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Glucagon-like peptide-1 receptor agonist (GLP-1RA), a novel hypoglycemic agent for the treatment of type 2 diabetes, has well-known effects such as lowering blood sugar, ameliorating inflammation, reducing weight, and lowering blood lipids. It has also been shown that it can influence the proliferation and survival of cells and has a certain effect on the prognosis of some neoplastic diseases. In this study, the potential effects of GLP-1RAs on the occurrence and development of tumors were reviewed to provide new ideas for the prevention and treatment of tumors in patients.
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1 Introduction

In recent years, the prevalence of diabetes has steadily increased annually (1), which seriously endangers people’s health and quality of life. The development and application of hypoglycemic drugs can not only reduce blood sugar but also regulate the metabolism of other systems.

Glucagon-like peptide-1 receptor agonist (GLP-1RA) is a relatively safe and effective hypoglycemic drug that was newly discovered in recent years. As research on this drug continues, it can be applied in an increasing number of fields. According to incomplete statistical analysis, GLP-1RA not only reduces blood sugar but also decreases weight, lipid levels, cardiovascular risk, and urinary protein excretion, and protects the nervous system (2–6). Additionally, GLP-1RA affects lipid metabolism regulation, cell proliferation and cell survival, as well as the occurrence and development of tumors.

Studies have shown that with the aging of China’s population, the risk of chronic multifactor diseases has significantly increased. The incidence, disability rate and mortality rate of cancer have been increasing, and cancer has become one of the main threats to human health (7, 8). Compared with nondiabetic patients, individuals with type 2 diabetes are at a significantly greater risk for developing various malignant tumors, such as colon cancer, pancreatic cancer, bladder cancer, endometrial cancers (9–12). Recent studies have reported conflicting findings regarding the impact of GLP-1RAs on tumor development in rodents; some suggest an increased risk, whereas others indicate antitumor effects (13, 14). It is evident from these studies that the mechanism of action of GLP-1Ras remains unclear and its effect on tumors is still controversial. Therefore, further in-depth studies are needed to provide new insights for clinical diagnosis and treatment, which may provide hope for the comprehensive treatment of type 2 diabetes mellitus (T2DM) patients. In conclusion this article reviews the effects of GLP-1RAs on tumorigenesis and development.




2 GLP-1R and its function

Glucagon-like peptide-1 (GLP-1), which is mainly secreted by L cells in the colon and distal small intestine, is a newly discovered glucagon-like peptide-1 that can promote insulin secretion and lower the blood sugar peak more effectively than previously reported (15). Its half-life is particularly short, it is easy to eliminate, and it is easily degraded rapidly by dipeptidyl peptidase-4 (DPP-4) in the blood, which is metabolized mainly by the liver and excreted by the kidney (16). In addition, GLP-1 positively promotes the growth and proliferation of pancreatic beta cells (17), inhibits glucagon secretion (18), promotes peripheral tissue processing and glucose uptake (19, 20) and its ability to promote pancreatitis is glucose concentration dependent, which makes it less likely to induce hypoglycemia compared with other traditional hypoglycemic agents.

Therefore, GLP-1 has become an important target for glucose homeostasis regulation.

Glucagon-like peptide-1 receptor (GLP-1R) is a member of the glucagon-like receptor subfamily of the G protein-coupled receptor B family and is widely expressed in the cardiovascular system, brain, hypothalamus, hippocampus, kidney, liver, lung, digestive tract, pancreas, fat and skeletal muscle (21–23). In addition, the GLP-1R gene is expressed in immune organs and immune cells (24–27).

Due to the wide distribution of GLP-1R, the pharmacological effects of GLP-1RA after interaction with receptors are also extremely extensive. In addition to lowering blood glucose, reducing food intake, and delaying gastric emptying (20, 28, 29), it also reduces body mass (2, 3), reduces liver sugar output, and increases insulin sensitization (22).

GLP-1RA has a wide range of pharmacological effects. GLP-1RA can also play a cardioprotective role by increasing autophagy, inhibiting cardiomyocyte apoptosis, reducing the expression of inflammation-related proteins (30), reducing cardiomyocyte apoptosis induced by hyperglycemia (31), and improving myocardial energy metabolism. By inhibiting macrophage infiltration, calcium deposition, extracellular matrix remodeling and the proliferation of vascular smooth muscle cells; improving oxidative stress; reducing inflammatory cells; inhibiting the release of inflammatory factors (4–6); and limiting plaque thickening and rupture, atherosclerosis is inhibited. Reducing the concentration of angiotensin II (AngII) (32) can increase renal blood flow, promote sodium excretion and diuresis (33), and regulate blood lipids (34)and blood sugar (35, 36), thereby enhancing vascular endothelial function and delaying the progression of AS (37). Ca2+ levels are regulated (38) to balance disorders of cardiac calcium metabolism, inhibiting cardiac hypertrophy (39) and decreasing heart failure risk. Minimizing the area of myocardial infarction (40) can restrain ventricular dilation, myocardial fibrosis and myocardial hypertrophy in vivo; repair damaged myocardial tissue; and enhance cardiac function (41). In addition to safeguarding the cardiovascular system, GLP-1RA also exerts a protective effect on the kidney. GLP-1RA can enhance renal function and renal blood flow, facilitate the recovery of vascular endothelial function, reduce urinary protein, and play a protective role in the kidney. Other studies have revealed that the expression of GLP-1R in the retina of diabetic patients is greater than that in the retina of normal people (42), and GLP-1RA can reverse diabetic retinal vascular damage through molecular mechanisms such as reducing oxidative stress and regulating vascular endothelial growth factor (43, 44). GLP-1RA can also inhibit bone resorption by osteoclasts (45) and influence cells related to osteogenic pathways (45), thereby enhancing bone quality (46). Additionally, it was recently reported that GLP-1RA can also promote cell growth, survival, proliferation and regeneration (47) and inhibit cell apoptosis (16). Whether GLP-1RA can be applied in fields other than the abovementioned role still requires further study.




3 Clinical mechanism and application of GLP-1RA



3.1 Mechanism of GLP-1RA

The molecular mechanism of GLP-1RA is intricate (Figure 1). GLP-1RA and GLP-1R can be recognized and combined to play diverse physiological regulatory roles in different signaling pathways. First, GLP-1RA can activate the first messenger adenylate cyclase (AC) after binding to the receptor, which stimulates an increase in the secretion level of the intracellular second messenger cyclic adenosine phosphate (cAMP) and subsequently activates the intracellular secondary messenger protein kinase A (PKA) (48). PKA, in turn, inhibits the opening of adenosine triphosphate (ATP)-sensitive potassium channels (KATP) on the cell membrane (49), inhibits potassium efflux and promotes the opening of L-type voltage-dependent calcium channels (VDCs) (50), facilitating the release of calcium ions. Second, activated cAMP can also promote the activation of rap guanine nucleotide exchange Factor 4 (RAPGEF4). Thus, the activation of Ras protein 1 and phospholipase C, as well as the activation of the IP3 and diacylglycerol (DAG) pathways (15), induces calcium ion inflow, triggers the exocytosis of insulin particles, and results in insulin secretion (15, 51). Moreover, cAMP, the first discovered secondary messenger, can regulate gene expression, protein activity and cell function by altering the level of cAMP, thereby influencing the processes of cell growth, metabolism, differentiation and apoptosis (52).




