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Colorectal cancer (CRC) has become one of the top ten malignant tumors with a high incidence rate and mortality. Due to the lack of a good CRC screening program, most of the CRC patients are being transferred at the time of treatment. The conventional treatment cannot effectively improve the prognosis of CRC patients, and the target drugs can significantly prolong the overall survival of patients in the advanced stage. However, the use of single drug may lead to acquired drug resistance and various serious complications. Therefore, combined targeted drug therapy is the main alternative treatment with poor effect of single targeted drug therapy, which has important research significance for the treatment of CRC. Therefore, this study intends to culture CRC cell lines in vitro at the cell level and intervene with the GLP-1 receptor agonist liraglutide. The effects of liraglutide on the PI3K/Akt/mTOR signal pathway and CRC cell proliferation, cycle, migration, invasion, and apoptosis are explored by detecting cell proliferation, cycle, migration, invasion, and apoptosis and the expression of related mRNA and protein. The results showed that liraglutide, a GLP-1 receptor agonist, could block the CRC cell cycle, reduce cell proliferation, migration, and invasion and promote apoptosis by inhibiting the PI3K/Akt/mTOR signal pathway.
Keywords: colorectal cancer, GLP-1 receptor agonist, liraglutide, PI3K/AKT/mTOR, migration, apoptosis
1 INTRODUCTION
Colorectal cancer (CRC) refers to cancers that occur in the epithelium of the large intestine, including colon cancer and rectal cancer. Adenocarcinoma is the most common pathological type, and a few are squamous cell carcinoma. In China, rectal cancer is the most common type, followed by colon cancer, and the colon includes the sigmoid colon, cecum, ascending colon, descending colon, and transverse colon, which are widely affected. The incidence rate of CRC is high, and CRC has become one of the top ten malignant tumors (Brittain et al., 2018; Geijsen et al., 2019). In recent years, the incidence rate and mortality rate of CRC in China has been increasing obviously. Due to the lack of perfect CRC examination programs in China, most CRC patients are treated for metastasis, 15%–20% of CRC patients have liver metastasis in the initial operation, and liver metastasis recurrence 2 years after surgery is up to 50 (Peng et al., 2021). Based on the fact that conventional treatment methods cannot effectively improve the prognosis of CRC patients, molecular targeted drugs came into being. In addition to significantly prolonging the overall survival of patients with advanced stage, the high specificity of targeted drugs meets the requirements of current precision treatment. However, whether they are monoclonal antibodies or signal pathway inhibitors, except for patients with natural drug resistance, the use of single drug may lead to acquired drug resistance and various serious complications (Sadat et al., 2021; Teo et al., 2021; Huaiyu Zhang et al., 2021), making the treatment fail. Therefore, combined targeted drug therapy is the main alternative treatment with poor effect of single targeted drug therapy, which has important research significance for the treatment of CRC.
Glucagon-like peptide-1 (GLP-1) is widely distributed in the heart, brain, lung, gastrointestinal tract, pancreas, and other tissues. Activation of the GLP-1 receptor can promote a variety of cell proliferation and improve cell viability (Knudsen et al., 2018). Previous studies have shown that GLP-1 receptor agonists play an important role in the occurrence and development of a variety of tumor cells (Liu et al., 2019; Kojima et al., 2020; Mao et al., 2021). It has also been found that long-term injection of GLP-1 receptor agonists exenatide and liraglutide can promote the occurrence of thyroid cancer in rodents by activating the GLP-1 receptor in a dose-dependent manner (Sherman et al., 2018). GLP-1 receptor agonists have long-term effects on the occurrence and development of tumors originating from thyroid follicular cells (van den Brink et al., 2017). Therefore, GLP-1 receptor agonists may have a certain effect on tumor cells.
