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Prostate cancer (PCa) accounts for more than 1 in 5 diagnoses and is the second cause of cancer-related deaths in men. Although PCa may be successfully treated, patients may undergo cancer recurrence and there is a need for new biomarkers to improve the prediction of prostate cancer recurrence and improve treatment. Our laboratory demonstrated that HLA-B-associated transcript 1 (BAT1) was differentially expressed in patients with high Gleason scores when compared to low Gleason scores. BAT1 is an anti-inflammatory gene but its role in PCa has not been identified. The objective of this study is to understand the role of BAT1 in prostate cancer. In vitro studies showed that BAT1 down-regulation increased cell migration and invasion. In contrast, BAT1 overexpression decreased cell migration and invasion. RT-PCR analysis showed differential expression of pro-inflammatory cytokines (TNF-α and IL-6) and cell adhesion and migration genes (MMP10, MMP13, and TIMPs) in BAT1 overexpressed cells when compared to BAT1 siRNA cells. Our in vivo studies demonstrated up-regulation of TNF-α, IL-6, and MMP10 in tumors developed from transfected BAT1 shRNA cells when compared to tumors developed from BAT1 cDNA cells. These findings indicate that BAT1 down-regulation modulates TNF-α and IL-6 expression which may lead to the secretion of MMP-10 and inhibition of TIMP2.
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1 Introduction

Prostate cancer (PCa) accounts for more than 1 in 5 diagnoses of cancer in the United States and is the second leading cause of cancer-related deaths in men in the country (1). PCa may be successfully treated with radical prostatectomy, radiation therapy, and other treatments (2). However, patients may undergo cancer recurrence. There is a need for the development of new biomarkers to improve the prediction of cancer recurrence and treatment. Previous findings in our laboratory demonstrated that Human Leukocyte Antigen (HLA)-B Associated Transcript 1 (BAT1) or DDX39B was differentially expressed in patients with high Gleason scores when compared to low Gleason scores. The characterization of biomarkers in PCa may lead to a better prognosis and outcome for PCa patients.

BAT1 is a member of the DEAD-box family of RNA-dependent ATPases. BAT1 is located on the short arm of chromosome 6 in the region of the major histocompatibility complex (MHC) III and is about ~40kb telomeric of tumor necrosis factor-alpha (TNF-α) (3). Its role in splicing is to transfer pre-mRNA from the nucleus to the cytoplasm (4). Studies have shown that unidentified MHC class III genes play a role in inflammatory and immunopathological responses in diseases such as ulcerative colitis, diabetes, rheumatoid arthritis, and multiple sclerosis (5–12). Specifically, HLAs that are located on chromosome 6 and are part of the major histocompatibility complex are highly polymorphic in humans leading to increase immune response through inflammatory cytokine expression (12–14). BAT1 was identified as an anti-inflammatory gene through the modulation of pro-inflammatory cytokines tumor necrosis factor-alpha (TNF-α), interleukin-1 (IL-1), and interleukin-6 (IL-6) in diabetes, Chagas cardiomyopathy, and Plasmodium vivax malaria. Patients that had Chagas cardiomyopathy or Plasmodium vivax malaria and presented polymorphisms in the -22C/G and -348C/T promoter region of BAT1, lead to the increased expression on pro-inflammatory cytokines, specifically, TNF-α and IL-6 when compared to patients that did not have polymorphisms in the promoter region of BAT1 (15–20). The presence of inflammatory components plays a pivotal role in the cancer tumor microenvironment and favors metastasis/cell invasion thus, promoting oncogenesis. The identification of BAT1 as an anti-inflammatory gene in other types of diseases suggests that BAT1 is playing a role in immune response (21). The objective of this study was to identify the biological role of BAT1 in prostate cancer.

In this study, we evaluated the role of BAT1 in migration, invasion, and inflammation using in vitro and in vivo models of PCa. We demonstrated that BAT1 down-regulation leads to an increase in PCa cell migration and invasion in vitro. In contrast, BAT1 overexpression decreased PCa cell migration and invasion in vitro. We studied alternative pathways associated with migration and invasion. We focused on matrix metalloproteinases (MMPs) and tissue inhibitors of matrix metalloproteinases (TIMPs). MMP dysregulation in cancer leads to the degradation of the extracellular matrix (ECM) during tissue remodeling and inflammation, which leads to metastasis (22–24). MMPs are proteolytic enzymes that remodel the microenvironment and are present during an event of wound healing and inflammation (25–27). MMPs are highly expressed in diverse types of cancer including breast, prostate, bronchial, and squamous cell carcinoma (28–32). Studies have shown that MMPs are expressed in different prostatic cell types, suggesting that the proteolytic axis during prostate cancer invasion and metastasis is coordinated by stromal and epithelial components (29–31). TIMPs are natural inhibitors of MMPs and their loss of inhibition leads to tumor progression and inflammation in PCa (32, 33). MMPs have been found to be involved in epithelial-mesenchymal transition (EMT). EMT is the transition from epithelial cells to mesenchymal cells and it is characterized by the changes in cell morphology that decrease adhesiveness caused by rearrangements of the cytoskeletal system of tumor cells and this allows them to invade and metastasize surrounding tissues. In addition, it has been shown that EMT is related to the invasion and metastasis ability of tumors in the liver, breast, prostate, and colorectal cancer (32). In our study, BAT1 overexpression decreased TNF-α, IL-6, and MMP mRNA expression when compared to BAT1 down-regulation in PCa cells in vitro. Concurrently, BAT1 overexpression increased TIMP RNA expression when compared to BAT1 down-regulation in PCa cells in vitro. In vivo studies demonstrated that BAT1 down-regulation increased TNF-α, IL-6, and MMP-10 expression. These findings suggest that BAT1 down-regulation causes inflammation and promotes cell migration and invasion. BAT1 overexpression may decrease PCa progression through the modulation of inflammation and migration. BAT1 may serve as a potential biomarker for PCa recurrence.



2 Materials and methods


2.1 In vitro experiments


2.1.1 Cell culture

Human prostate cancer cell lines, 22RV1 and PC3 obtained from American Type Culture Collection (ATCC, VA, USA) were cultured in RPMI-1640 medium (Hyclone, Waltham, MA, USA) containing 5% penicillin-streptomycin (Pen Strep) (Gibco, Life Technologies, Carlsbad, CA, USA) and 10% fetal bovine serum (FBS) (Hyclone, Waltham, MA, USA). Cells were incubated at 37°C and 5% CO2 in a humidified incubator.



2.1.2 RNAi-mediated transfection

Prostate cancer cells, PC3 and 22RV1, were seeded and transfected with BAT1 siRNA (si-BAT1) (Sigma, St. Louis, MO) using Lipofectamine RNAiMAX transfection reagent (Invitrogen, Carlsbad, CA) and OPTI-MEM Reduced Serum Medium (Life Technologies, Carlsbad, CA) following the manufacturer’s protocol. These cells were used for in vitro experiments for transient transfection.

The BAT1 siRNA sequence used was: sense 5’-CUUUCUCGGUAUCAGCAGUdTdT-3’ and anti-sense 5’-ACUGCUGAUACCGAGAAAGdTdT-3’. The control for this transfection was PC3 or 22RV1 cells transfected with the Mission Negative Universal Control siRNA sequence targeting no gene (Sigma, St. Louis, MO).