Figure 1 | Signaling pathway regulated by GLP-1R. After the activation of GLP-1R, Gs protein can promote the activation of related signaling pathway proteins, and then promote or inhibit cell growth and proliferation.



For example, after GLP-1RA stimulates the activation of AC (14), intracellular cAMP secretion increases, inhibits the signaling of the AKT and ERK1/2 pathways, and induces the apoptosis of tumor cells. Furthermore, GLP-1RA can activate GLP-1R and inhibit the PI3K/AKT pathway (13), thereby inhibiting the proliferation and metastasis of cancer cells. In addition, GLP-1RA can also directly act on hypothalamic neurons or indirectly act on the AMPK signaling pathway (53–55) to promote learning and memory; play a neuroprotective role (56); affect white−brown fat metabolism and other mechanisms (55, 57); reduce visceral, subcutaneous and liver fat contents; and regulate blood lipid metabolism (56).




3.2 Clinical application of GLP-1RAs

GLP-1RA has been widely acknowledged at home and abroad for its hypoglycemic effects, safe use and beneficial effect on human metabolism. Its clinical application is no longer confined to hypoglycemic reduction, and the types of GLP-1RA used in clinical applications are also increasingly more diverse. There are eight types of GLP-1RAs commonly used in the domestic market in China, including three short-acting GLP-1RAs, exenatide, lisenatide, and benarutide, and a long-acting GLP-1RA, liraglutide. In addition, it also contains four ultralong-acting GLP-1RAs, namely, semaglutide, dulaglutide, polyethylene glycol losenatide, and exenatide microspheres.

Short-acting and long-acting preparations of GLP-1RA have distinct effects on controlling blood sugar (58). The short-acting preparation of GLP-1RA mainly reduces postprandial blood glucose by delaying gastric emptying and increasing insulin secretion (28, 59). Long-acting GLP-1RA reduces blood sugar by stimulating and activating GLP-1R for a prolonged period, promoting the secretion of insulin and inhibiting the secretion of glucagon, and it has a limited effect on postprandial blood sugar fluctuations. Although the pharmacological mechanism of different preparations is the same, they have different clinical benefits. The cause of this disparity lies in the dissimilar structure and potency of drugs. The 2023 ADA Guidelines suggest that the hypoglycemic efficacy of the ultralong-acting GLP-1RA dulaglutide is highly favorable, and tha the same ultralong-acting GLP-1RA semaglutide not only has a significant hypoglycemic effect but also has a marked effect on weight loss. Additionally, long-acting liraglutide and ultralong-acting semaglutide can mitigate the risk of adverse cardiovascular events in T2DM patients, whereas exenatide has no substantial effect on the incidence of adverse cardiovascular events (60). Due to variations in drug structure and potency, different preparations may have distinct clinical benefits.

Part of the GLP-1RA (Liraglutide, Semiglutide) has been verified to be efficacious in the treatment of fatty liver and is employed in the management of T2DM complicated with nonalcoholic fatty liver disease, primarily by ameliorating metabolic dysfunction, insulin resistance, and lipotoxicity of the organs related to its pathogenesis (61), decelerating the fibrosis process and reducing the liver fat content. It can also lower blood sugar, blood lipids, weight, and cardiovascular risk (62). GLP-1RA can also be utilized to treat polycystic ovarian syndrome (PCOS) by increasing hyperandrogenaemia and associated metabolic parameters. Furthermore, the combination of the short-acting formulation exenatide and the long-acting formulation lilaplutide can significantly increase the number of natural pregnancies in PCOS patients (63), the frequency of menstruation, the regularity of the menstrual cycle (64), and the pregnancy rate associated with in vitro fertilization (IVF) (65). The renoprotective effect of GLP-1RA can be achieved by reducing urinary protein levels and the glomerular filtration rate (66, 67). GLP-1RA has an outstanding hypoglycemic effect. It can not only influence the fasting blood glucose of patients but also decrease the postprandial blood glucose of patients and have an impact on the glycosylated hemoglobin (HbA1c) of patients (68). It has also been discovered that GLP-1RA has the potential risk of inducing hypoglycemia, but it only occurs when it is combined with other hypoglycemic drugs (such as sulfonylureas and insulin). When used independently, hypoglycemia rarely occurs and hypersensitivity is infrequent (69). In addition to the aforementioned adverse reactions, GLP-1RA was also shown to increase the risk of triggering pancreatitis and adverse thyroid events. However, due to the small sample size and restricted scope of the study, it remains unclear whether this phenomenon is induced by the drug itself, which requires further verification. There was no significant disparity in adverse reactions among the different preparations of GLP-1RA, among which the most common were gastrointestinal reactions, which mainly manifested as nausea, vomiting, and diarrhea; however these adverse reactions were tolerable and mostly temporary. Currently, the United States has sanctioned the application of GLP-1RA in therapeutic fields beyond type 2 diabetes, but China has not yet fully expanded its therapeutic scope.

In addition to the aforementioned hypoglycemic, cardiovascular system protection, kidney protection, weight loss, and other effects, it was also found to have antitumor effects. Thus, the correlation between GLP-1RAs and tumors has also become a focus of attention in recent years. Currently, both domestic and international studies have investigated the correlations between GLP-1RAs and medullary thyroid cancer, pancreatic cancer, colorectal cancer, prostate cancer, breast cancer, reproductive system tumors, and other oncological disorders. These findings confirmed that GLP-1RA had a certain influence on the occurrence and development of tumors. Based on a comprehensive analysis of the relevant literature, due to the extensive distribution of GLP-1R, its expression has been detected on the surface of related endocrine glands such as the pancreas and digestive glands. The possible mechanism affecting the development of tumors is the excessive activation or inhibition of GLP-1R expression. Currently, the relationship between GLP-1RAs and tumors unclear. Some scholars believe that GLP-1RAs can promote the occurrence and development of tumors, mainly by facilitating tumor proliferation and inhibiting apoptosis, whereas others hold opposing viewpoints. Additionally, another comprehensive analysis of GLP-1RAs and the risk of malignant tumors in T2DM patients demonstrated that there was no significant difference in the risk of malignant tumors between the experimental and control groups (70). Therefore, some scholars have adopted a neutral stance and believe that GLP-1RAs have no significant correlation with the occurrence or development of tumors. The differences in the effects of GLP-1RA on tumors may be related to differences in experimental subjects, differences in inclusion and exclusion criteria, differences in experimental methods, groups, and instruments; and the lack of uniform outcomes, and it is still necessary to conduct in-depth studies with large sample sizes and unified standards to further classify and explore its role and mechanism.