At present, academic circles believe that the accelerated progress of CRC is caused by PIK3CA gene mutation of the PI3K/Akt/mTOR signal pathway and the loss of expression of phosphatase and tensin homolog deleted on chromosome 10 (PTEN). PIK3CA mutation is closely related to the location, degree of tissue differentiation, and immunohistochemical type of CRC lesions (Zhihang Chen et al., 2020; Li et al., 2021; Wang et al., 2021; Jing Zhang et al., 2021). Cells carry out biological activities through proliferation, migration, invasion, and apoptosis, as well as cancer cells (Xie et al., 2021). So far, although there are many studies on CRC, the pathogenesis and pathophysiological mechanism of CRC are still not fully understood. Understanding and mastering the changes of CRC cell proliferation, migration, cycle, and apoptosis can provide an important theoretical basis for the research and treatment of CRC.
Based on the aforementioned points, the effects of GLP-1 receptor agonists on tumor cells, and the effects of the PI3K/Akt/mTOR signaling pathway on cell biology, we boldly put forward the scientific hypothesis that GLP-1 receptor agonists can affect the proliferation, cycle, migration, invasion, and apoptosis of CRC cells by mediating PI3K/Akt/mTOR. Therefore, this study intends to culture CRC cell lines in vitro at the cell level and intervene with the GLP-1 receptor agonist liraglutide. By detecting the changes in cell proliferation, cycle, migration, invasion, and apoptosis and the expression of related mRNAs and proteins, this study will explore the effects of liraglutide on the PI3K/Akt/mTOR signal pathway and CRC cell proliferation, cycle, migration, invasion, and apoptosis, and preliminarily explore its possible mechanisms of action so as to provide an experimental and theoretical basis for CRC, combined with targeted drug therapy.
2 MATERIALS AND METHODS
2.1 Cell Culture and Passage
Human normal colonic epithelial cell line NCI-H661 was cultured in high-glucose DMEM containing 10% fetal bovine serum, and human colon cancer cell line LOVO was cultured in RPMI1640 medium in a sterile incubator at 37°C with 5% CO2 saturation humidity. When the cells reached 70%–80% confluence when observed under a microscope, they were digested and subcultured with 0.25% trypsin. Tumor cells in the logarithmic growth stage were taken for the experiment. Materials such as cells and culture medium were purchased from Beijing Dingguo Changsheng Biotechnology Co., Ltd.
2.2 Liraglutide Intervention and Grouping
LOVO cells in the logarithmic growth stage were inoculated into a 96-well culture plate with 5,000 cells/well, and the culture medium was 100 μ L/well, cultured in a sterile incubator at 37°C, 5% CO2 saturation humidity for 24 h, and then the supernatant was gently sucked and discarded. In order to study the optimal intervention concentration, liraglutide (Macklin) at different concentrations (10−5 mol/L, 10−8 mol/L, 10−11 mol/L) was used to intervene. After 24, 48, and 72 h of intervention, 5 mg/ml MTT 20 μL was added to each well. It was incubated at 37°C for 4 h, the liquid in the hole was discarded, and DMSO 150 μL was added to each hole. After shaking for 10 min without light, the absorbance value (A value) of each hole was measured at 450 nm wavelength using the enzyme-linked immunosorbent assay instrument (Thermo Fisher Scientific). The intervention concentration with the highest inhibition rate of 10−8 mol/L was selected, and LOVO cells were randomly divided into three groups: 1) blank control group; 2) metformin (MedBio) control group: 20 mmol/L metformin; and 3) liraglutide group: 10−8 mol/L liraglutide.
