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Abstract
[bookmark: OLE_LINK482][bookmark: OLE_LINK483][bookmark: OLE_LINK484][bookmark: OLE_LINK485][bookmark: OLE_LINK516]AIM: To examine the potential anti-tumor activity of paeoniflorin on the human gastric carcinoma cell line MGC-803. 

[bookmark: OLE_LINK18][bookmark: OLE_LINK21][bookmark: OLE_LINK30][bookmark: OLE_LINK32][bookmark: OLE_LINK87][bookmark: OLE_LINK93][bookmark: OLE_LINK292][bookmark: OLE_LINK166][bookmark: OLE_LINK171][bookmark: OLE_LINK427][bookmark: OLE_LINK428][bookmark: OLE_LINK429][bookmark: OLE_LINK430][bookmark: OLE_LINK293][bookmark: OLE_LINK294][bookmark: OLE_LINK295][bookmark: OLE_LINK390][bookmark: OLE_LINK391][bookmark: OLE_LINK431][bookmark: OLE_LINK432][bookmark: OLE_LINK433][bookmark: OLE_LINK48][bookmark: OLE_LINK137]METHODS: Cell viability and cell cytotoxic of MGC-803 cells were analyzed using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide and lactate dehydrogenase assay, respectively. Cell apoptotic of MGC-803 cells was measured using both flow cytometry, DAPI staining assay and caspase-3 activity assays. Quantitative reverse transcription-polymerase chain reaction (RT-PCR) was used to measure the expression of microRNA-124 (miR-124) in response to paeoniflorin. The expression of phosphatidylinositol 3-kinase (PI3K), protein kinase B (Akt), phospho-Akt (p-Akt) and phospho-signal transducer and activator of transcription 3 (p-STAT3) were also measured by quantitative RT-PCR and Western blot analysis in normal, miR-124 and anti-miR-124 over-expressing MGC-803 cells, treated with paeoniflorin. 

[bookmark: OLE_LINK298][bookmark: OLE_LINK299][bookmark: OLE_LINK304][bookmark: OLE_LINK305][bookmark: OLE_LINK306][bookmark: OLE_LINK307][bookmark: OLE_LINK308]RESULTS: Paeoniflorin was found to inhibit MGC-803 cell viability in a dose-dependent manner. Paeoniflorin treatment was associated with the induction of apoptosis and caspase-3 activity in MGC-803 cells. Paeoniflorin treatment significantly increased miR-124 levels and inhibited the expression of PI3K, Akt, p-Akt and p-STAT3 in MGC-803 cells. Interestingly, the over-expression of miR-124 inhibits PI3K/Akt and phospho-STAT3 expressions in MGC-803 cells. PI3K agonist (IGF-1, 1 μg/10 μL) or over-expression of STAT3 reversed the effect of paeoniflorin on the cell proliferation of MGC-803 cells. Over-expression of anti-miR-124 in MGC-803 cells reversed paeoniflorin-induced up-regulation. 

[bookmark: OLE_LINK434][bookmark: OLE_LINK435][bookmark: OLE_LINK309][bookmark: OLE_LINK310]CONCLUSION: In summary, the in vitro data suggests that paeoniflorinis a potential novel therapeutic agent against gastric carcinoma, which inhibits cell viability and induces apoptosis through the up-regulation of miR-124 and suppression of PI3K/Akt and STAT3 signaling. 
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[bookmark: OLE_LINK513][bookmark: OLE_LINK514][bookmark: OLE_LINK515][bookmark: OLE_LINK172][bookmark: OLE_LINK173]Key words: Gastric cancer; Paeoniflorin; MicroRNA-124; Phosphatidylinositol 3-kinase; Akt; Signal transducer and activator of transcription 3
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Core tip: The in vitro data suggests that paeoniflorinis is a potential novel therapeutic agent against gastric carcinoma, which inhibits cell viability and induces apoptosis through the up-regulation of microRNA-124 and suppression of phosphatidylinositol 3-kinase/Akt signaling.

Zheng YB, Xiao GC, Tong SL, Ding Y, Wang QS, Li SB, Hao ZN. Paeoniflorin inhibits human gastric carcinoma cell proliferation through up-regulation microRNA-124 and suppression of PI3K/Akt and STAT3 signaling. World J Gastroenterol 2015; In press 


