-qPCR was used to detect the levels of miR-19a and miR-19b in H1299 cells exposed to 1% CSE for 2 days. (B,C) H1299 cells were transfected with TAp63α siRNA (75 μM) or TAp63α plasmids (2 ng) for 48 h, and RT-qPCR was used to detect the expression of miR-19a and miR-19b in H1299 cells. (D) Bioinformatics analysis of the binding site of the miR-17-92 promoter and TP63α. (E) H1299 cells were transfected with wild-type miR-17-92 promoter (wt-miR-17-92 promoter), TAp63α plasmids, or TAp63α siRNA, and the luciferase activity was measured. (F) A dual-luciferase reporter assay was used to detect the luciferase activity in H1299 cells transfected with mutant type miR-17-92 promoter (mut-miR-17-92 promoter) and TAp63α plasmids or TAp63α siRNA. (G,H) The expression of E-cadherin and Vimentin was analyzed in miR-19 overexpression and miR-19 knockdown H1299 cells. Results are shown as the mean ± SD of at least three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001, compared with the control group. ##P < 0.01, compared with the control siRNA group.




Curcumin Blocks the TS-Triggered Lung Cancer EMT Process by Targeting TAp63α and miR-19

To understand the chemopreventive action of curcumin on lung cancer EMT, A549, and H1299 cells were exposed to various concentrations of curcumin (0, 2.5, 5, and 7.5 μM) for 48 h, and the protein expression of EMT-associated biomarkers was measured using western blot. As shown in Figures 5A,B, curcumin increased the expression of TAp63α, along with ZO-1 and E-cadherin expression, in a concentration-dependent manner. The levels of N-cadherin and Vimentin were reduced in A549 and H1299 cells, following curcumin treatment (Figures 5A,B). To further explore whether curcumin could inhibit TS-induced lung cancer EMT, H1299 cells were treated with curcumin in the presence or absence of 1% CSE, and the protein expression of EMT-relevant biomarkers was analyzed. Western blot results revealed that the levels of TAp63α, ZO-1, and E-cadherin were increased in H1299 cells exposed to co-treatment with curcumin and 1% CSE compared with the 1% CSE treatment group (Figure 5C). Curcumin also restored the N-cadherin and Vimentin expression levels in H1299 cells exposed to 1% CSE (Figure 5C). Moreover, curcumin significantly decreased the CSE-induced elevation of the migrated and invaded cell numbers (Figures 5D,E). Additionally, the gene expression of miR-19 was detected in H1299 cells co-treated with 1% CSE and curcumin. qRT-PCR results showed that curcumin alleviated the TS-induced upregulation of miR-19a and miR-19b in H1299 cells (Figure 5F). These data indicate that curcumin protects against TS-triggered lung cancer EMT, possibly via TAp63α and miR-19.
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FIGURE 5. Curcumin blocks the TS-triggered lung cancer EMT process by targeting TAp63α and miR-19. (A,B) A549 and H1299 cells were exposed to various concentrations (0, 2.5, 5, and 7.5 μM) of curcumin for 2 days, and the levels of TAp63α and EMT-related markers, including ZO-1, E-cadherin, N-cadherin, and Vimentin were detected using western blot. (C) H1299 cells were co-treated with curcumin (7.5 μM) and 1% CSE for 2 days, and the indicated gene expression was analyzed. (D) A Transwell assay was used to measure the cell migration and invasion capacities (100×). (E) The migrated and invaded cell numbers. (F) RT-qPCR was used to detect the levels of miR-19a and miR-19b in those cells. Results are shown as mean ± SD of at least three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001, compared with the control group. #P < 0.05, ##P < 0.01, compared with the 1% CSE treatment group. CSE: cigarette smoke extract.




DISCUSSION

TAp63α is a critical transcription factor. TS plays an essential role in lung cancer development. Curcumin exhibits anti-cancer effects in various types of solid tumors. This study was designed to investigate the role and potential mechanism of TAp63α in TS-induced lung cancer EMT and the preventive effects of curcumin. We found that TAp63α inhibits TS-induced lung cancer EMT via transcriptional suppression of miR-19. Curcumin alleviated TS-stimulated lung cancer EMT by targeting TAp63α and miR-19 (Figure 6).
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FIGURE 6. Schematic illustration of the regulatory effect of TAp63α on TS-induced lung cancer EMT and the curcumin anti-cancer effects. TGF-β treatment and tobacco smoke exposure decreased TAp63α expression; TAp63α transcriptionally reduces the expression of miR-19a/miR-19b, thereby inhibiting the lung cancer cell EMT process. Additionally, curcumin alleviates TS-stimulated lung cancer EMT via TAp63α upregulation and a miR-19 level decrease.


