
https://doi.org/10.46389/rjd-2022-1068
www.rjdnmd.org

Rom J Diabetes Nutr Metab Dis
2022; volume 29, issue 1, pages 9–15

Original Research

© 2022 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press 
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article 
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).

GLP-1R and IL-6 expression in the gastrointestinal tract of a 
murine model of metabolic syndrome
José Costa2,3, Sofia Oliveira2,3, Ana Cláudia Pereira1, Raquel Soares3,4, Pilar Baylina1,2,3,  
Susana G. Guerreiro3,4, Rúben Fernandes1,3,5, Carla Luis1,3,4*

1  �LaBMI/PORTIC/IPP - Laboratório de Biotecnologia Médica e Industrial/Porto Research, Tecnhology and In-
novation Center/ Instituto Politécnico do Porto, Porto, Portugal

2  ESS/IPP - Escola Superior de Saúde/Instituto Politécnico do Porto, Porto, Portugal
3  i3S – Instituto de Investigação e Inovação em Saúde, Universidade do Porto, Porto, Portugal
4  FMUP – Faculdade de Medicina da Universidade do Porto, Porto, Portugal
5  �FCS/HEFP/UFP – Faculdade de Ciências da Saúde/ Hospital Escola Fernando Pessoa/ Universidade Fernando 

Pessoa

*Correspondence to: Carla Luís, Faculty of Medicine, University of Porto, Al Prof Hernani Monteiro, 4200-319 Porto, Portugal,  
E-mail: carlaluis@med.up.pt

Received: 3 January 2022 / Accepted: 17 February 2022

Abstract
Background and aims: Glucose homeostasis is a critical cornerstone in both health and disease. It is described to be regulated 
by the balance of insulin and glucagon secretion but, this bi-hormonal perspective is long overdue since glucose homeostasis is 
now known to be a multi-hormonal process. Metabolic syndrome (MetS) is a cluster of metabolic features that includes impaired 
glucose metabolism and obesity. Obesity promotes a low chronic inflammation state due to the release of bioactive molecules 
like cytokines, ultimately contributing to cardiovascular disease, diabetes, and cancer. The gastrointestinal tract (GIT), namely 
the stomach and intestine, has a vital role not only in the food uptake and absorption but also in the production of incretin hor-
mones, such as GLP-1. We aim to evaluate the GLP-1 receptor (GLP-1R) in the GIT of a MetS animal model and to assess whether it 
correlates with inflammatory levels. Material and method: The expression of GLP-1R and interleukin-6 (IL-6) was evaluated in 
the stomach and intestine of mice subjected to normal diet (ND) and high fat diet (HFD) by immunohistochemistry. Results: We 
observed that HFD fed animals presented lower levels of GLP-1R in the stomach and intestine when compared with animals fed 
with ND. Concomitantly, these mice expressed increased levels of IL-6. Conclusions: GLP-1R expression is inversely correlated 
with the expression of the pro-inflammatory cytokine IL-6.
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Background and aims

Impaired glucose metabolism, alongside 
obesity, build up an abnormal cluster, which 
characterizes the metabolic syndrome (MetS). 
This complex and heterogeneous constellation 
of risk factors including obesity, glucose intol-
erance, hypertension, dyslipidemia, and insu-
lin resistance can result in non-communicable 
diseases highly prevalent nowadays, such as 

cardiovascular diseases, type 2 diabetes and cer-
tain types of cancer [1]. Glucose regulation is a 
keystone in several disorders including MetS. 
The glucoregulatory system is a multi-organ 
network that includes the gastrointestinal tract 
(GIT), adipose tissue (AT), pancreas, kidney, 
liver, and brain. GIT, namely the stomach and 
intestine, has a vital function in food digestion 
and absorption. Cells from the peripherally intes-
tinal ileum (L- and K-cells) release incretins such 
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pancreatic alpha cells (proglucagon producers) 
are a target of IL-6 and the overexpression of IL-6 
promotes alpha cell proliferation and inhibits 
apoptosis, which results in improved beta-cell 
function and insulin secretion through GLP-1 
production [21].

To help uncover the relation between IL-6 
and GLP-1 in MetS, we performed an in situ evalu-
ation of the expression of GLP-1R and IL-6 both in 
the stomach and intestine. 

Materials and methods

Animal experiments

This experiment followed the guidelines 
and recommendations of FELASA (Federation 
of European Laboratory Animal Science Associ-
ations) and the European Directive 2010/63/EU 
related to animal protection in scientific stud-
ies. All applicable international, national, and/
or institutional guidelines for the care and use of 
animals were followed.