INTRODUCTION
Gastric cancer is one of the most common malignant tumors in China. According to the International Agency for Research on Cancer, there are approximately 989000 new cases of gastric cancer worldwide in 2008. Of this population, the number of new cases in China was 463000, accounting for 46.8% of the global incidence of gastric cancer[1,2]. Similarly, the number of deaths due to gastric cancer worldwide was approximately 737000. China accounted for 47.8% of global gastric cancer deaths. Gastric cancer ranked third in cancer deaths, after lung cancer and liver cancer, in 2004-2005. Despite this, the mortality of gastric cancer appears to be declining from its leading position as the number one cause of cancer deaths in China in 1973-1975 and 1990-1992[3,4].
Micro-RNA is a small non-coding sequence of RNA that may function as an oncogene or tumor-suppressor gene, as well as regulate cell proliferation, apoptosis and differentiation[5]. Micro-RNA may also play an important role within tumorigenesis and development[6,7]. Studies show that expression of microRNA-124 (miR-124) is down-regulated in liver and cervical cancer[8,9]. In gastric cancer, the expression of miR-124 is down-regulated and is associated with the clinical disease stage, the degree of differentiation and lymph node metastasis. MiR-124 can also inhibit the cell growth and invasion of medulloblastoma cells by targeting CDK6. As a result, targeting miR-124 expression may be a novel therapeutic strategy against gastric cancer[10,11].
[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK47][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK97][bookmark: OLE_LINK103]Embryo prototype mutations of phosphatase and tension homolog (PTEN) are prevalent many diseases. A substrate for PTEN is a lipid, generated by phosphatidylinositol 3-kinase (PI3K), and is necessary for the activation of protein kinase B (Akt). PTEN regulates the activity of Akt via activated phosphatidyl inositol triphosphate (PIP3). Therefore, a mutation of PTEN uncouples Akt regulation, resulting in unchecked cell proliferation and tumorigenesis. PTEN can dephosphorylate-PIP3, and reduce the concentration of PIP3 within the cells and inhibits the activation of Akt[5]. Protein phosphatase activity is also closely associated with tumors. Yu et al[13] reported that the induction of apoptosis was accompanied by the inactivation of the PI3K/Akt signaling pathway[12]. Torkinib suppresses cell proliferation of gastric cancer through inhibition of the PI3K/Akt pathway.
[bookmark: OLE_LINK311][bookmark: OLE_LINK335][bookmark: OLE_LINK336][bookmark: OLE_LINK411][bookmark: OLE_LINK412][bookmark: OLE_LINK413]STAT3 is an important member of signal transducers and activators of transcription (STAT), defined as oncogene currently[14]. STAT3 plays an important role in promoting tumor cell proliferation, inhibiting tumor cell apoptosis, and promoting tumor invasion and metastasis as well as immune escape, and the continuous activation of its signal transduction pathway is closely related to the occurrence and development of tumor[15]. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK397][bookmark: OLE_LINK398][bookmark: OLE_LINK164][bookmark: OLE_LINK165][bookmark: OLE_LINK414][bookmark: OLE_LINK415][bookmark: OLE_LINK416][bookmark: OLE_LINK417][bookmark: OLE_LINK418][bookmark: OLE_LINK419][bookmark: OLE_LINK163]Paeoniflorin is the main active monomer ingredient of paeonialactiflo and is reported to have anti-inflammatory, immunomodulatory, liverand nerve protective activity[16-18]. Recent in vitro studies report and confirm that the anti-cancer effect of paeoniflorin inhibits human lung cancer cells proliferation [19, 20], human hepatocellular carcinoma cells[7], colorectal carcinoma[8] and so on. However, the mechanisms underlying the anti-cancer effects of paeoniflorin on gastric cancer are still indeterminate. Therefore, we aim to investigate the potential anti-proliferative effects of paeoniflorin to gastric cancer. We also explored the associated changes in the miR-124, PI3K/Akt, STAT3 signaling axis with paeoniflorin-mediated antitumor activity.

MATERIALS AND METHODS
Materials
[bookmark: OLE_LINK109][bookmark: OLE_LINK110]Paeoniflorin (Sigma, with a purity > 97%) was dissolved in physiological saline according to the manufacturer's instructions and the chemical structure of it was indicated in Figure 1. Dulbecco's modified Eagle's medium (DMEM) and fetal bovine serum (FBS) was from Gibco (Grand Island, NY, USA). 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was purchased from Sigma (Japan). The Annexin V fluorescein isothiocyanate (FITC)-propidium Iodide (PI) apoptosis kit and Bicinchoninic Acid (BCA) Protein Assay kit were purchased from Sangon Biotech (Shanghai, China). Caspase-3 colorimetric assay kit and a Nuclear and Cytoplasmic Protein Extraction Kit were purchased from Beyotime (Nanjing, China). Trizol was purchase from Tiangen (Beijing, China). High Capacity cDNA Reverse Transcription kit and ABI 7500 were purchase from TAKARA (Japan).

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Cell culture 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK31]Human gastric carcinoma cell MGC-803 cells and Human normal gastric mucosa cell lines GES-1 cells were obtained from Academy of Military Medical Sciences (Beijing, China) and cultured in DMEM supplemented with 10% FBS with 100 U/mL penicillin and 100 mg/mL streptomycin under a humidified atmosphere of 5% CO2 and 95% air at 37 °C. MGC-803 cells were treated with paeoniflorin in complete DMEM medium. 

[bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK296][bookmark: OLE_LINK297][bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK148][bookmark: OLE_LINK149]Cell proliferation assay 
[bookmark: OLE_LINK144][bookmark: OLE_LINK147][bookmark: OLE_LINK344][bookmark: OLE_LINK345][bookmark: OLE_LINK337][bookmark: OLE_LINK343][bookmark: OLE_LINK302][bookmark: OLE_LINK303]MGC-803 cells (5000 cells per well) and GES-1 cells (5000 cells per well) were seeded in 96-well. Cell proliferation of MGC-803 cells and GES-1 cells were analyzed using MTT (Sigma, Japan) assay after the treatment of paeoniflorin (0, 5, 10 and 20 μM) for 0, 24, 48 and 72 h. Then, 10 μL MTT (5 mg/mL) was added into every well and incubated for 4 h under a humidified atmosphere of 5% CO2 and 95% air at 37 °C. Afterwards, 150 μL dimethyl sulfoxide was added to each well and shaken for 10-20 min in table concentrator. The absorbance was determined with an ELISA reader at 450 nm.

