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Abstract
Glucagon-like peptides (GLP)-1 and GLP-2, currently approved as a therapy for diabetes, have gained interest as hormones 
with roles in maintaining intestinal architecture and homeostasis. The current review is an integrative model of the emerging 
data, aiming to investigate the impact of GLP-1/GLP-2 in inflammatory bowel diseases (IBD) pathogeny and as effective and 
safe therapy in patients with IBD and also proposes the following future research directions regarding the role and safety of 
incretins in IBD, and indicates their scientific relevance: Quantification of GLP-1, GLP-2 and DPP-IV expression on inflamed 
intestinal mucosa from patients with IBD, allowing the use of GLPs as markers of IBD phenotype;Mapping of GLP-1/GLP-2 
receptors in different types of intestinal cells, allowing a better understanding of the intestinal effects mediated by GLPs; 
Assessment of the impact of GLP-1/GLP-2 receptor agonists, DPP-IV inhibitors and short chain fatty acids on intestinal 
cell proliferation and inflammation in patients with IBD, allowing the identification of the optimal therapeutic strategy to 
preserve the quiescent IBD phenotype; Quantifying GLP-1/GLP-2 expression from neoplastic or precancerous intestinal lesions 
and evaluating the intestinotrophic effects of incretins and their relation to intestinal neoplasia, allowing identification of a 
potential limitation of incretin therapy in IBD.
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Introduction

The incretin hormones glucagon-like peptide-1 
(GLP-1) and glucagon-like peptide-2 (GLP-2), secreted 
by the enteroendocrine L cells in the gut, play a funda-
mental role in controlling postprandial blood glucose 
through stimulating glucose-dependent insulin secre-
tion, inhibiting glucagon secretion and delaying gastric 
emptying, in promoting pancreatic β-cell growth and 
also exerts an anorexigenic effect, thus being involved 
in controlling energy intake and body weight [1–3].

GLP-1 receptor agonists are currently approved for 
treating patients with type 2 diabetes. Recently, GLPs 
has gained particular interest as hormones with potent 
anti-inflammatory effects and a crucial role in maintain-
ing intestinal architecture and homeostasis [1, 2, 4–7].

Crohn’s disease (CD) and ulcerative colitis (UC) are 
chronic inflammatory bowel diseases (IBD) with com-
plex and yet unrevealed pathogenesis, associated with 
proinflammatory cytokines release, alterations of the 
innate and adaptive immune system, microbiota, and 
epithelial function, secondary to interactions among 
genetic, gut microbiome, environmental and immuno-
logic factors [1, 8–10]. 

Given the potential involvement of GLP1/GLP2 axis 
in the IBD, the GLP’s effects have been investigated in 
several pre-clinical and very few clinical studies involv-
ing models of IBD. 

GLP-1 is mainly released in the ileum and the colon 
under the influence of nutrients and luminal stimu-
li such as bile acids, dietary-fiber-derived or micro-
biota-derived short-chain fatty acids, and bacterial 
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metabolites [11, 12]. GLP-1 ensures the integrity and 
functionality of the intestinal mucosa and slows gastric 
emptying, thus ensuring a longer contact of the chyme 
with a functional intestinal mucosa, thus maintaining 
an efficient absorption of nutrients [13, 14]. GLP-2 is ex-
pressed in the small intestine, mainly in the terminal 
ileum and the colon, the GLP-2 density increases from 
proximal to distal part, being maximal in the rectum [1, 
15]. GLP-2 is released in response to nutritional, neural, 
and hormonal stimulation and is involved in epitheli-
al homeostasis, barrier function and repair following 
injury and also exerts anti-inflammatory functions [11, 
16]. GLPS act via G-protein-coupled receptors, which 
are expressed in many tissues, including pancreatic 
islets, intestine, thyroid, pituitary, central nervous 
system, kidney, heart, lung and immune cells [17, 18]. 
GLPs are rapidly degraded by dipeptidyl peptidase IV 
(DPP-IV), which results in their short half-lives in vivo. 
The effect of DPP-IV in IBD is not well understood. 
Studies in animal models of IBD suggest that using 
DPP-IV inhibitors decreases disease activity.