4 The role of GLP-1RAs in tumor diseases



4.1 GLP-1RAs and thyroid cancer

Papillary carcinoma, medullary carcinoma, follicular adenocarcinoma and undifferentiated carcinoma are the four common pathological types of thyroid carcinoma. Papillary thyroid cancer is the most common type of cancer. He Liang (71) compared the expression of GLP-1R in papillary thyroid cancer tissues and cells before and after GLP-1RA intervention and reported that GLP-1RA had no significant effect on the proliferation of papillary thyroid cancer cells and did not activate the PI3K/AKT or MAPK/ERK signaling pathway. Studies have shown that GLP-1RA has different effects on the growth and proliferation of different pathological types of thyroid cancer. Intervention with GLP-1RAs in medullary thyroid cancer has been studied in rodents (16), and it was found that GLP-1RAs can continuously activate GLP-1R signaling, thus stimulating the proliferation of thyroid C cells and increasing the release of calcitonin into the blood. Eventually it increase the risk of medullary thyroid cancer. In addition, different species can also cause differences in performance, which may be related to differences in the expression levels of GLP-1R (72, 73). Studies of the same species also varied, with a follow-up of patients treated with GLP-1RAs (74) showing no significant difference in calcitonin concentrations between liraglutide and placebo and no change in the risk of thyroid C-cell tumors. The reasons for these differences may be related to the small sample size and the difference in drug intervention dose. Although there is no consensus regarding whether GLP-1RA can increase the risk of thyroid cancer, some countries have relevant regulations to prohibit the use of GLP-1RA in people at high risk of medullary thyroid cancer and those who have already had medullary thyroid cancer. China has also begun to pay attention to the risk of thyroid cancer induced by GLP-1RA, and this warning has been added to the drug instructions of some GLP-1RAs. Whether the use of GLP-1RA increases the risk of thyroid cancer in humans still requires more long-term, controlled, prospective clinical studies for further confirmation.




4.2 GLP-1RAs and pancreatic cancer

GLP-1RA is a novel hypoglycemic agent for the treatment of type 2 diabetes. It acts on pancreatic beta cells, promoting proliferation and inhibiting apoptosis (75, 76). Both T2DM and hypoglycemic drugs are among the risk factors for acute pancreatitis (77). The pancreatic-associated risk of GLP-1RA may be related to its continued proproliferative effect. Marco (78) et al. reported that GLP-1RAs can promote the overactivation of GLP-1R in pancreatic cells, which not only increases susceptibility to pancreatic inflammation but also increases the risk of pancreatic cancer. Elashoff (79) also suggested that, compared with other common hypoglycemic drugs, GLP-1RA may increase the risk of chronic pancreatitis and then change the levels of cellular inflammatory factors and reactive oxygen species, thus increasing the risk of pancreatic cancer. Moreover, in vitro cell culture experiments have confirmed that the correlation between GLP-1RA and pancreatic cancer may be related to its ability to induce phenotypic transformation of pancreatic exocrine cells into pancreatic endocrine cells (80, 81). Some foreign scholars compared the number of pancreatic cancer patients treated with exenatide and those treated with other hypoglycemic drugs, and the results revealed that the number of pancreatic cancer patients treated with exenatide was 2.9 times greater than that of patients treated with other hypoglycemic drugs (82).

However, whether GLP-1RA induces pancreatitis or pancreatic cancer by affecting the expression level of related genes in the pancreas or by regulating the secretion of pancreatic enzymes is still inconclusive. Some studies have shown that differences in the expression of GLP-1R on the surface of different pancreatic cells may affact the development of pancreatic cancer. Studies have shown (13) that GLP-1R is expressed in normal pancreatic islet, acinar and duct cells, and Waser (83) reported that GLP-1R is highly expressed in normal pancreatic secretory cells, expressed at low level in pancreatic acinar cells, not expressed in pancreatic duct cells, and expressed at low or no levels in human pancreatic cancer tissues. Nonexpression of GLP-1R is common in advanced pancreatic tumors with lymphatic metastasis and is associated with poor prognosis, suggesting that GLP-1R may inhibit tumorigenesis and metastasis of human pancreatic cancer cells both in vitro and in vivo. In this context, there are also different opinions. Molin (78) quantified GLP-1R in human pancreatic tissues via RNA in situ hybridization and reported that all types of pancreatic cells expressed GLP-1R and that there was no significant difference in the expression of GLP-1R between normal pancreatic tissues and pancreatic tumors. Based on these results, it is not possible to link the difference in GLP-1R expression with the development of pancreatic cancer. Other studies have suggested that there is no significant difference in the risk of acute pancreatitis or pancreatic cancer between the two groups when GLP-1RA is used (84, 85). Knapen (86) also reported through follow-up studies that the pancreatic tumor risk in patients treated with GLP-1RA for a long period of time was not significantly different.

The possible reasons for the different effects of GLP-1RA on the occurrence of pancreatic cancer reported by different scholars are the differences in study groups, small sample sizes, insufficient follow-up times, and low incidence rates of events. After adjusting for the factors that cause the difference, experimental methods can be developed, and conclusions can be drawn from further studies.




4.3 GLP-1RAs and colorectal cancer

He Wenjing (75) reported that GLP-1R expression was lacking in human colon cancer tissues and colon cancer cell lines. However, after the addition of GLP-1RA to colon cancer cells, GLP-1RA had no statistically significant effect on the proliferation or migration of colon cancer cell lines. Another comprehensive analysis of GLP-1RAs and the risk of malignant tumors in T2DM patients also revealed that GLP-1RA intervention had no significant effect on the risk of malignant tumors (70). Koehler (47) reported that GLP-1RAs may induce apoptosis by altering cell morphology in vitro, possibly by activating cAMP expression and inhibiting the activities of the signaling kinases glycogen synthase kinase 3 and ERK1/2, thereby inducing apoptosis and inhibiting the growth and survival of colon cancer cells. There are few studies on GLP-1RAs and colorectal tumors at home or abroad. Accordingly, whether GLP-1RA can improve the prognosis of patients with colon cancer still needs to be further confirmed.




4.4 GLP-1RAs and breast cancer

By studying the expression of GLP-1R in human breast cancer tissues and the breast cancer cell lines MCF-7, MDA-MB-231 and KPL-1 (87), Iwaya’s study revealed that decreased levels of GLP-1 may constitute a novel connection between GLP-1 and breast cancer. The activation GLP-1R by GLP-1RA can restrain the activation of NF-κB, thereby facilitating the apoptosis of breast cancer cells and inhibiting their proliferation. Ligumsky (88) also discovered through animal experiments that GLP-1RA could suppress the proliferation of mouse breast cancer cells by triggering the expression of cAMP and CREB. Tanaka (89) reported through clinical studies that GLP-1RA in combination with metformin could inhibit the proliferation and induce the apoptosis of breast cancer cells. The above three experiments were investigated at the cellular, animal, and clinical levels, and it is believed that GLP-1RA has an inhibitory effect on breast cancer. Nevertheless, another scholar has also conducted cell experiments, but the results are quite contrary to these results. Liu Zhaozhao (90) reported that liraglutide can activate GLP-1Rs, and that liraglutide can promote the proliferation of breast cancer cells by activating GLP-1Rs. Thus, the expression of downstream NOX4/ROS/VEGF signaling pathway-related proteins is activated and the proliferation of breast cancer cells is increased, whereas the proliferation of breast cancer cells is inhibited in the control group with the addition of inhibitors. The disparities in the above conclusions may be associated with the variations in the characteristics of breast cancer cell lines, and the effects of GLP-1RA on different breast cancer cell subtypes are distinct. Therefore, further clinical studies are necessary to confirm whether GLP-1RA can be employed as an alternative therapy to inhibit the progression of breast cancer.




