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A miR-129-5P/ARID3A Negative Feedback Loop Modulates Diffuse Large B Cell Lymphoma Progression and Immune Evasion Through Regulating the PD-1/PD-L1 Checkpoint
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The activated B cell (ABC) and germinal center B cell (GCB) subtypes of diffuse large B cell lymphoma (DLBCL) have different gene expression profiles and clinical outcomes, and miRNAs have been reported to play important roles in tumorigenesis, progression, and metastasis. This study aimed to explore the differentially expressed miRNAs and target genes in the two main subtypes of DLBCL. Hub miRNAs were identified by constructing a regulatory network, and in vitro experiments and peripheral blood samples of DLBCL were used to explore the functions and mechanisms of differential miRNAs and mRNAs. Differentially expressed miRNAs and genes associated with the two DLBCL subtypes were identified using GEO datasets. Weighted gene co-expression network analysis shows that one gene module was associated with a better prognosis of patients with the GCB subtype. Through the construction of a regulatory network and qPCR verification of clinical samples and cell lines, miR-129-5p was identified as an important differential miRNA between the ABC and GCB subtypes. The negative relationship between miR-129-5p and ARID3A in DLBCL was confirmed using luciferase reporter assays. Overexpression of miR-129-5p and knockdown of ARID3A inhibited the proliferation of SU-DHL-2 (ABC-type) cells and promoted their apoptosis through the JAK and STAT6 signaling pathways. In addition, inhibition of miR-129-5p and overexpression of ARID3A promoted the proliferation and reduced apoptosis of DB and SU-DHL-6 (GCB-type) cells. Inhibition of miR-129-5p and overexpression of ARID3A in DB and SU-DHL-6 promoted immune escape by increasing PD-L1 expression, which was transcriptionally activated by ARID3A. In conclusion, we showed for the first time that the mir-129-5P/ARID3A negative feedback loop modulates DLBCL progression and immune evasion by regulating PD-1/PD-L1.
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INTRODUCTION

Diffuse large B cell lymphoma (DLBCL) is the most common form of malignant lymphoma, accounting for 25–35% of all non-Hodgkin lymphomas (Miao et al., 2019). R-CHOP chemo-immunotherapy has improved outcomes for DLBCL patients; however, approximately 40% of them relapse or fail to respond to treatment (Li M. et al., 2019). With the development of high-throughput technologies, the genomic profile of DLBCL has been widely characterized. DLBCL is classified into two molecular subtypes based on cell of origin (COO), germinal center B cell (GCB)-like, and activated B cell (ABC)-like (Alizadeh et al., 2000), which is also associated with different clinical outcomes. It has been reported that the ABC subtype is related to inferior chemotherapeutic responses and clinical outcomes compared to the GCB subtype (Fu et al., 2008) following R-CHOP therapy. Therefore, various studies have identified miRNA- (Yang et al., 2018) or lncRNA-focused (Zhou et al., 2017) prognostic biomarkers or signatures between different COO subtypes.

MicroRNAs, comprised of 18–25 nucleotides, widely participate in many biological processes to regulate gene expression by specifically combining to mRNAs, promoting their degradation, and eventually reducing translation (Bruch et al., 2019). Dysregulation of miRNAs has been found to play a crucial role in tumorigenesis, tumor progression, and metastasis by negatively regulating tumor-suppressive protein-coding genes (Wong et al., 2018). In addition, several miRNAs modulate the sensitivity of tumor cells to anticancer drugs, which affects treatment response and prognosis. For example, miR145-3p enhances bortezomib sensitivity in multiple myeloma by promoting apoptosis and autophagy (Wu et al., 2019). Additionally, miR-34a is associated with a superior response to doxorubicin in DLBCL (Marques et al., 2016). Hence, miRNAs have been evaluated as novel diagnostic and prognostic biomarkers in various malignancies, including DLBCL (Marchesi et al., 2018). Moreover, some studies have shown that miRNAs can distinguish between GCB and ABC subtypes (Larrabeiti-Etxebarria et al., 2019).

ARID3a/Bright, an AT-rich interacting domain family of DNA-binding proteins, was originally discovered because of its ability to enhance antigen-ABC immunoglobulin gene transcription. ARID3a forms a dimer with DNA through an arid zone or an a/t-rich interaction domain. Overexpression of ARID3a leads to skewing of mature B cell subsets and changes in gene expression patterns of follicular B cells, whereas loss of its function leads to the loss of B1 lineage B cells and defects in hematopoiesis (Nixon et al., 2004). ARID3A expression is tightly regulated, and B cell-restricted and abnormal expression of ARID3A may result in malignancy and proliferative capacity (Puissegur et al., 2012).

Programmed cell death 1 ligand 1(PD-L1), also known as cluster of differentiation 274 or B7 homolog 1 (Butte et al., 2007), plays an important role in tumor progression and survival by evading immune surveillance when interacting with PD-1 to regulate tumor-specific T cells. PD-L1 overexpression in tumor cells confers protection against CD8+ cell damage, leading to immune evasion (Freeman et al., 2002). Blocking the PD-1/PD-L1 checkpoint by antibodies is therefore considered an effective method for tumor immunotherapy, including lymphoma (Sun et al., 2018).

In this study, we aimed to screen miRNAs and target genes in two main subtypes of DLBCL through bioinformatics and experiments, and to explore their functions and mechanisms.



MATERIALS AND METHODS


Acquisition of Gene Expression Profiles and Identification of Differentially Expressed Genes

MiRNA (GSE15250) and mRNA (GSE56313 and GSE32918) expression data from DLBCL patients were acquired from the GEO database. Data from 23 ABC-type and 29 GCB-type patients were obtained dataset GSE56313, and data from 80 ABC-type and 120 GCB-type patients were obtained from dataset GSE32918. The miRNA dataset GSE15250, which included data from 20 ABC-type and 20 GCB-type patients, was analyzed. Differentially expressed miRNAs and mRNAs between ABC-type and GCB-type patients were identified using the LIMMA package in R software.



Weighted Gene Co-expression Network Analysis

After obtaining differentially expressed genes (DEGs) from the GSE32918 database, the expression of these genes was analyzed using the weighted gene co-expression network analysis (WGCNA) package in R software (Langfelder and Horvath, 2008). WGCNA was used to construct a weighted adjacency matrix that expressed the connection strength of gene pairs by calculating Pearson’s correlation. Then, the appropriate soft threshold power β was selected using the scale-free topology criterion and the adjacency matrix was transformed into a topological overlapping matrix. Topological overlapping points were applied to perform hierarchical clustering. Mean linkage hierarchical clustering was applied to generate a clustering tree, and the dendrogram was defined as Module (Langfelder et al., 2008).



Construction of the Regulatory Network

A regulatory network of the differentially expressed miRNAs and mRNAs was constructed using the miRMap (Vejnar and Zdobnov, 2012), miRanda (Betel et al., 2008), miRDB (Wong and Wang, 2015), TargetScan (Agarwal et al., 2015), and miTarBase (Chou et al., 2018) databases. Only the miRNA-mRNA pairs present in at least two databases were considered significant and were preserved for further investigation. Eventually, cytoscape (Shannon et al., 2003) was used for network visualization.



Cell Culture

Human B-lymphoma cell lines (ABC subtype) SU-DHL-2, (GCB subtype) DB were obtained from Procell Life (Wuhan, China), and (GCB subtype) SU-DHL-6 were obtained from American Type Culture Collection (ATCC, Manassas, VA, United States), and were grown in RPMI-1640 (Invitrogen, Carlsbad, CA, United States) containing 10% fetal bovine serum (FBS; Gibco, Waltham, MA, United States). Human renal epithelial cells (293T) were gifted by the Fujian Institute of Hematology and grown in DMEM (Invitrogen) containing 10% FBS. All cells were cultured in a humidified incubator at 37°C and 5% CO2.