Lactate dehydrogenase assay 
[bookmark: OLE_LINK319][bookmark: OLE_LINK320][bookmark: OLE_LINK312][bookmark: OLE_LINK313][bookmark: OLE_LINK402]MGC-803 cells (5000 cells per well) were seeded in 96-well. Cell cytotoxic of MGC-803 cells was measured using LDH assay after the treatment of paeoniflorin (0, 5, 10 and 20 μM) for 0, 24, 48 and 72 h. Then, 100 μL LDH solution was added to each well and incubated for 30 min at room temperature. The absorbance was read at 490[image:  ]nm using a multiwell spectrophotometer (BioTek, XL-828, USA).

[bookmark: OLE_LINK249][bookmark: OLE_LINK250]Flow cytometry analysis of cell apoptosis
[bookmark: OLE_LINK405][bookmark: OLE_LINK406][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK85][bookmark: OLE_LINK86]MGC-803 cells (1 × 105 cells per well) were seeded in 6-well. Cell apoptosis was detected using Annexin V FITC-PI kit assay after the treatment of paeoniflorin (0, 5, 10 and 20 μM) for 48 h. The cells were washed and collected with twice PBS according to the manufacturer’s instructions (Sangon Biotech, Shanghai, China). The cells were added with 5 μL VFITC and incubated for 30 min at darkness. 10 μL PI was added into cell at darkness. The stained cells were detected using FACSCalibur flow cytometry (BD Biosciences, San Jose, CA) at once and analyzed with Cell-Quest software.
[bookmark: OLE_LINK261][bookmark: OLE_LINK252][bookmark: OLE_LINK265][bookmark: OLE_LINK403][bookmark: OLE_LINK404]
[bookmark: OLE_LINK253][bookmark: OLE_LINK254][bookmark: OLE_LINK255]DAPI staining assay
[bookmark: OLE_LINK256][bookmark: OLE_LINK257][bookmark: OLE_LINK258]MGC-803 cells (1 × 105 cells per well) were seeded in 6-well. MGC-803 cells were washed twice with PBS. Then, 0.5 ml (4 %) paraformaldehyde was added to each well and incubated for 30 min at 4 °C. MGC-803 cells were washed twice with PBS, added with Sodium citrate (0.1%) containing 0.1% Triton X-100 and incubated for 5 min at 4 ˚C. Then, DAPI was added to each well and incubated for 20 min at 4 ˚C in the dark. Apoptotic cells were excitated by Ultraviolet. MGC-803 cells was observed and photographed under florescence microscopy at 340 nm.

[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK94]Caspase-3 activity assays
[bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK259][bookmark: OLE_LINK260]MGC-803 cells (5000 cells per well) were seeded in 96-well. The activity of caspase-3 was analyzed using the caspase-3 colorimetric assay kit (Beyotime, Nanjing, China) assay according to the manufacturer’s instructions, after the treatment of paeoniflorin (0, 5, 10 and 20 μM) for 48 h. Cells were collected and washed twice with ice-cold PBS. Then, cells (1 × 105 cells/50 mL) were resuspended with BD Cytofix/Cytoperm solution. Next, cells were incubated for 30 min on ice and then washed twice using Perm/Wash buffer at room temperature. The resuspended cells (1 × 106 cells/ 20 mL) were incubated for 30–60 min at room temperature. Finally, each test was washed with 1.0 ml Perm/Wash buffer and then resuspended with 0.5 mL Perm/Wash buffer. The caspase-3 activity was analyzed at the wavelength of 405 nm.
 
[bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK113]Real-time quantitative for miR-124
[bookmark: OLE_LINK78][bookmark: OLE_LINK98]Total RNA was extracted from MGC-803 cells using Trizol (Tiangen, Beijing, China). MiR-124 was performed using the High Capacity cDNA Reverse Transcription kit (TAKARA, Japan) with ABI 7500 (TAKARA, Japan) quantitative PCR system according to the manufactures instructions. All primers used are purchased from Sangon Biotech (Shanghai, China). The MiR-124-forward: 5′-GCGGCCGTGTTCACAGCGGACC-3′ and miR-124- reverse: 5′-GTGCAGGGTCCGAGGT-3′. U6-forward: 5'-CGCTTCGGCAGCA CATATACTA-3'; and U6- reverse: 5'-CGCTTCACGAATTTGCGTGTCA.

