Name of Journal: World Journal of Gastroenterology
Manuscript NO: 67405
Manuscript Type: ORIGINAL ARTICLE

Basic Study
Exosomal microRNA-588 from M2 polarized macrophages contributes to cisplatin resistance of gastric cancer cells
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Abstract
BACKGROUND
Gastric cancer is a prevalent malignant cancer with a high incidence and significantly affects the health of modern people globally. Cisplatin (DDP) is one of the most common and effective chemotherapies for patients with gastric cancer, but DDP resistance remains a severe clinical challenge.

AIM
To explore the function of M2 polarized macrophages-derived exosomal microRNA (miR)-588 in the modulation of DDP resistance of gastric cancer cells.

METHODS
[bookmark: _GoBack]M2 polarized macrophages were isolated and identified by specific markers using flow cytometry analysis. The exosomes from M2 macrophages were identified by transmission electron microscopy and related markers. The uptake of the PKH67-labelled M2 macrophages-derived exosomes was detected in SGC7901 cells. The function and mechanism of exosomal miR-588 from M2 macrophages in the modulation of DDP resistance of gastric cancer cells was analyzed by CCK-8 assay, apoptosis analysis, colony formation assay, Western blot analysis, qPCR analysis, and luciferase reporter assay in SGC7901 and SGC7901/DDP cells, and by tumorigenicity analysis in nude mice.

RESULTS
M2 polarized macrophages were isolated from mouse bone marrow stimulated with interleukin (IL)-13 and IL-4. Co-cultivation of gastric cancer cells with M2 polarized macrophages promoted DDP resistance. M2 polarized macrophages-derived exosomes could transfer in gastric cancer cells to enhance DDP resistance. Exosomal miR-588 from M2 macrophages contributed to DDP resistance of gastric cancer cells. miR-588 promoted DDP-resistant gastric cancer cell growth in vivo. miR-588 was able to target cylindromatosis (CYLD) in gastric cancer cells. The depletion of CYLD reversed miR-588 inhibition-regulated cell proliferation and apoptosis of gastric cancer cells exposed to DDP.

CONCLUSION
In conclusion, we uncovered that exosomal miR-588 from M2 macrophages contributes to DDP resistance of gastric cancer cells by partly targeting CYLD. miR-588 may be applied as a potential therapeutic target for the treatment of gastric cancer.
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Core Tip: In this study, we uncovered that exosomal miR-588 from M2 macrophages contributes to cisplatin resistance of gastric cancer cells by partly targeting cylindromatosis. miR-588 may be applied as a potential therapeutic target for the treatment of gastric cancer.

