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Basic Study
Circular RNA circVAPA promotes chemotherapy drug resistance in gastric cancer progression by regulating miR-125b-5p/STAT3 axis
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Abstract
BACKGROUND
Gastric cancer (GC) is a prevalent malignancy, leading to a high incidence of cancer-associated death. Cisplatin (DDP)-based chemotherapy is the principal therapy for clinical GC treatment, but DDP resistance is a severe clinical challenge and the mechanism remains poorly understood. Circular RNAs (circRNAs) have been identified to play crucial roles in modulating the chemoresistance of gastric cancer cells.

AIM
To explore the effect of circVAPA on chemotherapy resistance during GC progression.

METHODS
The effect of circVAPA on GC progression and chemotherapy resistance was analyzed by MTT assay, colony formation assay, Transwell assay, wound healing assay, and flow cytometry analysis in GC cells and DDP resistant GC cell lines, and tumorigenicity analysis in nude mice in vivo. The mechanism was investigated by luciferase reporter assay, quantitative real-time PCR, and Western blot analysis. 

RESULTS
CircVAPA expression was up-regulated in clinical GC tissues compared with normal samples. CircVAPA depletion inhibited proliferation, migration, and invasion and increased apoptosis of GC cells. The expression of circVAPA, STAT3, and STAT3 downstream genes was elevated in DDP resistant SGC7901/DDP cell lines. CircVAPA knockdown attenuated the DDP resistance of GC cells. Mechanically, circVAPA was able to sponge miR-125b-5p, and miR-125b-5p could target STAT3 in the GC cells. MiR-125b-5p inhibitor reversed circVAPA depletion-enhanced inhibitory effect of DDP on GC cells, and STAT3 knockdown blocked circVAPA overexpression-induced proliferation of DDP-treated SGC7901/DDP cells. The depletion of STAT3 and miR-125b-5p inhibitor reversed circVAPA depletion-induced GC cell apoptosis. Functionally, circVAPA contributed to the tumor growth of SGC7901/DDP cells in vivo.

CONCLUSION
CircVAPA promotes chemotherapy resistance and malignant progression in GC by miR-125b-5p/STAT3 signaling. Our findings present novel insights into the mechanism by which circVAPA regulates chemotherapy resistance of GC cells. CircVAPA and miR-125b-5p may be considered as the potential targets for GC therapy.
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Core Tip: We concluded that circVAPA contributed to chemotherapy resistance and malignant progression in gastric cancer (GC) by miR-125b-5p/STAT3 signaling. Our findings present novel insights into the mechanism that circVAPA regulates chemotherapy resistance of GC cells. CircVAPA and miR-125b-5p may be considered as potential targets for GC therapy.