[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK178][bookmark: OLE_LINK179][bookmark: OLE_LINK180][bookmark: OLE_LINK194][bookmark: OLE_LINK175][bookmark: OLE_LINK290]Western blot analysis for PI3K, Akt and STAT3
[bookmark: OLE_LINK174][bookmark: OLE_LINK291][bookmark: OLE_LINK364][bookmark: OLE_LINK389][bookmark: OLE_LINK181][bookmark: OLE_LINK182]MGC-803 cells (1 × 105 cells per well) were seeded in 6-well. The expressions of PI3K and Akt protein were detected using Western blot assay after the treatment of paeoniflorin (0, 5, 10 and 20 μM) for 48 h. Cells were collected and washed twice with ice-cold PBS. In according with the protocol described by the manufacturer (Beyotime, Haimen, China), cells were lysed using a Nuclear and Cytoplasmic Protein Extraction Kit. Smudge cells were centrifuged at 15000 × g for 10 min at 4 °C. Then, protein concentrations were determined with the Bicinchoninic Acid (BCA) Protein Assay kit (Sangon Biotech, Shanghai, China). Protein samples were analyzed with SDS-polyacrylamide gel electrophoresis (PAGE) and then transferred to PVDF membrane (Millipore, Bedford, MA). After blocking with 5% (v/v) nonfat milk for 2 h in TBST buffer overnight at 4 °C. Membranes were incubated with anti-PI3K, anti-phospho-Akt (p-Akt), anti-Akt, anti-STAT3, anti-phospho-STAT3 (p-STAT3) and anti-β-actin from Abcam (Boster Biological, Wuhan, China) overnight at 4 °C. Then, membranes incubated with the peroxidase-linked secondary antibodies for 2 h at room temperature. Proteins were developed using the enhanced chemilumin-escence detection system (Amersham Biosciences, Piscataway, NJ, USA). 

[bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK183][bookmark: OLE_LINK184]MiR-124 and anti-miR124 plasmids transfection
[bookmark: OLE_LINK119][bookmark: OLE_LINK118][bookmark: OLE_LINK39][bookmark: OLE_LINK40]MiR-124, anti-miR124 and STAT3 plasmids were designed and structured by Gene Pharma (Shanghai, China). MGC-803 cells (1 × 105 cells per well) were seeded in 6-well. when the MGC-803 cells reached 70-80% confluence, miR-124 and Anti-miR124 plasmids were transfected into cells using lipofectamine 2000 (Invitrogen, USA) according to the manufacturer’s protocol. After 6 h, culture medium was removed, change complete medium and cultured under a humidified atmosphere of 5% CO2 and 95% air at 37 °C. 

Statistical analysis 
The data were analyzed statistically using SPSS software 17 and shown as mean ± SD. Analysis was performed using one-way ANOVA followed by Dunnett’s post-hoc test. The P ≤ 0.05 were considered indicative of statistical significance.

RESULTS
[bookmark: OLE_LINK314][bookmark: OLE_LINK315][bookmark: OLE_LINK316][bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: OLE_LINK354][bookmark: OLE_LINK355][bookmark: OLE_LINK356][bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK224][bookmark: OLE_LINK240]Paeoniflorin inhibites cell proliferation
[bookmark: OLE_LINK348][bookmark: OLE_LINK349][bookmark: OLE_LINK350][bookmark: OLE_LINK321][bookmark: OLE_LINK322][bookmark: OLE_LINK323][bookmark: OLE_LINK326][bookmark: OLE_LINK327][bookmark: OLE_LINK328][bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK324][bookmark: OLE_LINK325][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK365][bookmark: OLE_LINK366][bookmark: OLE_LINK367][bookmark: OLE_LINK368][bookmark: OLE_LINK369][bookmark: OLE_LINK346][bookmark: OLE_LINK347][bookmark: OLE_LINK357][bookmark: OLE_LINK358][bookmark: OLE_LINK359][bookmark: OLE_LINK378][bookmark: OLE_LINK379][bookmark: OLE_LINK380][bookmark: OLE_LINK381]Cell viability was evaluated using MTT assays. Figure 2A showed a dose- and time-dependent decrease in cell viability; paeoniflorin (20 μM) could observably refrained cell viability for 48 and 72 h, and paeoniflorin (10 μM) could also effectively refrained cell viability for 72 h. Hence, 20 μM was determined as the optimal dose for the effect paeoniflorin on MGC-803 cells. Then, we checked that the effect of paeoniflorin (20 μM) influenced normal gastric mucosa cell lines (GES-1). Figure 2B showed that increased cell proliferation of GES-1 was increased after the treatment with paeoniflorin (20 μM) for 48 h, compared to the MGC-803 cells + paeoniflorin (20 μM) group. 

[bookmark: OLE_LINK528][bookmark: OLE_LINK529][bookmark: OLE_LINK288][bookmark: OLE_LINK289][bookmark: OLE_LINK317][bookmark: OLE_LINK318][bookmark: OLE_LINK341][bookmark: OLE_LINK342]Paeoniflorin inhibites cell cytotoxic
[bookmark: OLE_LINK338][bookmark: OLE_LINK339][bookmark: OLE_LINK340][bookmark: OLE_LINK351][bookmark: OLE_LINK352][bookmark: OLE_LINK353][bookmark: OLE_LINK333][bookmark: OLE_LINK334]Cell cytotoxic of MGC-803 cells was measured using LDH assay. Figure 3 showed that paeoniflorin increased cell cytotoxic in a dose-dependent. There are a significant elevate cell cytotoxic after the treatment with paeoniflorin (20 μM) for 48 h (Figure 3).