INTRODUCTION
Gastric cancer belongs to the most common malignant tumors and is the third cause of cancer-related death throughout the world[1]. Patients diagnosed with gastric cancer are usually at an advanced or late stage, which makes chemotherapy a prevalent strategy over the past decades[2]. Among the clinical chemotherapy agents, cisplatin (DDP) is capable of disrupting DNA repairment, which further causes DNA damage and apoptosis of cancer cells[3]. However, the developed therapeutic resistance makes the chemotherapy far less satisfactory in clinical application, which makes it urgent to decipher the mechanisms underlying this chemoresistance[4].
Tumor-associated macrophage (TAMs) are macrophages that participate in the tumor microenvironment function, and play a critical role in tumor development, including growth, metastasis, angiogenesis, and therapeutic resistance[5]. Recent studies have proposed that TAMs were capable of communicating with neighboring or distant cells via secreting exosomes[6,7]. Exosomes are membrane-derived transporting vesicles secreted by almost all types of cells, usually defined with a diameter ranging from 40 nm to 100 nm[8]. It is widely recognized that exosomes act as a communicator between cells through transporting various cargos such as mRNA, lipid, proteins, as well as microRNAs (miRNAs), and hence are related to various functions of targeted cells[9,10]. miRNAs are endogenous short noncoding RNAs that play pivotal roles in the regulation of cancer development by directly targeting mRNA[11]. Besides, miRNAs are recently proposed to be involved in drug resistance of cancer cells[12-14]. Among which, miR-588 is upregulated in human prostate cancer with prognostic significance and notably facilitates the proliferation of prostate cancer cells[15]. Importantly, it has been reported that miR-588 serves as a promising prognostic marker for gastric cancer[16]. However, the role of miR-588 in DDP resistance of gastric cancer cells is still unknown. Accordingly, we were interested in the correlation of TAM-derived exosomes with miR-588 and its role in the modulation of DDP resistance of gastric cancer cells.
Cylindromatosis (CYLD) is a representative deubiquitinating enzyme that could counteract the E3 ubiquitin ligases-mediated protein ubiquitination[17]. It plays an important role in multiple cellular processes during tumorigenesis, such as cell apoptosis, cell cycle, cell migration, and DNA damage[17]. Mechanistically, CYLD is profoundly related to multiple critical signaling transduction pathways, especially the NF-κB signaling pathway, and acts as a tumor suppressor[18]. It has been extensively demonstrated that CYLD could negatively regulate the activation of NF-B through deubiquitinating its upstream K63, which further inhibits the activation of NF-B-related pro-survival signaling and promotes caspase-8-induced cell apoptosis[19]. It is noteworthy that recent studies also proposed that loss of CYLD could trigger DDP resistance in several cancers, including gastric cancer and oral squamous cell carcinoma[20,21].
In this study, we adopted a M2-polarized macrophage model to mimic TAM function, and testified that TAM-derived exosomes conferred DDP resistance in gastric cancer. We showed that the exosomes secreted by TAM contained miR-588, which directly interacts with the 3’ untranslated region of CYLD to suppress its expression and its tumor-suppressing function. This process subsequently hindered cell apoptosis and promoted the proliferation as well as DDP resistance of gastric cancer cells. Our study illustrated the connection between TAM and DDP resistance of gastric cancer cells, providing a potential target for gastric cancer therapy. 

MATERIALS AND METHODS
Cell culture and treatment
Gastric cancer cell line SGC7901, purchased from ATCC, was maintained in DMEM containing 10% fetal bovine serum (FBS) and 1% penicillin and streptomycin (Sigma, United States) at 37 °C with 5% CO2. DDP-resistant SGC7901/DDP cells were developed from the parental SGC7901 cells that were subjected to persistent gradient exposure to DDP for about 12 mo, through increasing DDP concentration from 0.05 μg/mL until the cells acquired resistance to 1 μg/mL[22]. Mouse bone marrow cells (MBMCs) were purchased from Chinese Academy of Sciences Cell Bank of Type Culture Collection, and cultured in a normal DMEM:F12 medium containing 10% FBS and macrophage colony-stimulating factor (Sigma). To achieve polarization to M2, MBMCs were stimulated with interleukin (IL)-4 and IL-13 (30 ng/mL, Sigma) for 2 d. A transwell chamber assay was adopted to perform co-culture experiments, in which polarized macrophages were placed in the upper tanswell chamber and gastric cancer cells were cultured in the bottom well.

Flow cytometry
The M2 polarization was determined by staining for critical biomarkers and detection by flow cytometry. Briefly, cells were collected and incubated with fluorescence probe-conjugated antibodies against CD86, CD68, CD11b, CD80, CD206, CD163, and F4/80 at 4 °C for 30 min. Next, the cells were washed with PBS and analyzed by flow cytometry (BD Biosciences, United States). The antibodies used in this experiment were purchased from Abcam (United States).
For cell apoptosis, cells were processed with an apoptosis detection kit (Solarbio, China). Briefly, cells were collected and suspended in binding buffer, followed by staining with PI and Annexin V at room temperature for 20 min in dark. Next, the stained cells were collected and resuspended in binding buffer for analysis by flow cytometry.

Exosome isolation and analysis
Macrophages were cultured in medium containing 10% exosome-free FBS for 48 h. The medium was collected for extraction of exosomes with an exoEasy Maxi Kit (QIAGEN, Germany) following the manufacturer’s instruction.
To determine exosome internalization, the exosomes were labeled with PKH67 (Sigma) according to the manufacturer’s protocol. Subsequently, the labeled exosomes were used to incubate with cells in each experiment, and observed using a confocal microscope (Carl Zeiss, Germany).