Cell Transfection

Specific shRNAs and oeRNAs against ARID3A (sh-ARID3A, oe-ARID3A) and sh-NC and oe-NC were obtained using pLVshRNA and pCDH-CMV vector designed by Miaolingbio (P0268, P0684, Wuhan, China). MiR-129-5p mimic/inhibitor and NC mimic/inhibitor were generated by Genechem (Shanghai, China). These plasmids were transfected into DLBCL cells using Lipofectamine 3000.



Quantitative Real-Time Polymerase Chain Reaction

Total RNA from peripheral blood and cells was extracted by Trizol and purified by chloroform and ethanol. Reverse transcription for miRNA and mRNA based on All-in-OneTM miRNA qRT-PCR Detection Kit (QP115, GeneCopoeia, United States) and Revert Aid First Strand cDNA Synthesis Kit (K1621, Thermo Fisher Scientific, United States), respectively. Relative expression levels were detected by FastStart Universal SYBR Green Master (Roche) and Biosystems 7500 Real-Time PCR Systems and calculated by 2−ΔΔCt method. miRNA and mRNA were normalized to U6 and GADPH levels, respectively. The experiment was repeated three times. Primers used for qRT-PCR analysis are listed in Supplementary Table 1.



Assessment of Cell Proliferation and Apoptosis

Cell counting assays at different times were used to assess cell proliferation ability. Transfected cells were seeded in 24-well plates. Following incubation for 0, 24, 72, or 96 h, homogenized single cell suspension and trypan blue were mixed 1:1. The cells were counted directly under a light microscope with the inclusion of three counting replicates per well. An APC Annexin V Apoptosis Detection kit (Biolegend, San Diego, CA, United States) was used to analyze cells following the manufacturer’s instructions. A BD Accuri C6 flow cytometer was used to analyze the samples.



In vitro Co-culture System and Flow Cytometry

In vitro co-culture was performed using a Transwell cell incubator (Millipore Corporation, Billerica, MA, United States). In the co-culture system, lymphoma cells were placed in the upper cavity and immune cells in the lower cavity, with both cells in direct contact. Immune cells were mononuclear cells (including lymphocytes and monocytes) isolated from peripheral blood of healthy volunteers using Ficoll by density gradient centrifugation. After 48-h incubation, the immune cells were centrifuged at 500 × g, 4°C for 5 min. Then, the cells were first blocked with mouse IgG mAb and then surface-stained with anti-CD8 (555369, BD) and anti-PD-1 (367404, Biolegend) antibody at 4°C for 20 min in the dark. The cells were washed twice with FACS and were then loaded for data collection. At least 200,000 events were measured using BD Accuri C6 flow cytometer. An isotype control was used for the antibodies. The data were analyzed using the FlowJo software (TriStar Inc., El Segundo, CA, United States). The gating strategy for the ICS assay is shown in Supplementary Figure 1. These results are representative from six independent experiments.



Luciferase Report Assay

The pmirGLO dual-luciferase vector (P0198, Miaolingbio, China), including the ARID3A and miR-129-5p mimics, were transfected into 293T cells with Lipofectamine 3000. The PD-L1 promoter WT/Mut was included into the pGL3-basic vector (P0193, Miaolingbio, China) and transfected into 293T cells with oe-ARID3A or oe-NC. Luciferase activity was measured using the Dual-Luciferase Reporter Assay System (E2920, Promega), and a Glomax 96 spectrophotometer was used to detect the fluorescence intensity.



Western Blot Analysis

Briefly, cells were lysed with RIPA buffer (keyGEN, China) containing protease inhibitors. 20 μg of protein per sample was loaded, run on 10% SDS–polyacrylamide gel electrophoresis, and transferred to a PVDF membrane. After being blocked with 5% bovine serum albumin, membranes were incubated with primary antibodies including PD-L1 (66248, Proteintech), JAK1(3344T, Cell signaling technology), STAT6 (51073, Proteintech) GAPDH (ab8245, Abcam) at 4°C overnight, 1 h of incubation with secondary antibodies and detected by FlourChemE system (Protein Simple).



Survival Analysis

DLBCL patients were divided into low-and high-expression groups based on their gene expression profiles. Kaplan-Meier survival curves were drawn to demonstrate the relevance between expression of DEGs and overall survival (OS) of patients, which was tested by the log-rank test.



Statistical Analysis

Student’s t-test or one-way analysis of variance were implemented. Pearson correlation analysis was used to determine the relationship between miR-129-5p, ARID3A, and CD8+ T cells. Statistical significance was set at P < 0.05.



RESULTS


Identification of Differentially Expressed Genes Associated With Clinical Molecular Subtypes

We compared the gene expression profiles of GSE56313 and GSE32918 datasets and identified DEGs associated with two major clinical molecular subtypes of DLBCL (ABC and GCB). Of these, 331 genes were downregulated and 422 upregulated in the GSE56313 dataset, and 176 genes were downregulated and 278 upregulated in the GSE32918 dataset (Figures 1A,B). The miRNA dataset GSE15250 was also analyzed, finding 171 downregulated and 129 upregulated miRNAs related to different DLBCL subtypes (Figure 1C). By analyzing the intersection of the DEGs, 115 common DEGs were identified, which were named as differentially intersected genes (DIGs) (Figure 1D and Supplementary Table 2).
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FIGURE 1. (A–C) Volcano plots show gene expression in the GSE56313, GSE32918, and GSE15250 datasets. Red and blue symbols indicate genes that were significantly up- and downregulated, respectively. (D) Venn diagrams showing the number of common DEGs between GSE56313 and GSE32918. (E) A hierarchical clustering dendrogram is used to arrange DLBCL samples based on GSE32918, with survival outcomes shown at the bottom. (F) A module-trait relationship matrix is shown with rows and columns corresponding to survival statue and the module eigengenes, and the correlation and p-values are represented in a every box. (G) Regulatory network of miRNA-target mRNA pairs in modular intersection genes. The network contained 56 differentially expressed miRNAs (arrow triangle) and 39 target mRNAs (oval). Red and blue arrow triangles indicate genes that were significantly up- and downregulated, respectively, in the GCB subtype.




Weighted Gene Co-expression Network Analysis Network Construction

We conducted WGCNA based on 454 DEGs and survival data from the GSE32918 dataset. Hierarchical clustering of samples based on Euclidean distance calculated using log10 was converted (Figure 1E). By merging modules with high similarity, we identified five different modules of co-expressed genes that were drawn in different colors (Figure 1F). Among the five modules, the blue module was significantly correlated with good survival status of GCB subtype patients compared to ABC subtype patients, with Pearson r = 0.66 (p = 2e–26). There were 124 genes in the blue module, which are likely associated with a better prognosis of patients of the GCB subtype. These 124 significant genes were intersected with DEGs from the GSE56313 dataset to generated modular intersection genes (MIGs, Supplementary Table 3), which were selected for subsequent analysis.



Regulatory Networks of Modular Intersection Genes

Construction of regulatory networks of MIGs was performed based on the correlation between differentially expressed miRNAs and target genes using Cytoscape. A total of 21 upregulated miRNAs, 35 downregulated miRNAs, and 39 matched mRNAs were identified in comparison to the GCB and ABC subtypes (Figure 1G and Supplementary Table 4). Among them, hsa-miR-142-5p possessed the most regulatory target genes (n = 10). In addition, hsa-miR-199b-5p and hsa-miR-129-5p had nine target genes. Therefore, these miRNAs were considered to be the key miRNA differences between the ABC and GCB subtypes.