2.1.3 BAT1 cDNA prostate cancer cells

Prostate cancer cells, PC3 and 22RV1, were seeded and transfected with BAT cDNA-GFP tagged lentiviral particles (BAT1cDNA) (pLenti-C-mGFP vector) (Origene, Rockville, MD, USA) using Polybrene transfection reagent (EMD Millipore, Burlington, MA) and OPTI-MEM Reduced Serum Medium. Cells were selected by culturing in the presence of puromycin. These cells were used for in vitro and in vivo experiments for stable cell line transfection. The control for this transfection was PC3 or 22RV1 with no transfection.



2.1.4 BAT1 shRNA prostate cancer cells

Prostate cancer 22RV1 cells were seeded and transfected with BAT1 shRNA lentiviral particles (shBAT1) (pLKO.1 vector) (Clone ID: TRCN0000074383) (Sigma, St. Louis, MO) using Polybrene transfection reagent (EMD Millipore, Burlington, MA) and OPTI-MEM Reduced Serum Medium. Cells were selected by culturing in the presence of puromycin. These cells were used for in vivo experiments for stable cell line transfection. The control was mice that had 22RV1 cells with no transfection. The BAT1 shRNA lentiviral particle (pLKO.1 vector) sequence used was: CCGGCCTCAACCTCAAACACATTAACTCGAGTTAATGTGTTTGAGGTTGAGGTTTTT.



2.1.5 Western blot

Cells were trypsinized, lysed using cell lysis buffer, and centrifuged. Protein concentration was determined using the Bio-Rad DC Protein Assay Kit and a spectrophotometer at 750 nm to obtain the quantity of protein in ug/uL. Forty (ug) of protein were loaded and separated using 12% SDS-PAGE and transferred onto a PVDF membrane (Bio-Rad, Hercules, CA, USA), followed by blocking in 5% BSA (Fisher Scientific, Fair Lawn, NJ, USA) for 1 hour at room temperature. BAT1 rabbit monoclonal antibody (1:1000 dilution) (Epitomics, Burlingame, CA) and anti-GFP (1:10000 dilution) (Abcam, Cambridge, MA, USA) were added and incubated overnight at 4 °C. Detection was achieved with the appropriate secondary antibody and enhanced chemiluminescence (ECL) kit (Bio-Rad, Hercules, CA, USA). Image J software (NIH, Bethesda, MD, USA) was used to quantitatively analyze the protein expression levels. β-actin (Sigma, A5441, Monoclonal Anti- β Actin Mouse) protein expression was used as the loading control.



2.1.6 Migration assay

Cell migration was assayed using the wound healing method. Control PC3, siBAT1 PC3 or BAT1cDNA PC3 cells were seeded at a density of 2x105 cells/mL and grown in a monolayer in six-well dishes until 95% confluent. Cells were serum starved in RPMI medium overnight. Cells were wounded in the center of the well using a 200 μL pipette tip, washed with 1X PBS, and incubated with RPMI-1640 serum-containing medium. Images of the wound were obtained at 0, 12, and 24 hours after wounding at a 4X magnification using a Nikon Eclipse TS100 microscope (Nikon, Tokyo, Japan). Wound width was measured using the Image Pro Plus Software (Meyer Instruments, Inc., Houston, TX, USA). 22RV1 cells were not used for the migration assay because these cells do not grow in a confluent monolayer.



2.1.7 Invasion assay

Cell invasion assay was performed using the Boyden chamber method. siBAT1 or BAT1cDNA PC3 and 22RV1 cells were seeded at a density of 5x104 cells/mL in serum-free RPMI-1640 medium in the upper chamber membrane of 24-well Transwell inserts (Corning, Corning, NY, USA) previously coated with laminin (Becton Dickinson, Franklin Lakes, NJ, USA). The lower chamber contained 600 μL of RPMI-1640 medium with 10% FBS and 5% Pen Strep. Cells were incubated at 37°C and 5% CO2 for 12 and 24 hours. Cells that did not invade the membrane from the insert were removed with a cotton swab dipped in 1X PBS. The membrane was then fixed by submerging the insert in 10% formalin (Thermo Scientific Waltham, MA, USA) and counterstained with hematoxylin (American Master Tech, Lodi, CA, USA). The Boyden membrane was removed and mounted on a glass slide. Images were obtained using 4X magnifications with a Nikon Eclipse TS100 microscope (Nikon, Tokyo, Japan). Invasive cells were counted using the Image Pro Plus Software (Meyer Instruments, Inc., Houston, TX, USA).



2.1.8 Cell proliferation

PC3 and 22RV1 siBAT1 or BAT1cDNA cells were seeded at a density of 1x104 cells/well in a 96-well plate. Cell proliferation was assayed at 24 hours using 20 µL of CellTiter 96® AQueous One Solution Reagent (Promega, Madison, WI, USA) and 100 µL of RPMI medium, and incubated for 2 hours at 37°C and 5% CO2 in a humidified incubator. The plates were read at 490 nm using the xMarkTM Microplate Absorbance Spectrophotometer (Bio-Rad, Hercules, CA, USA).



2.1.9 Cell viability

Cell viability and apoptosis assays were performed using flow cytometry (FACs analysis) with the Muse Cell Analyzer (EMD Millipore Merck KGaA, Darmstadt, Germany). PC3 and 22RV1 cells were seeded and grown in a 6-well cell culture plate, transfected with either siBAT1 or BAT1cDNA, and collected into tubes 24 hours after transfection. Cells were suspended in 1X PBS and 1 mL was transferred to a new tube. Twenty μL of cell suspension were stained with 380 μL of the Muse Count and Viability reagent and incubated (protected from light) for 5 minutes at room temperature. For 22RV1 cells, the protocol was the same with the exception that 20 μL of the Muse cell dispersal reagent (EMD Millipore Merck KGaA, Darmstadt, Germany) was added to 20 μL cells with 380 μL of the Muse Count and Viability reagent to each sample.



2.1.10 Apoptosis

siBAT1 or BAT1cDNA PC3 cells (1x107) were resuspended in 1X PBS, stained with 100 μL of annexin-V, and incubated and protected from light for 20 minutes at room temperature. For 22RV1 cells, 2x105-2x107 cells/1mL was added to tubes, 50 µL of cell suspension was mixed with 50 µL of the Muse cell dispersal reagent and were incubated protected from light for 20 minutes at room temperature. Cell populations were gated using the Muse software.



2.1.11 RNA isolation and qRT-PCR

Total RNA was extracted from siBAT1 or BAT1cDNA PC3 and 22RV1 cells using the RNeasy Mini Isolation Kit (Qiagen, Venlo, The Netherlands) following the manufacturer’s protocol. cDNA was synthesized using the iScript cDNA Synthesis Kit (Bio-Rad, USA) according to the manufacturer’s instructions. PCR amplification was done using real-time PCR with the iQ SYBR Green Supermix (Bio-Rad, USA) and the Step One Plus Real-time PCR System (Applied Biosystems, Carlsbad; CA, USA) as follows: 95 °C for 5 min, 95 °C for 15 seconds and 60 °C for 1 min at 40 cycles. Changes in mRNA expression were analyzed using the ΔΔCt method and the Step One Software. Negative fold changes were determined by dividing 1/Average Fold Change obtained. Expression levels were normalized to GAPDH expression.