Transmission electron microscopy
The images of exosomes were captured by transmission electron microscopy (TEM). In brief, the samples were dropped on cleaned cooper grids coated with carbon, and washed with Milli-Q water to remove extra samples, followed by 1-min staining with uranyl acetate and air dry. Then, the samples were observed and pictured with a transmission electron microscope (Carl Zeiss).

Cell transfection
SGC7901 cells were placed in 6-well plate at a density of 3 × 105 cells per well. After incubation for 12 h, miR-588 mimic (RiboBio, China), miR-588 inhibitor (RiboBio, China), or negative control (RiboBio, China) was mixed with lipofectamine 200 (Invitrogen, United States) in Opti-MEM medium (Sigma, United States) for 20 min and added into cell culture medium. Eight hours after transfection, the medium was replaced with fresh DMEM containing 10% FBS to incubate for another 24 h. Then, the cells were used for further experiments.

Cell viability and colony formation assay
Cell viability was determined with a CCK-8 kit (Beyotime, China). MFC cells and SGC7901 cells were seeded in 96-well plates at a density of 3 × 103 cells/well and processed accordingly. Twenty-four hours after incubation, the CCK-8 reagent was added into each well. The absorbance values were detected at 450 nm at 24 h, 48 h, and 72 h, respectively.
For colony formation experiment, SGC7901 cells transfected with miR-588 inhibitor or negative control were placed in a 6-well plate (1000 cells per well), and incubated in complete medium for 2 wk to form visible colonies. Subsequently, the colonies were washed, stained with crystal violet, and captured with a microscope (Carl Zeiss).

RNA extraction and quantitative real-time PCR
Total RNA was extracted with TRIzol reagent (Takara, Japan) and reversely transcribed to cDNA with an EasyScript Reverse Transcriptase kit (TransGen, China). The quantification of cDNA was performed by using a TransStart Green qPCR SuperMix kit (TransGen), and PCR was performed on a Real-Time PCR System (BD bioscience). For detection of miR-588, the extracted RNA was processed with a poly(A) tailing kit (Invitrogen) before reverse transcription. For normalization of mRNA and miRNA, GAPDH and U6 were used as the internal controls, respectively. The quantification of cDNA was analyzed by the 2–ΔΔCt method. The sequences of primers are as follows: GAPDH sense, 5’- ACAACTTTGGTATCGTGGAAGG-3’ and antisense, 5’-GCCATCACGCCACAGTTTC-3’; U6 sense, 5’-AGTAAGCCCTTGCTGTCAGTG-3’ and antisense, 5’-CCTGGGTCTGATAATGCTGGG-3’; Arg1 sense, 5’-GTGGAAACTTGCATGGACAAC-3’ and antisense, 5’-AATCCTGGCACATCGGGAATC-3’; IL-10 sense, 5’-GTACCACAGCAATGGCTACC-3 and antisense, 5’-TGTTGGTGACGGTCCAGTTG-3’; TGF-β sense, 5’-CTAATGGTGGAAACCCACAACG-3’ and antisense, 5’-TATCGCCAGGAATTGTTGCTG-3’; miR-588, 5′-CCGCTATTGCACATTACTAAGTTGCA-3

Western blot analysis
SGC7901 cells were placed in a 6-well plate at a density of 3 × 105 cells per well and transfected with miR-588 inhibitor. Total protein was extracted by using ice-cold RIPA buffer, separated by SDS-PAGE, and transferred to a nitrocellulose membrane. The membrane was then blocked by 5% non-fat milk at room temperature for 1 h, and incubated with specific primary antibodies against CD63 (1:1000, Abcam), CD9 (1:1000, Abcam), CD81 (1:1000, Abcam), HSP70 (1:500, Abcam), GAPDH (1:1000, Proteintech), Bax (1:1000, CST), pro-caspase-3 (1:2000, CST), cleaved caspase-3 (1:1000, CST), pro-caspase-9 (1:1000, CST), cleaved caspase-9 (1:1000, CST), CYLD (1:1000, Proteintech), and β-actin (1:2000, Proteintech) at 4 °C overnight. Next day, the blots were washed and incubated with secondary antibodies at room temperature for 2 h. The blots were visualized by using an ECL reagent and a gel imaging system (BD Bioscience).

