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Abstract 
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]AIM: To explore the regulatory mechanism of miR-21 target gene to Phosphatase gene (PTEN) and its downstream protein protein kinase B (AKT) and phosphatidylinositol 3-kinase (PI3K) in colorectal cancer (CRC). 

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]METHODS: Quantitative real-time PCR (qRT-PCR) and western blot were used to detect the expression levels of microRNA-21 and its downstream protein AKT and PI3K in CRC. as well as the expression of microRNA-21 and phosphatase gene mRNA and protein in HCT116 cells after downregulating microRNA-21. The expression of phosphatase gene and its downstream AKT and PI3K in HCT116 cells after reducing miR-21 expression were also been detected by quantitative real-time PCR and western blot.

RESULTS: Compared to microRNA-21 expression in CRC cells, the expression levels of microRNA-21were highest in HCT116 cells, but the expression levels ofmicroRNA-21were lowest in SW480 cells. In comparing microRNA-21 and phosphatase gene expression in CRC cells, we found that the protein expression levels of microRNA-21 and phosphatase gene were inversely correlated (P < 0.05); and when microRNA-21 expression was reduced, mRNA expression levels of phosphatase gene did not significantly change (P > 0.05), but the expression levels of its protein significantly increased (P < 0.05). In comparing the levels of phosphatase gene protein and downstream AKT and PI3K HCT116 cells after downregulation of microRNA-21 expression, the levels of AKT and PI3K protein expression significantly decreased (P < 0.05). 

CONCLUSION: MicroRNA-21 is one of the target genes of phosphatase gene. Thus, phosphatase gene and its downstream AKT and PI3K expression levels can be regulated by regulating the expression levels of microRNA-21, which in turn regulate the development of CRC.
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Core tip: RT-PCR and Western blot were applied to detect the expression level of miR-21 and Phosphatase gene (PTEN), including its downstream protein protein kinase B (AKT) and phosphatidylinositol 3-kinase (PI3K) in colorectal cancer (CRC) cell lines, and explore the regulatory mechanism of the expression of miR-21 in inhibiting CRC, respectively. Their associations were investigated to clarify whether one of the direct target genes of PTEN is miR-21. The expression levels of miR-21, PTEN and its downstream protein AKT and PI3K were regulated and controlled to manage the occurrence and progression of CRC.
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INTRODUCTION
MicroRNA (miRNA) is a kind of non-coding macromolecule RNA that include nearly 22 nucleotides, and is able to conjugate the 3’UTR of mRNA to facilitate target mRNA degradation and inhibit the translation process by virtue of lowering gene expression[1-4]. The research of Calin et al indicated that approximately 50% of mRNA was located in tumor related regions. This also revealed aberrant expression levels in a number of tumors, which was probably on the account of the oncogenic and tumor suppressing gene functions of miRNA molecules. In addition, this would be involved in the occurrence and progression of human tumors[5-8]. Phosphatase gene (PTEN) is a phosphatase and tensin homologue gene derived from chromosome ten, which belong to phosphohydrolase; and its inactivation induce tumor occurrence in the human body[9-11]. In recent years, the protein kinase B/phosphatase gene/phosphatidylinositol 3-kinase (AKT/PTEN/PI3K) signaling pathway has raised increasing concern, and a number of studies found that the atypical AKT/PTEN/PI3K signaling pathway was intimately linked with numerous tumor occurrences and progression, immunity, drugs resistance, metastasis, angiogenesis, etc.[12-16]. In addition, the AKT/PTEN/PI3K signaling pathway has been reported in pulmonary, nasopharyngeal, gastric and renal tumors, as well as in neuroglioma[17-21]. However, literatures on colorectal cancer (CRC) is rare. Moreover, there were reports that revealed that miR-21 could regulate the AKT/PTEN/PI3K signaling pathway to promote tumor occurrence and progression, and even tumor invasion[22-25]. Hence, Quantitative real-time PCR (qRT-PCR) and western blot were applied to detect the expression level of miR-21 and PTEN, including its downstream protein AKT and PI3K, in CRC cell lines. Furthermore, the mechanism of miR-21 expression in inhibiting CRC and their correlation were also explored. This study would provide theoretical and experimental basis for the early diagnosis and therapy of CRC.