[bookmark: OLE_LINK267][bookmark: OLE_LINK271]Paeoniflorin promotes apoptosis
[bookmark: OLE_LINK276][bookmark: OLE_LINK277][bookmark: OLE_LINK278][bookmark: OLE_LINK279][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK360][bookmark: OLE_LINK282][bookmark: OLE_LINK283][bookmark: OLE_LINK274][bookmark: OLE_LINK275][bookmark: OLE_LINK331][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK332][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK362][bookmark: OLE_LINK363][bookmark: OLE_LINK517][bookmark: OLE_LINK518][bookmark: OLE_LINK361]To investigate whether paeoniflorin protects against apoptosis, MGC-803 cells were incubated with paeoniflorin (10 and 20 μM) for 48 h. Cells were then stained with Annexin VFITC/PI, and the apoptosis of MGC-803 cells was determined with flow cytometry. Figure 4A–4B showed a significant increase in the apoptosis rate when the MGC-803 cells were exposed to 20 μM paeoniflorin for 48 h. Moreover, the results of DAPI staining show that different concentrations of paeoniflorin (5, 10 and 20 μM) markedly increased the apoptosis of MGC-803 cells (Figure 4C). 

[bookmark: OLE_LINK522][bookmark: OLE_LINK523][bookmark: OLE_LINK280][bookmark: OLE_LINK281]Paeoniflorin induces caspase-3 activity 
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK269][bookmark: OLE_LINK270][bookmark: OLE_LINK268][bookmark: OLE_LINK262][bookmark: OLE_LINK263][bookmark: OLE_LINK264]To further research whether paeoniflorin induces caspase-3 activity, MGC-803 cells were incubated with paeoniflorin (10 and 20 μM) for 48 h. When the MGC-803 cells were treated with different concentrations of paeoniflorin (5, 10 and 20 μM), the caspase-3 activity of MGC-803 cells was dose-dependent. When 20 μM paeoniflorin could effectively increase the activity of caspase-3 in MGC-803 cells (Figure 5).

Paeoniflorin activates the expression of miR-124
[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK69][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK155][bookmark: OLE_LINK156][bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK19][bookmark: OLE_LINK20]To determine whether paeoniflorin activates the expression of miR-124 in MGC-803 cells, the miR-124 expression of MGC-803 cells was detected by QPCR. Figure 5 showed treatment with paeoniflorin (5, 10 and 20 μM) resulted in a dose-dependent inhibition of the miR-124 expression (Figure 6). However, the levels of miR-124 were significantly increased in the paeoniflorin (20 μM)-treated cells for 48 h.

[bookmark: OLE_LINK191][bookmark: OLE_LINK192][bookmark: OLE_LINK193][bookmark: OLE_LINK108][bookmark: OLE_LINK111][bookmark: OLE_LINK75][bookmark: OLE_LINK92][bookmark: OLE_LINK126]Paeoniflorin restrains the expression of PI3K/Akt
[bookmark: OLE_LINK209][bookmark: OLE_LINK210][bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK112][bookmark: OLE_LINK212][bookmark: OLE_LINK213][bookmark: OLE_LINK214][bookmark: OLE_LINK215][bookmark: OLE_LINK216][bookmark: OLE_LINK201][bookmark: OLE_LINK202][bookmark: OLE_LINK217][bookmark: OLE_LINK218][bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK120][bookmark: OLE_LINK121]To clarify the anticancer mechanisms of paeoniflorin on MGC-803 cells, we examined the expression levels of the PI3K, p-Akt and Akt expression in MGC-803 cells. Figure 7A and 7B showed treatment of MGC-803 cells with different concentration of paeoniflorin (5, 10 and 20 μM) for 48 h induced an decreased in the expressions of PI3K, p-Akt and Akt protein. Certainly, paeoniflorin (20 μM) could observably restrain the expression of PI3K, p-Akt and Akt in MGC-803 cells (Figure 7A and 7B). 

[bookmark: OLE_LINK533][bookmark: OLE_LINK534][bookmark: OLE_LINK195][bookmark: OLE_LINK196][bookmark: OLE_LINK211]Paeoniflorin restrains the expression of STAT3
[bookmark: OLE_LINK225][bookmark: OLE_LINK226][bookmark: OLE_LINK227][bookmark: OLE_LINK220][bookmark: OLE_LINK228][bookmark: OLE_LINK221][bookmark: OLE_LINK219]To explore the anticancer mechanisms of paeoniflorin on MGC-803 cells, p-STAT3 and STAT3 protein expression levels were checked in MGC-803 cells. Figure 8A and 8B showed that p-STAT3 protein expression levels were elevated by paeoniflorin administration (Figure 8A and 8B).