Validation of Differentially Expressed miRNAs for Clinical Subtypes in Diffuse Large B Cell Lymphoma Samples

The expression of the three important miRNAs mentioned above, hsa-miR-142-5p, hsa-miR-199b-5p, and hsa-miR-129-5p, in DLBCL patients with ABC and GCB subtypes was detected using qRT-PCR (Figures 2A–C). Except for hsa-miR-199b-5p, the miRNAs were highly expressed in the GCB subtype compared to the ABC subtype. In addition, the expression of the three miRNAs in the DLBCL cell line was investigated (Figures 2D–F). The results demonstrate that hsa-miR-129-5p was expressed at significantly higher levels in the DB and SU-DHL-6 (GCB subtype) cell lines than in the SU-DHL-2 (ABC subtype). According to the above results, hsa-miR-129-5p has nine target genes, of which ARID3A has been reported to be involved in progression of a variety of tumors (Ma et al., 2017; Dausinas et al., 2020; Tang et al., 2020). To identify the role of ARID3A in DLBCL subtypes, we also explored its expression in the peripheral blood of DLBCL patients and in DLBCL cell lines. Conversely, ARID3A was significantly increased in ABC subtype DLBCL patients and in the SU-DHL-2 cell line, in contrast to the GCB subtype (Figures 2G,H).
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FIGURE 2. (A–C) RT-qPCR showing the expression of hsa-miR-142-5p, hsa-miR-199b-5p, and hsa-miR-129-5p in the ABC and GCB subtypes DLBCL patients.(D–F) RT-qPCR showing the expression of hsa-miR-142-5p, hsa-miR-199b-5p, and hsa-miR-129-5p in the SU-DHL-2 (ABC subtype) and DB and SU-DHL-6 (GCB subtype) cell lines. (G,H) QRT-PCR showing the expression of ARID3A in the ABC and GCB subtypes DLBCL patients and cell lines, respectively. All data represented mean ± SD from three independent experiments. NS: P > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.




A Negative Regulatory Feedback Loop Between miR-129-5p and ARID3A in Diffuse Large B Cell Lymphoma

To detect the detailed relationship between miR-129-5p and ARID3A, the site of miR-129-5p for ARID3A was predicted, mutated, and evaluated in dual-luciferase reporter gene assays (Figure 3A). Overexpression of miR-129-5p weakened the luciferase activity of ARID3A WT (wild-type), but did not influence the luciferase activity of ARID3A Mut (mutation), demonstrating that miR-129-5p affects ARID3A at the predicted binding site (Figure 3B). Pearson correlation coefficient analysis shows a negative interaction between miR-129-5p and ARID3A in DLBCL samples, although the difference was not statistically significant (Figure 3C). Furthermore, the reciprocal relationship between miR-129-5p and ARID3A was verified in DLBCL cells. After confirming the inhibition and overexpression of miR-129-5p in DLBCL cells via qRT-PCR (Figure 3D), ARID3A was found to be downregulated in miR-129-5p-overexpressing SU-DHL-2 cells and upregulated in miR-129-5p -knockdown DB and SU-DHL-6 cells (Figure 3E). We conclude that miR-129-5p and ARID3A form a negative regulatory feedback loop in DLBC.
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FIGURE 3. (A) Interaction sequences of ARID3A for miR-129-5p binding were acquired from Starbase v3.0 and mutated by altering them with complementary sequences. (B) Dual-luciferase reporter gene assays were performed to detect the interaction between ARID3A and miR-129-5p. (C) Pearson’s correlation curve showing that ARID3A was negatively correlated with miR-129-5p in DLBCL peripheral blood. (D) The inhibition and overexpression of miR-129-5p in DLBCL cells was confirmed with RT-qPCR assays. (E) RT-qPCR showing the expression of ARID3A in miR-129-5p-overexpressing SU-DHL-2 cells and miR-129-5p -knockdown DB and SU-DHL-6 cells. (F) Cell proliferation ability of transfected cells. Cells were placed in 24-well plates and counted after 0, 24, 72, and 96 h and the cell number were determined with trypan blue exclusion staining. (G) Cell apoptosis of SU-DHL-2 with mimic miR-129-5p, DB and SU-DHL-6 with inhibitor miR-129-5p, and negative control cells was measured through flow cytometry analysis. All data represented mean ± SD from three independent experiments. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.




Effect of miR-129-5p and ARID3A on Diffuse Large B Cell Lymphoma Proliferation and Apoptosis

Based on the above results, the high expression of miR-129-5p was considered a better prognostic factor for GCB subtype DLBCL compared to the ABC subtype. To further determine the specific mechanism, the ABC subtype SU-DHL-2 cells were transfected with miR-129-5p mimics and the GCB subtype DB and SU-DHL-6 cells with the miR-129-5p inhibitor. The results show that the proliferation ability of SU-DHL-2 cells was significantly stronger than that of DB and SU-DHL-6 cells. Meanwhile, overexpression of miR-129-5p impaired the proliferation ability of SU-DHL-2 cells. In contrast, inhibition of miR-129-5p promoted the proliferation of DB and SU-DHL-6 cells (Figure 3F). Cell apoptosis analysis shows that miR-129-5p overexpression in SU-DHL-2 cells resulted in a significantly increase in the number of apoptotic cells compared to control cells (8.29% vs. 5.38%, P = 0.0018), whereas knockdown of miR-129-5p in DB and SU-DHL-6 cells significantly decreased the percentage of apoptotic cells (7.14% vs. 3.03% and P = 0.0002, 7.89% vs. 3.22% and P < 0.0001, respectively, Figure 3G). We subsequently suppressed ARID3A expression levels in SU-DHL-2 cells and enhanced it in DB and SU-DHL-6 cells, which was verified by qRT-PCR (Figure 4A). The results show that the proliferation ability of SU-DHL-2 cells decreased and the number of apoptotic cells remarkably increased following ARID3A knockdown (4.34% vs. 39.97% and P < 0.0001). In addition, the overexpression of ARID3A in DB and SU-DHL-6 cells enhanced the proliferation ability and inhibited cell apoptosis (7.69% vs. 1.37% and P < 0.0001, 6.05% vs. 4.73% and P = 0.0036, respectively, Figures 4B,C). Together, these data suggest that downregulation of miR-129-5p and upregulation of ARID3A are responsible for the progression of ABC subtype DLBCL by promoting cell proliferation and inhibiting apoptosis.
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FIGURE 4. (A) Inhibition and overexpression of ARID3A in DLBCL cells was confirmed with RT-qPCR assays. (B) Cell proliferation ability of ARID3A knockdown SU-DHL-2 cells, ARID3A overexpressing DB and SU-DHL6 cells, and negative control cells was counted using trypan blue exclusion staining. (C) Cell apoptosis assays showing the effect of ARID3A knockdown on SU-DHL-2 cells and ARID3A overexpression on DB and SU-DHL-6 cell apoptosis. (D) Differentially intersected genes were subjected to GO term enrichment analyses. (E) CD8+ T cell percentage and the surface PD-1 expression was determined using flow cytometry analysis when co-cultured with DB and SU-DHL-2 cells and transfected cells. All data represented mean ± SD from three independent experiments. *P < 0.05, **P < 0.01; ****P < 0.0001.