Xenograft tumor model
All animal experiments in this study were approved by the Fourth People’s Hospital of Zibo City. C57 nude mice aged 5 wk were purchased from Shanghai Laboratory Animal Center of China. SGC7901 cells were transfected with miR-588 inhibitor or negative control, and suspended in saline at a density of 1 × 107 cells/mL. A total of 200 μL of SGC7901 cell suspension was subcutaneously injected to the left back of mice. A week after tumor cell inoculation, the mice were intraperitoneally injected with 15 mg/kg DDP. The mice were euthanized at day 30, and the tumors were isolated, weighted, and processed for subsequent analysis. Tumor size was measured every 5 d and calculated using the following formula: Width2 × length/2.

Statistical analysis
All experiments in this study were performed at least three times independently. All data are presented as the mean ± SD and analyzed with GraphPad Prism 6.0 software. The statistical difference between two groups or multiples groups was analyzed by Student’s t-test or one-way ANOVA, and was considered significant at P < 0.05.

RESULTS
M2 polarized macrophages-derived exosomes can transfer in gastric cancer cells to enhance DDP resistance
To evaluate the effect of M2 polarized macrophages on DDP resistance of gastric cancer cells, M2 polarized macrophages were isolated from murine bone marrow induced with IL-13 and IL-4 and were identified by the M2 specific marker CD206 (Figure 1A). Meanwhile, we found that the expression of M1 polarized marker iNOS was not chanced but the M2 markers, such as Arg1, IL-10, and TGF-β, were enhanced in M2 polarized macrophages compared with inactivated macrophages (Figure 1B). Then, the exosomes were isolated from M2 polarized macrophages and analyzed by TEM and identified by the expression of CD63, CD9, CD81, and HSP70 (Figure 1C and D). Moreover, the delivery of PKH67-labelled exosomes from M2 polarized macrophages was found in SGC7901 cells (Figure 1E). Significantly, M2 macrophages-derived conditioned medium and exosomes enhanced the cell survival of SGC7901 cells exposed to DDP (Figure 1F). The exosomes from M2 polarized macrophages repressed DDP-treated SGC7901 cell apoptosis (Figure 1G).

Co-culture of gastric cancer cells with M2 polarized macrophages promotes DDP resistance
Next, we found that DDP treatment reduced the proliferation of SGC7901 cells in a time-dependent manner (Figure 2A). The co-culture of inactivated macrophages inhibited apoptosis of DDP-treated SGC7901 cells, while the co-culture of M2 polarized macrophages further reduced the cell apoptosis (Figure 2B and C).

Exosomal miR-588 from M2 macrophages contributes to DDP resistance of gastric cancer cells
We then observed that the expression of miR-588 was elevated in the exosomes from M2 macrophages compared with inactivated macrophages (Figure 3A). The miR-588 expression was enhanced in macrophages relative to SGC7901 cells, especially in the M2 polarized macrophages (Figure 3B). Meanwhile, the expression of miR-588 was increased in the DDP-resistant SGC7901 cells co-cultured with M2 macrophages or exosomes from M2 macrophages (Figure 3C). Moreover, we found that the inhibition of miR-588 by inhibitor repressed colony formation of DDP-resistant SGC7901 cells (Figure 3D). The repression of miR-588 induced DDP-resistant SGC7901 cell apoptosis (Figure 3E). The expression of Bax, cleaved caspase-3, and cleaved caspase-9 was enhanced by miR-588 inhibitor in DDP-resistant SGC7901 cells (Figure 3F). Moreover, the IC50 of DDP in the inhibition of SGC7901 cell viability was inhibited by miR-588 inhibitor (Figure 4A). Treatment with DDP induced apoptosis of SGC7901 cells, in which miR-588 inhibitor reinforced this effect (Figure 4B and C).

miR-588 can target CYLD in gastric cancer cells
We then identified the binding site for miR-588 in CYLD in the bioinformatic analysis (Figure 5A). The luciferase activity and mRNA expression of CYLD were significantly repressed by miR-588 mimic in the DDP-resistant SGC7901 cells (Figure 5B and C). Similarly, the protein levels of CYLD were inhibited by miR-588 mimic in DDP-resistant SGC7901 cells (Figure 5D).