4.5 GLP-1RAs and reproductive system tumors

Endometrial cancer is one of the most common malignant tumors of the female reproductive system. Diabetes is a high risk factor for endometrial cancer, but the same pathological basis is insulin resistance. As a new hypoglycemic agent, GLP-1RA enhances insulin sensitivity, reduces body weight and protects the cardiovascular system (62). Therefore, we can speculate that GLP-1RA can inhibit the proliferation and migration of endometrial cancer cells. To this end, some scholars have used different concentrations of liraglupeptide to interfere with endometrial cancer cells. These results show that GLP-1RA can induce phosphorylated AMPK expression (91), inhibit the expression and phosphorylation of the mTOR protein (92), promote the apoptosis of endometrial cancer cells, and thus play a potential anticancer role. However, there are too few relevant studies on the association between GLP-1RA and endometrial cancer to confirm that GLP-1RA can inhibit the proliferation of human endometrial cancer cells, so further research is still needed in the future.





5 Mechanism of GLP-1RAs in tumors

Due to the wide distribution of GLP-1R, the effects of GLP-1RA on the receptor are different. Therefore, we investigated the possible mechanism of GLP-1RA action on tumors based on the results of existing studies. Currently, the relationship between GLP-1RAs and tumors is still unclear at home and abroad. Some scholars believe that (93) GLP-1RAs can inhibit the growth of tumors and promote their apoptosis, thus playing an antitumor role. GLP-1RAs can inhibit the growth of cervical cancer and breast cancer induced by high glucose by inhibiting the expression of PSMA2 and phosphorylated p65 and IκB. In addition, GLP-1R can be continuously activated to activate cAMP and P38 (94) and inhibit the conduction of the AKT and ERK1/2 signaling pathways (14, 16), ultimately inhibiting the proliferation of transplanted tumors in vivo and inducing the apoptosis of human pancreatic cancer cells in vitro (14). In addition, GLP-1RA can not only inhibit the PI3K/Akt signaling pathway after activating GLP-1R (13) but also downregulate the expression levels of Cyclin A2 and Cyclin D1,which are markers of cell proliferation related to downstream pathways (95). In addition, it inhibits the inflammatory effect of nuclear factor (NF)-κB (96) and inhibits the growth and metastasis of pancreatic cancer cells. It can also inhibit the proliferation of colon cancer cells and induce their apoptosis by inhibiting the synthesis of GSK3 (47).

However, other scholars believe that GLP-1RAs promote can not only proliferation, but also antiapoptosis, and are related to cancer. These scholars reported that GLP-1RAs can promote cell proliferation and survival by activating the P13K and ERK1/2 signaling pathways (75). This finding may also be related to the effect of GLP-1RA on the Erk1/2 signaling pathway (97). In addition to the above two viewpoints, other scholars’ research results have shown that GLP-1RA has no significant effect on tumor growth or survival. These differences may be related to the expression level of GLP-1R on the surface of different tumor cells (75, 98) and may be related to the differences in the results caused by the differences in the cell lines studied, the differences in the study population, and other factors.




6 Application of GLP-1RA in tumors

As a hypoglycemic agent, GLP-1RA has not been applied to the treatment of oncologic diseases alone, but studies on the correlation between GLP-1RA and tumors can also guide the use of drugs in patients with related tumor diseases. Given that GLP-1RA may increase the risk of certain tumors or promote the proliferation of certain tumor cells, the treatment plan can be adjusted. Therefore, more clinical trials are needed in the future to further confirm the impact of GLP-1RA on some oncologic diseases and provide new ideas for clinical treatment.




7 Discussion

Currently, the main application of GLP-1RA is still in the field of diabetes, especially for type 2 diabetes patients, GLP-1RA provides an effective means of blood sugar control and may provide additional cardiovascular, kidney and other system benefits. Although studies have confirmed that GLP-1RAs do have a certain regulatory effect on the proliferation and apoptosis of tumor cells, the application of GLP-1RAs in tumor-related diseases is not currently its main indication, but GLP-1RAs can have a protective effect on the heart, kidney and other organs through their anti-inflammatory, antihypertensive, and lipid-regulating effects. These effects may also indirectly improve the overall health of cancer patients.

Although many studies have confirmed that GLP-1RA is related to some tumor diseases and can affect tumor development, these results cannot be used as a guide for clinical treatment because of the lack of clinical trials; thus, the role of GLP-1RA in humans is the same as the conclusion reached by cell and animal experimental studies. In addition to the specific application and effect of GLP-1RAs in the treatment of tumors, more clinical studies are still needed for verification.

In summary, although the application of GLP-1RA in treating tumors is still in the exploratory stage, it has shown significant effects and certain additional health benefits in the treatment of diabetes. Future studies may explore the potential of GLP-1RAs in tumor therapy. In the future, large sample sizes, repeated experiments and clinical trials are still needed to further confirm the effect of GLP-1RA on the prognosis of patients with tumors. It is urgently needed to pay attention to any type of neoplastic disease need to be performed to further explore the potential relationship between GLP-1RA and tumors to provide a theoretical basis for future tumor treatment and formulate safer and more reasonable individualized medication regimens for patients based on these research results.





Author contributions

LJ: Writing – review & editing, Writing – original draft, Investigation, Formal analysis, Data curation. XH: Writing – review & editing, Writing – original draft, Formal analysis, Data curation. XM: Writing – review & editing, Software, Formal analysis, Data curation. HY: Writing – review & editing, Funding acquisition, Formal analysis, Data curation. WW: Methodology, Writing – review & editing. HX: Writing – review & editing, Writing – original draft, Supervision, Investigation, Formal analysis, Data curation. JC: Writing – review & editing, Writing – original draft, Supervision, Investigation, Formal analysis, Data curation. AM: Writing – review & editing, Writing – original draft, Supervision, Software, Funding acquisition, Formal analysis, Data curation.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Hubei Provincial Natural Science Foundation (2022CFB453), the Faculty Development Grants from Hubei University of Medicine (2018QDJZR04), Hubei Key Laboratory of Wudang Local Chinese Medicine Research (Hubei University of Medicine) (Grant No. WDCM2022007), and Advantages Discipline Group (Medicine) Project in Higher Education of Hubei Province (2021-2025) (Grant No. 2022XKQT4).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Cuadros, DF, Li, J, Musuka, G, and Awad, SF. Spatial epidemiology of diabetes: Methods and insights. World J Diabetes. (2021) 12:1042–56. doi: 10.4239/wjd.v12.i7.1042

2. Gabery, S, Salinas, CG, Paulsen, SJ, Ahnfelt-Rønne, J, Alanentalo, T, Baquero, AF, et al. Semaglutide lowers body weight in rodents via distributed neural pathways. JCI Insight. (2020) 5:e133429. doi: 10.1172/jci.insight.133429

3. Jensterle, M, and Janež, A. Glucagon like peptide 1 receptor agonists in the treatment of obesity. Horm Res Paediatr. (2021) 96:599–608. doi: 10.1159/000521264

4. Daniels, D, and Mietlicki-Baase, EG. Glucagon-like peptide 1 in the brain: where is it coming from, where is it going? Diabetes. (2019) 68:15–7. doi: 10.2337/dbi18-0045

5. He, S, Kahles, F, Rattik, S, Nairz, M, McAlpine, CS, Anzai, A, et al. Gut intraepithelial T cells calibrate metabolism and accelerate cardiovascular disease. Nature. (2019) 566:115–9. doi: 10.1038/s41586-018-0849-9

6. Yusta, B, Baggio, LL, Koehler, J, Holland, D, Cao, X, Pinnell, LJ, et al. GLP-1R agonists modulate enteric immune responses through the intestinal intraepithelial lymphocyte GLP-1R. Diabetes. (2015) 64:2537–49. doi: 10.2337/db14-1577