MiR-129-5p and ARID3A Affect the Interaction Between Diffuse Large B Cell Lymphoma Cells and CD8+ T Cells Through the PD-1/PD-L1 Immune Checkpoint

To further explore the downstream mechanisms of miR-129-5p and ARID3A, enrichment analysis of DIGs was conducted based on the Gene Ontology (GO) using DAVID (Huang da et al., 2009). As a result (Figure 4D), the top GO terms included T-helper 17 cell differentiation and CD4-positive or CD8-positive alpha-beta T cell lineage commitment, among others, which implies that these genes are closely related to the immune response. As reported, PD-L1 on tumor cells interferes with CD8+ T cell activity when communicating with PD-1 in the tumor microenvironment (Zheng et al., 2019). Therefore, we speculated that miR-129-5p and ARID3A could alter CD8+ T cells in DLBCL by changing the expression of PD-L1. To simulate the immune environment, DLBCL cells were co-cultured with immune cells. The results demonstrate that the proportion of CD8+ T cells co-cultured with SU-DHL-2 cells was significantly lower than that co-cultured with DB and SU-DHL-6 cells. And the expression of PD-1 on CD8+ T cells is higher than that co-cultured with GCB-subtype DLBCL cells. Thus, SU-DHL-2 cells have a stronger immune escape ability (Figure 4E). Moreover, knockdown of miR-129-5p or ectopic expression of ARID3A in DB and SU-DHL-6 cells reduced the percentage of CD8+ T cells and increased the PD-1 expression on the surface of CD8+ T cells, however, SU-DHL-6 failed to affect the PD-1 expression (Figure 5A). In contrast, the number of CD8+ T cells was significantly increased and PD-1 expression reduced after overexpression of miR-129-5p or knockdown of ARID3A in SU-DHL-2 cells. Furthermore, a significant association between CD8+ T cells and miR-129-5p or ARID3A expression was observed in patients with DLBCL (Figure 5B). A high level of miR-129-5p was associated with a higher number of peripheral blood CD8+ T cells (P = 0.042, r = 0.498). Conversely, low ARID3A expression was significantly correlated with a high CD8+ T cell ratio (P = 0.028, r = −0.532). Additionally, overexpression of miR-129-5p or silencing of ARID3A reduced the protein and mRNA levels of PD-L1 in SU-DHL-2 cells (Figures 5C–E). Inhibition of miR-129-5p or overexpression of ARID3A increased the protein and mRNA levels of PD-L1 in DB and SU-DHL-6. Next, we explored the regulatory mechanism of ARID3A on PD-L1 expression. ARID3A, a member of the ARID3 family, is a well-known transcription factor that can transcriptionally regulate gene expression by binding to the corresponding DNA sites (Tang et al., 2020). Therefore, we investigated whether ARID3A regulates PD-L1 expression at the transcriptional level. The ARID3A binding site of the PD-L1 promoter was obtained using the JASPAR tool (Figure 5F). Dual-luciferase reporter gene assay results show that the PD-L1 promoter transcription was increased after ARID3A overexpression, and this effect was significantly reversed by mutating the binding site (Figure 5G). In summary, it was validated that ARID3A, which is negatively regulated by miR-129-5p, can upregulate PD-L1 as a transcription factor.
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FIGURE 5. (A) CD8+ T cell percentage and the surface PD-1 expression were determined using flow cytometry analysis when co-cultured with SU-DHL-2, DB and SU-DHL-6 cells and transfected cells. Mean ± SD (n = 6). (B) Pearson’s correlation curve showing the positive relation between CD8+ T cells and miR-129-5p and the negative relation between CD8+ T cells and ARID3A in DLBCL peripheral blood. (C,D) Western blotting and densitometric analyses showing PD-L1 protein levels in transfected and negative control DB, SU-DHL-2 and SU-DHL-6 cells. (E) Expression of PD-L1 mRNA in transfected and negative control cells were determined using RT-qPCR. (F) Predicted ARID3A binding site in the PD-L1 promoter were acquired using JASPAR. (G) Dual-luciferase reporter gene assays were performed to show that ARID3A regulated PD-L1 as a transcription factor. Mean ± SD (n = 3). *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.




MiR-129-5p and ARID3A Targeted the Janus Kinase-Signal Transducer and Activator of Transcription Pathway

To further explore the differences between the ABC and GCB subtypes, DIGs were subjected to KEGG pathway analysis. Among them, the Janus kinase-signal transducer and activator of transcription (JAK-STAT) signaling pathway, associated with aggressive growth, invasion, and tumor-mediated immunosuppression, attracted our attention (Figure 6A). Therefore, JAK1 and STAT6 mRNA and protein levels were detected in DLBCL cells. As shown in Figure 6B, JAK1 and STAT6 mRNA levels in DB and SU-DHL-6 cells significantly augmented via inhibition of miR-129-5p and ARID3A overexpression. Meanwhile, Figures 6C,D demonstrate that miR-129-5p inhibitor and ARID3A overexpression significantly increased the protein expression of JAK1 and STAT6 in DB and SU-DHL-6 cells. In addition, both JAK1 and STAT6 were effectively reduced in miR-129-5p mimics or sh-ARID3A SU-DHL-2 cells compared with the negative control group. Our results indicate that miR-129-5p/ARID3A regulates DLBCL cell proliferation, apoptosis, and immune escape through the JAK-STAT signaling pathway.
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FIGURE 6. MiR-129-5p and ARID3A target the Janus kinase-signal transducer and activator of transcription (JAK-STAT) signaling pathway. (A) Differentially intersected genes were subjected to KEGG pathway analysis. (B) JAK1 and STAT6 mRNA levels in transfected DB, SU-DHL-2 and SU-DHL-6 cells were determined using RT-qPCR. (C,D) Western blotting and densitometric analyses showing JAK1 and STAT6 protein levels in transfected DLBCL cells. All data represented mean ± SD from three independent experiments. *P < 0.05, **P < 0.01; ***P < 0.001; ****P < 0.0001.




Relevance of Genes to Overall Survival

Combining clinical information and gene expression information in GSE32918, 39 DEGs in miRNA-mRNA regulatory networks were evaluated using Kaplan-Meier survival analysis. As a result, the expression of nine mRNAs was significantly correlated with OS (P < 0.05, Figure 7). Surprisingly, we found a significant correlation between high ARID3A expression and poor prognosis in DLBCL patients. Therefore, we believe that ARID3A is an important prognostic and therapeutic target for DLBCL.
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FIGURE 7. Nine mRNAs in the miRNA-mRNA regulatory networks are significantly related to overall survival of DLBCL patients in the GSE32918 database. Red and green lines indicate high-expression and low-expression groups, respectively.




DISCUSSION

DLBCL is mainly divided into two COO subtypes, the GCB and ABC subtypes, with obvious differences in gene expression profiles and clinical outcomes. However, R-CHOP is the standard treatment for newly diagnosed DLBCL, regardless of the COO subtype. Although the combination of chemotherapy and rituximab result in a 5-year progression-free survival of 70–75% and OS of 75–80% (Cunningham et al., 2013), some patients, especially of the ABC subtype, still experience a high rate of relapse or refractoriness. Therefore, targeting strategies that are concentrated on different subtypes should be considered.

In recent years, miRNA expression profiles have been identified in a variety of cancers, including non-small-cell lung cancer (Niemira et al., 2019), breast cancer (Dastmalchi et al., 2020), and gliomas (Zeng et al., 2018), including DLBCL. However, the involvement of miRNAs in the pathogenesis and therapeutic response of different DLBCL subtypes needs to be further clarified. To identify the differential biomarkers of ABC and GCB subtypes, differentially expressed miRNAs and targeted genes between the two subtypes were identified based on one miRNA expression dataset and two gene expression profiles. Through bioinformatics analysis, a module with a strong correlation with a better prognosis of GCB subtypes was identified. By constructing a regulatory network between the MIGs and differential miRNAs, we identified three important miRNAs with the most targeted genes. Through the validation of DLBCL patient samples and cells, only miR-129-5p was significantly upregulated in the GCB subtype.

Studies have reported that miR-129-5p can inhibit the progression of rectal cancer (Wan et al., 2020), nasopharyngeal cancer (Yu et al., 2020), and liver cancer (Li Z. et al., 2019), but its role in DLBCL has not yet been reported. Our study found that miR-129-5p inhibited the proliferation and promoted apoptosis of DLBCL cells. This may be the reason why ABC-the subtype DLBCL with a low expression of miR-129-5p has a higher degree of malignancy. In addition, through bioinformatics analysis and in vitro experiments, miR-129-5p was found to negatively regulate ARID3A, which was confirmed by a luciferase reporter assay. As a transcription factor, ARID3A participates in many cellular processes and is reported to promote the progression of tumors such as ovarian cancer, colorectal cancer, and nasopharyngeal cancer (Dausinas et al., 2020; Tang et al., 2020). Our study demonstrated that ARID3A was highly expressed in ABC subtype DLBCL patients and cell lines, and the overexpression of ARID3A facilitated the proliferation of GCB DLBCL cells and inhibited cell apoptosis. The results of survival analysis based on the GEO dataset suggested that DLBCL with high ARID3A expression had a shorter survival time. Therefore, we believe that the high expression of ARID3A promotes the progression of DLBCL and leads to poor prognosis of ABC subtype DLBCL. Through KEGG pathway analysis of DEGs and in vitro experimental validation, we revealed that knocking down miR-129-5p and overexpression of ARID3A both resulted in increased expression of JAK1 and STAT6. An increasing body of evidence demonstrates that the JAK/STAT signaling pathway is an important target for tumor therapy because of its important role in aggressive growth, invasion, treatment resistance, and tumor-mediated immunosuppression (Ou et al., 2021). In addition, activation of the JAK/STAT signaling pathway is related to a worse prognosis in various cancers (Qureshy et al., 2020). Therefore, we suspected that tumor progression of the ABC subtype DLBCL is promoted through miR-129-5p/ARID3A-mediated activation of the JAK/STAT pathway.