INTRODUCTION
Gastric cancer (GC) is a prevalent malignancy and the second cause of tumor-associated mortality in the world[1]. Chemotherapy is a favored strategy toward advanced-stage GC cases, in which oxaliplatin, cisplatin (DDP), and 5-FU are usually admitted as first-line therapies[2-4]. Although the improved chemotherapy effectiveness, the GC patients' survival is still unsatisfactory, and chemotherapy always attains a low response rate[5,6]. Whether intrinsic or acquired, chemoresistance is a significant challenge for GC treatment efficiency in the clinic[7]. The mechanism for GC chemotherapy resistance development is not well-understood, in which microenvironmental and genetic contributors are able to result in chemoresistance[8]. Hence, understanding the molecular mechanism of chemotherapy resistance in GC is urgently needed. 
Circular RNAs (circRNAs), as an emerging class of non-coding RNAs, present various functions in the regulation of gene expression at the post-transcriptional and transcriptional levels[9]. It has been identified that circRNAs are able to serve as the competitive endogenous sponge for microRNAs (miRNAs) and thereby inhibit miRNAs, providing a new manner for modulating miRNAs and indicating a promising mechanism of circRNA function[10,11]. Meanwhile, previous studies have reported that circVAPA is elevated in tumors and contributes to cancer progression, such as liver cancer and breast cancer[12,13]. MiRNAs are short non-coding RNAs with a length of about 22nt and can target various genes by pairing with the mRNAs at the post-transcriptional level[14,15]. MiR-125b-5p is a well-investigated tumor suppressor in multiple cancer models, including bladder cancer, laryngeal squamous cell carcinoma, and colon cancer[16-18]. Furthermore, it has been well-identified that circRNAs and miRNAs are involved in the chemotherapy resistance in GC[8,19-21]. However, the role of circVAPA and miR-125b-5p in modulating chemotherapy resistance of GC cells is still unreported.
It has been recognized that STAT3 serves as a critical regulator in tumorigenesis[22]. As an important transcriptional factor, STAT3 is able to mediate multiple gene expression in modulating cell survival response to different stimulations[23]. Furthermore, STAT3 remarkably promotes chemoresistance as a crucial indicator in GC cells by various mechanisms, such as increasing the expression of vacuolar ATPase pump and oncogenes as well as the apoptotic factors[24]. Nevertheless, the impact of circVAPA and miR-125b-5p on STAT3 in the regulation of GC cells chemotherapy resistance is still unclear.
In this study, we were interested in the function of circVAPA in the progression of chemotherapy resistance of GC cells. We found an unreported role of circVAPA in enhancing chemotherapy resistance and promoting the malignant progression of GC by modulating miR-125b-5p/STAT3 signaling.

MATERIALS AND METHODS
GC clinical samples
The clinical GC tissue samples (n = 50) and adjacent normal tissues (n = 50) were obtained from the First Affiliated hospital of China Medical University. The diagnosis of cases was performed by two clinicians based on histopathological analysis. The samples were collected and immediately stored at -80 °C followed by further analysis. The samples were written-approved by the patients. This study conformed to the experimental guidelines of the World Medical Association and the Ethics Committee of the First Affiliated Hospital of China Medical University.

Cell culture and treatment
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The SGC7901, HGC27, and SGC7901/DDP cell lines were maintained in the laboratory. The cells were incubated in an incubator at 5% CO2 and 37 °C in the Dulbecco's modified Eagle’s medium (DMEM) medium (Hyclone, United States) with fetal bovine serum (10%, Hyclone, United States), streptomycin (0.1 mg/mL, Hyclone, United States), and penicillin (100 units/mL, Hyclone, United States). DDP was obtained from Sigma (United States). The circVAPA shRNA, pcDNA3.1-circVAPA, pcDNA3.1-STAT3, STAT3 siRNA, miR-125b-5p mimic, and miR-125b-5p inhibitor were purchased from GenePharma (China). The transfection in the cells was performed with Liposome 2000 (Invitrogen, United States).

MTT assay
The cell viability was assessed by MTT assays at various time points in 6-well dishes. Briefly, the MTT solution (Solarbio, China) was added into the cells and cultured at the condition of 5% CO2 and 37 °C for 4 h. After that, dimethyl sulfoxide (DMSO; 100 μL, 10 min; Sigma, United States) was used to terminate the reaction. The cell viability was analyzed at the absorbance of 490 nm by applying a microplate reader (Thermo, United States).

Colony formation assay
About 1 × 103 cells were plated in 6-well dishes and cultured in DMEM at the condition of 5% CO2 and 37 °C. After 2 wk, cells were washed with phosphate buffered saline (PBS) buffer, made in methanol about 30 min, and dyed with 1% crystal violet dye solution, after which the number of colonies was calculated.

Transwell assay
Transwell assays were performed to analyze cell invasion and migration using a Transwell plate (Corning, United States) according to the manufacturer's instructions. Briefly, the upper chamber was plated with around 1 × 105 cells. The cells were then fixed with 4% paraformaldehyde and dyed with crystal violet. The invaded and migrated cells were recorded and calculated.

Wound healing assay
Cells were plated in a 24-well plate at 3 × 105/well and cultured overnight to reach full confluence as a monolayer. A 20 μL pipette tip was applied to slowly cut a straight line across the well. Then the well was washed with PBS three times and changed with the serum-free medium and continued to culture. The wound healing percentage was calculated.