7. Richardson, A, and Park, WG. Acute pancreatitis and diabetes mellitus: a review. Korean J Internal Med. (2021) 36:15–24. doi: 10.3904/kjim.2020.505

8. Andersen, DK, Korc, M, Petersen, GM, Eibl, G, Li, D, Rickels, MR, et al. Diabetes, pancreatogenic diabetes, and pancreatic cancer. Diabetes. (2017) 66:1103–10. doi: 10.2337/db16-1477

9. Larsson, SC, Orsini, N, and Wolk, A. Diabetes mellitus and risk of colorectal cancer: a meta-analysis. J Natl Cancer Instit. (2005) 97:1679–87. doi: 10.1093/jnci/dji375

10. Huxley, R, Ansary-Moghaddam, A, Berrington De González, A, Barzi, F, and Woodward, M. Type-II diabetes and pancreatic cancer: a meta-analysis of 36 studies. Br J Cancer. (2005) 92:2076–83. doi: 10.1038/sj.bjc.6602619

11. Larsson, SC, Orsini, N, Brismar, K, and Wolk, A. Diabetes mellitus and risk of bladder cancer: a meta-analysis. Diabetologia. (2006) 49:2819–23. doi: 10.1007/s00125-006-0468-0

12. Friberg, E, Orsini, N, Mantzoros, CS, and Wolk, A. Diabetes mellitus and risk of endometrial cancer: a meta-analysis. Diabetologia. (2007) 50:1365–74. doi: 10.1007/s00125-007-0681-5

13. Zhao, H, Wang, L, Wei, R, Xiu, D, Tao, M, Ke, J, et al. Activation of glucagon-like peptide-1 receptor inhibits tumourigenicity and metastasis of human pancreatic cancer cells via PI3K/Akt pathway. Diabet Obes Metab. (2014) 16:850–60. doi: 10.1111/dom.12291

14. Zhao, H, Wei, R, Wang, L, Tian, Q, Tao, M, Ke, J, et al. Activation of glucagon-like peptide-1 receptor inhibits growth and promotes apoptosis of human pancreatic cancer cells in a cAMP-dependent manner. Am J Physiol Endocrinol Metab. (2014) 306:E1431–41. doi: 10.1152/ajpendo.00017.2014

15. Gribble, FM, and Reimann, F. Metabolic Messengers: glucagon-like peptide 1. Nat Metab. (2021) 3:142–8. doi: 10.1038/s42255-020-00327-x

16. Zhao, X, Wang, M, Wen, Z, Lu, Z, Cui, L, Fu, C, et al. GLP-1 receptor agonists: beyond their pancreatic effects. Front Endocrinol (Lausanne). (2021) 12:721135. doi: 10.3389/fendo.2021.721135

17. Sasaki, Y, Abe, Y, Takeda, H, Nishise, S, Yaoita, T, Yagi, M, et al. Impaired secretion of glucagon-like peptide 1 in patients with colorectal adenoma after an oral glucose load. Digestion. (2018) 97:324–32. doi: 10.1159/000486129

18. Graaf, C, Donnelly, D, Wootten, D, Lau, J, Sexton, PM, Miller, LJ, et al. Glucagon-like peptide-1 and its class B G protein-coupled receptors: A long march to therapeutic successes. Pharmacol Rev. (2016) 68:954–1013. doi: 10.1124/pr.115.011395

19. Aroda, VR. A review of GLP-1 receptor agonists: Evolution and advancement, through the lens of randomised controlled trials. Diabet Obes Metab. (2018) 20 Suppl 1:22–33.

20. Gilbert, MP, and Pratley, RE. GLP-1 analogs and DPP-4 inhibitors in type 2 diabetes therapy: review of head-to-head clinical trials. Front Endocrinol. (2020) 11:178. doi: 10.3389/fendo.2020.00178

21. Junker, AE, Gluud, LL, Pedersen, J, Langhoff, JL, Holst, JJ, Knop, FK, et al. A 25-year-old woman with type 2 diabetes and liver disease. Case Rep Gastroenterol. (2014) 8:398–403. doi: 10.1159/000369968

22. Sharma, D, Verma, S, Vaidya, S, Kalia, K, and Tiwari, V. Recent updates on GLP-1 agonists: Current advancements & challenges. Biomed Pharmacother. (2018) 108:952–62. doi: 10.1016/j.biopha.2018.08.088

23. Ast, J, Arvaniti, A, Fine, NHF, Nasteska, D, Ashford, FB, Stamataki, Z, et al. Super-resolution microscopy compatible fluorescent probes reveal endogenous glucagon-like peptide-1 receptor distribution and dynamics. Nat Commun. (2020) 11:467. doi: 10.1038/s41467-020-14309-w

24. Ishibashi, Y, Matsui, T, Takeuchi, M, and Yamagishi, S. Glucagon-like peptide-1 (GLP-1) inhibits advanced glycation end product (AGE)-induced up-regulation of VCAM-1 mRNA levels in endothelial cells by suppressing AGE receptor (RAGE) expression. Biochem Biophys Res Commun. (2010) 391:1405–8. doi: 10.1016/j.bbrc.2009.12.075

25. Arakawa, M, Mita, T, Azuma, K, Ebato, C, Goto, H, Nomiyama, T, et al. Inhibition of monocyte adhesion to endothelial cells and attenuation of atherosclerotic lesion by a glucagon-like peptide-1 receptor agonist, exendin-4. Diabetes. (2010) 59:1030–7. doi: 10.2337/db09-1694

26. Hogan, AE, Tobin, AM, Ahern, T, Corrigan, MA, Gaoatswe, G, Jackson, R, et al. Glucagon-like peptide-1 (GLP-1) and the regulation of human invariant natural killer T cells: lessons from obesity, diabetes and psoriasis. Diabetologia. (2011) 54:2745–54. doi: 10.1007/s00125-011-2232-3

27. Marx, N, Burgmaier, M, Heinz, P, Ostertag, M, Hausauer, A, Bach, H, et al. Glucagon-like peptide-1(1-37) inhibits chemokine-induced migration of human CD4-positive lymphocytes. Cell Mol Life Sci. (2010) 67:3549–55. doi: 10.1007/s00018-010-0396-5

28. Meier, JJ. GLP-1 receptor agonists for individualized treatment of type 2 diabetes mellitus. Nat Rev Endocrinol. (2012) 8:728–42. doi: 10.1038/nrendo.2012.140

29. Russell-Jones, D. Molecular, pharmacological and clinical aspects of liraglutide, a once-daily human GLP-1 analogue. Mol Cell Endocrinol. (2009) 297:137–40. doi: 10.1016/j.mce.2008.11.018

30. Li, Q, Tuo, X, Li, B, Deng, Z, Qiu, Y, and Xie, H. Semaglutide attenuates excessive exercise-induced myocardial injury through inhibiting oxidative stress and inflammation in rats. Life Sci. (2020) 250:117531. doi: 10.1016/j.lfs.2020.117531

31. Yi, B, Hu, X, Wen, Z, Zhang, T, and Cai, Y. Exendin-4, a glucagon-like peptide-1 receptor agonist, inhibits hyperglycemia-induced apoptosis in myocytes by suppressing receptor for advanced glycation end products expression. Exp Ther Med. (2014) 8:1185–90. doi: 10.3892/etm.2014.1873