MATERIALS AND METHODS
Experimental materials
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Primary reagents and equipment: PTEN antibody, PI3K mouse anti-human monoclonal antibody, immunohistochemistry (IHC) kit and AKT rabbit anti-human polyclonal antibody were purchased from Beijing Zhongshan Golden Bridge Biotechnology Company. Quantitative RT-PCR kit and miR-21 primer were purchased from Takara. Fluorescent quantitative PCR detection system was purchased from ABI (United States). The PCR instrument was purchased from Bio-Rad (United States). The inverted microscope was purchased from Olympus (Japan). The refrigerated centrifuge was purchased from Thermo Scientific (United States). HCT116, HT29, Colo32 and SW480 CRC cell strains were all purchased from the Cell Bank of the Chinese Academy of Sciences.

Preparation of primary reagents: Requisite reagents: phosphate buffer solution (PBS), bovine serum albumin (BSA) solution, Tris-buffered saline and Tween-20 (TBST) buffer, BSA blocking buffer, 0.25% trypsin solution, sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) electrophoresis buffer, transmembrane buffer, SDS-PAGE separation and stacking gel.

Experimental methods
CRC cell culture and transfection: A Dulbecco's modified Eagle's medium (DMEM) high glucose medium with 10% calf serum was used to culture HCT116, Ht29, Colo32 and SW480 CRC cell strains in 5% CO2 at 37 °C. Cells in the logarithmic phase were used in experiments. All cells were sorted into three groups: miR-21 inhibition group (IG), negative control (NC) and blank control (BC). HCT116 cells were inoculated in 500 L of medium (no antibiotics) to 30%-60% degree to spare. Then, 20 pmol/L of miR-21 inhibitor was diluted with 50 mL of DMEM medium (no serum) and incubated for five minutes in room temperature after mixing. Next, 1 L of mixing Lipofectamine 2000 was diluted in 50 L of DMEM (no antibiotics and serum) and incubated in room temperature for five minutes. The diluted miR-21 inhibitor was mixed with Lipofectamine 2000 and incubated in room temperature for 20 min. Then, a 100-L transfection buffer was added, mixed and incubated for six hours in an incubator (5% CO2 at 37 °C). Afterward, the medium was changed to normal medium and cells were incubated for another 48-72 hours for detection.

Transwell assay: Pre-cooling non-serum DMEM was used to dilute the Matrigel matrix gel. Then, it was paved on the chamber of the polycarbonate filtering membrane followed by inoculation of diluted HCT116 cells (100 L). Afterwards, 10% fetal calf serum was added to the lower chamber. After 24 h of culture in 5% CO2 at 37 °C, the chamber was washed twice, stained with 0.1% crystal violet for five minutes, and washed again. Cells were randomly counted in five views at 100 × objective and the average was calculated. This was performed in three replicates for each group.