miR-588/CYLD axis regulates DDP resistance of gastric cancer cells
Next, we evaluated the effect of miR-588/CYLD axis on DDP resistance of gastric cancer cells. Our data showed that treatment with DDP inhibited SGC7901 cell proliferation; miR-588 inhibitor enhanced the function of DDP, while the depletion of CYLD by siRNA reversed the effect of miR-588 inhibition (Figure 6A). Moreover, treatment with DDP induced apoptosis of SGC7901 cells; miR-588 inhibitor further enhanced the cell apoptosis, while CYLD knockdown reversed the effect of miR-588 inhibitor (Figure 6B). Moreover, tumorigenicity analysis in nude mice demonstrated that miR-588 inhibitor suppressed the tumor growth in vivo (Figure 7A-D). Meanwhile, we validated that the overexpression of CYLD or treatment with miR-588 inhibitor repressed the tumor growth in nude mice, while the depletion of CYLD rescued miR-588 inhibitor-reduced tumor growth in the model (Figure 7E and F).

DISCUSSION
Gastric cancer is a common malignant cancer with a high death rate and limited therapeutic strategies. DDP is widely applied in the treatment of gastric cancer patients with significant effectiveness, but DDP resistance remains a critical clinical issue. In this study, we identified that M2 polarized macrophages-derived exosomal miR-588 contributes to DDP resistance of gastric cancer cells.
Previous investigations have shown that M2 polarized macrophages-derived exosomes are involved in the modulation of cancer development. It has been reported that tumor-related macrophages-derived exosomes contribute to gastric cancer cell invasion via apolipoprotein E[23]. Macrophage-derived exosomal miR-21 regulates DDP resistance of gastric cancer cells[24]. M2 macrophages-derived exosomes promote metastasis of hepatocarcinoma by delivering αMβ2 integrin[25]. These studies have shown the critical function of macrophages-derived exosomal miRNAs in the modulation of cancer development. Meanwhile, miR-588 is a widely reported cancer regulator in previous studies. It has been found that miR-588 is enhanced in prostate cancer and is correlated with a poor prognosis[15]. miR-588 modulates epithelial-mesenchymal transition, migration, and invasion of gastric cancer cells by targeting EIF5A2 signaling[26]. The PICSAR/miR-588/EIF6 axis contributes to the regulation of hepatocellular carcinoma progression by targeting AKT/mTOR signaling[27]. Moreover, it has been reported that miR-588 serves as a prognosis biomarker for gastric cancer[16]. In previous reports, miR-588 has not been prominently implicated in gastric cancer through interaction between tumor and the surrounding microenvironment. We were interested in the function of M2 macrophages-derived exosomes in cancer development and noticed the potential function of miR-588 in gastric cancer. Therefore, we explored the correlation of M2 macrophage-derived exosomes with miR-588 and their function in gastric cancer. Our data showed that co-cultivation of gastric cancer cells with M2 polarized macrophages promoted DDP resistance. M2 polarized macrophages-derived exosomes could transfer in gastric cancer cells to enhance DDP resistance. Exosomal miR-588 from M2 macrophages contributed to DDP resistance of gastric cancer cells. miR-588 promoted DDP-resistant gastric cancer cell growth in vivo. These data not only provide new evidence of the critical function of M2 polarized macrophages-derived exosomes in regulating cancer progression, but also indicate the innovative role of miR-588 in gastric cancer. The correlation of M2 polarized macrophages-derived exosomal miR-588 and miR-588 in the cancer cells in regulating cancer development is an interesting scientific issue, which is needed to explore in the future. Besides, the function of other pivotal miRNAs that have been described as crucial regulators in exosomes-mediated cellular communication should be explored by more investigations. Meanwhile, the mechanisms of miR-588 transfer from macrophage to gastric cancer cells remain unclear. According to previous studies, the communications between macrophages and gastric cancer cells can be mediated by exosomes, which can engulf local tissues immediately or swarm into body fluid to affect distant target organs through endocytosis[7,24,28]. The mechanisms of miR-588 transfer from macrophage to gastric cancer cells should be confirmed by more complicated investigations in future.
Moreover, it has been reported that inhibition of CYLD enhances IFN-γ-regulated PD-L1 expression in thymic epithelial cancer[29]. LINC01260 serves as a tumor inhibitor by regulating the miR-562/CYLD axis in lung cancer[30]. CYLD enhances nasopharyngeal carcinoma cells apoptosis by modulating NDRG1[31]. MiR-454 contributes to oxaliplatin resistance and cell proliferation by targeting CYLD in gastric cancer[32]. These reports have identified the tumor suppressive function of CYLD in cancer progression. Our mechanical investigation showed that miR-588 targeted CYLD in gastric cancer cells and miR-588/CYLD axis contributed to the progression of gastric cancer. It presents a crucial mechanism underlying miR-588-mediated cancer development. CYLD may not be the only downstream factor underlying miR-588-mediatde tumorigenesis. Other regulators in miR-588-modulated cancer pathogenesis and their crosstalk may be investigated further in future. Targeting exosomal miR-588 from M2 macrophages may be a promising therapeutic strategy for gastric cancer and the clinical translation should be explored in future investigations.