GO function enrichment analysis indicates that genes were highly enriched in immune response-related signaling pathway. It has been reported that, in the tumor microenvironment, tumor cells can attenuate the activity of T cells and evade the immune response. Previous studies have pointed out that an increase in PD-L1 expression in tumor cells leads to a decrease in the proportion of CD8+ T cells that interact with it, thereby promoting tumor cell survival (Zheng et al., 2019). In the current study, miR-129-5p and ARID3A were found to alter the proportion of CD8+ T cells in the immune environment through PD-L1 activation, thereby promoting immune escape. We also show that ARID3A activated PD-L1 transcription by binding to its promoter. In this study, we first revealed that ARID3A, which is negatively regulated by miR-129-5p, activates PD-L1, leading to the immune escape of DLBCL, especially the ABC subtype.

However, there are some limitations in our study. First, the clinical sample size is too small, which may be one of the factors affecting our experimental data. Second, our experiments lack validation from animal experiments. Therefore, further studies are needed to elucidate the mechanisms of miR-129-5p and ARID3A.



CONCLUSION

Through bioinformatics analysis and in vitro experiments, we revealed that miR-129-5p, a differentially expressed miRNA between the ABC and GCB subtypes of DLBCL, promoted apoptosis and inhibited proliferation and immune escape of DLBCL through targeted regulation of ARID3A. Specifically, we clarified that the miR-29-5P/ARID3A axis constitutes a negative feedback loop, which modulates PD-L1 expression in DLBCL and leads to changes in CD8+ T cell activity, ultimately promoting the immune escape of tumor cells (Figure 8).


[image: image]

FIGURE 8. A miR-129-5P/ARID3A negative feedback loop modulates diffuse large B cell lymphoma progression and immune evasion through regulating the PD-1/PD-L1 checkpoint.
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REFERENCES

Agarwal, V., Bell, G. W., Nam, J. W., and Bartel, D. P. (2015). Predicting effective microRNA target sites in mammalian mRNAs. eLife 4:e05005. doi: 10.7554/eLife.05005

Alizadeh, A. A., Eisen, M. B., Davis, R. E., Ma, C., Lossos, I. S., Rosenwald, A., et al. (2000). Distinct types of diffuse large B-cell lymphoma identified by gene expression profiling. Nature 403, 503–511. doi: 10.1038/35000501

Betel, D., Wilson, M., Gabow, A., Marks, D. S., and Sander, C. (2008). The microRNA.org resource: targets and expression. Nucleic Acids Res. 36, D149–D153. doi: 10.1093/nar/gkm995

Bruch, R., Baaske, J., Chatelle, C., Meirich, M., Madlener, S., Weber, W., et al. (2019). CRISPR/Cas13a-Powered electrochemical microfluidic biosensor for nucleic acid amplification-free miRNA diagnostics. Adv. Mater. 31:e1905311.

Butte, M., Keir, M., Phamduy, T., Sharpe, A., and Freeman, G. J. (2007). Programmed death-1 ligand 1 interacts specifically with the B7-1 costimulatory molecule to inhibit T cell responses. Immunity 27, 111–122. doi: 10.1016/j.immuni.2007.05.016

Chou, C. H., Shrestha, S., Yang, C. D., Chang, N. W., Lin, Y. L., Liao, K. W., et al. (2018). miRTarBase update 2018: a resource for experimentally validated microRNA-target interactions. Nucleic Acids Res. 46, D296–D302. doi: 10.1093/nar/gkx1067

Cunningham, D., Hawkes, E. A., Jack, A., Qian, W., Smith, P., Mouncey, P., et al. (2013). Rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisolone in patients with newly diagnosed diffuse large B-cell non-Hodgkin lymphoma: a phase 3 comparison of dose intensification with 14-day versus 21-day cycles. Lancet (London, England) 381, 1817–1826. doi: 10.1016/S0140-6736(13)60313-X

Dastmalchi, N., Safaralizadeh, R., Baradaran, B., Hosseinpourfeizi, M., and Baghbanzadeh, A. (2020). An update review of deregulated tumor suppressive microRNAs and their contribution in various molecular subtypes of breast cancer. Gene 729:144301. doi: 10.1016/j.gene.2019.144301

Dausinas, P., Pulakanti, K., Rao, S., Cole, J., Dahl, R., and Cowden Dahl, K. J. G. (2020). ARID3A and ARID3B induce stem promoting pathways in ovarian cancer cells. Gene 738:144458. doi: 10.1016/j.gene.2020.144458

Freeman, G., Sharpe, A., and Kuchroo, V. (2002). Protect the killer: CTLs need defenses against the tumor. Nat. Med. 8, 787–789. doi: 10.1038/nm0802-787

Fu, K., Weisenburger, D. D., Choi, W. W., Perry, K. D., Smith, L. M., Shi, X., et al. (2008). Addition of rituximab to standard chemotherapy improves the survival of both the germinal center B-cell-like and non-germinal center B-cell-like subtypes of diffuse large B-cell lymphoma. J. Clin. Oncol. 26, 4587–4594. doi: 10.1200/JCO.2007.15.9277

Huang, da, W., Sherman, B. T., and Lempicki, R. A. (2009). Systematic and integrative analysis of large gene lists using DAVID bioinformatics resources. Nat. Protoc. 4, 44–57. doi: 10.1038/nprot.2008.211

Langfelder, P., and Horvath, S. (2008). WGCNA: an R package for weighted correlation network analysis. BMC Bioinformatics 9:559. doi: 10.1186/1471-2105-9-559

Langfelder, P., Zhang, B., and Horvath, S. (2008). Defining clusters from a hierarchical cluster tree: the dynamic tree cut package for R. Bioinformatics (Oxford, England) 24, 719–720. doi: 10.1093/bioinformatics/btm563

Larrabeiti-Etxebarria, A., Lopez-Santillan, M., Santos-Zorrozua, B., Lopez-Lopez, E., and Garcia-Orad, A. (2019). Systematic review of the potential of MicroRNAs in diffuse large B cell lymphoma. Cancers 11:44. doi: 10.3390/cancers11020144

Li, M., Chiang, Y. L., Lyssiotis, C. A., Teater, M. R., Hong, J. Y., Shen, H., et al. (2019). Non-oncogene addiction to SIRT3 plays a critical role in lymphomagenesis. Cancer Cell 35, 916–931.e9. doi: 10.1016/j.ccell.2019.05.002

Li, Z., Lu, J., Zeng, G., Pang, J., Zheng, X., Feng, J., et al. (2019). MiR-129-5p inhibits liver cancer growth by targeting calcium calmodulin-dependent protein kinase IV (CAMK4). Cell Death Dis. 10:789. doi: 10.1038/s41419-019-1923-4

Ma, J., Zhan, Y., Xu, Z., Li, Y., Luo, A., Ding, F., et al. (2017). ZEB1 induced miR-99b/let-7e/miR-125a cluster promotes invasion and metastasis in esophageal squamous cell carcinoma. Cancer Lett. 398, 37–45. doi: 10.1016/j.canlet.2017.04.006