Real-time quantitative RT-PCR detected miR-21 and PTEN mRNA levels: Total RNA was extracted using Trizol RNA extraction methods, based on the Molecular Clone Technique Experimental Manual. One mL of Trizol reagent could be added to approximately 100-mg tissues. A mortar was used to grind the tissues to powder, which eventually reached complete decomposition. The lysate was drawn into a 1.5-mL tube and incubated for 10 min on ice. After centrifuging at 12000 rpm for 10 min at 4 °C, the supernatant was drawn into a new 1.5-mL tube. Isopropanol in equal volume was added and mixed, plated on ice for 10 min, and centrifuged at 12000 rpm for another 10 min at 4 °C. The supernatant was discarded, 1 mL of 75% ethanol was added, the precipitate was washed, and centrifuged for another five minutes. Afterwards, the supernatant was discarded, placed into a tube in room temperature for 10 min, waited until the residue entirely volatilized, 100 L of diethyl pyrocarbonate H2O was added to dissolve the precipitate, and stored in liquid nitrogen for use. Extracted RNA purity and concentration was detected using a spectrophotometer. The normal value of optical density (OD) OD260/OD280 was between 1.8 and 2.1, respectively. Then, cDNA was synthesized by reverse transcription reaction. RT-PCR was used to detect miR-21 reaction conditions: 95 °C for 10 s, one cycle, 95 °C for 5 s, 60 °C for 34 s, 45 cycles; computational formula: relative amount = 2-△△CT, where -△△CT= (CTmiR-21-CTu6) tumor-(CTmiR-21-CTu6) normal tissue. RT-PCR was used to detect PTEN mRNA reaction conditions: 95 °C for 10 s, one cycle, 95 °C for 5 s, 60 °C for 20 s, 45 cycle; and PTEN mRNA expression level was calculated on the basis of △Ct = Ct(PTEN)- Ct(β-actin), where Folds = 2-△△CT, and the average result was used with three repeats.

Western blot: After 48-72 h of transfection, the medium was discarded and 100 L of RIPA lysate was added into each well. The lysate was mixed for five minutes, centrifuged at 12000 rpm for 15 min at 4 °C, and the supernatant was stored for use. Samples mixed with 5 × loading were boiled for 10 min at 95 °C and loaded after centrifugation. Eight L of purified and desalted antibody was loaded, and 2-3 L of the marker was loaded. The antibody was confirmed according to the marker position. Electrophoresis: stacking gel in 80 V for 20-30 min, and separation gel in 120 V for 40 min. Transmembrane: 300 mA for 90 min. After transmembrane, the membrane was blocked with non-fat milk, washed with PBS for three times, and incubated with the primary antibody (PTEN antibody, PI3K antibody, AKT antibody and β-actin antibody; 1:500 dilution) overnight at 4 °C. On the next day, cells were washed with TBST for seven times and incubated with the secondary antibody (horseradish peroxidase-labeled goat-anti rabbit secondary antibody, 1:2500 dilution) for one hour. Then, cells were washed with TBST for another six times. Chemiluminescencereagent A and B solution were mixed and added on the membrane based on a 1:1 proportion, and β-actin protein was used as an internal reference.

Statistic analysis
SPSS 19.0 was used to analyze all data, measurement data were presented as mean ± SD. The t-test was used to compare miR-21 and PTEN expression levels, and the variance analysis method was used to compare the mean value of transfection in the IG, NC and BC groups. P < 0.05 was considered statistically significant.

RESULTS
MiR-21 and PTEN expression in CRC cells
MiR-21 had the highest protein expression in HCT116 cells, but had the lowest expression in SW480 cells (Figure 1). In contrast, PTEN protein expression was the lowest in HCT116 cells, but had the highest expression in SW480 cells (Figure 2). The protein expression level between miR-21 and PTEN was inversely related, and the difference was statistically significant (P < 0.01).

Invasive ability changes in cells after transfection
In counting the cells that crossed after transfection in the Transwell assay, we found that cells transfected with miR-21 in IG was reduced by 39.1% compared to BC and 36.9% compared to NC. However, the difference between BC and NC was not statistically significant (Figure 3).

RT-PCR detection of miR-21 expression after transfection
MiR-21 expression levels after transfection in IG, NC and BC are shown in Figure 4. It can be observed that miR-21 expression levels in BC and NC were higher than in IG, and the difference was statistically significant (P < 0.05).
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]
PTEN mRNA and protein expression in HCT116 cells after downregulation of miR-21
As shown in Figure 5A, after reducing the expression of miR-21, PTEN mRNA expression levels in HCT116 cells revealed no statistical significance after transfection in IG, NC and BC (P > 0.05). As illustrated in Figure 5B, when miR-21 was downregulated, PTEN protein expression levels were markedly elevated; and the difference was statistically significant (P < 0.05). The difference between BC and NC was not statistically significant (P > 0.05)

PTEN and its downstream protein AKT and PI3K expression in HCt116 cells after downregulating miR-21
As shown in Figure 6, PTEN protein expression levels in HCT116 cells were elevated in IG, and the difference was statistically significant (P<0.05). However, AKT and PI3K expression levels in HCT116 cells in IG decreased; and the difference was statistically significant (P<0.05).

