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Role of miR-125b/CSF1-CX3CL1/tumor-associated macrophage recruitment axis in testicular germ cell tumor growth.
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Abstract: (Minimum 250 words Maximum 450 words) 

Tumor growth is modulated by crosstalk between cancer cells and the tumor microenvironment. Recent advances have shown that miRNA dysfunction in tumor cells can modulate the tumor microenvironment to indirectly determine their progression. However, this process is poorly understood in testicular germ cell tumors (TGCTs). We reported here that miR-125b was repressed in TGCT samples by epigenetic modifications rather than genetic alternations. Furthermore, miR-125b overexpression significantly alleviated the tumor growth in two NCCIT human embryonic carcinoma xenograft models in vivo, whereas miR-125b did not stimulate autonomous tumor cell growth in vitro. Notably, forced expression of miR-125b in NCCIT embryonic carcinoma cells decreased the abundance of host tumor-associated macrophages (TAMs) within tumor microenvironment. Selective deletion of host macrophages by clodronate abolished the anti-tumoral ability of miR-125b in xenograft models. By RNA profiling, Western blot and luciferase reporter assay, we further observed that miR-125b directly regulated tumor cell-derived chemokine CSF1 and CX3CL1, which are known to control the recruitment of TAMs to tumor sites. Lastly, we found that one set of miRNAs, which are under the regulation of miR-125b, might convergently target CSF1/CX3CL1 in NCCIT cells using miRNA profiling. miR-125b functions as a tumor suppressor miRNA in a variety of tumors through regulating intrinsic properties of tumor cells, including proliferation, apoptosis, and stem-like characteristics. Here we report that the miR-125b can act through a different mechanism to control TGCT growth, as low miR-125b expression in tumor cells promotes a TAM-rich microenvironment via increasing the production of tumor-derived chemokine CSF1 and CX3CL1 for TAM recruitment. These findings uncover the anticancer effect of miR-125b via mediating tumor-stroma crosstalk in xenograft models of TGCTs and raise the possibility of targeting miR-125b as miRNA therapeutics.
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Fig. 1: Possible mechanisms of miR-125b-mediated TAM recruitment and TGCT growth in vivo. Epigenetic modifications could account for the repressed miR-125b expression in TGCTs. miR-125b overexpression significantly alleviated the tumor growth in vivo, likely due to the reduced abundance of TAMs. In mechanism, miR-125b directly regulates the expression of tumor cell-derived chemokine CSF1 and CX3CL1, which are known to control the recruitment of TAMs to tumor sites.
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Fig. 2: Repressed miR-125b expression in TGCT by epigenetic modifications.
a miR-125b level in normal testes (NTs, n = 3), seminomas (SEs, n = 15), embryonic carcinomas (ECs, n = 13), yolk sac tumors (YSTs, n = 7), and EC-derived cell lines (CLs, n = 5); re-analyzed data from Gillis et al26. b Relative level of miR-125b in NTs, SEs, ECs, NCCIT-xenografts, and NT2-xenografts by qRT-PCR (n = 3 each).  Asterisks (***) indicated p < 0.0001 with a one-way ANOVA. Data were presented as the mean ± SEM. c Copy-number status of precursor miR-125b (miR-125b1 and miR-125b2) in 156 TGCT patients in the TCGA CNV array dataset. Tumor stage, cancer type, and fraction genome alternation of individual sample were indicated. d–g qRT-PCR analysis (n = 3 each) of miR-125b level in NCCIT cells treated with 5-aza (5 µM for 72 h) (d), or GSK126 (1000 nM for 72 h) (e), or DPI (1.5 µM for 12 h) (f) or H2O2 (25 µM for 4 h) (g). U6 was served as endogenous control for normalization. Asterisks(*) indicated p < 0.05 by student’s t test. Data were presented as the mean ± SEM. h Schematic diagram showing that miR-125b was repressed via epigenetic modifications in TGCTs,       
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Fig. 3: Anti-tumoral effect of miR-125b on TGCT growth in vivo.         
a Experimental procedure for subcutaneous transplantation of miR-125b antagomir-targeting, or agomir, or their non-targeting controls (NC)-transfected NCCIT cells into nude mice. b Relative tumor weight of xenografts derived from NC and miR-125b antagomir-transfected NCCIT cells (n = 5 each). c Reduced tumor weight in nude mice injected with miR-125 agomir-transfected NCCIT cells, compared with tumor weight in NC groups (n = 6 each). d Experimental procedure for intratumoral injection of oligonucleotides. Procedural details were provided in Materials and Methods. e Intratumoral injection of miR-125b antagomir accelerated the growth of already-formed xenografts (n = 5 each). f Relative tumor weight of already-formed xenografts after intratumoral injection of miR-125b agomir or NCs (n = 6 each). Asterisks(*) indicated p < 0.05 and *** indicated p < 0.0001 by student’s t test. Data were presented as the mean ± SEM
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Fig. 4: No effect of miR-125b on NCCIT cells in vitro.
a CCK-8 assay of NCCIT cells at the indicated time points (24 h, 48 h, and 72 h) after transfection of miR-125b antagomir, or agomir, or their NCs. b Representative EdU incorporation staining and the percentage of EdU-positive cells were shown. c Cell cycle assay by flow cytometric analysis of PI-stained nuclei. d Apoptosis assay of transfected NCCIT cells by flow cytometric analysis of Annexin V-FITC/PI staining. e Representative TUNEL staining and quantification of fraction of TUNEL-positive cells were shown. Data were presented as the mean ± SEM (n = 3, each group). Scale bar in b and E, 25 μm
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Fig. 4: miR-125b in tumor cells controls the abundance of host macrophages in tumor microenvironment.           
a, b Immunofluorescence staining for macrophage markers of Iba1 (a) and CD163 (b) on the tissue sections of miR-125b antagomir-, or agomir-, or NC-transfected NCCIT xenografts was shown. Scale bar, 100 μm. c, d The density of Iba1-positive (c) or CD163-positive (d) macrophages per section of miR-125b antagomir-, or agomir-, or NC-transfected NCCIT xenografts. e Transfected NCCIT cells were subcutaneously (s.c.) xenografted into the flank of nude mice on day 0. Clodronate liposomes were administered every six days for three weeks (i.e., on days 0, 6, 12, and 18). f Average number of Iba1-positve macrophages per section after successive clodronate liposome treatment. g Relative tumor weight of miR-125b antagomir-trasfected, agomir-transfected, and NC-transfected NCCIT xenografts in nude mice received clodronate treatment (n = 3 each). Data were presented as the mean ± SEM. Asterisks(**) indicated p < 0.01 and *** indicated p < 0.0001 by one-way ANOVA
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[bookmark: _GoBack]Fig. 5: miR-125b regulates CSF1 and CX3CL1 likely via a miRNA-mRNA network.
a Heatmap displaying 47 differentially expressed genes among miR-125b antagomir-, miR-125b agomir-, and NC-transfected NCCIT tumor cells. Differentially expressed genes were further clustered into cluster 1 (genes positively regulated by miR-125b, n = 26) and cluster 2 (miR-125b-negatively regulated genes, n = 21). b Experimental procedure: overlap of predicted targets (by TargetScan) of differentially expressed miRNAs (revealed by miRNA-Seq) and differentially expressed mRNAs (revealed by mRNA-Seq). c Interaction network between miRNAs and target mRNAs. Red color indicated interaction association between miRNAs and CSF1. Green color highlighted network between miRNAs and CX3CL1
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