Marchesi, F., Regazzo, G., Palombi, F., Terrenato, I., Sacconi, A., Spagnuolo, M., et al. (2018). Serum miR-22 as potential non-invasive predictor of poor clinical outcome in newly diagnosed, uniformly treated patients with diffuse large B-cell lymphoma: an explorative pilot study. J. Exp. Clin. Cancer Res. 37:95. doi: 10.1186/s13046-018-0768-5

Marques, S. C., Ranjbar, B., Laursen, M. B., Falgreen, S., Bilgrau, A. E., Bødker, J. S., et al. (2016). High miR-34a expression improves response to doxorubicin in diffuse large B-cell lymphoma. Exp. Hematol. 44, 238–246.e2. doi: 10.1016/j.exphem.2015.12.007

Miao, Y., Medeiros, L. J., Li, Y., Li, J., and Young, K. H. (2019). Genetic alterations and their clinical implications in DLBCL. Nat. Rev. Clin. Oncol. 16, 634–652. doi: 10.1038/s41571-019-0225-1

Niemira, M., Collin, F., Szalkowska, A., Bielska, A., Chwialkowska, K., Reszec, J., et al. (2019). Molecular signature of subtypes of non-small-cell lung cancer by large-scale transcriptional profiling: identification of key modules and genes by weighted gene co-expression network analysis (WGCNA). Cancers 12:37. doi: 10.3390/cancers12010037

Nixon, J. C., Rajaiya, J. B., Ayers, N., Evetts, S., and Webb, C. F. (2004). The transcription factor, bright, is not expressed in all human B lymphocyte subpopulations. Cell Immunol. 228, 42–53. doi: 10.1016/j.cellimm.2004.03.004

Ou, A., Ott, M., Fang, D., and Heimberger, A. B. (2021). The role and therapeutic targeting of JAK/STAT signaling in glioblastoma. Cancers 13:437. doi: 10.3390/cancers13030437

Puissegur, M. P., Eichner, R., Quelen, C., Coyaud, E., Mari, B., Lebrigand, K., et al. (2012). B-cell regulator of immunoglobulin heavy-chain transcription (Bright)/ARID3a is a direct target of the oncomir microRNA-125b in progenitor B-cells. Leukemia 26, 2224–2232. doi: 10.1038/leu.2012.95

Qureshy, Z., Johnson, D., and Grandis, J. (2020). Targeting the JAK/STAT pathway in solid tumors. Cancer Metastasis Treat 6:27. doi: 10.20517/2394-4722.2020.58

Shannon, P., Markiel, A., Ozier, O., Baliga, N. S., Wang, J. T., Ramage, D., et al. (2003). Cytoscape: a software environment for integrated models of biomolecular interaction networks. Genome Res. 13, 2498–2504. doi: 10.1101/gr.1239303

Sun, C., Mezzadra, R., and Schumacher, T. (2018). Regulation and function of the PD-L1 checkpoint. Immunity 48, 434–452. doi: 10.1016/j.immuni.2018.03.014

Tang, J., Yang, L., Li, Y., Ning, X., Chaulagain, A., Wang, T., et al. (2020). ARID3A promotes the development of colorectal cancer by upregulating AURKA. Carcinogenesis 42, 578–586. doi: 10.1093/carcin/bgaa118

Vejnar, C. E., and Zdobnov, E. M. (2012). MiRmap: comprehensive prediction of microRNA target repression strength. Nucleic Acids Res. 40, 11673–11683. doi: 10.1093/nar/gks901

Wan, P., Bai, X., Yang, C., He, T., Luo, L., Wang, Y., et al. (2020). miR-129-5p inhibits proliferation, migration, and invasion in rectal adenocarcinoma cells through targeting E2F7. J. Cell. Physiol. 235, 5689–5701. doi: 10.1002/jcp.29501

Wong, C. M., Tsang, F. H., and Ng, I. O. (2018). Non-coding RNAs in hepatocellular carcinoma: molecular functions and pathological implications. Nat. Rev. Gastroenterol. Hepatol. 15, 137–151. doi: 10.1038/nrgastro.2017.169

Wong, N., and Wang, X. (2015). miRDB: an online resource for microRNA target prediction and functional annotations. Nucleic Acids Res. 43, D146–D152. doi: 10.1093/nar/gku1104

Wu, H., Liu, C., Yang, Q., Xin, C., Du, J., Sun, F., et al. (2019). MIR145-3p promotes autophagy and enhances bortezomib sensitivity in multiple myeloma by targeting. Autophagy 16, 683–697. doi: 10.1080/15548627.2019.1635380

Yang, J. M., Jang, J. Y., Jeon, Y. K., and Paik, J. H. (2018). Clinicopathologic implication of microRNA-197 in diffuse large B cell lymphoma. J. Trans. Med. 16:162. doi: 10.1186/s12967-018-1537-0

Yu, D., Han, G. H., Zhao, X., Liu, X., Xue, K., Wang, D., et al. (2020). MicroRNA-129-5p suppresses nasopharyngeal carcinoma lymphangiogenesis and lymph node metastasis by targeting ZIC2. Cell Oncol. (Dordr) 43, 249–261. doi: 10.1007/s13402-019-00485-5

Zeng, A., Yin, J., Wang, Z., Zhang, C., Li, R., Zhang, Z., et al. (2018). miR-17-5p-CXCL14 axis related transcriptome profile and clinical outcome in diffuse gliomas. Oncoimmunology 7:e1510277. doi: 10.1080/2162402X.2018.1510277

Zheng, Z., Sun, R., Zhao, H. J., Fu, D., Zhong, H. J., Weng, X. Q., et al. (2019). MiR155 sensitized B-lymphoma cells to anti-PD-L1 antibody via PD-1/PD-L1-mediated lymphoma cell interaction with CD8+T cells. Mol. Cancer 18:54. doi: 10.1186/s12943-019-0977-3

Zhou, M., Zhao, H., Xu, W., Bao, S., Cheng, L., and Sun, J. (2017). Discovery and validation of immune-associated long non-coding RNA biomarkers associated with clinically molecular subtype and prognosis in diffuse large B cell lymphoma. Mol. Cancer 16:16. doi: 10.1186/s12943-017-0580-4


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 © 2021 Zheng, Lai, Lin, Issah, Fu and Shen. 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.


OPS/images/fcell-09-735855-g008.jpg
Cell survival

_A

Anti-apoptosis

Proliferation
miR-129-5p

é

TrrrrTlTlT\\

ARID3A mRW

Cytoplasm






OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		A miR-129-5P/ARID3A Negative Feedback Loop Modulates Diffuse Large B Cell Lymphoma Progression and Immune Evasion Through Regulating the PD-1/PD-L1 Checkpoint



		INTRODUCTION



		MATERIALS AND METHODS



		Acquisition of Gene Expression Profiles and Identification of Differentially Expressed Genes



		Weighted Gene Co-expression Network Analysis



		Construction of the Regulatory Network



		Cell Culture



		Cell Transfection



		Quantitative Real-Time Polymerase Chain Reaction



		Assessment of Cell Proliferation and Apoptosis



		In vitro Co-culture System and Flow Cytometry



		Luciferase Report Assay



		Western Blot Analysis



		Survival Analysis



		Statistical Analysis







		RESULTS



		Identification of Differentially Expressed Genes Associated With Clinical Molecular Subtypes



		Weighted Gene Co-expression Network Analysis Network Construction



		Regulatory Networks of Modular Intersection Genes



		Validation of Differentially Expressed miRNAs for Clinical Subtypes in Diffuse Large B Cell Lymphoma Samples



		A Negative Regulatory Feedback Loop Between miR-129-5p and ARID3A in Diffuse Large B Cell Lymphoma



		Effect of miR-129-5p and ARID3A on Diffuse Large B Cell Lymphoma Proliferation and Apoptosis