Analysis of cell apoptosis
Cell apoptosis was measured by applying the Annexin-V-FITC apoptosis kit (BD, United States) based on flow cytometry analysis using a FACSCalibur flow cytometer, followed by the quantification analysis using FlowJo software.

Luciferase reporter gene assay
SGC7901 and HGC27 cells were plated in 24-well dishes followed by treatment with miR-125b-5p mimic. After 48 h of the treatment, the luciferase activities were analyzed by utilizing the luciferase reporter assays (Promega, United States). The relative luciferase activities were analyzed by the Renilla luciferase activities.

Quantitative real-time PCR
RNA isolation was performed by applying TRIzol reagent (Solarbio, China) and the first-strand cDNA was synthesized (Solarbio, China). Quantitative real-time PCR was carried out by applying SYBR-Green (Takara, China). The primer sequences are as follows: circVAPA forward: 5′-TGGATTCCAAATTGAGATGCGTATT-3′, reverse: 5′-CACTTTTCTATCCGATGGATTTCGC-3′; miR-125b-5p forward: 5′-TCCCTGAGACCCTAACTTGTGA-3′, reverse: 5′- AGTCTCAGGGTCCGAGGTATTC-3′; STAT3 forward: 5′-CTGGCCTTTGGTGTTGAAAT-3′, reverse: 5′-AAGGCACCCACAGAAACAAC-3′; GAPDH forward: 5′-AAGAAGGTGGTGAAGCAGGC-3′, reverse: 5′-TCCACCACCCAGTTGCTGTA-3′.

Western blot analysis
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Total proteins were extracted from the cells using radioimmunoprecipitation assay buffer (CST, United States) and quantified using the BCA Protein Quantification Kit (Abbkine, United States). The proteins at the same concentration were subjected to sodium dodecyl sulfate- polyacrylam-ide gel electrophoresis and transferred to polyvinylidene fluoride membranes (Millipore, United States), followed by incubation with 5% milk and with the primary antibodies at 4 °C overnight. The corresponding second antibodies (BOSTER, China) were used for incubating the membranes for 1 h at room temperature, followed by visualization using a chemiluminescence detection kit (Beyyotime, China). The primary antibodies applied in this study comprised STAT3 (Abcam, United States), p-STAT3 (Abcam, United States), Survivin (Abcam, United States), Mcl-1 (Abcam, United States), Bcl-xl (Abcam, United States), and β-actin (Abcam, United States).

Analysis of tumorigenicity in nude mice
The tumor growth of GC cells in vivo was tested in nude Balb/c mice (4-week-old, male, n = 5). And about 1 × 107 SGC7901/DDP cells were subcutaneously injected in the mice. Five days after injection, we measured tumor growth every 5 d. We sacrificed the mice  30 d after injection, and tumors were scaled. Tumor volume (V) was observed by estimating the length (L) and width (W) with calipers and calculated as (L × W2) × 0.5. Animal care and method procedure were authorized by the Animal Ethics Committee of the First Affiliated Hospital of China Medical University.

Statistical analysis
Data are presented as the mean ± SD, and statistical analyses were performed with GraphPad Prism 7. The unpaired Student’s t-test was applied for comparing the difference between two groups, and one-way ANOVA was applied for comparing among multiple groups. aP < 0.05 were considered statistically significant.