2.2 In vivo experiments


2.2.1 Orthotopic mouse model

For in vivo experiments, human prostate cancer 22RV1 cells (250,000 cells contained in 70 μL) transfected with shBAT1 (n=5 mice) or BAT1cDNA (n=5 mice) were mixed with 30 uL collagen and injected into the anterior prostate lobules of 7–8-week-old male ICR-SCID mice (Taconic, Germantown, NY, USA) to generate 2 tumors (one per each prostate lobule). Our control mice (n=6) were injected with non-transfected 22RV1 cells. Mice were kept in a pathogen-free environment under the Institutional Animal Care and Use Committee regulations at The University of Puerto Rico Medical Sciences Campus animal facility (Protocol #A8700110). Mice were anesthetized and sacrificed. Furthermore, prostate tumors and livers were collected, weighed, and used for histologic analysis.



2.2.2 Tissue collection and histological examination

Tumors collected were fixed in 10% buffered formalin and embedded in paraffin. Formalin-fixed paraffin-embedded (FFPE) tumors were cut at 5 µm sections using a microtome (Leica Microsystems, Wetzlar, Germany) and mounted on slides. Slides were deparaffinized in xylene, hydrated using serial descending concentrations of alcohol, stained with hematoxylin, followed by stain differentiation with eosin, and dehydrated with increasing serial dilutions of ethanol and xylene. Slides were mounted with coverslips using permount-mounting medium. As described by Lsaacs and Hukku (33) tumors were classified into four categories by a degree of differentiation: well differentiated, moderately differentiated, poorly differentiated, and anaplastic. Well-differentiated tumors are characterized by the presence of glandular structures, lumen, basement membrane, and stroma. Moderately differentiated tumors are characterized by smaller glandular structures with the lumen obstructed by tumor cells. However, the basement membrane and stroma remained intact. Tumors classified as poorly differentiated have an absence of glandular structures, and basement membrane, and do not show a consistent relationship between tumor cells and stroma. Individual tumor cells, however, still show a normal nucleus to cytoplasm ratio. Tumors classified as anaplastic lack appearance of tissue organization and individual tumor cells show irregular nucleus size and abnormal nucleus to cytoplasm ratio. Our tumors collected represent n=6 tumors for control, n=5 tumors for BAT1cDNA, and n=3 tumors for shBAT1.



2.2.3 Immunohistochemistry

Formalin-fixed paraffin-embedded (FFPE) mice tumor tissues were dewaxed in xylene and rehydrated in descending concentrations of alcohol and deionized water. Antigen retrieval was performed using the Antigen Unmasking Solution (Vector Laboratories, Burlingame, CA, USA) followed by quenching of endogenous peroxidase with 3% v/v H2O2. Sections were blocked for 1 hour with horse serum (R.T.U Vectastain Kit, Vector Laboratories, Burlingame, CA, USA) and left overnight with the primary antibody at 4°C in a humidified chamber. The primary antibodies used were: BAT1 (1:50 dilution) (Epitomics, Burlingame, CA, USA), Cleaved Caspase-3 (1:200 dilution) (Cell Signaling, Danvers, MA, USA), Ki67 (1:1000 dilution) (Vector Laboratories, Burlingame, CA, USA), TNF-α (1:100 dilution) (Abcam, Cambridge, MA, USA), IL-6 (1:25 dilution) (Novus Biologicals, Littleton, CO, USA), and MMP10 (1:100 dilution) (Abcam, Cambridge, MA, USA). Protein expression was detected with the peroxidase substrate kit (ImmPACT DAB) (Vector Laboratories, Burlingame, CA, USA). Hematoxylin was used as a counterstain. Digital images were obtained using an Olympus IX71 Inverted microscope (Olympus America, Melville, NY, USA) at a 20x magnification. To quantify BAT1, Cleaved Caspase-3 expression, and Ki67 expression, a set of 5 random fields per slide were chosen and the number of total cells, negative cells, and positive cells were quantified. The number of positive cells in response to the primary antibody was divided over the number of total cells and a percentage per field was determined. The 5 total fields per slide were then averaged to generate a percentage of positive cells. To quantify MMP10, TNF-α, and IL-6 expression, a subjective scale from 1-4 was used. In this scale, we gave a score of one (1) if 25% or less of the tumor cells were stained, a score of two (2) if 26% to 50% of the tumor cells were stained, a score of three (3) if 51% to 75% of the tumor cells were stained, and a score of four (4) if more than 75% of the tumor cells were stained. The score was given in a blind manner. All images were analyzed using Image the Pro Plus Software (Meyer Instruments, Inc., Houston, TX, USA).



2.2.4 Immunofluorescence

Paraffin-embedded tissue (FFPE) was dewaxed in xylene (x2) and rehydrated in descending concentrations of alcohol and deionized water. Antigen retrieval was performed using the Antigen Unmasking Solution (Vector Laboratories, Burlingame, CA, USA) and the heat was applied using a microwave. Slides were placed on ice and then followed by quenching of endogenous peroxidase with 3% v/v H2O2. Sections were blocked for 1 hour with 10% FBS and left overnight with the primary antibody at 4°C in a humidified chamber. The primary antibody used was CD31 (1:50 dilution) (Abcam, Cambridge; MA, USA). The secondary antibody used was Alexa-Fluor 594 (anti-rabbit) 1:1000 (Molecular Probes, Life Technologies, Carlsbad, CA, USA) and, nuclei were stained with DAPI 1:5000 (Santa Cruz Biotechnology, Santa Cruz, CA, USA). Digital images were obtained using an Olympus IX71 Inverted microscope (Olympus America, Melville, NY, USA) at a 20X magnification. To quantify CD31, sets of 5 random fields were chosen per slide and the total number of blood vessels was counted and averaged per slide.



2.2.5 Statistical analysis

All in vitro experiments were performed in triplicates (n=3). Results represent the mean ± standard error of the mean (SEM). Differences between treatments were analyzed using the Student’s t-test at a 95% confidence interval. P-values <0.05 were considered statistically significant. Statistical analysis was done using GraphPad Prism Software (GraphPad Software, CA, USA). For in vivo statistical analysis was done using the analysis of variance (ANOVA) and the GraphPad Prism Software (GraphPad Software, CA, USA).





3 Results


3.1 BAT1 expression was decreased after siRNA transfection and increased after cDNA transfection in PC3 and 22RV1 cells

To investigate the role of BAT1 in prostate cancer cells, we transfected PC3 and 22RV1 cells with siBAT1 to down-regulate BAT1 expression or BAT1cDNA to overexpress BAT1 expression. Protein and RNA extraction from transfected cells were obtained and subjected to SDS-PAGE western blot analysis or qRT-PCR to determine efficient transfection. siBAT1 PC3 cells showed significantly less expression of BAT1 by western blot analysis and qRT-PCR when compared to control (Figures 1A, B). Additionally, siBAT1 22RV1 cells showed significantly less expression of BAT1 by western blot analysis and qRT-PCR when compared to control (Figures 1E, F). In contrast, BAT1cDNA PC3 and 22RV1 cells showed a significant increase in BAT1 expression by western blot and qRT-PCR analysis when compared to control (Figures 1C, D, G, H).