CONCLUSION
In conclusion, we uncovered that exosomal miR-588 from M2 macrophages contributes to DDP resistance of gastric cancer cells by partly targeting CYLD. miR-588 may be applied as a potential therapeutic target for the treatment of gastric cancer.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer is a prevalent malignant cancer with a high incidence and significantly affects the health of modern people globally. Cisplatin (DDP) is one of the most common and effective chemotherapies for patients with gastric cancer, but DDP resistance remains a severe clinical challenge.

Research motivation
To identify the function of M2 polarized macrophages-derived exosomal miR-588 in gastric cancer cells.

Research objectives
To explore the effect of M2 polarized macrophages-derived exosomal miR-588 on DDP resistance of gastric cancer cells.

Research methods
M2 polarized macrophages were isolated and identified by specific markers using flow cytometry analysis. The exosomes from M2 macrophages were identified by TEM and related markers. The uptake of the PKH67-labelled M2 macrophages-derived exosomes was detected in SGC7901 cells. The function and mechanism of exosomal miR-588 from M2 macrophages in the modulation of DDP resistance of gastric cancer cell was analyzed by CCK-8 assay, apoptosis analysis, colony formation assay, Western blot analysis, qPCR analysis, and luciferase reporter assay in SGC7901 and SGC7901/DDP cells, and by tumorigenicity analysis in nude mice.

Research results
Polarized macrophages were isolated from mouse bone marrow stimulated with interleukin (IL)-13 and IL-4. Co-culture of gastric cancer cells with M2 polarized macrophages promoted DDP resistance. M2 polarized macrophage-derived exosomes could transfer in gastric cancer cells to enhance DDP resistance. Exosomal miR-588 from M2 macrophages contributed to DDP resistance of gastric cancer cells. miR-588 promoted DDP-resistant gastric cancer cell growth in vivo. miR-588 was able to target cylindromatosis (CYLD) in gastric cancer cells. The depletion of CYLD reversed miR-588 inhibition-regulated cell proliferation and apoptosis of gastric cancer cells exposed to DDP.

Research conclusions
In conclusion, we uncovered that exosomal miR-588 from M2 macrophages contributes to DDP resistance of gastric cancer cells by partly targeting CYLD.