RESULTS
CircVAPA enhances proliferation and represses apoptosis of GC cells
To identify the clinical association of circVAPA with GC, we analyzed the expression of circVAPA in the clinical GC samples. Our data showed that circVAPA expression was elevated in the GC tissue samples (n = 50) relative to that in the adjacent normal tissues (n = 50), implying the potential correlation of circVAPA with GC (Figure 1A). The cell viability was reduced by the depletion of circVAPA in the SGC7901 and HGC27 cell lines (Figure 1B and C). Similarly, colony formation assays revealed that circVAPA shRNA treatment remarkably decreased the colony numbers of SGC7901 and HGC27 cells (Figure 1D and E). Furthermore, apoptosis of SGC7901 and HGC27 cells was induced by circVAPA knockdown (Figure 1F and G). These findings indicated that circVAPA is able to increase proliferation and attenuate apoptosis of GC cells

CircVAPA promotes invasion and migration of GC cells
Next, the function of circVAPA in modulating migration and invasion of GC cells was assessed. Transwell assays demonstrated that migration and invasion of SGC7901 and HGC27 cells were alleviated by circVAPA shRNA (Figure 2A and B). Besides, wound healing assays showed that circVAPA depletion remarkably increased wound proportion in SGC7901 and HGC27 cell lines (Figure 2C and D). These data indicated that circVAPA contributes to migration and invasion of GC cells.

Elevation of circVAPA enhances chemotherapy drug resistance of GC cells
Next, we were interested in the impact of circVAPA on the chemoresistance of GC cells. To this end, we first explored the expression of circVAPA in SGC7901 and DDP resistant SGC7901/DDP cell lines. Significantly, the expression of circVAPA was up-regulated in SGC7901/DDP cells compared with that in SGC7901 cells (Figure 3A). Meanwhile, STAT3 phosphorylation, STAT3 expression, and STAT3 downstream gene (including Survivin, Mcl-1, and Bcl-xl) expression were elevated in the SGC7901/DDP cells relative to those in SGC7901 cells (Figure 3A and B). Importantly, depletion of circVAPA remarkably reduced the IC50 value of DDP for the inhibition of SGC7901/DDP cells (Figure 3C). In addition, DDP was able to induce apoptosis of SGC7901/DDP cells, and circVAPA depletion notably reinforced this effect in the system (Figure 3D). Together, these findings suggested that circVAPA contributes to chemotherapy drug resistance of GC cells.

CircVAPA is able to sponge miR-125b-5p in gastric cancer cells
Next, we explored the mechanism of circVAPA-mediated GC progression and chemotherapy resistance. The bioinformatic analysis revealed the potential interaction of circVAPA and miR-125b-5p (Figure 4A). The SGC7901 and HGC27 cells were treated with miR-125b-5p mimic and the enhancement of miR-125b-5p was confirmed in the cells (Figure 4B). Treatment with miR-125b-5p mimic was able to decrease luciferase activities of wild type circVAPA, but not circVAPA mutant in the cells (Figure 4C and D). Moreover, the expression of miR-125b-5p was up-regulated by circVAPA shRNA in the SGC7901 and HGC27 cells. These findings indicated that circVAPA spongs miR-125b-5p in the GC cells (Figure 4E and F).

MiR-125b-5p targets STAT3 in GC cells
Furthermore, we identified the binding site of miR-125b-5p within the 3’ untranslated region of the STAT3 gene through bioinformatic analysis (Figure 5A). Treatment with miR-125b-5p mimic repressed luciferase activities of STAT3, but not STAT3 mutant in the SGC7901 and HGC27 cells (Figure 5B). Consistently, the mRNA and protein levels of STAT3 were inhibited by the miR-125b-5p mimic in the cells (Figure 5C and D). Moreover, circVAPA knockdown down-regulated STAT3 in the SGC7901 and HGC27 cells, while miR-125b-5p inhibitor was able to reverse this effect in the cells (Figure 5E).

CircVAPA promotes chemotherapy drug resistance of GC cells by modulating miR-125b-5p/STAT3 axis
We then investigated whether circVAPA mediates chemotherapy drug resistance of GC cells by modulating the miR-125b-5p/STAT3 axis. Significantly, depletion of circVAPA enhanced the inhibitory effect of DDP on SGC7901 and HGC27 cell viability, while miR-125b-5p inhibitor rescued this phenotype in the cells (Figure 6A and B). In addition, overexpression of circVAPA promoted the proliferation of DDP-treated SGC7901/DDP cells, while STAT3 siRNA could reduce this effect in the system (Figure 6C). Meanwhile, circVAPA knockdown reinforced DDP-induced apoptosis of SGC7901 and HGC27 cells, whereas miR-125b-5p inhibitor or STAT3 overexpression could reverse this effect (Figure 6D). These results suggested that circVAPA promotes chemotherapy resistance of GC cells by modulating the miR-125b-5p/STAT3 axis (Figure 6E).