TS exposure is closely related to lung cancer initiation and development. The long-term exposure to TS induces persistent inflammation, oncogenic activation, and inactivation of tumor suppressor genes, leading to cell proliferation, EMT, migration, and invasion (Martey et al., 2004; Macowan et al., 2020). Numerous studies have focused on the modulation of oncogenes in TS-induced lung cancer progression (Jhanwar et al., 2020). However, few reports have identified the mechanism of modulation of tumor suppressor genes in lung cancer. In the present study, we showed that TS decreased TAp63α expression in lung cancer cells undergoing EMT. The overexpression of TAp63α alleviated TS-induced lung cancer EMT. These data indicate that TAp63α acts as a tumor suppressor gene and might mediate TS-triggered lung cancer EMT.

As an essential transcription factor, TAp63α regulates a wide range of cellular processes during tumor development. However, the function of TAp63α in tumor progression remains controversial. TAp63α increases the cell adhesion ability and correlates with patient survival in cervical squamous cell carcinoma (Nekulova et al., 2013; Masuda et al., 2015). Conversely, several lines of evidence have suggested a differential regulatory role of TAp63α in cancer development. TAp63α suppresses cellular metastasis in colon cancer (Lin et al., 2014) and inhibits mammary tumorigenesis (Su et al., 2017). The downregulation of TAp63 enhanced EMT in MDCK cells (Zhang et al., 2014). Thus, the above studies have illustrated that TAp63α regulation of tumor progression may depend on tissue and/or cell types. In the present study, a lower level of TAp63α was observed in lung cancer tissues. The suppression of TAp63α altered the expression of EMT-related biomarkers. The classical tumor EMT inducer TGF-β further confirmed that TAp63α acts as a tumor suppressor gene in lung cancer development and the inhibition of TAp63α triggered the EMT process in lung cancer.

Emerging evidence has demonstrated that TAp63α transcriptionally regulates multiple miRNAs to mediate migration and tumor growth (Su et al., 2010; Lin et al., 2014). miRNAs exhibit their ability to modulate almost all tumor-associated processes, including cancer EMT. Previous studies have reported that miR-19, which is a critical oncogenic component of the miR-17–92 cluster, promotes EMT, migration, and invasion of lung cancer cells (Li et al., 2015). The upregulation of miR-19 is positively correlated with a poor survival in lung cancer (Lin et al., 2013). However, the possible molecular mechanisms of miR-19 in lung cancer development have yet to be investigated. In the present study, luciferase reporter assays and qRT-PCR analysis showed that TAp63α transcriptionally suppressed the level of miR-19 in lung cancer cells. Moreover, the inhibition of TAp63α, along with the elevation of miR-19, was also observed in lung cancer cells upon TS exposure. These data indicate that the TS-induced decrease in TAp63α expression transcriptionally enhances the level of miR-19, and finally leads to the lung cancer EMT process.

As a natural compound, curcumin possesses a high capacity to exert anti-inflammatory and anti-cancer effects by regulating various genes, such as oncogenes and transcription factors (Zhang et al., 2016; Giordano and Tommonaro, 2019; Wang et al., 2019). Curcumin suppresses cancer stem cell activity, enhances drug sensitivity, and inhibits cell growth in lung cancer cells through the Wnt/β-catenin and PI3K/AKT pathways (Wang J. Y. et al., 2018; Chen et al., 2019). In this study, we found that curcumin exhibited anti-cancer properties in TS-induced lung cancer EMT. Curcumin dose-dependently increased the expression of TAp63α in lung cancer cells. CSE-enhanced cell migration and invasion capabilities were inhibited in lung cancer cells following curcumin treatment. Moreover, curcumin inhibited the CSE-induced upregulation of miR-19a and miR-19b in lung cancer cells. The above data demonstrate that TAp63α and miR-19 might participate in the anti-cancer effect of curcumin on TS-induced lung cancer.



CONCLUSION

In summary, the present study demonstrated that TAp63α acts as a tumor suppressor and transcriptionally reduces miR-19, which results in the inhibitory effect on TS-induced lung cancer EMT. Curcumin displayed cancer preventive properties in TS-stimulated lung cancer EMT by increasing the TAp63α level and decreasing the miR-19 level. These findings will provide a new strategy for the prevention of lung cancer.
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