		MiR-129-5p and ARID3A Affect the Interaction Between Diffuse Large B Cell Lymphoma Cells and CD8+ T Cells Through the PD-1/PD-L1 Immune Checkpoint



		MiR-129-5p and ARID3A Targeted the Janus Kinase-Signal Transducer and Activator of Transcription Pathway



		Relevance of Genes to Overall Survival







		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		SUPPLEMENTARY MATERIAL



		REFERENCES

















OPS/images/cover.jpg
frontiers
in Cell and Developmental Biology

A miR-129-5P/ARID3A Negative
Feedback Loop Modulates
Diffuse Large B Cell Lymphoma
Progression and Immune
Evasion Through Regulating
the PD-1/PD-L1 Checkpoint









OPS/images/fcell-09-735855-g004.jpg
>

Relative expression of ARID3A

SU-DHL-2 DB SU-DHL-6

8= 100 —=— 209 ==

i
- 80+

60+
4=
40+
7 20+
L T
S
&S

&

-®: DBoe-NC [

-»- DB oe-ARID3A

-+- SU-DHL-4 0e-NC

=~ SU-DHL-4 oe-ARID3A

-&+ SU-DHL-2sh-NC 1.,
©104 -~ SU-DHL-2 sh-ARID3A .
o ’—‘
X
@
Ke]
€5
=
o]
o

@ BP

a cc

a MF 34
o
O
D 3
k=
o
E2
2
c
o 1

ok

Sig GO terms of DE gene

@}9@\ 4\ S, {\5\ S

SRl

"\&P«\W\ s»

@*\«"f@ FPPE
S
g?'ao@om oé"g@i

sl 0’9 e ®°

't\q
N D
\5\ /@x

5

v S5
\@;@ 5 wwb“

SANC
RN, ,é%“ 5

SU-DHL-2
ek
Epe @ a1 @ 50= ~
070 178 488 2186 =
. ) 4d i3 X404
<" 1 1o 1 240
3 8.
_ §1n° E 10’ %
o} 3 B20
L3 | L | 8_
Qs @ ias @ |©
10® 954 218 | o 33ss 20 | 5104
T ™ T T T T ey o
a0 w® 0® w0 w0 10* e 0=
APC-A: APCA APC-A:: APCA O
Annexin V é\'\; <e§>n'¥~
sh-NC sh-ARID3A ¥
DB @
.
10+ —
Q2 a2
128 o047 |
=
z ¥
8
@ 87
_ @
T £
S 4=
I2 '! 8
©
a3 Vo @ |5 2+
672 o jees o | B
Ty ol Ty Ty T =
# 1I0 ||Z '.‘ |‘! 0-
APC-A:APCA
oeNG  AmmexinV 0e-ARID3A
SU-DHL-6
- 7 8= Kk
1 a1 Q2 w dan Q2 — f 1
Widom 130 W0 048 9
i 3 Z 6+
_ éu’ 3 w® 3 §
O [5wd ' g 4
én’ k| ' £
2’ 1 a
= 2 2 8.
' w0 g © 2=
w o Qa3 w04 -] s
o Js28 509 , 1953 w2 | °
b L e e ma e e o=
10° 10° 10* 10° 10° w? 10 10°
APC-A:APC-A APC-A:APCA
E oeNG  AmmexinVo oo ARIDSA
—~ 34= ax
9 ==
= 1 ] ) L
2 32+ B
- ] ] 3 .
g 30+ -
=] HesCAmbnt| | | 'I
g 8 28+ Ala
k5
!ln |l2 4I‘ ‘Il. Wn = 26= {L % b
CD @5 < N
SU-DHL-2 Y y
& &
230
wox ] N 3
-
e 4 § 8
(@]
200k = PEH, 85C-Anbnet | |~ PEH, 88CAsubeat | |4 g 10+
278 o 108 el
B s [a]
bt T ol ol T T T v Y T T , T | . ) Ty T T T T bl o
F"E g w? ! w? o * ® w® w? wt 0
SU-DHL-2 DB SU-DHL-6






OPS/images/fcell-09-735855-g005.jpg
mimic NC mimic miR-129-5p

CDB+T percetage(%)

]

3

PD-1 on CD8+Tcell(%)

mimic miR-129-5p

CD8+T percetage(%)

1
10
Relative expression of miR-129-5P

] K 2
@ 50
: g < .
T SN I r=-0.532
1 22 g N P=0.028
% 8 .
a D 307 e°®
1 z S
] [ rensson 1 g
e 5 C
& +
G v A g 3
POMS R g
1
sh-ARID3A sh-NC sh-ARID3A
-10+ 10
Relative expression of ARID3A
o] P oo Azu-
g £ c DB SU-DHL-2 _ _SU-DHL-6
pog k! 2 ] 3
J £ 204 &
- g ] K154
= s}
G & 5
5159 peasscanset | |1 &
-] )]_j 71 o
S 10
o N
i y L I N X
Inhibitor NC Inhibitor miR-129-5p B Inhibitor NC Inhibitor miR-129-5p &
- e e = 25m
S =
5 )
g 8o ] =
£ 8 204
9 e
5 74 ] &
o o
& oo §1°9
5 a
g
10
Pb" 4 w? w* " o 0 o
oe-NC 0e-ARID3A ~ oeNC o0e-ARID3A
SU-DHL-6
DB SU-DHL-2 ~ SU-DHL-6
1o q 30 25m
e bl § £ 204
D 95 8
] 1 5 i 154
3 &
@ a
o 5 2 © 104
e — s
& =
— a FEA SSCAmbI fa)
© 1 a
- . L ]
e ot P
Inhibitor NC Inhibitor miR-129-5p Inhibitor NC Inhibitor miR-128-5p -
& T
3 I
6 0.4
] 4 § 34 H g 3 :
S H a
. g o i < o 02
N 8 &
:t’ ) 8 00
' i c
& 28 2
o o
&
= ‘ i owt et Wt W et Wt
cD8 0e-NC 0eARID3A oe-NC oe-ARID3A
SU-DHL6 b
<4 =6 1 i %
g 2 2 3 =T oeNC
s CE 5 S =7 0e-ARID3A
§1.0 £ §4 19 ATTAAA 2
8 93 ] PD-L1 [ARID3A] g
H H
g £ g ] ] 5
Sos H 32 5 32
2 21 2 -327~-332 °
s 5 5
& o # o 0 °
] & o
& & e‘"‘\; \@@ & & PD-L1-WT  PD-L1-MUT
¢ S






OPS/images/logo.jpg
, frontiers
in Cell and Developmental Biology





OPS/images/fcell-09-735855-g006.jpg
A Sig pathway of DE gene SU-DHL?2

w)
o

SU-DHL-6

)

Relative expression of ST, AIG
g8

@

MeaslesHomo_sapiens_(human) [hsa05162

]

Relative expression of STATS|

Th1_and_Th2_cell_differenti... [hsa04658}

&
N
S
9

Hematopoietic_cell_lineageH... hsa04640]-

=
>

Intestinal_immune_network_f... [nsa04672} 015" 4

Relative expression of JAK1

Relative expression of JAK1

e o
[ ]
©
8
= S c
3 8 °
oReIahve oexpressEJn of JAl(1 w
° » o »
Relative expression of STAT6
S ¢ = &
° »

Human_T-cell_leukemia_virus... [hsa05166} 005

LeishmaniasisHomo_sapiens_( [hsa05140]

’)%.

Count

. . 2 - © g
JAK-STAT _signaling_pathwayH [hsa04630]- ®: T P L
3 & 2
[ R ol
Starch_and_sucrose_metaboli... [hsa00500 . . 5 I
o - ®: & St 5

@ 2

Primary_immunodeficiencyHom.[hsa05340] o g o

S

&
=4

Viral_protein_interaction_vs... [hsa0406] .