DISCUSSION
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Numerous researches have indicated that CRC occurrence in patients is a complicated process, which is combined with multiple stages and factors. One momentous feature is its oncogenic activation and tumor suppressing gene expression dysregulation or absence[26,27]. In recent years, it has been found miRNA possessed oncogenic and tumor suppressing gene functions[22]. One representative miRNA, miR-21, possess a crucial oncogenic function that exhibit high expression levels in a number of tumors; and was closely associated with tumor occurrence and chemotherapy sensitivity[28,29]. PTEN is derived from chromosome ten, and acts as a tumor suppressing gene. PTEN exerts vital effects in cell growth, proliferation, migration, signal transmission, invasion and apoptosis; which has an inhibitory role in tumor cell growth, invasion, proliferation, metastasis and apoptosis[30]. The AKT/PTEN/PI3K signaling pathway plays a significant part in regulating cell growth, metabolism, differentiation and apoptosis; and is closely associated with tumor occurrence and progression[31-36]. PTEN protein phosphatase activity dephosphorylation could inhibit AKT function, leading to cell apoptosis. Furthermore, the deletion or mutation of PTEN was able to enhance AKT activity to increase PI3K expression[37]. AKT/PTEN/PI3K signaling pathway activation was capable of inhibiting cell apoptosis to facilitate cell differentiation and proliferation. This also exerts a crucial role in tumor occurrence and progression, and participates in tumor metastasis and invasion[38-44].

MiR21 and PTEN expression in CRC cells
MiR-21 and PTEN protein expression was detected in HCT116, HT29, Colo32 and SW480 CRC cell lines through RT-PCR and western blot. Results revealed that miR-21 expression level was highest in HCT116 cells and lowest in SW480 cells. Furthermore, PTEN expression level was lowest in HCT116 cells and highest in SW480 cells. The protein expression level between miR-21 and PTEN was inversely correlated. These indicate that miR-21 could be involved in the regulation of PTEN protein expression. In addition, due to the high expression level of miR-21 in HCT116 cells, HCT116 cells were selected for this study. Transwell invasion assay revealed that the invasive capacity of tumor cells was obviously reduced after inhibiting CRC cell miR-21 expression, which in turn indicate that miR-21 probably plays a promoting role in cell malignancy transformation.

MiR-21 and PTEN mRNA and protein expression in HCT116 cells after downregulating miR-21
After downregulating the expression of miR-21, the expression level of miR-21 in HCT116 cells in IG was obviously lower compared to NC and BC; which illustrate the successful inhibition of miR-21. As a known miR-21 target gene, PTEN has been verified to be a target gene to miR-21 by western blot. When we inhibited the expression of miR-21, PTEN mRNA expression levels did not reveal apparent change, but protein levels were obviously elevated; which indicate that miR-21 could regulate PTEN expression in the post-transcriptional level and that PTEN was a target gene for miR-21. Meng et al[45] recently found that miR-21 targeted tumor suppressing gene PTEN in liver and bile duct cancer cells promote tumor growth, invasion and migration, manifesting that PTEN was a target gene of miR-21.