32. Skov, J, Dejgaard, A, Frøkiær, J, Holst, JJ, Jonassen, T, Rittig, S, et al. Glucagon-like peptide-1 (GLP-1): effect on kidney hemodynamics and renin-angiotensin-aldosterone system in healthy men. J Clin Endocrinol Metab. (2013) 98:E664–71. doi: 10.1210/jc.2012-3855

33. Ronn, J, Jensen, EP, Wewer Albrechtsen, NJ, Holst, JJ, and Sorensen, CM. Glucagon-like peptide-1 acutely affects renal blood flow and urinary flow rate in spontaneously hypertensive rats despite significantly reduced renal expression of GLP-1 receptors. Physiol Rep. (2017) 5:e13503. doi: 10.14814/phy2.13503

34. Sivertsen, J, Rosenmeier, J, Holst, JJ, and Vilsbøll, T. The effect of glucagon-like peptide 1 on cardiovascular risk. Nat Rev Cardiol. (2012) 9:209–22. doi: 10.1038/nrcardio.2011.211

35. Degn, KB, Brock, B, Juhl, CB, Djurhuus, CB, Grubert, J, Kim, D, et al. Effect of intravenous infusion of exenatide (synthetic exendin-4) on glucose-dependent insulin secretion and counterregulation during hypoglycemia. Diabetes. (2004) 53:2397–403. doi: 10.2337/diabetes.53.9.2397

36. Jain, M, Carlson, G, Cook, W, Morrow, L, Petrone, M, White, NE, et al. Randomised, phase 1, dose-finding study of MEDI4166, a PCSK9 antibody and GLP-1 analogue fusion molecule, in overweight or obese patients with type 2 diabetes mellitus. Diabetologia. (2019) 62:373–86. doi: 10.1007/s00125-018-4789-6

37. Drucker, DJ. The cardiovascular biology of glucagon-like peptide-1. Cell Metab. (2016) 24:15–30. doi: 10.1016/j.cmet.2016.06.009

38. Chen, J, Xu, S, Zhou, W, Wu, L, Wang, L, and Li, W. Exendin-4 reduces ventricular arrhythmia activity and calcium sparks-mediated sarcoplasmic reticulum ca leak in rats with heart failure. Int Heart J. (2020) 61:145–52. doi: 10.1536/ihj.19-327

39. Zhou, Y, He, X, Chen, Y, Huang, Y, Wu, L, and He, J. Exendin-4 attenuates cardiac hypertrophy via AMPK/mTOR signaling pathway activation. Biochem Biophys Res Commun. (2015) 468:394–9. doi: 10.1016/j.bbrc.2015.09.179

40. Huang, M, Wei, R, Wang, Y, Su, T, Li, Q, Yang, X, et al. Protective effect of glucagon-like peptide-1 agents on reperfusion injury for acute myocardial infarction: a meta-analysis of randomized controlled trials. Ann Med. (2017) 49:552–61. doi: 10.1080/07853890.2017.1306653

41. Baggio, LL, Yusta, B, Mulvihill, EE, Cao, X, Streutker, CJ, Butany, J, et al. GLP-1 receptor expression within the human heart. Endocrinology. (2018) 159:1570–84. doi: 10.1210/en.2018-00004

42. Wei, L, Mo, W, Lan, S, et al. GLP-1 RA improves diabetic retinopathy by protecting the blood-retinal barrier through GLP-1R-ROCK-p-MLC signaling pathway. J Diabetes Res. (2022) 2022:1861940. doi: 10.1155/2022/1861940

43. Simó, R, and Hernández, C. GLP-1R as a target for the treatment of diabetic retinopathy: friend or foe? Diabetes. (2017) 66:1453–60. doi: 10.2337/db16-1364

44. Al Sabaani, N. Exendin-4 inhibits high glucose-induced oxidative stress in retinal pigment epithelial cells by modulating the expression and activation of p(66)Shc. Cutaneous ocular Toxicol. (2021) 40:175–86. doi: 10.1080/15569527.2020.1844727

45. Yamada, C, Yamada, Y, Tsukiyama, K, Yamada, K, Udagawa, N, Takahashi, N, et al. The murine glucagon-like peptide-1 receptor is essential for control of bone resorption. Endocrinology. (2008) 149:574–9. doi: 10.1210/en.2007-1292

46. Kim, JY, Lee, SK, Jo, KJ, Song, DY, Lim, DM, Park, KY, et al. Exendin-4 increases bone mineral density in type 2 diabetic OLETF rats potentially through the down-regulation of SOST/sclerostin in osteocytes. Life Sci. (2013) 92:533–40. doi: 10.1016/j.lfs.2013.01.001

47. Koehler, JA, Kain, T, and Drucker, DJ. Glucagon-like peptide-1 receptor activation inhibits growth and augments apoptosis in murine CT26 colon cancer cells. Endocrinology. (2011) 152:3362–72. doi: 10.1210/en.2011-1201

48. Holz, GG. Epac: A new cAMP-binding protein in support of glucagon-like peptide-1 receptor-mediated signal transduction in the pancreatic beta-cell. Diabetes. (2004) 53:5–13. doi: 10.2337/diabetes.53.1.5

49. Wang, X, Zhou, J, Doyle, ME, and Egan, JM. Glucagon-like peptide-1 causes pancreatic duodenal homeobox-1 protein translocation from the cytoplasm to the nucleus of pancreatic beta-cells by a cyclic adenosine monophosphate/protein kinase A-dependent mechanism. Endocrinology. (2001) 142:1820–7. doi: 10.1210/endo.142.5.8128

50. Bünemann, M, Gerhardstein, BL, Gao, T, and Hosey, MM. Functional regulation of L-type calcium channels via protein kinase A-mediated phosphorylation of the beta(2) subunit. J Biol Chem. (1999) 274:33851–4.

51. Doyle, ME, and Egan, JM. Mechanisms of action of glucagon-like peptide 1 in the pancreas. Pharmacol Ther. (2007) 113:546–93. doi: 10.1016/j.pharmthera.2006.11.007

52. Brand, T. The popeye domain containing genes and their function as cAMP effector proteins in striated muscle. J Cardiovasc Dev Dis. (2018) 5. doi: 10.3390/jcdd5010018

53. Burmeister, MA, Ferre, T, Ayala, JE, King, EM, Holt, RM, and Ayala, JE. Acute activation of central GLP-1 receptors enhances hepatic insulin action and insulin secretion in high-fat-fed, insulin resistant mice. Am J Physiol Endocrinol Metab. (2012) 302:E334–43. doi: 10.1152/ajpendo.00409.2011

54. Minokoshi, Y, Alquier, T, Furukawa, N, Kim, YB, Lee, A, Xue, B, et al. AMP-kinase regulates food intake by responding to hormonal and nutrient signals in the hypothalamus. Nature. (2004) 428:569–74. doi: 10.1038/nature02440

55. Beiroa, D, Imbernon, M, Gallego, R, Senra, A, Herranz, D, Villarroya, F, et al. GLP-1 agonism stimulates brown adipose tissue thermogenesis and browning through hypothalamic AMPK. Diabetes. (2014) 63:3346–58. doi: 10.2337/db14-0302

56. Chang, CC, Lin, TC, Ho, HL, Kuo, CY, Li, HH, Korolenko, TA, et al. GLP-1 analogue liraglutide attenuates mutant huntingtin-induced neurotoxicity by restoration of neuronal insulin signaling. Int J Mol Sci. (2018) 19:2505. doi: 10.3390/ijms19092505