2.3 Real-Time Fluorescence Quantitative PCR (qRT-PCR)
A certain amount of TRIzol solution (absin) was added to CRC cells to extract total RNA from the cells. After zeroing the micro-nucleic acid protein detector with 0.1% DEPC water, 1 μ L was used to detect the concentration and purity of the extracted RNA diluent. When 1.8 < A260/A280 < 2.0, it was indicated that the purity of the RNA was qualified and there was no pollution of protein and phenol. RNA concentration = 40 × A260ng/μ L. Then the reading was taken. RNA concentration at 500–1,000 ng/μ L room is the most suitable. An appropriate amount of 0.1% DEPC water was added for adjustment. The cDNA was synthesized using reverse transcription. The primers were purchased from Shanghai Jima. The primer sequence required for the reaction: GAPDH: F: 5 ′- tca​aga​tca​gca​atg​cc-3′, R: 5 ′- cga​tac​aca​agt​tgt​cat​gga-3'; PI3K: F:5′- CAG​ACA​GCG​AGA​GAG​ATG​A-3′, R:5′-GGTGGATGGTGGTGCTGTATT-3’; Akt: F:5′- ATT​GTG​AAG​GAG​GGT​TGG​CTG-3′, R:5′-CCGCTCCTTGTAGCCAATGAA -3’; mTOR: F:5′- CCC​TCC​ATC​CAC​CTC​ATC​AGT-3′, R:5′-CGCCAAGACACAGTAGCGAAT-3’. Pre-denaturation: 95°C 2min, amplification: 95 °C 5s, 60 °C 30s, melt curve program: 95 °C 15s, 60 °C 60s, 95 °C 10sec. The reverse transcription kit was purchased from Thermo Fisher. It was operated according to the user guide of the fluorescence quantitative kit, U6 and GAPDH were taken as internal parameters, and the relative content of PI3K/Akt/mTOR in CRC was calculated by using the 2-△△Ct method (Wang et al., 2021).
2.4 Plate Cloning
Each group of cells in logarithmic growth stage was blown with 0.25% trypsin as a single cell, and the cells were suspended in the RPMI1640 medium containing 10% fetal bovine serum. The cell suspension was inoculated in a petri dish containing 10 ml of 37°C preheated medium, gently rotated to disperse the cells evenly, and placed in a sterile incubator with 37°C and 5% CO2 saturation humidity for 2–3 weeks. The culture medium was changed according to the cell growth. When the cells had clones visible to the naked eye, the culture was terminated, the supernatant was discarded, and the cells were cleaned and fixed. Then an appropriate amount of Giemsa was added and dyed with the staining solution for 30 min The staining solution was then cleaned and dried, and the cells were made into a transparent film. The number of clones greater than 10 cells under the microscope and the clone formation rate were calculated = (number of clones/number of inoculated cells) × 100%。
2.5 Wound Healing Experiment
LOVO cells in the logarithmic growth stage were taken and were divided into two cells per well × the density of 104 cells was inoculated on 96-well plates and incubated for 24 h, and scratches were made on the confluent adherent cell layer using wound healing inserts. The medium was sucked out, and the cells were gently washed with the medium twice. Then the plate was placed inside the imaging system, and scanning was repeated for 24 h. Calculation of mobility: mobility = (1–24 h scratch distance/initial distance) × 100%.
2.6 Transwell
Matrigel (Corning) was dissolved at 4°C overnight 2 days in advance and was diluted in serum-free medium in the ratio of 1:7. All operations involving Matrigel needed to be carried out on ice. The Matrigel invasion chamber was placed in a sterile 24-well plate, and 20 μl of Matrigel was added to the chamber so that it was evenly spread on the bottom of the chamber. CRC cells in each group were prepared into single cell suspension in serum-free RPMI1640 medium and counted under the microscope (the concentration is about 60–80 × 104/ml). Medium 600 μl containing 10% fetal bovine serum was added to the small holes of the lower chamber, and 105 cells were added to each hole of the upper chamber to supplement 200 μl with serum-free medium. The cells were cultured at 37°C in an incubator with 5% carbon dioxide volume fraction for 24 h. When the cells had been worn for enough time, the upper chamber culture medium was discarded, the upper chamber was taken out carefully, and the cells not passing through the membrane were gently wiped with a wet cotton swab. The chamber was washed with PBS 3 times, and the lower part of the chamber was fixed with 4% paraformaldehyde (Beijing Dingguo Changsheng Biotechnology Co., Ltd.) for 30 min, dyed with crystal violet for 20 min. Photos were taken under an inverted microscope. Randomly five visual fields were chosen, and the number of cells penetrating the stromal membrane was counted.