On the other hand, IBD patients have lower se-
rum levels of DPP-IV than healthy subjects. However, 
DPP-IV expression on T cells from IBD patients is ele-
vated. Furthermore, lower concentrations of DPP-IV 
are inversely associated with increased disease activity, 
although it is not clear whether this is the cause or con-
sequence of the disease. Concurrently, the results of a 
recent meta-analysis investigating the risk of develop-
ing IBD in patients on DPP-IV inhibitor therapy point 
out the need for further research [19].

The existing data are conflicting regarding the 
GLP-1/GLP-2 secretion profile and involvement in IBD 
pathogenesis. Several studies have shown that GLP-1 
and GLP-2 release is predominantly increased in the 
inflamed intestinal mucosa characteristic of active 
IBD, but not in the quiescent stage of IBD [1, 3, 20]. In 
contrast, other studies demonstrated no difference in 
plasma or tissue concentrations of GLP-1 and GLP-2 be-
tween patients with IBD and non-IBD controls [1, 21]. 
There is also evidence that chronic exposure to TNF re-
duces the secretion of GLP-1 and GLP-2, which could be 
reversed after anti-TNF treatment [11, 22, 23]. Studies in 
animal models have shown an increase in GLP-1 secre-
tion from L cells in the early stages of intestinal inflam-
mation as a protective mechanism against intestinal 
mucosal injury [24]. Thus, GLP-1 could be useful as an 
early marker of intestinal mucosal injury. On the other 
hand, in the advanced stages of the disease activity, the 
secretion of GLP-1 is reduced, the potential explanation 
being the decrease in the number of L cells [25]. These 

data need to be verified and confirmed in humans, as it 
is known to be difficult to assess GLP-1 in mice [26].

Considering the role of GLPs and DPP-IV in IBD 
pathogenesis, the GLPs analogs/receptor agonists and 
DPP-IV inhibitors have recently gained attention in 
IBD research [1, 27, 28]. Several investigations showed 
that treatment with GLPs may lead to reduction of 
histopathological inflammation, improvement in 
crypt cell proliferation and histological morphology, 
and reduction of the intestinal epithelium apoptosis, 
which enhances the absorptive capacity of the intes-
tine [1–3, 7, 11].

These findings have directed research toward the 
therapeutic benefits of GLPs in treating IBD, but the 
findings have also raised concerns regarding the GLPs 
potential association with intestinal neoplasia. It is 
conceivable that increased GLP-2/GLP-2 receptor ex-
pression may play a role in promoting intestinal can-
cers in humans, as GLP-2 is associated with mucosal 
growth and development of adenomas in the murine 
intestine [29–31]. In summary, a large proportion of 
studies showed significant growth and tumor-pro-
moting effects in rodent models, especially in the case 
of long-term exposure to GLP-2 [29–31]. The potential 
molecular mechanisms involved in cellular growth and 
tumor-promoting effects of GLP-2 in the intestine are 
represented mainly by activating the PI3K-dependent 
Akt-mTOR signaling pathway and activating the IGF-1 
signaling pathway, and subsequent activation of the 
beta-catenin signaling pathway [29, 32–34]. Because 
DPP-IV inhibitors prolong the duration of action of 
endogenous GLPs, multiple studies have investigated 
the potential for tumor cell proliferation associated 
with treatment with DPP-IV inhibitors, especially in 
patients with undiagnosed colon adenomas. Several 
studies performed on different types of human colon 
cell lines and also animal studies indicated an enhance-
ment in the intestinotrophic effects of GLPs when 
DPP-IV inhibitors were added, suggesting that DPP-4 
inhibitors might increase the risk of tumor growth 
enhancement [29, 35, 36]. In contrast, another study 
found no signs of the influence of long-term adminis-
tration of DPP-IV inhibitors on intestinal neoplasia in 
mice [31].