57. López, M, Diéguez, C, and Nogueiras, R. Hypothalamic GLP-1: the control of BAT thermogenesis and browning of white fat. Adipocyte. (2015) 4:141–5. doi: 10.4161/21623945.2014.983752

58. Nauck, MA, Quast, DR, Wefers, J, and Meier, JJ. GLP-1 receptor agonists in the treatment of type 2 diabetes - state-of-the-art. Mol Metab. (2021) 46:101102. doi: 10.1016/j.molmet.2020.101102

59. Uccellatore, A, Genovese, S, Dicembrini, I, Mannucci, E, and Ceriello, A. Comparison review of short-acting and long-acting glucagon-like peptide-1 receptor agonists. Diabetes Ther research Treat Educ Diabetes related Disord. (2015) 6:239–56. doi: 10.1007/s13300-015-0127-x

60. Holman, RR, Bethel, MA, Mentz, RJ, Thompson, VP, Lokhnygina, Y, Buse, JB, et al. Effects of once-weekly exenatide on cardiovascular outcomes in type 2 diabetes. New Engl J Med. (2017) 377:1228–39. doi: 10.1056/NEJMoa1612917

61. Barritt, AST, Marshman, E, and Noureddin, M. Review article: role of glucagon-like peptide-1 receptor agonists in non-alcoholic steatohepatitis, obesity and diabetes-what hepatologists need to know. Aliment Pharmacol Ther. (2022) 55:944–59. doi: 10.1111/apt.16794

62. Yan, J, Yao, B, Kuang, H, Yang, X, Huang, Q, Hong, T, et al. Liraglutide, sitagliptin, and insulin glargine added to metformin: the effect on body weight and intrahepatic lipid in patients with type 2 diabetes mellitus and nonalcoholic fatty liver disease. Hepatol (Baltimore Md). (2019) 69:2414–26. doi: 10.1002/hep.30320

63. Tao, T, Zhang, Y, Zhu, YC, Fu, JR, Wang, YY, Cai, J, et al. Exenatide, metformin, or both for prediabetes in PCOS: A randomized, open-label, parallel-group controlled study. J Clin Endocrinol Metab. (2021) 106:e1420–e32. doi: 10.1210/clinem/dgaa692

64. Liu, X, Zhang, Y, Zheng, SY, Lin, R, Xie, YJ, Chen, H, et al. Efficacy of exenatide on weight loss, metabolic parameters and pregnancy in overweight/obese polycystic ovary syndrome. Clin Endocrinol. (2017) 87:767–74. doi: 10.1111/cen.13454

65. Salamun, V, Jensterle, M, Janez, A, and Vrtacnik Bokal, E. Liraglutide increases IVF pregnancy rates in obese PCOS women with poor response to first-line reproductive treatments: a pilot randomized study. Eur J Endocrinol. (2018) 179:1–11. doi: 10.1530/EJE-18-0175

66. Zelniker, TA, Wiviott, SD, Raz, I, Im, K, Goodrich, EL, and Furtado, RHM. Comparison of the effects of glucagon-like peptide receptor agonists and sodium-glucose cotransporter 2 inhibitors for prevention of major adverse cardiovascular and renal outcomes in type 2 diabetes mellitus. Circulation. (2019) 139:2022–31. doi: 10.1161/CIRCULATIONAHA.118.038868

67. Caruso, I, Cignarelli, A, Sorice, GP, Natalicchio, A, Perrini, S, Laviola, L, et al. Cardiovascular and renal effectiveness of GLP-1 receptor agonists vs. Other glucose-lowering drugs in type 2 diabetes: A systematic review and meta-analysis of real-world studies. Metabolites. (2022) 12.

68. Bezin, J, Gouverneur, A, Pénichon, M, Mathieu, C, Garrel, R, Hillaire-Buys, D, et al. GLP-1 receptor agonists and the risk of thyroid cancer. Diabetes Care. (2023) 46:384–90. doi: 10.2337/dc22-1148

69. Nauck, MA, Petrie, JR, Sesti, G, Mannucci, E, Courrèges, JP, Lindegaard, ML, et al. A phase 2, randomized, dose-finding study of the novel once-weekly human GLP-1 analog, semaglutide, compared with placebo and open-label liraglutide in patients with type 2 diabetes. Diabetes Care. (2016) 39:231–41. doi: 10.2337/dc15-0165

70. Liu, Y, Zhang, X, Chai, S, Zhao, X, and Ji, L. Risk of Malignant neoplasia with glucagon-like peptide-1 receptor agonist treatment in patients with type 2 diabetes: A meta-analysis. J Diabetes Res. (2019) 2019:1534365. doi: 10.1155/2019/1534365

71. He, L, Zhang, S, Zhang, X, Liu, R, Guan, H, and Zhang, H. Effects of insulin analogs and glucagon-like peptide-1 receptor agonists on proliferation and cellular energy metabolism in papillary thyroid cancer. Onco Targets Ther. (2017) 10:5621–31. doi: 10.2147/OTT

72. Bjerre Knudsen, L, Madsen, LW, Andersen, S, Almholt, K, de Boer, AS, Drucker, DJ, et al. Glucagon-like Peptide-1 receptor agonists activate rodent thyroid C-cells causing calcitonin release and C-cell proliferation. Endocrinology. (2010) 151:1473–86. doi: 10.1210/en.2009-1272

73. Waser, B, Beetschen, K, Pellegata, NS, and Reubi, JC. Incretin receptors in non-neoplastic and neoplastic thyroid C cells in rodents and humans: relevance for incretin-based diabetes therapy. Neuroendocrinology. (2011) 94:291–301. doi: 10.1159/000330447

74. Hegedüs, L, Sherman, SI, Tuttle, RM, von Scholten, BJ, Rasmussen, S, Karsbøl, JD, et al. No evidence of increase in calcitonin concentrations or development of C-cell Malignancy in response to liraglutide for up to 5 years in the LEADER trial. Diabetes Care. (2018) 41:620–2. doi: 10.2337/dc17-1956

75. Wenjing, H, Shuang, Y, Weisong, L, and Haipeng, X. Exendin-4 does not modify growth or apoptosis of human colon cancer cells. Endocr Res. (2017) 42:209–18. doi: 10.1080/07435800.2017.1292525

76. Lee, YS, Lee, C, Choung, JS, Jung, HS, and Jun, HS. Glucagon-like peptide 1 increases β-cell regeneration by promoting α- to β-cell transdifferentiation. Diabetes. (2018) 67:2601–14. doi: 10.2337/db18-0155

77. Gonzalez-Perez, A, Schlienger, RG, and Rodríguez, LA. Acute pancreatitis in association with type 2 diabetes and antidiabetic drugs: a population-based cohort study. Diabetes Care. (2010) 33:2580–5. doi: 10.2337/dc10-0842

78. Dal Molin, M, Kim, H, Blackford, A, Sharma, R, and Goggins, M. Glucagon-like peptide-1 receptor expression in normal and neoplastic human pancreatic tissues. Pancreas. (2016) 45:613–9. doi: 10.1097/MPA.0000000000000521

79. Elashoff, M, Matveyenko, AV, Gier, B, Elashoff, R, and Butler, PC. Pancreatitis, pancreatic, and thyroid cancer with glucagon-like peptide-1-based therapies. Gastroenterology. (2011) 141:150–6. doi: 10.1053/j.gastro.2011.02.018