2.7 Flow Cytometry
Cells were washed twice with pre-chilled PBS, then washed, and resuspended with 1× binding buffer to adjust the cell concentration to 1×106 cells/mL; 100 μL of the adjusted cell suspension was taken into 5 mL of flow cytometry tube. Annexin V-labeled protein and corresponding nucleic acid dyes were added, then mixed evenly, and kept at room temperature for 15 min; 400 μL of 1× binding buffer was added to the flow cytometry tube, resuspended, and analyzed by using a flow cytometer in time. After the flow cytometer is installed, the data will be directly analyzed, and the time of reading the data will not be recorded.
2.8 Western Blotting
Total protein in CRC cells was extracted, and the BCA protein quantification kit was used for protein quantification and analysis. Protein sample weighing 50 μg was taken, added to the sample well of 5% stacking gel, and 3 μl protein marker was added to the sample well, and the total amount added to each well was equal. After identifying the positive and negative electrodes of the electrophoresis tank, electrophoresis was started. The initial constant voltage was 90 V. When the bottom of the bromophenol blue reached the surface of the separation gel, the voltage was adjusted to 120 V, and the electrophoresis was run until the bromophenol blue dye ran out of the separation gel. The electrophoresis instrument was turned off. The glass plate was gently removed, the stacking gel and excess separating gel were cut off according to the Marker strip, and the gel containing the target protein was soaked in transfer buffer. The membrane was transferred, blocked, and incubated with primary antibody: the PVDF membrane from the blocking solution was taken out, and the membrane was washed three times with TBST solution, 10 min/time. The primary antibodies (rabbit anti-human PI3K, 1:1,000; Akt, 1:1,000; mTOR, 1:1,000; cyclin D1, 1:1,000; MMP-11, 1:1,000) diluted with TBST were added and incubated at 4°C overnight. Reaction with secondary antibody: the PVDF membrane from the primary antibody was taken out and washed 3 times in TBST, 5 min/time. The IR fluorescently labeled secondary antibody (diluted with TBST) was added and incubated for 2 h in the dark on a shaker (pay attention to moderate speed). This procedure was repeated for the TBST cells 3 times, 5 min/time, and in the dark. The Odyssey dual-color infrared fluorescence scanning system was used to observe the colored bands, image, and analyze the data.
2.9 Statistical Analysis
The data of this study were processed by SPSS 19.0 software for statistical analysis. Measurement data were expressed as mean ± standard deviation. The comparison of means between groups was performed using one-way ANOVA, the comparison of data between two groups was performed using the t-test of two independent samples, and the comparison within two groups was performed using the SNK-q test. p < 0.05 was considered to be statistically significant.
3 RESULTS
3.1 Expression of PI3K/Akt/mTOR in Colorectal Cancer Cells
The results of qRT-PCR and Western blotting experiments showed that the mRNA and protein expressions of PI3K (3.26 ± 0.32), Akt (2.98 ± 0.29), and mTOR (3.16 ± 0.30) were all upregulated in CRC cells, and the difference was statistically significant (p < 0.05). As shown in Figures 1A,B
[image: Figure 1]FIGURE 1 | Expression of PI3K/Akt/mTOR in CRC cells. Note: (A) qRT-PCR experiment; (B) Western blotting experiment, compared with NCI-H661, *p < 0.05. 
3.2 Effects of GLP-1 Receptor Agonists on the Proliferation and Cycle of Colorectal Cancer Cells
The results of plate cloning and Western blotting experiments showed that after the intervention of the GLP-1 receptor agonist liraglutide, the proliferation ability of CRC cells weakened (13.19 ± 8.85), the expression of cyclin D1 protein decreased, and the difference was statistically significant (p < 0.05), as shown in Figures 2A,B
[image: Figure 2]FIGURE 2 | Effects of GLP-1 receptor agonists on the proliferation and cycle of CRC cells. Note: (A) plate cloning experiment; (B) Western blotting experiment, compared with blank control group, *p < 0.05.