Research perspectives
miR-588 may be applied as a potential therapeutic target for the treatment of gastric cancer.
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Figure 1 M2 polarized macrophages-derived exosomes can transfer in gastric cancer cells to enhance cisplatin resistance. A and B: Flow cytometry for identifying the M2 polarized macrophages isolated from murine bone marrow induced with interleukin (IL)-13 and IL-4. The M2 specific marker CD206 was identified. Un-Mac represents inactivated macrophages and M2 represents macrophages activated by IL-13 and IL-4. The mRNA expression of iNOS, Arg1, IL-10, and TGF-β was detected by qPCR in Un-Mac and M2 macrophages; C: Identification of exosomes from M2 macrophages by transmission electron microscopy; D: Detection of expression of CD63, CD9, CD81, HSP70, and GAPDH by Western blot analysis; E: Detection of uptake of the PKH67-labelled M2 exosomes (M2-Exo) in SGC7901 cells; F: Analysis of cell viability by CCK-8 assay. M2 macrophages-derived conditioned medium and M2-Exo were used to treat SGC7901 cells exposed to cisplatin (DDP) for 48 h; G: Analysis of cell apoptosis by flow cytometry SGC7901 cells were co-treated with DDP and M2-Exo. Data shown are the mean ± SD.  aP <0.05; cP < 0.001. DDP: Cisplatin; Un-Mac: Inactivated macrophages; M2-Exo: M2 exosomes.
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Figure 2 Co-culture of gastric cancer cells with M2 polarized macrophages promotes cisplatin resistance. A: Detection of cell viability by CCK-8 assay in SGC7901 cells treated with cisplatin (DDP); B and C: Analysis of cell apoptosis by flow cytometry in SGC7901 cells co-cultured with inactivated macrophages and M2 macrophages exposed to DDP for 48 h. Data shown are the mean ± SD. bP < 0.01; cP <0.001. DDP: Cisplatin. 
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Figure 3 Exosomal miR-588 from M2 macrophages contributes to cisplatin resistance of gastric cancer cells. A: Detection of expression of miR-588 by qPCR in the exosomes from M2 macrophages and inactivated macrophages; B: Detection of expression of miR-588 by qPCR in cisplatin (DDP)-resistant SGC7901 cells, M2 macrophages, and inactivated macrophages; C: Detection of expression of miR-588 by qPCR in DDP-resistant SGC7901 cells co-cultured with M2 macrophages or exosomes from M2 macrophages; D-F: Analysis of cell proliferation by colony formation assay (D), cell apoptosis by flow cytometry (E), and expression of Bax, capase-3, caspase-9, cleaved caspase-3 (c-caspase-3), and cleaved caspase 9 (c-caspase-9) by Western blot analysis (F) in DDP-resistant SGC7901 cells treated with miR-588 inhibitor. Data shown are the mean ± SD, bP < 0.01; cP < 0.001. 
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Figure 4 miR-588 contributes to cisplatin resistance of gastric cancer cells. A: Detection of cell viability by CCK-8 assay in SGC7901 cells treated with miR-588 inhibitor and exposed to cisplatin (DDP) at the indicated doses; B and C: Detection of cell apoptosis by flow cytometry in DDP-resistant SGC7901 cells co-treated with DDP and miR-588 inhibitor. Data shown are the mean ± SD, bP < 0.01. DDP: Cisplatin.
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Figure 5 miR-588 can target cylindromatosis in gastric cancer cells. A: The binding site of miR-588 and cylindromatosis (CYLD) was predicted in TargetScan database; B-D: After cisplatin (DDP)-resistant SGC7901 cells were treated with miR-588 mimic, the luciferase activity of CYLD was measured by luciferase reporter assays (B); the expression of CYLD was determined by qPCR (C); and the expression of CYLD was measured by Western blot analysis (D). Data shown are the mean ± SD. bP < 0.01. CYLD: Cylindromatosis.
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Figure 6 miR-588/cylindromatosis axis regulates cisplatin resistance of gastric cancer cells. A: Cell viability detected by CCK-8 assay; B: Cell apoptosis analyzed by flow cytometry. The SGC7901 cells were treated with cisplatin (DDP), or co-treated with DDP and miR-588 inhibitor with or without cylindromatosis siRNA. Data shown are the mean ± SD. bP < 0.01. DDP: Cisplatin; CYLD: Cylindromatosis.
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Figure 7 miR-588/cylindromatosis axis modulates cisplatin-resistant gastric cancer cell growth in vivo. A-D: The nude mice were injected with SGC7901 cells treated with miR-588 inhibitor, the tumor tissues (A), tumor volume (B), and tumor weight (C) were measured, and the expression of cylindromatosis (CYLD) was detected by Western blot analysis in the tumor tissues (D); E and F: The nude mice were injected with SGC7901 cells treated with CYLD overexpressing plasmid or miR-588 inhibitor, or co-treated with miR-588 inhibitor and CYLD siRNA, and the tumor tissues (E) and tumor weight (F) were measured. Data shown are the mean ± SD (n = 5). bP < 0.01. CYLD: Cylindromatosis.
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