80. Wettergren, A, Wøjdemann, M, and Holst, JJ. Glucagon-like peptide-1 inhibits gastropancreatic function by inhibiting central parasympathetic outflow. Am J Physiol. (1998) 275:G984–92. doi: 10.1152/ajpgi.1998.275.5.G984

81. Lee, PJ, and Papachristou, GI. New insights into acute pancreatitis. Nat Rev Gastroenterol Hepatol. (2019) 16:479–96. doi: 10.1038/s41575-019-0158-2

82. Singh, S, Chang, HY, Richards, TM, Weiner, JP, Clark, JM, and Segal, JB. Glucagonlike peptide 1-based therapies and risk of hospitalization for acute pancreatitis in type 2 diabetes mellitus: a population-based matched case-control study. JAMA Internal Med. (2013) 173:534–9. doi: 10.1001/jamainternmed.2013.2720

83. Waser, B, Blank, A, Karamitopoulou, E, Perren, A, and Reubi, JC. Glucagon-like-peptide-1 receptor expression in normal and diseased human thyroid and pancreas. Modern Pathol. (2015) 28:391–402. doi: 10.1038/modpathol.2014.113

84. Guo, X, Yang, Q, Dong, J, Liao, L, Zhang, W, and Liu, F. Tumour risk with once-weekly glucagon-like peptide-1 receptor agonists in type 2 diabetes mellitus patients: A systematic review. Clin Drug Invest. (2016) 36:433–41. doi: 10.1007/s40261-016-0389-8

85. Cao, C, Yang, S, and Zhou, Z. GLP-1 receptor agonists and pancreatic safety concerns in type 2 diabetic patients: data from cardiovascular outcome trials. Endocrine. (2020) 68:518–25. doi: 10.1007/s12020-020-02223-6

86. Knapen, LM, Van Dalem, J, Keulemans, YC, van Erp, NP, Bazelier, MT, and De Bruin, ML. Use of incretin agents and risk of pancreatic cancer: a population-based cohort study. Diabet Obes Metab. (2016) 18:258–65. doi: 10.1111/dom.12605

87. Iwaya, C, Nomiyama, T, Komatsu, S, Kawanami, T, Tsutsumi, Y, Hamaguchi, Y, et al. Exendin-4, a glucagonlike peptide-1 receptor agonist, attenuates breast cancer growth by inhibiting NF-κB activation. Endocrinology. (2017) 158:4218–32. doi: 10.1210/en.2017-00461

88. Ligumsky, H, Wolf, I, Israeli, S, Haimsohn, M, Ferber, S, Karasik, A, et al. The peptide-hormone glucagon-like peptide-1 activates cAMP and inhibits growth of breast cancer cells. Breast Cancer Res Treat. (2012) 132:449–61. doi: 10.1007/s10549-011-1585-0

89. Tanaka, Y, Iwaya, C, Kawanami, T, Hamaguchi, Y, Horikawa, T, Shigeoka, T, et al. Combined treatment with glucagon-like peptide-1 receptor agonist exendin-4 and metformin attenuates breast cancer growth. Diabetol Int. (2022) 13:480–92. doi: 10.1007/s13340-021-00560-z

90. Liu, ZZ, Duan, XX, Yuan, MC, Yu, J, Hu, X, Han, X, et al. Glucagon-like peptide-1 receptor activation by liraglutide promotes breast cancer through NOX4/ROS/VEGF pathway. Life Sci. (2022) 294:120370. doi: 10.1016/j.lfs.2022.120370

91. Kanda, R, Hiraike, H, Wada-Hiraike, O, Ichinose, T, Nagasaka, K, Sasajima, Y, et al. Expression of the glucagon-like peptide-1 receptor and its role in regulating autophagy in endometrial cancer. BMC Cancer. (2018) 18:657. doi: 10.1186/s12885-018-4570-8

92. Zhang, Y, Xu, F, Liang, H, Cai, M, Wen, X, Li, X, et al. Exenatide inhibits the growth of endometrial cancer Ishikawa xenografts in nude mice. Oncol Rep. (2016) 35:1340–8. doi: 10.3892/or.2015.4476

93. Mao, D, Cao, H, Shi, M, Wang, CC, Kwong, J, Li, JJX, et al. Increased co-expression of PSMA2 and GLP-1 receptor in cervical cancer models in type 2 diabetes attenuated by Exendin-4: A translational case-control study. EBioMedicine. (2021) 65:103242. doi: 10.1016/j.ebiom.2021.103242

94. Xia, Z, Dickens, M, Raingeaud, J, Davis, RJ, and Greenberg, ME. Opposing effects of ERK and JNK-p38 MAP kinases on apoptosis. Sci (New York NY). (1995) 270:1326–31. doi: 10.1126/science.270.5240.1326

95. Bobustuc, GC, Kassam, AB, Rovin, RA, Jeudy, S, Smith, JS, Isley, B, et al. MGMT inhibition in ER positive breast cancer leads to CDC2, TOP2A, AURKB, CDC20, KIF20A, Cyclin A2, Cyclin B2, Cyclin D1, ERα and Survivin inhibition and enhances response to temozolomide. Oncotarget. (2018) 9:29727–42. doi: 10.18632/oncotarget.v9i51

96. Manasanch, EE, and Orlowski, RZ. Proteasome inhibitors in cancer therapy. Nat Rev Clin Oncol. (2017) 14:417–33. doi: 10.1038/nrclinonc.2016.206

97. Quoyer, J, Longuet, C, Broca, C, Linck, N, Costes, S, Varin, E, et al. GLP-1 mediates antiapoptotic effect by phosphorylating Bad through a beta-arrestin 1-mediated ERK1/2 activation in pancreatic beta-cells. J Biol Chem. (2010) 285:1989–2002. doi: 10.1074/jbc.M109.067207

98. Koehler, JA, and Drucker, DJ. Activation of glucagon-like peptide-1 receptor signaling does not modify the growth or apoptosis of human pancreatic cancer cells. Diabetes. (2006) 55:1369–79. doi: 10.2337/db05-1145




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Ji, He, Min, Yang, Wu, Xu, Chen and Mei. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Glucagon-like peptide-1 receptor agonists in neoplastic diseases

      

        		

          1 Introduction

        



        		

          2 GLP-1R and its function

        



        		

          3 Clinical mechanism and application of GLP-1RA

        

          		

            3.1 Mechanism of GLP-1RA

          



          		

            3.2 Clinical application of GLP-1RAs

          



        



        



        		

          4 The role of GLP-1RAs in tumor diseases

        

          		

            4.1 GLP-1RAs and thyroid cancer

          



          		

            4.2 GLP-1RAs and pancreatic cancer

          



          		

            4.3 GLP-1RAs and colorectal cancer

          



          		

            4.4 GLP-1RAs and breast cancer

          



          		

            4.5 GLP-1RAs and reproductive system tumors

          



        



        



        		

          5 Mechanism of GLP-1RAs in tumors

        



        		

          6 Application of GLP-1RA in tumors

        



        		

          7 Discussion

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2024.1465881_cover.jpg
& frontiers | Frontiers in Endocrinology

Glucagon-like peptide-1 receptor agonists in
neoplastic diseases





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-15-1465881-g001.jpg
Pancreas

pancreatic cancer  Endometrial cancer

i o ol s AR na A i il A A