3.3 Effects of GLP-1 Receptor Agonists on the Migration and Invasion of Colorectal Cancer Cells
The results of wound healing, Transwell, and Western blotting experiments showed that after the intervention of the GLP-1 receptor agonist liraglutide, the migration (0.29 ± 0.03) and invasion ability (157.11 ± 9.66) of CRC cells weakened, the expression of MMP-11 protein was decreased, and the differences were statistically significant (p < 0.05), as shown in Figures 3A,B,C.
[image: Figure 3]FIGURE 3 | Effects of GLP-1 receptor agonists on the migration and invasiveness of CRC cells. Note: (A) wound healing experiment; (B) Transwell experiment (20 × ); (C) Western blotting experiment, compared with blank control group, *p < 0.05.
3.4 Effects of GLP-1 Receptor Agonists on Apoptosis of Colorectal Cancer Cells
The results of flow cytometry showed that after the intervention of the GLP-1 receptor agonist liraglutide, the apoptosis (57.69 ± 9.21) of CRC cells increased and the difference was statistically significant (p < 0.05), as shown in Figure 4.
[image: Figure 4]FIGURE 4 | Effects of GLP-1 receptor agonists on apoptosis of CRC cells. Note: flow cytometry experiment, compared with blank control group, *p < 0.05.
3.5 Effects of GLP-1 Receptor Agonists on the Expression of PI3K/Akt/mTOR in Colorectal Cancer Cells
The results of qRT-PCR and Western blotting experiments showed that after the intervention of the GLP-1 receptor agonist liraglutide, the expressions of PI3K (0.46 ± 0.06), Akt (0.30 ± 0.03), and mTOR (0.40 ± 0.05) proteins in CRC cells were decreased, and the difference was statistically significant (p < 0.05), as shown in Figure 5A,B.
[image: Figure 5]FIGURE 5 | Effects of GLP-1 receptor agonists on the expression of PI3K/Akt/mTOR in CRC cells. Note: (A) qRT-PCR experiment; (B) Western blotting experiment, compared with blank control group, *p < 0.05.
4 DISCUSSION
According to the GLOBOCAN project of the WHO Cancer Research Center, the number of new cases of CRC in 2018 was about 1.8 million, and the number of deaths was about 880,000. The incidence of CRC is related to factors such as age, region, and gender (Takiyama et al., 2017; Zhou et al., 2022). The pathological types of CRC are divided into ulcerative, raised, and infiltrating. (Reid et al., 2021). In the early stage of CRC, there are no obvious symptoms, and some non-specific symptoms such as changes in bowel habits and changes in stool characteristics may appear, which are easy to be ignored. However, as the disease progressed, various gastrointestinal symptoms and systemic symptoms, such as blood in the stool and abdominal pain were seen (Zhang and Jiang, 2020). Conventional treatment methods cannot effectively improved the prognosis of CRC patients, and targeted drugs can significantly prolong the overall survival of advanced patients. However, the use of a single drug may lead to acquired drug resistance and various serious complications. Therefore, it is of great significance to explore new treatment methods for CRC.