[bookmark: OLE_LINK555][bookmark: OLE_LINK556][bookmark: OLE_LINK197][bookmark: OLE_LINK198]PI3K agonist inhibites the effect of paeoniflorin on cell proliferation
[bookmark: OLE_LINK272][bookmark: OLE_LINK273][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK236][bookmark: OLE_LINK237][bookmark: OLE_LINK138][bookmark: OLE_LINK139][bookmark: _Hlk407042535][bookmark: OLE_LINK246][bookmark: OLE_LINK247][bookmark: OLE_LINK248][bookmark: OLE_LINK199][bookmark: OLE_LINK200]To further research whether PI3K agonist inhibites the effect of paeoniflorin on cell proliferation, the expression of PI3K/Akt and the cell proliferation of MGC-803 cells were detected. First, when the treatment with paeoniflorin (20 μM) for 72 h, the expressions of PI3K, p-Akt and Akt proteins in MGC-803 cells were measured. We observed that the expressions of PI3K, p-Akt and Akt proteins in paeoniflorin treatment group were remarkably increased (Figure 9A). But, PI3K agonist (IGF-1, 1 μg/10 μL) inhibited the effect of paeoniflorin on the PI3K, p-Akt and Akt proteins expressions in MGC-803 cells (Figure 9A). Meanwhile, IGF-1 reversed the effect of paeoniflorin on the cell proliferation of MGC-803 cells (Figure 9B). 

[bookmark: OLE_LINK234][bookmark: OLE_LINK235][bookmark: OLE_LINK266][bookmark: OLE_LINK284][bookmark: OLE_LINK285][bookmark: OLE_LINK559][bookmark: OLE_LINK560][bookmark: OLE_LINK205][bookmark: OLE_LINK206]Overexpression of STAT3 inhibites the effect of paeoniflorin on cell proliferation 
[bookmark: OLE_LINK244][bookmark: OLE_LINK245][bookmark: OLE_LINK242][bookmark: OLE_LINK243]To further detect whether overexpression of STAT3 inhibites the effect of paeoniflorin on cell proliferation, p-STAT3 protein expression levels and the cell proliferation of MGC-803 cells were ascertain. p-STAT3 protein expression levels were evidently boosted (Figure 10A). Certainly, overexpression of STAT3 reversed the effect of paeoniflorin on the cell proliferation of MGC-803 cells (Figure 10B).

[bookmark: OLE_LINK187][bookmark: OLE_LINK188][bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK169][bookmark: OLE_LINK170][bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Overexpression of miR-124 and the expression of PI3K/Akt and p-STAT3
[bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK161][bookmark: OLE_LINK162][bookmark: OLE_LINK203][bookmark: OLE_LINK204][bookmark: OLE_LINK229][bookmark: OLE_LINK230][bookmark: OLE_LINK231][bookmark: OLE_LINK385][bookmark: OLE_LINK386][bookmark: OLE_LINK387][bookmark: OLE_LINK388][bookmark: OLE_LINK238][bookmark: OLE_LINK239]To determine whether miR-124 is a crucial transcription factor for regulating the expression of PI3K, p-Akt, Akt and p-STAT3, miR-124 plasmid was transfection into MGC-803 cells. Figure 11A showed that miR-124 plasmid could effectively augment the expression of miR-124 level in MGC-803 cells. Meanwhile, overexpression of miR-124 could also control the PI3K, p-Akt, Akt (Figure 11B), p-STAT3 protein expression levels (Figure 11C) in MGC-803 cells

Anti-miR-124 and the effect of paeoniflorin 
[bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK373][bookmark: OLE_LINK374][bookmark: OLE_LINK207][bookmark: OLE_LINK208]To further investigate the correlations of miR-124 expression level with the effect of paeoniflorin, the effect of paeoniflorin (20 μM) on MGC-803 cells was performed for 72 h. Our results showed that transfection of anti-miR-124 plasmids were transfected into MGC-803 cells and significantly reduced the expression of miR-124 in MGC-803 cells (Figure 12A). Meanwhile, anti-miR-124 plasmids could significantly reduce the effect of paeoniflorin on cell proliferation (Figure 12B) and apoptotic effect of MGC-803 cells (Figure 12C). Meanwhile, anti-miR-124 plasmids could promote the levels of PI3K, p-Akt, Akt and p-STAT3 in MGC-803 cells (Figure 12D).