Future perspectives and  
scientific relevance

The current review is an integrative model of the 
emerging data, aiming to summarize the hypothesis of 
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the incretins’ involvement in the pathogenesis of IBD, 
the beneficial effects of incretins in IBD, but also the 
potential risk of promoting tumor cell proliferation as-
sociated with the administration of incretins.

In order to better understand the involvement of 
incretins in IBD, the following research directions are 
proposed in this review: 

•	 Quantification of GLP-1, GLP-2, GLP-1 recep-
tors, GLP-2 receptors and DPP-IV expression 
on biopsies from areas with inflammation col-
lected from patients with IBD and comparison 
with their level in biopsies collected from areas 
with normal mucosa;

•	 Exploring the relationship of GLP-1 and GLP-2 
expression with the degree of intestinal L cell 
biology (based on inflammatory activity and 
mucosal injury);

•	 Mapping GLP-1 and GLP-2 receptors in differ-
ent types of intestinal cells (Brunner’s glands, 
neurons, lymphocytes, enterocytes, myofibro-
blasts, crypt cells) will allow a better under-
standing of the intestinal effects mediated by 
GLPs and how to optimize the therapeutic in-
terventions;

•	 Assessment of the impact of GLP-1/GLP-2 re-
ceptor agonists, DPP-IV inhibitors and short-
chain fatty acids on promoting cell prolifera-
tion and modulation of the intestinal immune 
response and inflammation in patients with 
IBD;

•	 Quantifying GLP-1, GLP-2, GLP-1 receptors and 
GLP-2 receptors’ expression on biopsies from 
areas with an intestinal neoplasm or precan-
cerous lesions and comparing them with their 
level in biopsies collected from areas with nor-
mal mucosa;

•	 Evaluation of the intestinotrophic effects of 
GLPs analogs/receptor agonists and DPP-IV in-
hibitors and their relation to intestinal neopla-
sia, thus allowing the identification of a poten-
tial limitation of GLPs receptor agonist therapy 
in patients with IBD.

The correlation between GLPs and IBD phenotype 
has great importance because GLPs can represent new 
markers of the IBD phenotype and can be used as an 
early marker of intestinal mucosal injury. We will thus 
be able to prevent the transition from the quiescent 
phenotype to the active, symptomatic phenotype of 
IBD, reducing in this way considerably the costs. 

Mapping GLP-1 and GLP-2 receptors in different 
types of intestinal cells will allow a better understand-

ing of the intestinal effects mediated by GLPs and how 
to optimize the therapeutic interventions.

Identifying the GLPs involvement in the modula-
tion of the anti-inflammatory and intestinotrophic ef-
fects will allow the therapeutic intervention to promote 
the improvement of intestinal mucosa architecture and 
function and to preserve the quiescent IBD phenotype. 

Assessing whether the levels of GLPs depend on the 
degree of inflammation and mucosal injury extension 
and also assessing the effect of acute versus longer-
term administration of GLPs and the effect of indi-
vidual versus simultaneous GLP-1/GLP-2 administra-
tion will allow individualizing the doses, the optimal 
GLP-1/GLP-2 ratio but also the opportune timing for 
the initiation of the therapy with GLP-1/GLP-2 receptor 
agonists.

The association of GLP-1/GLP-2 with neoplastic 
and precancerous intestinal lesions should be evaluat-
ed, in order to identify the potential limitation of GLPs 
receptor agonist therapy in patients with IBD.

The importance of this proposed future research 
direction derives from the fact that we haven’t found 
any previous studies which investigate human sam-
ples, in an integrative manner, the involvement of 
GLPs in the pathogenesis of IBD, the beneficial effects 
of incretins in IBD, but also the potential risk of pro-
moting tumor cell proliferation associated with the ad-
ministration of incretins in IBD. 

Conclusions

Emerging data indicating the role of incretins in 
promoting the inactive phenotype of IBD and the in-
tegrity of the intestinal mucosa and in modulating the 
anti-inflammatory response suggest that modulation 
of the GLP-1/GLP-2 axis may be an important therapeu-
tic tool in the treatment of IBD patients.