CircVAPA promotes the tumor growth of chemoresistant gastric cancer cell in vivo
Next, the circVAPA function in GC cell growth was analyzed by tumorigenicity analysis in vivo. The tumor growth of GC cells was inhibited by circVAPA knockdown, as presented by the decreased tumor size, tumor volume, and tumor weight in the nude mice (Figure 7A-C). Meanwhile, we validated that miR-125b-5p expression was up-regulated while STAT3 expression was down-regulated by circVAPA depletion in the tumor tissues (Figure 7D and E). Together, these data indicated that circVAPA contributes to the tumor growth of chemoresistant GC cells in vivo.

DISCUSSION
The chemotherapy resistance in GC patients is a severe clinical challenge, and the molecular mechanism is still poorly understood[7]. CircRNAs have been identified to participate in the modulation of GC progression[25]. Nevertheless, the specific functions of circVAPA in the modulation of GC development remain obscure. In the present study, we uncovered that circVAPA contributed to chemotherapy resistance and promoted the malignant progression in GC by modulating miR-125b-5p/ STAT3 signaling.
As a critical cancer regulator, several circRNAs have been identified in the modulation of chemotherapy resistance during GC progression. It has been reported that circ-PVT1 promotes paclitaxel resistance by regulating miR-124-3p/ZEB1 in GC cells[26]. Circ0026359 increases the DDP resistance of GC cells by modulating the miR-1200/POLD4 axis[27]. CircAKT3 promotes DDP resistance by up-regulating PIK3R1 through targeting miR-198 in GC cells[28]. CircFN1 contributes to DDP resistance of GC cells by targeting miR-182-5p[29]. CircMCTP2 attenuates DDP resistance by miR-99a-5p/MTMR3 signaling in GC cells[30]. Moreover, circVAPA presents oncogenic properties in cancers, including liver cancer and colorectal cancer[13,31]. In this study, circVAPA expression was elevated in the clinical GC samples. CircVAPA depletion inhibited proliferation, migration, and invasion, and increased apoptosis of GC cells. CircVAPA knockdown reduced tumor growth of GC cells in vivo. CircVAPA contributed to chemotherapy drug resistance of GC cells. These findings present a novel function of circVAPA in modulating chemotherapy drug resistance and malignant progression of GC cells, indicating valuable evidence of circRNA function in GC development.
MiRNAs are the essential contributor for regulating chemotherapy drug resistance of GC cells. It has been reported that miR-625 inhibits chemotherapy resistance by regulating ALDH1A1 in GC cells[32]. MiR-21-5p regulates doxorubicin resistance of GC cells via modulating TIMP3 and PTEN expression[33]. MiR-187 affects DDP resistance by targeting transforming growth factor-β signaling in GC cells[34]. Moreover, constitutive activation of STAT3 contributes to chemotherapy resistance of GC cells[35]. STAT3 signaling is involved in fibroblasts-mediated chemoresistance of GC cells[36]. Suppression of STAT3 inhibits drug resistance of GC cells to chemotherapeutic drugs[37]. In the mechanistic study, we found that circVAPA sponged miR-125b-5p and miR-125b-5p targeted STAT3 in the GC cells. MiR-125b-5p inhibitor rescued circVAPA depletion-enhanced inhibitory effect of DDP on GC cells, and STAT3 knockdown blocked circVAPA overexpression-induced proliferation of DDP-treated SGC7901/DDP cells. Depletion of STAT3 and miR-125b-5p inhibitor reversed circVAPA depletion-induced GC cell apoptosis. These data demonstrate an unreported regulation axis associated circVAPA with STAT3 and miR-125b-5p, revealing a new mechanism involving the circVAPA/miR-125b-5p/STAT3 axis in GC development.