Figure 1 | BAT1 Expression was decreased after siRNA Transfection and increased after cDNA Transfection in PC3 and 22RV1 cells. The samples were collected for a period of 24 hours. (A) Representative images and quantification of BAT1 protein expression in PC3 prostate cancer cells using western blot analysis showed a significant decrease in siBAT1 transfected cells when compared to control (*P<0.05). (B) Quantification of BAT1 RNA expression using RT-PCR in PC3 prostate cancer cells showed a significant decrease in BAT1 expression in siBAT1 transfected cells when compared to control (****P < 0.0001). (C) Representative images and quantification of BAT1 protein expression in PC3 prostate cancer cells using western blot analysis showed a significant increase in protein expression in BAT1cDNA when compared to control (***P < 0.001). (D) Quantification of BAT1 RNA expression using RT-PCR in PC3 prostate cancer cells showed a significant increase in BAT1 protein expression in BAT1cDNA cells when compared to control (**P < 0.01). (E) Representative images and quantification of BAT1 protein expression in 22RV1 prostate cancer cells using western blot analysis showed a significant decrease in siBAT1 transfected cells when compared to control (**P < 0.01). (F) Quantification of BAT1 RNA expression using RT-PCR in 22RV1 prostate cancer cells showed a significant decrease in BAT1 expression in siBAT1 transfected cells when compared to control (**P < 0.01) (G) Representative images and quantification of BAT1 protein expression in 22RV1 prostate cancer cells using western blot analysis showed a significant increase in BAT1cDNA when compared to control (***P < 0.001). (H) Quantification of BAT1 RNA expression using RT-PCR in 22RV1 prostate cancer cells showed a significant increase in BAT1 protein expression in BAT1cDNA cells when compared to control (**P < 0.01).





3.2 BAT1 down-regulation significantly increased cell migration and BAT1 overexpression significantly decreased cell migration in PC3 cells

The ability of PC3 cells to migrate after BAT1 expression was altered. Results showed that siBAT1 PC3 cells had a significant increase in migratory potential at 12 hours and at 24 hours when compared to control (Figures 2A, B). Conversely, BAT1cDNA PC3 cells showed a significant decrease in migratory potential of 37% at 12 hours and 44% at 24 hours when compared to control (Figures 2C, D). 22RV1 cells were not used for the migration assay because these cells do not grow in a confluent monolayer.




Figure 2 | BAT1 down-regulation increased PC3 prostate cancer cell migration and BAT1 overexpression decreased PC3 prostate cancer cell migration. (A) Representative images of Control PC3 and siBAT1 PC3 cells using 4X magnification. (B) Relative invasion of siBAT1 PC3 cells caused a significant increase in migration at 12hrs (**P < 0.01) and 24hrs (*P < 0.05) when compared to control. (C) Representative images of Control PC3 and BAT1cDNA PC3 cells using 4X magnification. (D) Relative invasion of (+) BAT1cDNA PC3 cells caused a significant decrease in migration at 12hrs (**P < 0.01) and 24hrs (***P < 0.001) when compared to control.





3.3 BAT1 down-regulation significantly increased cell invasion and BAT1 overexpression significantly decreased cell invasion in PC3 and 22RV1 cells

The effects of BAT1 expression in invasion were examined using the Transwell assay siBAT1 PC3 cells significantly increased cell invasion at 12 hours and 24 hours when compared to control (Figures 3A, C). Moreover, siBAT1 22RV1 cells significantly increased cell invasion at 12 hours and 24 hours when compared to control (Figures 3B, D). On the contrary, BAT1cDNA PC3 cells significantly decreased cell invasion at 12 hours and 24 hours when compared to control (Figures 3E, G). Furthermore, cell invasion significantly decreased in BAT1cDNA 22RV1 cells at 12 hours and 24 hours when compared to control (Figures 3F, H). Also, to determine if changes in migration and invasion were due to changes in proliferation and apoptosis, we performed a proliferation assay using MTT and an apoptosis assay using FACs analysis. Results showed no significant changes in these molecular hallmarks of cancer (Supplemental Figures S1–S3). These data suggest that BAT1 suppresses cell migration and invasion without altering proliferation or apoptosis in vitro.




Figure 3 | BAT1 down-regulation increased PC3 and 22RV1 prostate cancer cell and BAT1 overexpression decreased PC3 and 22RV1 prostate cancer cell invasion. (A, B) Representative images of invasive siBAT1 PC3 and 22RV1 cells at a 4X magnification. (C) Relative invasion of siBAT1 PC3 cells caused a significant increase in invasion when compared to control at 12hrs (**P < 0.01) and 24hrs (****P < 0.0001). (D) Relative invasion of siBAT1 22RV1 cells caused a significant increase in invasion when compared to control at 12hrs (*P < 0.05) and 24hrs (***P < 0.001). (E, F) Representative images of invasive BAT1cDNA PC3 and 22RV1 cells at a 4X magnification. (G) Relative invasion of BAT1cDNA PC3 cells caused a significant decrease in invasion when compared to control at 12hrs (****P < 0.0001) and 24hrs (****P < 0.0001). (H) Relative invasion of BAT1cDNA 22RV1 cells caused a significant decrease in invasion when compared to control at 12hrs (***P < 0.001) and 24hrs (***P < 0.001).





3.4 Alteration of BAT1 expression showed changes in genes associated with inflammation, adhesion, and metastasis in PC3 and 22RV1 cells using qRT-PCR

Previous studies have associated the role of BAT1 as an anti-inflammatory gene in diseases such as Chagas cardiomyopathy and Plasmodium vivax malaria through the modulation of tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) (16, 18). It is known that inflammation can eventually lead to cell migration and metastasis (34, 35). Thus, we wanted to identify a detailed signaling pathway that might be involved with BAT1 expression in PCa cell progression using qRT-PCR. Results demonstrated significant changes in TNF-α, IL-6, MMP-10, and TIMP2 expression. BAT1cDNA PC3 cells significantly decreased TNF-α, IL-6, and matrix metallopeptidase 13 (MMP-13) expression when compared to siBAT1 PC3 cells (Figure 4 and Table 1). Results showed significant decreases in TNF-α, IL-6, and matrix metallopeptidase 10 (MMP-10) expressions in BAT1cDNA 22RV1 cells when compared to siBAT1 22RV1 cells (Figures 4C, D, F). Additionally, tissue inhibitor of metalloproteinase 2 (TIMP2) expression, was significantly increased in BAT1cDNA 22RV1 cells when compared to siBAT1 22RV1 cells. These results suggest that BAT1 is altering inflammatory cytokine expression and metastatic gene expression.




Figure 4 | BAT1 expression showed changes in genes associated with inflammation, adhesion, and metastasis in PC3 and 22RV1 cells using qRT-PCR. The samples were collected for a period of 24 hours. (A, C) BAT1cDNA PC3 and 22RV1 cells showed a significant decrease in TNF-α expression when compared to siBAT1 (****P < 0.0001). (B, D) BAT1cDNA PC3 and 22RV1 cells showed a significant decrease in IL-6 expression when compared to siBAT1 (**P < 0.01) (***P < 0.001). (E) BAT1cDNA PC3 cells showed a significant decrease in MMP13 expression when compared to siBAT1 (****P < 0.0001). (F) BAT1cDNA 22RV1 cells showed a significant decrease in MMP10 expression when compared to siBAT1 (**P < 0.01). (G) BAT1cDNA 22RV1 cells showed a significant increase in TIMP2 expression when compared to siBAT1 (***P < 0.001).




Table 1 | Alteration of BAT1 expression showed changes in genes associated with inflammation, adhesion and metastasis in PC3 and 22RV1 cells using qRT-PCR.





3.5 In vivo expression of BAT1, Ki-67, TNK- α, IL-6 and MMP10

Prior to 22RV1 prostate cancer cells injection into SCID mice prostate lobules, we confirmed transfection of BAT1 expression using western blot analysis (Supplemental Figure S4). PC3 cells were not used for in vivo experiments because they do not grow properly in these models. Tumors developed in SCID mice were examined by immunohistochemistry. H&E sections were evaluated by a pathologist for the observation of inflammation and histological classification. The tumors were classified as poorly differentiated or anaplastic. (Supplemental Figure S5). BAT1 expression was significantly increased in BAT1cDNA prostate tumors when compared to control and shBAT1 prostate tumors (Figures 5A, B). Although tumors from shBAT1 transfected mice showed no statistical significance in BAT1 expression when compared to control, results represent a tendency to decrease expression.