In the context in which incretins do not exert an 
immunosuppressive effect, and the safety profile of in-
cretins is confirmed in terms of promoting cell tumor 
proliferation, incretins may become first-line therapy 
in the management of patients with IBD. Nevertheless, 
future fundamental research and a randomized clini-
cal trial are warranted to determine the effectiveness 
and safety of incretins in IBD.

Conflict of interest

The author declares no conflict of interest.



Rom J Diabetes Nutr Metab Dis. 2022; volume 29, issue 3

© 2022 The Authors Romanian Journal of Diabetes, Nutrition and Metabolic Diseases  ::  www.rjdnmd.org 379

References

1.	 Zatorski H, Sałaga M, Fichna J. Role of glucagon-like peptides 
in inflammatory bowel diseases-current knowledge and fu-
ture perspectives. Naunyn Schmiedebergs Arch Pharmacol 
392(11):1321-1330, 2019. doi: 10.1007/s00210-019-01698-z.

2.	 Azmy Nabeh O, Ishak Attallah M, El-Sayed El-Gawhary N. The 
pivotal relation between glucagon-like peptides, NFκB and 
inflammatory bowel disease. Clin Exp Pharmacol Physiol. 
47(10):1641-1648, 2020. doi: 10.1111/1440-1681.13361.

3.	 Keller J, Binnewies U, Rösch M, et al. Gastric emptying and dis-
ease activity in inflammatory bowel disease. Eur J Clin Invest 
45(12):1234-1242, 2015. doi: 10.1111/eci.12542.

4.	 Bang-Berthelsen CH, Holm TL, Pyke C, et al. GLP-1 Induces Bar-
rier Protective Expression in Brunner’s Glands and Regulates 
Colonic Inflammation. Inflamm Bowel Dis. 22(9):2078-2097, 
2016. doi: 10.1097/MIB.000000000000084.

5.	 Yusta B, Holland D, Koehler JA, et al. ErbB signaling is re-
quired for the proliferative actions of GLP-2 in the murine 
gut. Gastroenterology. 137(3):986-996, 2009. doi: 10.1053/j.gas-
tro.2009.05.057.

6.	 Lindebo Holm T, Poulsen SS, Markholst H, Reedtz-Runge 
S. Pharmacological Evaluation of the SCID T Cell Transfer 
Model of Colitis: As a Model of Crohn’s Disease. Int J Inflam. 
2012:412178, 2012. doi: 10.1155/2012/412178.

7.	 Anand U, Yiangou Y, Akbar A, et al. Glucagon-like peptide 1 
receptor (GLP-1R) expression by nerve fibres in inflammatory 
bowel disease and functional effects in cultured neurons. PLoS 
One. 13(5):e0198024, 2018. doi: 10.1371/journal.pone.0198024.

8.	 Kang EA, Han K, Chun J, et al. Increased Risk of Diabetes in 
Inflammatory Bowel Disease Patients: A Nationwide Popu-
lation-based Study in Korea. J Clin Med. 8(3):343, 2019. doi: 
10.3390/jcm8030343.

9.	 Zietek T, Waldschmitt N, Rath E. Role of Incretin Hor-
mones in Bowel Diseases. Endocr Dev. 32:49-73, 2017. doi: 
10.1159/000475731.

10.	 Siczek K, Zatorski H, Chmielowiec-Korzeniowska A, et al. Eval-
uation of anti-inflammatory effect of silver-coated glass beads 
in mice with experimentally induced colitis as a new type of 
treatment in inflammatory bowel disease. Pharmacol Reports 
69:386–392, 2017. doi.org/10.1016/j.pharep.2017.01.003.

11.	 Zietek T, Rath E. Inflammation Meets Metabolic Disease: Gut 
Feeling Mediated by GLP-1. Front Immunol. 7:154, 2016. doi: 
10.3389/fimmu.2016.00154.