Relative ex|

(&l

Relative ex|

4
"

Relative expression of JAK1
o Y

Relative expression of STAT6
o °
Relative expression of JAK1
o

Relative expressil

20
Enrichment Score (-log10(p_value))

¥y,

SU-DHL-2 SU-DHL-6
SU-DHL2 DB SU-DHLE
§ >
d%o &\Q‘ o iis Fave
& & =

STAT6 | E— —“ —_— - —— - 110kDa 02!

- -‘P -- 2500

JAK1/GAPDH
o

STAT6/GAPDH

JAK1/GAPDH

=
o
o
o

GAPDH

b,
Q,)}/@

DHL- DB SU-DHL®
SU-DHL 2\» - - SU-DHL2 DB SU-DHL6
O O O
& \§§> \Ao & & ‘g.\°
X< O.z,' 0 2.0 15 151 15 ——— 20 ]
s L1 5 5 Sis
JAK1 130kDa & 2 S0 B 1o 3
éto 51_0 é é é S1.0
g £ E & 3 £
110kDa o5 Bos =os s ' Do
0.0
v
&

®,





OPS/images/fcell-09-735855-g007.jpg
ARID3A survival analysis

CCDCB85A survival analysis

CLECL1 survival analysis

100 aroup=high == = group=low 100 group=high s = group=low i85 grotip=righ I i group=low
2 2 >
ek = =
5 z 075 £ 075
8 € 8
2 S 5
Sos0 Soso Soso
3 e 2
7] | 3 3 |
| I I
025 025 025
I p=0.00071 I p=0.039 | I p=0.00092
| 1 1 1
000 I 000 1 1 0.00 1
2 4 8 2 4 6 2 4
Time (years) Time (years) Time (years)
MME survival analysis S$1PR2 survival analysis SH3TC1 survival analysis
1.00 group=high = . group=low 1.00 group=high = = group=low 1.00 group=high ms = group=low
- 2075 > 075
e 3 =
2 8 |
[ ° 2
5 & g
Soso g 0.50 § 0%
c b ;
s
@ 1 3 | 5 1
I I @ I
025 0.25 025
I p=0.0054 I p=0.00045 1 I p=0.0055
| 1 1 1
0.00 1 0.00 1 1 0.00 1
2 4 8 2 4 6 2 4
Time (years) Time (years) Time (years)
SLC25A27 survival analysis SYTL4 survival analysis £BTBa2:survival analysts
- - 1.00 100
1.00 group=high s = group=low group=high = == group=low group=high s . group=low
>
=075 £ 075 2075
8 a =
3 2 3
° 2 2
5 s o
Bosn T 050 2950
s z 2
3 1 1 3 s !
w
1 1 I
025 025 025
I p=0.039 1 1 p=0.022
| | I
0.00 1 1 0.00 000 1
2 4 8 2 4 6 2 4
Time (years) Time (years) Time (years)






OPS/images/fcell-09-735855-g001.jpg
-log10(p_value)

CB vs ABC

*© up(422) - middle (22127) - down (331)

GCB vs ABC

© up(278) - middle (17930) + down (176)

(CB vs ABC

+ up(129) - middle (804) + down (171)

-log10(p_value)

-10g10(p_value)

3 ) 3 3 ; 5 i b 3 7 3 3 3
log2(Fold Change) log2(Fold Change) log2(Fold Change)
E ple dendrog; and trait h K
GSE56313 GSE32918
3 =
g -4
E 8
>
- 4
o 4
o o
status
hsa-miR-921
Module-trait relationships G s iRE0

MEblue !
MEyellow 05
MEbrown 0

MEturquoise 05

MEgrey | 2 ;

&

8y

hsamiR-342:3p

hsamiR575

hsaiR-338-3p

iR-146b-5p.





OPS/images/fcell-09-735855-g002.jpg
ARID3A

has-mir-199b-5p hsa-mir-129-5p

hsa-mir-142-5p

L)
o
-

uoissaidxa annepy

1
o
(2]

n.s

L]
o

1 1
o (=]
-

N
uoissaidxa aAne|ay

i
't

i

“H

-10

309

Fk

1
o

1 1
o o

I - :
uoissaldxa anjedy

3

;

|

-10

I
o
(2]

L]
o

N
uoissaad

1 1
o (=]

-

X9 aAleRy

o
-
[

GCB

ABC

GCB

ABC

GCB

ABC

X
< %9\»
*
m m 00 &
o ]
< [ &
%
(o3
I 1 1 1 0&4
0 e n I
- - o o
uoissaidxa anney
I
Q.
9
&
< *
2|
g
1 I 1 1
< . < i :
o™ - - (=] o
T8 :O_WmOhQXO QAle|9Y
o
0
(=23
(2]
To
Xc
£

I 1 1
0 o ©
- o

1
uolssaidxa aAePy

miR-142-5P
s

n
l - I

1 1
o 3]

uoissaldxa aAneoy

4=





OPS/images/fcell-09-735855-g003.jpg
A B 154 . 293T - c
0 r— B3 NC mimic
ARID3A WT: 5’AAGCAAGAAAAAAAAGC|AiA|A|AIAi....3' 2 B miR-129.5P mimic Fro
= n.s =
) 5 — x =0.417
miR-129-5p: 3' AAGCAAGAAAAAAAATACCCCC ...5 ) 1.0 < P=0.060
Q ]
@ =
ARID3A Mut: 5 AAGCAAGAAAAAAAATACCCCC ...3 g -% 51 o
= 3
205 S
D g § . ot ® =
E=1 > 0=
%,. SUDHL2 . DB 20 SUDHLE 3 B T )
8 kkk == 0.0 & 0 . 5 . 10
g — - : -120-
% 204 5 —= . ARID3A-WT  ARID3A-MUT Relative expression of miR-129-5P
x .
= 1.0
g 15+ 1 G SU-DHL-2
m - ke
@ 10 <107 r 1
;% 057 0.5+ -::s o: _::715 o:: %
; 5 éw‘- 104 @
= 1 {2}
5 0.0 .0= Q
[0)
12 O 9 & 2 O 2 " 8
\o’e &\QSL .,\\o"\; é@:\ %o"e @Q:\ o é“’" "3 g
) ; & : E o
& ({\\é\o & \:{;\\0‘ & @@@ od o d IS
N & E E| o
E R A “,3-;42 4:: m’-;‘.ﬁ 7:; i
SU-DHL2 DB SU-DHL-6 & . @ e & e e e
S 157 ~ APC-A:: APC-A APC-A: APC-A
2 -
© mimic NG~ AMNeXinV - mimic miR-129-5p
5 4 - DB
=4
.é n T @ w0 Jar @
g s 10 0.082 s 10 o \’?
$ 0.5+ 01 'y =
& LI ] °
E 0.0 _ ; ' w'q 'é
- a|a =
1] 5
é\ \(\\ 2 mz':m Qs wz':m Q3 g
6“\ ~$\° ot ?3;4 N .‘7.50” W 972 283 | B
N I s T e A P
F oy . APC-A :: APC-A APC-A:: APC-A
-eo- DB Inhlbltor-mIR-129-5P]**** Annexin V
=== DB Inhibitor-NC Inhibitor NC Inhibitor miR-129-5
-+ SUDHLG Inhibitor-miR-120.5p ..., " o P
= == SU-DHL-6 Inhibitor-NC
2.0 -4+ SU-DHL-2 mimic-miR-129-5p Juus SU-DHL-8
=¥ 8SU-DHL-2 mimic-NC A o 2 | v =
? 1 5 o _",u 1 0.094 087 10! 1 o 025
5 3
é 104 S aea- o Em’j "3
g Emzj 10° 7
% 05 10'104 Q3 10" 404 Q3
O 1u° 918 721 I 989 285
10“ 10 10 ‘W’ mﬂ 10 10‘ 1|'ls
0.0 T T T T 1 APC-A:: APC-A APC-A:: APC-A
Annexin V
0 24 48 2 96 Inhibitor NC Inhibitor miR-129-5p