Figure 5 | In vivo expression of BAT1, Ki67, TNF-α, IL-6, and MMP10. All of the samples were collected for a period of 24 hours. (A) Representative images of immunohistochemical staining BAT1 expression in mice prostate tumors previously injected with 22RV1 cells, BAT1cDNA 22RV1 cells, or shBAT1 22RV1 cells at a 20X (50μm) or 60X magnification (10μm) magnification. (B) Quantification mice prostate tumors obtained from BAT1cDNA mice prostate tumors showed a significant increase in BAT1 expression using immunohistochemistry when compared to control (*P < 0.05) and shBAT1 (**P < 0.01). (C) shBAT1 (**P < 0.01) and BAT1cDNA (*P < 0.05) tumors showed a significant decrease in Ki67 expression when compared to control. (D) shBAT1 tumors showed a significant increase in TNF-α expression when compared to control and BAT1cDNA (*P < 0.05). (E) shBAT1 tumors showed a significant increase in IL-6 expression when compared to control and BAT1cDNA mice prostate tumors (*P < 0.05). (F) shBAT1 tumors showed a significant increase in MMP10 expression when compared to control (*P < 0.05).



To evaluate whether BAT1 expression altered proliferation, apoptosis, or angiogenesis in vivo, mice prostate tumor sections were examined by immunohistochemistry or immunofluorescence. The nuclear marker Ki67 was used to determine changes in proliferation. Mice prostate tumors developed from BAT1cDNA and shBAT1 transfected cells significantly decreased cell proliferation when compared to control (Figure 5C). shBAT1 tumors showed an increase in TNF-α expression when compared to control and BAT1cDNA (Figure 5D). Apoptosis using the pro-apoptotic marker cleaved caspase-3 showed no change in expression for all groups (Supplemental Figure S6). To determine if BAT1 expression plays a role in angiogenesis, mice prostate tumor sections were subjected to immunofluorescence using the angiogenesis marker CD31. Results showed no significant change in the number of blood vessels for all groups (Supplemental Figure S7).

In vitro results showed changes in cell invasion, migration, and genes associated with inflammation and metastasis. In an inflammatory event, the downregulation of BAT1 may stimulate increases in pro-inflammatory cytokines, TNF-α and IL-6. Cells may lose their ability to maintain tight junctions and cell-cell adhesion leading to invasive potential through the secretion of MMPs and the inhibition of TIMPs. MMPs degrade the extracellular matrix leading to invasion of mesenchymal cells into the bloodstream, thus promoting metastasis. Based on this signaling pathway, we identified significant changes in TNF-α, IL-6, and matrix metallopeptidase 10 (MMP-10) gene expression when we performed RT-PCR in PC3 and 22RV1 prostate cancer cells, thus, we wanted to determine if there would be significant changes in expression in an in vivo mouse model. Immunohistochemistry analysis in mice prostate tumors showed that shBAT1 significantly increased TNF-α and IL-6 expression when compared to control and BAT1cDNA tumors (Figures 5D, E). Additionally, MMP-10 expression was significantly increased in shBAT1 mice prostate tumors when compared to control (Figure 5F). These findings suggest that BAT1 down-regulation leads to activation of pro-inflammatory cytokines TNF-α and IL-6, which leads to the secretion of MMP-10, inhibition of TIMP2, and promotion of invasion and migration (Figure 6).




Figure 6 | BAT1 promotes in vitro invasion and migration. BAT1 down-regulation leads to activation of pro-inflammatory cytokines TNF-α and IL-6, which leads to the secretion of MMP-10 and inhibition of TIMP2. MMP-10 may degrade the ECM and promote PCa invasion and migration through extracellular matrix degradation.






4 Discussion

Studies have shown that unidentified MHC class III genes play a role in inflammatory and immunopathological responses in diseases such as ulcerative colitis, diabetes, rheumatoid arthritis, and multiple sclerosis (5–12). The RNA helicase and MHC class III gene, BAT1, has been identified as an anti-inflammatory gene in diseases such as Chagas cardiomyopathy, Plasmodium vivax malaria, multiple sclerosis, and insulin dependent diabetes mellitus by the modulation of the pro-inflammatory cytokines TNF-α, IL-6 and IL-1 expression (12–14, 36). Nevertheless, the functional role of BAT1 in PCa recurrence has not been revealed. Immunohistochemical analysis demonstrated that BAT1 expression was differentially expressed in patients with high Gleason scores when compared to PCa patients with low Gleason scores. In this work, we determined the role of BAT1 in migration, invasion, and gene expression using in vitro and in vivo PCa models.

In this study, genetic down-regulation of BAT1 significantly increased cell migration, invasion, and expression of TNF-α, IL-6, MMP10, and MMP13 while it decreased the expression of TIMP2. Conversely, overexpression of BAT1 significantly decreased cell migration, invasion, and expression of TNF-α, IL-6, MMP10, and MMP13 while it increased the expression of TIMP2. However, apoptosis and cell proliferation were not affected in either group due to no significant changes observed in the proliferation and apoptosis assays using FACs analysis. The results suggest that BAT1 mechanisms do not involve changes in proliferation or apoptotic pathways. Taken together, these data indicate that BAT1 overexpression may function as an anti-inflammatory gene and suppressor of metastasis and invasion in PCa. Since metastasis and invasion eventually may promote recurrence, understanding and identifying the mechanisms by which BAT1 functions may lead to better treatment options for recurrent PCa patients.

Cancer cell invasion is an important hallmark of cancer and an essential step toward metastasis (37, 38). In our study, we observed increases in cell migration and invasion in PCa cells transfected with siBAT1 and decreases in cell migration and invasion in PCa cells transfected with BAT1cDNA. Based on these results, we wanted to determine changes in genes that were associated with invasion, adhesion, and metastasis. We expected to detect changes in matrix metalloproteinases (MMPs) and its inhibitor, tissue inhibitors of matrix metalloproteinases (TIMPs). Significant changes were determined in MMP-10, MMP-13, and TIMP2. These results were expected due to previously published data that have identified MMPs to be involved in EMT, which is related to the invasion and metastasis ability of tumors in various types of cancer, including PCa.

BAT1 expression has been implicated in alterations of inflammation, specifically, through the modulation of TNF-α and IL-6 expression in inflammatory diseases (15–18). In a tumor microenvironment or inflammatory event, mesenchymal cells can secrete TNF-α and IL-6 (32, 39). The pro-inflammatory cytokine TNF-α can subsequently lead to the release of MMPs (32). To study the functional role of BAT1 in inflammatory cytokine secretion, qRT-PCR was performed to confirm mRNA expressions of TNF-α and IL-6 in vitro. Results showed decreases in TNF-α and IL-6 expression in PCa cells treated with BAT1cDNA when compared to siBAT1. These results were expected due to studies identifying BAT1 polymorphisms (decreases in BAT1 expression) with inflammation in patients that had an immune response disease. These findings also may explain why we found changes in migratory and invasive potential. We subsequently measured changes in cell migration and invasion in vitro, which may be contributed to the expression of TNF-α and IL-6 in PC3 and 22RV1 cells. Based on these results, we hypothesized that the secretion of pro-inflammatory cytokines may lead to metastatic potential through EMT. To verify our hypothesis, Western Blot analysis was performed to confirm the overexpression of Vimentin and N-Cadherin proteins. However, results showed no significant changes in Vimentin and N-cadherin protein expression in siBAT1 PCa cells compared to control cells (Figure S9).