12.	 Margolskee RF, Dyer J, Kokrashvili Z, et al. T1R3 and gust-
ducin in gut sense sugars to regulate expression of Na+-glucose 
cotransporter 1. Proc Natl Acad Sci U S A. 104(38):15075-15080, 
2007. doi: 10.1073/pnas.0706678104.

13.	 Hunt JE, Holst JJ, Jeppesen PB, Kissow H. GLP-1 and Intestinal 
Diseases. Biomedicines. 9(4):383, 2021. doi: 10.3390/biomedi-
cines9040383.

14.	 Kunkel D, Basseri B, Low K, et al. Efficacy of the glucagon-like 
peptide-1 agonist exenatide in the treatment of short bowel 
syndrome. Neurogastroenterol Motil. 23(8):739-e328, 2011. doi: 
10.1111/j.1365-2982.2011.01723.x.

15.	 Yusta B, Matthews D, Flock GB, et al. Glucagon-like peptide-2 
promotes gallbladder refilling via a TGR5-independent, 
GLP-2R-dependent pathway. Mol Metab. 6(6):503-511, 2017. doi: 
10.1016/j.molmet.2017.03.006.

16.	 Lee SJ, Lee J, Li KK, et al. Disruption of the murine Glp2r im-
pairs Paneth cell function and increases susceptibility to small 
bowel enteritis. Endocrinology. 153(3):1141-1151, 2012. doi: 
10.1210/en.2011-1954.

17.	 Bullock BP, Heller RS, Habener JF. Tissue distribution of mes-
senger ribonucleic acid encoding the rat glucagon-like peptide-1 
receptor. Endocrinology. 137(7):2968-2978, 1996. doi: 10.1210/
endo.137.7.8770921.

18.	 Yusta B, Baggio LL, Koehler J, et al. GLP-1R Agonists Modulate 
Enteric Immune Responses Through the Intestinal Intraepi-
thelial Lymphocyte GLP-1R. Diabetes. 64(7):2537-2549, 2015. doi: 
10.2337/db14-1577.

19.	 Radel JA, Pender DN, Shah SA. Dipeptidyl Peptidase-4 Inhibitors 
and Inflammatory Bowel Disease Risk: A Meta-analysis. Ann 
Pharmacother. 53(7):697-704, 2019. doi: 10.1177/1060028019827852.

20.	 Moran GW, Pennock J, McLaughlin JT. Enteroendocrine cells 
in terminal ileal Crohn’s disease. J Crohns Colitis. 6(9):871-880, 
2012. doi: 10.1016/j.crohns.2012.01.013.

21.	 Schmidt PT, Ljung T, Hartmann B, Hare KJ, Holst JJ, Hellström 
PM. Tissue levels and postprandial secretion of the intestinal 
growth factor, glucagon-like peptide-2, in controls and inflam-
matory bowel disease: comparison with peptide YY. Eur J Gas-
troenterol Hepatol. 17(2):207-212, 2005. doi: 10.1097/00042737-
200502000-00012.

22.	 Gagnon J, Sauvé M, Zhao W, et al. Chronic Exposure to TNFα 
Impairs Secretion of Glucagon-Like Peptide-1. Endocrinology. 
156(11):3950-3960, 2015. doi: 10.1210/en.2015-1361.

23.	 Tsukahara T, Watanabe K, Watanabe T, et al. Tumor necrosis 
factor α decreases glucagon-like peptide-2 expression by up-reg-
ulating G-protein-coupled receptor 120 in Crohn disease. Am J 
Pathol. 185(1):185-196, 2015. doi: 10.1016/j.ajpath.2014.09.010.

24.	 Schmidt PT, Hartmann B, Bregenholt S, Hoist JJ, Claesson MH. 
Deficiency of the intestinal growth factor, glucagon-like peptide 
2, in the colon of SCID mice with inflammatory bowel disease 
induced by transplantation of CD4+ T cells. Scand J Gastroen-
terol. 35(5):522-527, 2000. doi: 10.1080/003655200750023796.