[bookmark: OLE_LINK189][bookmark: OLE_LINK190]DISCUSSION
[bookmark: OLE_LINK154][bookmark: OLE_LINK153][bookmark: OLE_LINK241][bookmark: OLE_LINK251]Age-specific incidence and mortality curves show that gastric cancer is an important malignant tumor in the elderly population, and the regional difference of morbidity and mortality indicates in China that pathogenic factors and susceptibility to gastric cancer is varied[21]. The incidence of gastric cancer in urban areas of China shows no clear upward trend in 2009, while in rural areas, incidence of gastric cancer seems to increase with time[22]. However, the change in standardized rate has stabilized; change in mortality of gastric cancer is similar to the incidence in the same period. Our most significant finding was that paeoniflorin could markedly inhibit the cell viability of MGC-803 gastric carcinoma cells[23]. Other studies have shown paeoniflorin could attenuate the viability, and increases apoptosis in Aβ25-35 in SH-SY5Y cells. In this study, paeoniflorin effectively suppressed cell proliferation, increased cell cytotoxic, induced apoptotic and accelerated the activity of caspase-3 in MGC-803 cells. Wang et al[24]. reported that paeoniflorin significantly ameliorated glutamate-induced reduction of cell viability, and facilitated apoptotic alteration in PC12 cells Paeoniflrin was also found to have a pro-apoptotic and anti-proliferative effect in human colorectal carcinoma HT-29 cells, as shown by the activation of caspase-3 and caspase-9 in vitro and in vivo[8].
Oncogenic microRNA promotes cell proliferation, inhibits apoptosis, inhibits immune cell development and regulates cell cycle. Conversely, tumor suppressive microRNA inhibits cell growth and promotes apoptosis[25]. Several microRNA genes are reported to show oncogenic or tumor suppressive activity related to tumor development. Studies show highly-expressed miR-124 influences the proliferation of MKN-45 cell[26]. The results show that the invasion speed of MKN-45 cells, transfected with miR-124, declines significantly after 24 hours compared with that of scramble sequence control. This indicates that miR-124 can inhibit the invasion of gastric cancer cells motility, which may play an important role in the gastric tumorigenesis and development[27]. In our study, paeoniflorin treatment could significantly increase the levels of miR-124 in MGC-803 gastric carcinoma cells. 
The expressions variance of PI3K and Akt was not statistically significant in cancer-adjacent tissues and normal gastric mucosa. This indicates that appearance of PI3K and Akt in gastric cancer may be a late molecular event[28]. Mammary epithelial cells, from mice, inhibit AKT1 expression, delay epithelial cell differentiation and accelerate apoptosis and recovery of cells during pregnancy, lactation and recovery periods. The inhibition of AKT2 results in the opposite effect, suggesting that different subtypes of AKT have different functions[29,30]. 
[bookmark: OLE_LINK160][bookmark: OLE_LINK159]Our results suggest that paeoniflorin could observably inhibit the expression of PI3K, Akt and phospho-Aktin MGC-803 gastric carcinoma cells. Xu et al[31] reported that paeoniflorin attenuates lipopolysaccharide-induced permeability of endothelial cells through the suppression of the phosphorylations of PI3K/Akt. Wu et al[32] demonstrated that paeoniflorin-mediated neural stem/progenitor cells protection from hydrogen peroxide injury is dependent on the activation of the PI3K/Akt-1 pathway. In our study, we found that miR-124 regulates and controls the expression of PI3K, Akt and phospho-Akt in MGC-803 cells.
[bookmark: OLE_LINK300][bookmark: OLE_LINK301][bookmark: OLE_LINK185][bookmark: OLE_LINK286][bookmark: OLE_LINK287]STAT3 regulates target gene expression of downstream to accelerate tumor cell proliferation, prevent apoptosis and promote tumor angiogenesis. Vivo blocking or inhibiting STAT3 signaling pathway of certain tumor cells can inhibit cell proliferation and survival, and induce apoptosis[33]. Therefore, the application of negative regulatory proteins to interfere with STAT3 signaling pathway has become an important strategy for cancer intervention, and STAT3 is considered to be a new target for cancer therapy. The results show that the expression of STAT3 protein in gastric carcinoma tissues is significantly higher than that in normal gastric tissues, and its expression is not associated with patient gender and tissue type, but only with lymph node metastasis, differentiation degree and clinical stage[34]. The activation of STAT3 signaling pathway, promotes cell proliferation and inhibits apoptosis, and this relationship may lead to malignant cell transformation and abnormal proliferation, thus promoting the occurrence and development of gastric cancer[35]. In this study, the results of our study show for first time that paeoniflorin could suppress p-STAT3 protein expression in MGC-803 cells. Meanwhile, we found that overexpression of STAT3 inhibited the effect of paeoniflorin on cell proliferation of MGC-803 cells. Recent studies show that miR-124 functions as a tumor suppressor suppressed p-STAT3 in the human endometrial carcinoma cell line HEC-1B[36] and colorectal cancer[37]. 
[bookmark: OLE_LINK186][bookmark: OLE_LINK222][bookmark: OLE_LINK223]In summary, this study demonstrates that paeoniflorin possesses antitumor activity on gastric cancer cells by inhibiting cell proliferation and stimulating apoptosis via the up-regulation miR-124, and suppression of PI3K/Akt signaling. Follow up studies are required to evaluate the efficacy of this drug within cancer-bearing animal models.

COMMENTS
Background 
Gastric cancer is one of the most common malignant tumors in China. According to the International Agency for Research on Cancer, there are approximately 989000 new cases of gastric cancer worldwide in 2008. The mechanisms underlying the anti-cancer effects of paeoniflorin on gastric cancer are still indeterminate.

Research frontiers 
The authors aim to investigate the potential anti-proliferative effects of paeoniflorin to gastric cancer. The authors also explored the associated changes in the miR-124, PI3K/Akt, STAT3 signaling axis with paeoniflorin-mediated antitumor activity.

Applications 
The authors found that in vitro data suggests that paeoniflorinis a potential novel therapeutic agent against gastric carcinoma, which inhibits cell viability and induces apoptosis through the up-regulation of miR-124 and suppression of PI3K/Akt and STAT3 signaling. 