IHC analysis showed that shBAT1 mice prostate tumors increased TNF-α, IL-6, and MMP-10 expression. These findings correlated to our qRT-PCR results demonstrating an increase in MMP-10 expression in vitro. Additionally, MMP-10 (stromelysin-2) has been overexpressed in various cancers including gastric, bladder, renal, esophageal, skin, and non-small cell lung cancer (40, 41). MMP-10 plays an important role in the development and progression of malignant tumors. MMP-10 expression has been implicated in the modulation of invasion, apoptosis, angiogenesis, and cell proliferation in cancer (42).

This study has some limitations including that no migration and invasion studies were performed in the in vivo models, and additional experiments need to be performed to supplement and conclude that the promotion of invasion and migration is present in the in vivo model possibly due to the changes described on TNF- α, IL-6, MMP-10, and TIMP2 in this manuscript. Another limitation was that the migration assays in vitro were only performed using the PC3 cell line because the 22RV1 cell line grows in clusters and are not appropriate for the wound healing test. Lastly, for the in vivo experiments, only the 22RV1 cell line was used because previous studies in our laboratory had shown that they grow better in mice in comparison with the PC3 cell line.



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.



Ethics statement

All animal experiments were performed by a protocol approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Puerto Rico, Medical Sciences Campus.



Author contributions

Conceptualization, MM-F and MS-V. Methodology: MM-F, OV, MS-V, MG-M. Software: AG-V, YR-R, DA-V, MS-V, AR-T, AR-M, VC-B, DN. Validation: MM-F. and MS-V. Formal analysis: MM-F, OV, and MS-V. Investigation: AG-V, YR-R, DA-V, MS-V, AR-T, AR-M, VC-B, DN. Resources: MM-F, MG-M, and MS-V. Data curation: MM-F and MS-V. Writing—original draft preparation: A G-V, YR-R, DA-V. Writing—review and editing: AG-V, YR-R, DA-V, MS-V, AR-T, AR-M, VC-B, DN, OV, MG-M. Visualization: MM-F and MS-V. Supervision: MM-F and MS-V. Project administration: MM-F. Funding acquisition: MM-F. All authors contributed to the article and approved the submitted version.



Funding

This research was funded by Institutional funds from the University of Puerto Rico Comprehensive Cancer Center, the NIGMS-RISE Program (Grant Number #R25GM061838), the RCMI Pilot Project (Grant Number #8G12MD007600 and NIMHD: U54-MD007600), and the National Center Institute of the National Institutes of Health (Award Grant Number # U54CA096297/CA096300).



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.969396/full#supplementary-material



References

1. Siegel, RL, Miller, KD, Fuchs, HE, and Jemal, A. Cancer statistics, 2022. CA: A Cancer J Clin (2022) 72(1):7–33. doi: 10.3322/caac.21708

2. Siegel, RL, Miller, KD, and Jemal, A. Cancer statistics, 2020. CA: A Cancer J Clin (2020) 70(1):7–30. doi: 10.3322/caac.21590

3. Allcock, RJN, Price, P, Gaudieri, S, Leelayuwat, C, Witt, CS, and Dawkins, RL. Characterisation of the human central MHC gene, BAT1: Genomic structure and expression. Exp Clin Immunogenetics (1999) 16(2):98–106. doi: 10.1159/000019100

4. Momose, F, Basler, CF, O'Neill, RE, Iwamatsu, A, Palese, P, and Nagata, K. Cellular splicing factor RAF-2P48/NPI-5/BAT1/UAP56 interacts with the influenza virus nucleoprotein and enhances viral RNA synthesis. J Virology (2001) 75(4):1899–908. doi: 10.1128/JVI.75.4.1899-1908.2001

5. Okamoto, K, Makino, S, Yoshikawa, Y, Takaki, A, Nagatsuka, Y, Ota, M, et al. Identification of IKBL as the second major histocompatibility complex–linked susceptibility locus for rheumatoid arthritis. Am J Hum Genet (2003) 72(2):303–12. doi: 10.1086/346067

6. Kilding, R, Iles, MM, Timms, JM, Worthington, J, and Wilson, AG. Additional genetic susceptibility for rheumatoid arthritis telomeric of the DRB1 locus. Arthritis Rheumatism (2004) 50(3):763–9. doi: 10.1002/art.20043

7. Barrett, JC, Clayton, DG, Concannon, P, Akolkar, B, Cooper, JD, Erlich, HA, et al. Genome-wide association study and meta-analysis find that over 40 loci affect risk of type 1 diabetes. Nat Genet (2009) 41(6):703–7. doi: 10.1038/ng.381

8. Boodhoo, A, Wong, AM-L, Williamson, D, Voon, D, Lee, S, Allcock, RJ, et al. A promoter polymorphism in the central MHC gene, ikbl, influences the binding of transcription factors USF1 and E47 on disease-associated haplotypes. Gene Expression (2004) 12(1):1–11. doi: 10.3727/000000004783992206

9. De La Concha, EG, Fernandez–Arquero, M, Lopez–Nava, G, Martin, E, Allcock, RJ, Conejero, L, et al. Susceptibility to severe ulcerative colitis is associated with polymorphism in the central MHC gene IKBL. Gastroenterology (2000) 119(6):1491–5. doi: 10.1053/gast.2000.20258

10. Ota, M, Katsuyama, Y, Kimura, A, Tsuchiya, K, Kondo, M, Naruse, T, et al. A second susceptibility gene for developing rheumatoid arthritis in the human MHC is localized within a 70-kb interval telomeric of the TNF genes in the HLA class III region. Genomics (2001) 71(3):263–70. doi: 10.1006/geno.2000.6371

11. Shin, HD, Yang, SW, Kim, DH, and Park, Y. Independent association of tumor necrosis factor polymorphism with type 1 diabetes susceptibility. Ann New York Acad Sci (2008) 1150(1):76–85. doi: 10.1196/annals.1447.059

12. Shiina, T, Inoko, H, and Kulski, JK. An update of the HLA genomic region, locus information and disease associations: 2004. Tissue Antigens (2004) 64(6):631–49. doi: 10.1111/j.1399-0039.2004.00327.x

13. Choo, SY. The HLA system: Genetics, immunology, clinical testing, and clinical implications. Yonsei Med J (2007) 48(1):11. doi: 10.3349/ymj.2007.48.1.11

14. Price, P, Witt, C, Allock, R, Sayer, D, Garlepp, M, Kok, CC, et al. The genetic basis for the association of the 8.1 ancestral haplotype (A1, B8, DR3) with multiple immunopathological diseases. Immunol Rev (1999) 167(1):257–74. doi: 10.1111/j.1600-065x.1999.tb01398.x

15. Allcock, RJ, Williams, JH, and Price, P. The central MHC gene, BAT1, may encode a protein that down-regulates cytokine production. Genes to Cells (2001) 6(5):487–94. doi: 10.1046/j.1365-2443.2001.00435.x

16. Mendonça, VRR, Souza, LCL, Garcia, GC, Magalhães, BML, Lacerda, MVG, Andrade, BB, et al. DDX39B (BAT1), TNF and IL6 gene polymorphisms and association with clinical outcomes of patients with plasmodium vivax malaria. Malaria J (2014) 13(1):1–14. doi: 10.1186/1475-2875-13-278

17. Quiñones-Lombraña, A. BAT1 promoter polymorphism is associated with rheumatoid arthritis susceptibility. J Rheumatol (2008) 35(701):4.