25.	 Kawai T, Akira S. Signaling to NF-kappaB by Toll-like recep-
tors. Trends Mol Med. 13(11):460-469, 2007. doi: 10.1016/j.
molmed.2007.09.002.

26.	 Windeløv JA, Wewer Albrechtsen NJ, Kuhre RE, et al. Why is it 
so difficult to measure glucagon-like peptide-1 in a mouse?. Dia-
betologia. 60(10):2066-2075, 2017. doi: 10.1007/s00125-017-4347-7.

27.	 Salaga M, Binienda A, Draczkowski P, et al. Novel peptide in-
hibitor of dipeptidyl peptidase IV (Tyr-Pro-D-Ala-NH2) with 
anti-inflammatory activity in the mouse models of colitis. Pep-
tides. 108:34-45, 2018. doi: 10.1016/j.peptides.2018.08.011.

28.	 Duan L, Rao X, Braunstein Z, Toomey AC, Zhong J. Role of In-
cretin Axis in Inflammatory Bowel Disease. Front Immunol. 
8:1734, 2017. doi: 10.3389/fimmu.2017.01734.

29.	 Orhan A, Gögenur I, Kissow H. The Intestinotrophic Effects of 
Glucagon-Like Peptide-2 in Relation to Intestinal Neoplasia. 
J Clin Endocrinol Metab. 103(8):2827-2837, 2018. doi: 10.1210/
jc.2018-00655.

30.	 Trivedi S, Wiber SC, El-Zimaity HM, Brubaker PL. Glucagon-like 
peptide-2 increases dysplasia in rodent models of colon cancer. 
Am J Physiol Gastrointest Liver Physiol. 302(8):G840-G849, 
2012. doi: 10.1152/ajpgi.00505.2011.

31.	 Kissow H, Hartmann B, Holst JJ, et al. Glucagon-like peptide-1 
(GLP-1) receptor agonism or DPP-4 inhibition does not acceler-

http://www.rjdnmd.org


Popa SG.  New approaches in modulating the GLP-1/GLP-2 AXIS: link between metabolic diseases and inflammatory bowel disease

380 https://doi.org/10.46389/rjd-2022-1181 © 2022 The Authors

ate neoplasia in carcinogen treated mice. Regul Pept. 179(1-3):91-
100, 2012. doi: 10.1016/j.regpep.2012.08.016.

32.	 Leen JL, Izzo A, Upadhyay C, et al. Mechanism of action of 
glucagon-like peptide-2 to increase IGF-I mRNA in intestinal 
subepithelial fibroblasts. Endocrinology. 152(2):436-446, 2011. 
doi: 10.1210/en.2010-0822.

33.	 Bahrami J, Yusta B, Drucker DJ. ErbB activity links the gluca-
gon-like peptide-2 receptor to refeeding-induced adaptation in 
the murine small bowel. Gastroenterology. 138(7):2447-2456, 
2010. doi: 10.1053/j.gastro.2010.03.006.

34.	 Shi X, Li X, Wang Y, et al. Glucagon-like peptide-2-stimulated 
protein synthesis through the PI 3-kinase-dependent Akt-mTOR  

signaling pathway. Am J Physiol Endocrinol Metab. 300(3):E554- 
E563, 2011. doi: 10.1152/ajpendo.00620.2010.

35.	 Masur K, Schwartz F, Entschladen F, Niggemann B, Zaenker KS. 
DPPIV inhibitors extend GLP-2 mediated tumour promoting ef-
fects on intestinal cancer cells. Regul Pept. 137(3):147-155, 2006. 
doi: 10.1016/j.regpep.2006.07.003.

36.	 Okawada M, Holst JJ, Teitelbaum DH. Administration of a 
dipeptidyl peptidase IV inhibitor enhances the intestinal ad-
aptation in a mouse model of short bowel syndrome. Surgery. 
150(2):217-223, 2011. doi: 10.1016/j.surg.2011.05.013.