Peer-review 
In this work authors presented data suggesting that paeoniflorin is a potential novel therapeutic agent against gastric carcinoma, which inhibits cell viability and induces apoptosis through the up-regulation of miR-124 and suppression of PI3K/Akt signaling.  They carried out in vitro assays with the gastric carcinoma cell line MGC-803. It is an interesting study, with a lot of work.
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Figure 1 The chemical structure of paeoniflorin.
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[bookmark: OLE_LINK530][bookmark: OLE_LINK531][bookmark: OLE_LINK532][bookmark: OLE_LINK370][bookmark: OLE_LINK371][bookmark: OLE_LINK372][bookmark: OLE_LINK152][bookmark: OLE_LINK7][bookmark: OLE_LINK375][bookmark: OLE_LINK376][bookmark: OLE_LINK377][bookmark: OLE_LINK382][bookmark: OLE_LINK383][bookmark: OLE_LINK384]Figure 2 Paeoniflorin inhibites cell proliferation. Paeoniflorin inhibites cell proliferation of MGC-803 cells after the treatment with paeoniflorin (20 μM) for 72 h (A) and cell proliferation of GES-1 after the treatment with paeoniflorin (20 μM) for 48 h (B). aP < 0.01 vs 0 μM paeoniflorin treatment group.
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Figure 3 Paeoniflorin inhibites cell cytotoxic.
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[bookmark: OLE_LINK524][bookmark: OLE_LINK525][bookmark: OLE_LINK519][bookmark: OLE_LINK520][bookmark: OLE_LINK521][bookmark: OLE_LINK526][bookmark: OLE_LINK527]Figure 4 Paeoniflorin promotes apoptosis. Flow-cytometric analysis for detecting cellular apoptosis (A), statistical analysis of cellular apoptosis level (B) and DAPI staining for detecting cellular apoptosis (C). aP < 0.01 vs 0 μM paeoniflorin treatment group.
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Figure 5 Paeoniflorin induces caspase-3 activity. aP < 0.01 vs 0 μM paeoniflorin treatment group.
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[bookmark: OLE_LINK8][bookmark: OLE_LINK13]Figure 6 Paeoniflorin activates the expression of miR-124. aP < 0.01 vs 0 μM paeoniflorin treatment group.
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[bookmark: OLE_LINK535][bookmark: OLE_LINK536][bookmark: OLE_LINK537][bookmark: OLE_LINK538]Figure 7 Paeoniflorin restrains the expression of PI3K/Akt. Indicated representative western blotting analysis of PI3K, p-Akt and Akt protein levels (A) and statistical analysis of PI3K, p-Akt and Akt protein level (B-D). aP < 0.01 vs control treatment group.
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[bookmark: OLE_LINK550][bookmark: OLE_LINK539][bookmark: OLE_LINK540][bookmark: OLE_LINK541][bookmark: OLE_LINK542][bookmark: OLE_LINK543][bookmark: OLE_LINK544][bookmark: OLE_LINK563][bookmark: OLE_LINK564][bookmark: OLE_LINK565][bookmark: OLE_LINK551][bookmark: OLE_LINK552][bookmark: OLE_LINK553][bookmark: OLE_LINK554]Figure 8 Paeoniflorin restrains the expression of STAT3. Indicated representative western blotting analysis of p-STAT3 protein levels (A) and statistical analysis of p-STAT3 protein level (B). aP < 0.01 vs control treatment group.
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[bookmark: OLE_LINK561][bookmark: OLE_LINK562]Figure 9 PI3K agonist inhibites the effect of paeoniflorin on cell proliferation. Indicated representative western blotting analysis of PI3K, p-Akt and Akt protein levels (A) and paeoniflorin inhibites cell proliferation (B). *P < 0.01 compared with control treatment group, bP > 0.05 vs control treatment group.
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[bookmark: OLE_LINK566][bookmark: OLE_LINK567][bookmark: OLE_LINK568]Figure 10 Overexpression of STAT3 inhibites the effect of paeoniflorin on cell proliferation. Indicated representative western blotting analysis of p-STAT3 protein levels (A) and paeoniflorin inhibites cell proliferation (B). aP < 0.01 vs control treatment group, bP > 0.05 vs control treatment group.
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[bookmark: OLE_LINK557][bookmark: OLE_LINK558][bookmark: OLE_LINK547][bookmark: OLE_LINK548][bookmark: OLE_LINK549][bookmark: OLE_LINK569][bookmark: OLE_LINK570]Figure 11 Overexpression of microRNA-124 and the expression of PI3K/Akt. Overexpression of microRNA (miR)-124 can accelerate the expression of miR-124 (A); inhibite PI3K, p-Akt, Akt and p-STAT3 protein expression (B). aP < 0.01 vs 0 μM paeoniflorin treatment group.
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Figure 12 Anti-microRNA-124 and the effect of paeoniflorin. Anti-microRNA (miR)-124 can reverse the effect of paeoniflorin on the expression of miR-124 in MGC-803 cells (A); After treatment with paeoniflorin (20 μM) for 72 h, anti-miR-124 significantly promoted the cell proliferation of MGC-803 cells (B); After treatment with paeoniflorin (20 μM) for 72 h, anti-miR-124 evidently inhibited cell apoptosis of MGC-803 cells (C); The anti-miR-124 significantly increased the expressions of PI3K, p-Akt, Akt and p-STAT3 protein in MGC-803 cells after paeoniflorin (20 μM) treatment at 72 h (D). aP < 0.01 vs 0 μM paeoniflorin treatment group and cP < 0.01 vs paeoniflorin-treated group transfected with negative control. 
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