18. Ramasawmy, R, Cunha-Neto, E, Faé, KC, Müller, NG, Cavalcanti, VL, Drigo, SA, et al. bat1, a putative anti-inflammatory gene, is associated with chronic chagas cardiomyopathy. J Infect Diseases. (2006) 193(10):1394–9. doi: 10.1086/503368

19. Wong, AM-L, Allcock, RJ, Cheong, KY, Christiansen, FT, and Price, P. Alleles of the proximal promoter of BAT1, a putative anti-inflammatory gene adjacent to the TNF cluster, reduce transcription on a disease-associated MHC haplotype. Genes to Cells (2003) 8(4):403–12. doi: 10.1046/j.1365-2443.2002.00641.x

20. Price, P. Polymorphisms at positions -22 and -348 in the promoter of the BAT1 gene affect transcription and the binding of nuclear factors. Hum Mol Genet (2004) 13(9):967–74. doi: 10.1093/hmg/ddh113

21. Degli-Esposti, MA, Leelayuwat, C, and Dawkins, RL. Ancestral haplotypes carry haplotypic and haplospecific polymorphisms of BAT1: Possible relevance to autoimmune disease. Eur J Immunogenetics. (1992) 19(3):121–7. doi: 10.1111/j.1744-313X.1992.tb00051.x

22. Roche, J. The epithelial-to-Mesenchymal transition in cancer. Cancers (Basel) (2018) 10:52. doi: 10.3390/cancers10020052

23. Gilles, C, Newgreen, DF, Sato, H, and Thompson, EW. Matrix metalloproteases and epithelial-to-mesenchymal transition: Implications for carcinoma metastasis. Austin, TX: Landes Bioscience (2013). pp. 297–315.

24. Moustakas, A, and De Herreros, AG. Epithelial–mesenchymal transition in cancer. Mol Oncol (2017) 11:715–7. doi: 10.1002/1878-0261.12094

25. Nissisen, L, and Kahari, V. Matrix metalloproteinases in inflammation. Biochim Biophys Acta (BBA) - Gen Subj (1840) 2014:2571–80. doi: 10.1016/j.semcdb.2007.07.003

26. Manicone, A, and Mcguire, J. Matrix metalloproteinases as modulators of inflammation. Semin Cell Dev Biol (2008) 19(1):34–41. doi: 10.3389/fphar.2012.00140

27. Noël, A, Gutiérrez-Fernández, A, Sounni, NE, Behrendt, N, Maquoi, E, Lund, IK, et al. New and paradoxical roles of matrix metalloproteinases in the tumor microenvironment. Front Pharmacol (2012) 3. doi: 10.1002/pros.10194

28. Jung, M, Römer, A, Keyszer, G, Lein, M, Kristiansen, G, Schnorr, D, et al. MRNA expression of the five membrane-type matrix metalloproteinases MT1-MT5 in human prostatic cell lines and their down-regulation in human malignant prostatic tissue. Prostate (2003) 55(2):89–98. doi: 10.1038/sj.pcan.4500609

29. Daja, MM, Niu, X, Zhao, Z, Brown, JM, and Russell, PJ. Characterization of expression of matrix metalloproteinases and tissue inhibitors of metalloproteinases in prostate cancer cell lines. Prostate Cancer Prostatic Diseases (2003) 6(1):15–26. doi: 10.1158/0008-5472.CAN-09-3515

30. Littlepage, LE, Sternlicht, MD, Rougier, N, Phillips, J, Gallo, E, Yu, Y, et al. Matrix metalloproteinases contribute distinct roles in neuroendocrine prostate carcinogenesis, metastasis, and angiogenesis progression. Cancer Res (2010) 70(6):2224–34. doi: 10.1158/0008-5472.CAN-09-3515

31. Escaff, S, Fernández, JM, González, LO, Suárez, A, González-Reyes, S, González, JM, et al. Comparative study of stromal metalloproteases expression in patients with benign hyperplasia and prostate cancer. J Cancer Res Clin Oncol (2010) 137(3):551–5. doi: 10.2741/2161

32. Le, NTV. The dual personalities of matrix metalloproteinases in inflammation. Front Bioscience. (2007) 12(1):1475. doi: 10.1002/pros.23056

33. Adissu, HA, McKerlie, C, Di Grappa, M, Waterhouse, P, Xu, Q, Fang, H, et al. Timp3 loss accelerates tumour invasion and increases prostate inflammation in a mouse model of prostate cancer. Prostate (2015) 75(16):1831–43. doi: 10.1002/pros.23056

34. Isaacs, JT, and Hukku, B. Nonrandom involvement of chromosome 4 in the progression of rat prostatic cancer. Prostate (1988) 13(2):165–88. doi: 10.1002/pros.2990130208

35. Wu, Y, and Zhou, BP. Inflammation: a driving force speeds cancer metastasis. Cell Cycle (2009) 8(20):3267–73. doi: 10.4161/cc.8.20.9699

36. Galarza-Muñoz, G, Briggs, FBS, Evsyukova, I, Schott-Lerner, G, Kennedy, EM, Nyanhete, T, et al. Human epistatic interaction controls IL7R splicing and increases multiple sclerosis risk. Cell (2017) 169(1):72–84.e13. doi: 10.1016/j.cell.2017.03.007

37. Hanahan, D, and Weinberg, RA. Hallmarks of cancer: the next generation. Cell (2011) 144(5):646–74. doi: 10.1016/j.cell.2011.02.013

38. Hanahan, D, and Weinberg, RA. The hallmarks of cancer. Cell (2000) 100(1):57–70. doi: 10.1016/s0092-8674(00)81683-9

39. Shang, GS, Liu, L, and Qin, YW. IL-6 and TNF-α promote metastasis of lung cancer by inducing epithelial-mesenchymal transition. Oncol Lett (2017) 13(6):4657–60. doi: 10.3892/ol.2017.6048

40. Aung, PP, Oue, N, Mitani, Y, Nakayama, H, Yoshida, K, Noguchi, T, et al. Systematic search for gastric cancer-specific genes based on SAGE data: melanoma inhibitory activity and matrix metalloproteinase-10 are novel prognostic factors in patients with gastric cancer. Oncogene (2006) 25(17):2546–57. doi: 10.1038/sj.onc.1209279

41. Zhang, X, Yin P, DID, Luo, G, Zheng, L, Wei, J, Zhang, J, et al. IL-6 regulates MMP-10 expression via JAK2/STAT3 signaling pathway in a human lung adenocarcinoma cell line. Anticancer Res (2009) 29(11):4497–501. doi: 10.1186/1471-2407-14-310

42. Zhang, G, Miyake, M, Lawton, A, Goodison, S, and Rosser, CJ. Matrix metalloproteinase-10 promotes tumor progression through regulation of angiogenic and apoptotic pathways in cervical tumors. BMC Cancer (2014) 14:310. doi: 10.1186/1471-2407-14-310



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 García-Vargas, Roque-Reyes, Arroyo-Villegas, Santiago-Negron, Sánchez-Vázquez, Rivera-Torres, Reyes-Meléndez, Cardona-Berdecía, García-Maldonado, Víquez and Martínez-Ferrer. 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-12-969396-g001.jpg
Control
SiBAT1

BAT1 _ 49kDa
p-actin [ 42kDa

Control
BAT1°DNA

BAT1+mGFP (Anti-BAT1) - 75kDa
Endogenous BAT1 4%Da
mGFP+BAT1 (Anti-mGFP) IS 75kDa
p-actin [Se— 42kDa