PTEN and its downstream AKT and PI3K expression in HCT116 cells after reducing miR-21 expression
After inhibiting the expression of miR-21, PTEN protein level was significantly elevated, but its downstream AKT and PI3K expression obviously decreased; indicating that miR-21 could regulate and control PTEN and the expression level of its downstream AKT and PI3K in terms of its effects in tumor cell invasion and migration. Certain studies have shown that change in miR-21 expression level was able to induce PTEN downstream molecule AKT phosphorylation, metalloproteinase 2 and focal adhesion kinaseexpression; altering to restrain tumor cell invasion and migration[45-50].
In conclusion, our study revealed that PTEN is one of the direct target genes of miR-21, which could regulate and control its downstream AKT and PI3K expression level through altering miR-21 expression, and control CRC occurrence and progression. Nevertheless, the mechanism of miR-21 and PTEN function, as well as their effects in tumors, needs to be further investigated. As more in-depth researches on mRNA are being undertaken, especially tumor cell regulatory mechanisms, more roles and targets of miR-21 would probably be unraveled.

COMMENTS
Background
Colorectal cancer (CRC) is complicated and combines multiple stages and factors. In recent years, we found that miRNA possessed oncogenic and tumor suppressing gene functions. One representative miRNA, miR-21, possess a crucial oncogenic function that show high expression levels in a number of tumors; and this was closely associated with tumor occurrence and chemotherapy sensitivity. PTEN acts as a tumor suppressing gene derived from chromosome ten. PTEN exerts vital effects in cell growth, proliferation, migration, signal transmission, invasion and apoptosis; which has an inhibitory role in tumor cell growth, invasion, proliferation, metastasis and apoptosis. The AKT/PTEN/PI3K signaling pathway plays a significant part in regulating cell growth, metabolism, differentiation, and apoptosis; and is closely associated with tumor occurrence and progression.

Research frontiers
In addition, the AKT/PTEN/PI3K signaling pathway has been reported in pulmonary, nasopharyngeal, gastric and renal tumors, as well as in neuroglioma; however, literatures in CRC are rare. Moreover, there were reports that revealed that miR-21 could regulate the AKT/PTEN/PI3K signaling pathway, in order to promote tumor occurrence and progression, and even tumor invasion. Hence, RT-PCR and western blot were applied to detect the expression levels of miR-21 and PTEN, including its downstream protein AKT and PI3K in CRC cell lines, as well as the inhibition of miR-21 expression in CRC cell lines. Furthermore, their association was also explored. This study hopes to provide theoretical and experimental basis for the early diagnosis and therapy of CRC.

Innovations and breakthroughs
RT-PCR and western blot were applied to detect the expression level of miR-21 and PTEN including its downstream protein AKT and PI3K in CRC, and the inhibition of miR-21 expression in CRC cell lines, respectively. This association was also investigated to reveal that PTEN was one of the direct target genes of miR-21. Through regulating and controlling the expression level of miR-21, PTEN and its downstream protein AKT and PI3K expression level were regulated to control the occurrence and progression of CRC.

Applications
Our study revealed that PTEN was one of the direct target genes of miR-21, and that its downstream AKT and PI3K expression level could be regulated and controlled through altering miR-21 expression, in order to control CRC occurrence and progression. Nevertheless, the mechanism of miR-21 and PTEN function, as well as their effects in tumors, needs to be further investigated. As in-depth researches on mRNA are currently being implemented, particularly in the regulatory mechanism of tumor cells, more roles and targets of miR-21 would probably be unraveled.
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Figure 1 The expression of miR-21 in colorectal cancer cell lines (n = 3).




Figure 2 The expression of PTEN protein in colorectal cancer cell lines. A: Western blot assay; B: the expression of PTEN in colorectal cancer cell lines (n = 3).
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)Figure 3 Changes in cell invasion ability after transfection (aP < 0.05, n = 3).
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Figure 4 Effect of the miR-21 inhibitor on miR-21 expression in HCT116 cells (aP < 0.05, n = 3).
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Figure 5 The expression of the miR-21 inhibitor on PTEN mRNA (A) and protein (B) expression in HCT116 cells (aP < 0.05, n = 3).
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Figure 6 The protein expression of PTEN/AKT/PI3K in colorectal cancerHCT116 cell lines. A: Western blot assay; B: Protein expression in HCT116 cell lines (aP < 0.05, n = 3).
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