Studies have shown that the activation of the PI3K/Akt/mTOR pathway begins with the activation of PIK3CA by the transmembrane tyrosine kinase growth factor receptor, which then activates Akt through phosphorylation and dephosphorylation reactions, which stimulate tuberous sclerosis 1 (TSC1). The TSC1/TSC2 complex generates Ras protein brain tissue homologous analogs, and the Ras protein brain tissue homologous analogs activate mTOR and then, respectively, controls the translation of specific subsets of messenger RNAs, thereby regulating protein synthesis and playing an important role in cell proliferation, invasion, metastasis, and metabolism (Huiqin Chen et al., 2020; Liu et al., 2021). This study found that in CRC cells, the expressions of PI3K, Akt, and mTOR were upregulated, indicating that the PI3K/Akt/mTOR pathway was activated, which is consistent with the aforementioned theory. Studies have shown that PIK3CA mutation can reduce the risk of CRC peritoneal metastasis (Lund-Andersen et al., 2021). Mutated BRAF, PIK3CA, and PTEN have also been confirmed to exist in the EGFR signal transduction pathway. Multi-site gene mutations lead to the complexity of tumor signal transduction, which explains the use of EGFR monoclonal antibodies in the treatment of CRC patients. The reason is that the prolongation of time and the time of disease progression of the patients did not form a significant promotion relationship, and because of this, the process of single-molecule targeted drugs as first-line drugs was gradually prolonged (Klupp et al., 2021). In addition, hypoxia-inducible factor-1α acts as a downstream regulatory unit of mTORC1, and its regulation of protein level is affected not only by the environmental oxygen concentration but also by interfering with the expression of hypoxia-inducible factor-1α in the PI3K/Akt signaling pathway, affecting the proliferation activity of CRC cells, thereby reducing the drug resistance of CRC cells (Deng et al., 2021), which further proves the necessity of in-depth research on PI3K/Akt/mTOR signaling pathway inhibitors.
GLP-1 receptor agonists act on islet beta cells in a glucose-dependent manner, promote insulin gene transcription, and inhibit islet beta cell apoptosis, thereby increasing the number of islet beta cells. The contents are emptied (Falkentoft et al., 2022). Zhao et al. (2014) studies confirm that GLP-1 receptor activation can inhibit the growth of human pancreatic cancer cells and promote cell apoptosis in a cAMP-dependent manner. Koehler et al. (2011) showed that GLP-1 receptor agonists can inhibit the growth and apoptosis of mouse CT26 colon cancer cells. Ligumsky et al.’s (2012) studies confirm that GLP-1 receptor agonists can inhibit the growth of breast cancer cells by activating cAMP (Hicks et al., 2016). Studies have shown that GLP-1 receptor agonists can mediate the signal pathway of phosphatidylinositol-3-kinase (PI3K)/protein kinase B (PKB/Akt)/mammalian target of rapamycin (mTOR), which has a protective effect on cerebral ischemia, but there are few studies on the role of PI3K/Akt/mTOR in CRC (Wang et al., 2019).
In the following elaboration, we explain that the cell cycle affects cell proliferation and thus correlates with the likelihood of cancer cell proliferation and spread. Therefore, it is necessary to block the growth and metastasis of cancer cells to curb the spread of cancer. After the intervention of the GLP-1 receptor agonist liraglutide, it was found that the proliferation, migration, and invasion of CRC cells weakened, cyclin D1 and MMP-11 decreased, and apoptosis increased. Cyclin D1 is an important protein in the cell cycle. As the regulator of cyclin-dependent kinase CDKs, cyclin D1 affects cell proliferation by regulating the transition from G1 the phase to S phase in the cell proliferation cycle (Cao et al., 2018; El-Gendi and Abu-Sheasha, 2018). MMP-11 is one of the matrix metalloproteinases (MMPs), which is the main enzyme causing the degradation of the basement membrane and extracellular matrix. Different family members of MMP may play a role in the occurrence and development of different tumors and are closely related to the low degree of tumor differentiation and strong ability of invasion and metastasis. Apoptotic pathways include the extracellular pathway and intracellular pathway. The expression of cyclin D1 and MMP-11 decreased, the cycle of cancer cells was blocked, and the metastatic ability of cancer cells was inhibited.
In conclusion, the PI3K/Akt/mTOR signaling pathway is activated in CRC. After intervention with a GLP-1 receptor agonist, CRC cells can block the cell cycle, inhibit cell proliferation, migration and invasion, promote apoptosis, and reduce the expression of PI3K/Akt/mTOR pathway protein. Therefore, GLP-1 receptor agonists can reduce the development of biological behavior of CRC cells by inhibiting the PI3K/Akt/mTOR signaling pathway.
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