Control
SiBAT1

BAT1 _49kDa
B-actin [ 42kDa

Control
BAT1°DNA

BAT1+mGFP (Anti-BAT1) [ 75kDa
Endogenous BAT1 (=== == 4%Da

MGFP+BAT1 (Anti-mGFP) | W 75)Da
p-actin === 42kDa

Fold Change

Fold Change

e ° 2 2 0N
> & o o o
|
Fold Change
|

Fold Change

14 o
@ °
|

Fold Change

£ § 5 5 »
°
|

PC3

siBAT1 WB Quantification

15
1.0 g’
c
5
£
=)
0.5 =
o
- g

0.0

Control siBAT1
BAT1°®™ WB Quantification D
25

Control BAT1ENA

22RV1

siBAT1 WB Quantification F
15
1.0 <3
g
3
<
3]
]
0.5 3
- 2
0.0
Control SiBAT1
BAT1°™A WB Quantification H
sk
o
j=J
<
&
=
9]
=
o
fie

siBAT1 RT-PCR Quantification

1.0
0.5
s

0.0

Control SiBAT1

BAT1 RT-PCR Quantification

Control BAT{1DVA

siBAT1 RT-PCR Quantification

0.0
Control SiBAT1

BAT1 RT-PCR Quantification

Canival RAT{CDONA





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        HLA-BAT1 alters migration, invasion and pro-inflammatory cytokines in prostate cancer

      

        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 In vitro experiments

          

            		

              2.1.1 Cell culture

            



            		

              2.1.2 RNAi-mediated transfection

            



            		

              2.1.3 BAT1 cDNA prostate cancer cells

            



            		

              2.1.4 BAT1 shRNA prostate cancer cells

            



            		

              2.1.5 Western blot

            



            		

              2.1.6 Migration assay

            



            		

              2.1.7 Invasion assay

            



            		

              2.1.8 Cell proliferation

            



            		

              2.1.9 Cell viability

            



            		

              2.1.10 Apoptosis

            



            		

              2.1.11 RNA isolation and qRT-PCR

            



          



          



          		

            2.2 In vivo experiments

          

            		

              2.2.1 Orthotopic mouse model

            



            		

              2.2.2 Tissue collection and histological examination

            



            		

              2.2.3 Immunohistochemistry

            



            		

              2.2.4 Immunofluorescence

            



            		

              2.2.5 Statistical analysis

            



          



          



        



        



        		

          3 Results

        

          		

            3.1 BAT1 expression was decreased after siRNA transfection and increased after cDNA transfection in PC3 and 22RV1 cells

          



          		

            3.2 BAT1 down-regulation significantly increased cell migration and BAT1 overexpression significantly decreased cell migration in PC3 cells

          



          		

            3.3 BAT1 down-regulation significantly increased cell invasion and BAT1 overexpression significantly decreased cell invasion in PC3 and 22RV1 cells

          



          		

            3.4 Alteration of BAT1 expression showed changes in genes associated with inflammation, adhesion, and metastasis in PC3 and 22RV1 cells using qRT-PCR

          



          		

            3.5 In vivo expression of BAT1, Ki-67, TNK- α, IL-6 and MMP10

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-969396-g003.jpg
24hrs 12hrs »

(¢}

12hrs

24hrs

[}

PC3

Control

Normalized Absorbance

Control siBAT1

12 hrs

Control

S|BAT1

**ﬁ*

5
4
3
2
1
0

Control siBAT1

24 hrs

BAT1°PNA

****

1.0

0.5

Normalized Absorbance

12 hrs

***i

Control BAT1°DNA Control BAT{°DNA

24 hrs

24hrs 12hrs

=]

24hrs

12hrs

22RV1

Control

SiBAT1

Normalized Absorbance

Normalized Absorbance

2-5 *kk
—
2.0
15
1.0
0.5
0.0
Control siBAT1 Control siBAT1
| —| 1
12 hrs 24 hrs
Control BAT St

1.0

0.5

Control BAT1°™™A control BAT1°DNA

12 hrs

24 hrs





OEBPS/Images/fonc-12-969396-g005.jpg
a
2

% BAT1 Positive Cells

Control CDNA(+)  ShRNA (+)

Kie7

%Ki67 Positive Cells

Control CDNA(+)  ShRNA (+)

TNF-a

" —_
) 5

3

2

1

0

Control CDNA(+)  ShRNA (+)

§
&
=
2
[
2
i
-3

IL-6

s. .
i L < |

3

2

1

0

Control ~ cDNA(+)  ShRNA(+)

Relative Intensity

MMP10

N e s o

Relative Field Score

Control cDNA (+)  shRNA (+)





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





OEBPS/Images/fonc.2022.969396_cover.jpg
, frontiers ‘ Frontiers in Oncology

HLA-BAT1 alters migration,
invasion and pro-inflammatory
cytokines in prostate cancer





OEBPS/Images/fonc-12-969396-g004.jpg
>

Fold Change

m

PC3

TNF-a IL-6 TNF-ou IL-6
15 1.5 15 1.5-
® ° °
10 2 10 210 210
5 H - H g
5 5 5
T T z
05 3 05 3 05 3 o0s
2 & e £
0.0 0.0 0.0 T 0.0 ™
SiBAT1 BAT{1PMA SiBAT1 BAT1PNA SiBAT1 BAT{PNA SIBAT1 BAT{<ONA
MME:SS MMP10 TIMP2
1.5 15 5 o
8 8 8"
210 2 104 g
2 s §3
o o o 2
z 'u 3
5 0.5 5 05] 5
ke ek & vy |—|
0.0 s 00 y L DNA
<iBAT1 BAT1! SiRATA RAT4{SDNA <iBAT1 BATAC!





OEBPS/Images/fonc-12-969396-g002.jpg
12 hrs Ohrs

24 hrs

(¢}

12 hrs O hrs

24 hrs

Control

Control

siBAT1

BAT{¢ONA

Percentage Migration

Percentage Migration

100

50

0

Control  siBAT1
| |

12 hrs

Control siBAT1
| I

24 hrs

I Fedkk |

Control BAT1°®™ Control BAT1°OMA

| I
12 hrs

| I
24 hrs





OEBPS/Images/table1.jpg
Cell Line Transfected

PC3 BAT1"™* vs PC3 siBAT1
PC3 BAT1°"™* vs PC3 siBAT1
PC3 BAT1"M* vs PC3 siBAT1
22RV1 BAT1"MA vs 22RV1 siBAT1
22RV1 BAT1"M vs 22RV1 siBAT1L
22RV1 BAT1"MA vs 22RV1 siBAT1
22RV1 BAT1"M vs 22RV1 siBAT1L

Gene

TNF-o
IL-6
MMP13
TNF-o.
IL-6
TIMP2
MMP10

Function

Involved in systemic inflammation
Pro-inflammatory cytokine

Involved in cancer migration

Involved in systemic inflammation
Pro-inflammatory cytokine

Directly suppress the proliferation of endothelial cells

Involved in cancer migration

Fold
Change

-1.35
-0.92
-6.25
-4.34
-9.09
433

-4.00





OEBPS/Images/fonc-12-969396-g006.jpg
Prostate Tumor Invasion and Migration
through Extracellular

O
Inflammatory Event O ‘.‘ Matrix (ECM) Degradation m
—_———
O

. O O TIMP2 1

TNF-a T VMMPth Tl
|L‘6 T Iimentin

BAT1 |