CONCLUSION
CircVAPA promotes chemotherapy resistance and the malignant progression in GC by modulating miR-125b-5p/STAT3 signaling. Our findings present novel insights into the mechanism by which circVAPA regulates chemotherapy resistance of GC cells. CircVAPA and miR-125b-5p may be considered as potential targets for GC therapy.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is a common malignant tumor and causes a high incidence of cancer-associated death. Cisplatin (DDP)-based chemotherapy is the main therapy for clinical GC treatment, but the mechanism of chemotherapy resistance is still poorly understood, which is a severe clinical challenge. CircRNAs have been identified to play a vital role in regulating the chemoresistance of gastric cancer cells. The development process of GC chemotherapy resistance is not well-understood. In addition, it is well known that circRNAs and miRNAs are involved in chemotherapy resistance of GC cells. However, the role of circVAPA and miR-125b-5p in regulating the chemotherapy resistance of GC cells has not been reported yet.

Research motivation
To investigate the impact of circVAPA on chemotherapy resistance during the progression of GC.

Research objectives
We collected the clinical GC tissue samples (n = 50) and the adjacent normal tissues (n = 50) and analyzed the effect of circVAPA on GC progression and chemotherapy resistance.

Research methods
The role of circVAPA in chemotherapy resistance and GC progression was analyzed by transwell assay, MTT assay, colony formation assay, healing assay, and wound flow cytometry analysis in GC cells and DDP resistant GC cell lines, and in vivo tumorigenicity analysis in nude mice. The mechanism was investigated by quantitative real-time PCR, luciferase reporter assay, and Western blot analysis.

Research results
CircVAPA depletion inhibited proliferation, migration, and invasion and increased apoptosis of GC cells. CircVAPA knockdown reduced tumor growth of GC cells in vivo. CircVAPA promoted the chemotherapy resistance of GC cells. We found that circVAPA targeted miR-125b-5p and miR-125b-5p to STAT3 in GC cells. MiR-125b-5p inhibitor rescued the depletion of circVAPA and enhanced the inhibitory effect of DDP on GC cells, while STAT3 knockdown prevented the proliferation of DDP-treated SGC7901/DDP cells induced by circVAPA overexpression. Depletion of STAT3 and miR-125b-5p inhibitor reversed circVAPA depletion-induced GC cell apoptosis.

Research conclusions
CircVAPA promotes chemotherapy resistance and the malignant progression of GC cells by modulating miR-125b-5p/STAT3 signaling. CircVAPA and miR-125b-5p may be considered as potential targets for GC therapy.

Research perspectives
CircRNA circVAPA promotes chemotherapy drug resistance in the progression of gastric cancer by regulating the miR-125b-5p/STAT3 axis.
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Figure Legends
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Figure 1 CircVAPA enhances proliferation and represses apoptosis of gastric cancer cells. A: The expression of circVAPA was measured by qPCR in the gastric cancer tissues (n = 50) and adjacent normal tissues (n = 50); B-G: SGC7901 and HGC27 cells were treated with the circVAPA shRNA or control shRNA. Cell viability was tested by MTT assay (B and C), cell proliferation was measured by colony formation assay (D and E), and cell apoptosis was analyzed by flow cytometry (F and G). Data are presented as the mean ± SD. bP < 0.01.
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Figure 2 CircVAPA promotes invasion and migration of gastric cancer cells. A-D: SGC7901 and HGC27 cells were treated with the circVAPA shRNA or control shRNA. Cell migration and invasion were tested by transwell assay (A and B), and migration and invasion were analyzed by wound healing assay (C and D). The wound healing proportion is shown. Data are presented as the mean ± SD. bP < 0.01.
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Figure 3 Elevation of CircVAPA enhances chemotherapy drug resistance of gastric cancer cells. A: The expression of circVAPA, STAT3, Survivin, Mcl-1, and Bcl-xl was measured by qPCR in the SGC7901 and SGC7901/cisplatin (DDP) cells; B: STAT3 phosphorylation and levels of STAT3, Survivin, Mcl-1, and Bcl-xl were tested by Western blot analysis; C: SGC7901/DDP cells were initially treated with DDP at indicated doses and then with control shRNA or circVAPA shRNA. Cell viability was analyzed by MTT assay; D: SGC7901/DDP cells were treated with DDP or co-treated with DDP and circVAPA shRNA. Cell apoptosis was analyzed by flow cytometry. Data are presented as the mean ± SD. aP < 0.05.
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Figure 4 CircVAPA is able to sponge miR-125b-5p in gastric cancer cells. A: The interaction of CircVAPA and miR-125b-5p was analyzed by bioinformatic analysis based on ENCORI (http://starbase.sysu.edu.cn/index.php); B-D: SGC7901 and HGC27 cells were treated with control mimic or miR-125b-5p mimic. The expression levels of miR-125b-5p were tested by qPCR in the cells (B), and luciferase activities of wild type CircVAPA and CircVAPA with the miR-125b-5p-binding site mutant were examined by luciferase reporter gene assay (C and D); E and F: SGC7901 and HGC27 cells were treated with the circVAPA shRNA or control shRNA. The expression of miR-125b-5p was analyzed by qPCR assay. Data are presented as the mean ± SD. bP < 0.01. MUT: Mutant; WT: Wild type.
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Figure 5 MiR-125b-5p targets STAT3 in gastric cancer cells. A: The binding of miR-125b-5p and the 3’ untranslated region of STAT3 was identified by bioinformatic analysis based on Targetscan (http://www.targetscan.org/vert_72/); B-D: SGC7901 and HGC27 cells were treated with control mimic or miR-125b-5p mimic. The luciferase activities of wild type STAT3 and STAT3 with the miR-125b-5p-binding site mutant were examined by luciferase reporter gene assay (B), the mRNA expression of STAT3 was analyzed by qPCR assay (C),  and the protein expression of STAT3 was determined by Western blot analysis (D); E: SGC7901 and HGC27 cells were treated with control shRNA or circVAPA shRNA, or co-treated with circVAPA shRNA and miR-125b-5p inhibitor. The protein expression of STAT3 was tested by Western blot analysis. Data are presented as the mean ± SD. bP < 0.01. MUT: Mutant; WT: Wild type.
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Figure 6 CircVAPA promotes chemotherapy drug resistance of gastric cancer cells by modulating miR-125b-5p/STAT3 axis. A and B: SGC7901 and HGC27 cells were treated with cisplatin (DDP), DDP, and circVAPA shRNA, or co-treated with DDP, circVAPA shRNA, and miR-125b-5p inhibitor. Cell viability was measured by MTT assay; C: SGC7901/DDP cells were treated with DDP or co-treated with DDP and pcDNA3.1-circVAPA at the indicated dose, or co-treated with DDP, pcDNA3.1-circVAPA, and STAT3 siRNA. Cell viability was measured by MTT assay; D and E: SGC7901 and HGC27 cells were treated with DDP, DDP, and circVAPA shRNA, or co-treated with DDP, circVAPA shRNA, and miR-125b-5p inhibitor or pcDNA3.1-STAT3. Cell apoptosis was analyzed by flow cytometry. Data are presented as the mean ± SD. bP < 0.01. DDP: Cisplatin.
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Figure 7 CircVAPA promotes tumor growth of chemoresistant gastric cancer cells in vivo. A-D: The impact of circVAPA on tumor growth of melanoma cells in vivo was analyzed by nude mice tumorigenicity assay (n = 5). SGC7901/cisplatin cells were treated with control shRNA or circVAPA shRNA. Representative images of dissected tumors from nude mice are shown (A). The average tumor volume (B) and weight (C) were calculated and presented. The expression of miR-125b-5p was measured by qPCR in the tumor tissues of the mice (D); E: The expression of STAT3 was tested by Western blot analysis in the tumor tissues of the mice. Data are presented as the mean ± SD. bP < 0.01.
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