G*Power 3 software was used to estab-
lish the minimum number of animals neces-
sary to conduct the study [22]. The ideal number 
achieved was three for each group considering 
the diet and physiological conditions, with a sig-
nificance level of 95% and an actual power of 0.80 
(86%). Six C57Bl/6J mice were divided into two 
groups: one group with a normal diet (n=3) and 
a group with a high-fat diet (n=3). Animals were 
maintained in suitable conditions of temperature 
and light for 180 days and fed ad libitum. After 
sacrifice, stomach and intestine were extracted, 
fixed in formalin and paraffin-embedded to per-
form immunohistochemistry assays. 

Immunohistochemistry assays

Paraffin-embedded sections of the 
stomach and intestine were deparaffinized and 
hydrated. Sections were subjected to heat anti-
genic recovery. Endogenous peroxidase activ-
ity was blocked with 3% hydrogen peroxide in 
Phosphate Buffered Saline (PBS) and non-specific 
binding was blocked with 10% swine serum (NSS) 

as glucagon-like protein 1 (GLP-1) and glucose-
dependent insulinotropic peptide (GIP), that play 
an important role in glucose metabolism [2]. 

GLP-1 is an antiobesogenic hormone, pro-
duced through proglucagon cleavage, that enhances 
glucose-stimulated insulin secretion of beta cells 
through GLP-1 Receptor (GLP-1R), and decreases 
glucagon production in alpha cells of the pancreas, 
but GLP-1 functions go beyond its influence on the 
pancreas. In addition to the role in glucose metabo-
lism, GLP-1 also regulates the upper gastrointestinal 
tract, gastric motility, acid secretion [3, 4], increases 
satiety in gut-brain axis coordination, promotes 
thermogenesis in AT [5], exerts anti-inflammatory 
effects [6], among others [7]. GLP-1 and GLP-1R ana-
logs have been widely explored as a therapeutical 
target in obesity and diabetes with broad accep-
tance [5]. However, much is still to uncover regard-
ing GLP-1 and metabolic diseases, such as obesity 
or diabetes. Studies from both animal and human 
research reveal inconsistent results as for the secre-
tory response of GLP-1 to the meal or glucose intake 
in obesity and diabetes [8].

In addition to its function of lipid accu-
mulation, AT is an active endocrine organ consti-
tuted by several types of cells that exerts different 
functions and produces a variety of hormones, 
growth factors and cytokines [9, 10]. AT promotes 
chronic low-grade inflammation observed in 
obesity and MetS. Increased expression of proin-
flammatory adipokines associated with circulat-
ing free fatty acids and reactive oxygen species 
improve the chemo attraction of immune cells, 
such as macrophages, which further produce 
proinflammatory mediators [11–14].

IL-6 is a pleiotropic cytokine known for 
its essential role in immune system regulation, 
acting in the stimulation of B cells and in anti-
body production [15]. IL-6 is one of the most pop-
ular mediators in the low chronic inflammation 
status observed in obesity [16], though IL-6 is also 
an active regulator in neural, metabolic, angio-
genic and regenerative mechanisms [17]. Previ-
ous studies already demonstrated an association 
between GLP-1 and IL-6[18–20]. 

It was observed, primarily in mice and 
then in humans, that IL-6 improved glucose 
metabolism via upregulation of GLP-1 in patients 
with type 2 diabetes or obesity [18]. Moreover, 
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(Figure 1). Staining was predominantly observed 
in the glandular area of the stomach and in 
the intestine mucosa. In the stomach, the HFD 
group presented a significant decrease (p<0.01) 
in the GLP-1R expression in HFD mice, with a 
mean area value of 1664±317 µm2 in comparison 
with the ND group that presented a mean value 
of 6049±1094 µm2. In the intestine, although not 
significant (p=0.1592), a decreased expression of 
GLP-1R expression in HFD mice was observed 
(1785±195 µm2) when compared to the mean value 
obtained in the ND mice (2082±569 µm2).

Inflammation levels evaluation

Evaluation of the inflammation levels 
in stomach and intestine in healthy (ND) and 
MetS (HFD) animals was assessed by IL-6 immu-
nohistochemistry (Figure 2). IL-6 expression 
was observed in the glandular areas of stomach 
and in intestine mucosa and submucosa, also 
in the intestine, mostly in the HFD mice, punc-
tual staining around or alongside vessels was 
observed.

In the stomach, HFD mice presented a 
significant increase in IL-6 expression (p<0.01) 
with quantification of 18,793±2026 µm2, when 
compared to ND mice group with 9641±1504 µm2. 
In the intestine, the HFD group also presented 
a significant overexpression of IL-6 (p<0.0001) 
with quantification of 7890±931 µm2 compared to 
3650±267 µm2 in the ND group.

Discussion and conclusions

Obesity is a pathological feature of MetS 
along with inflammation, hypertension, insulin 
resistance, and diabetes, connected by a complex 
network of dynamic intervenients like transcrip-
tion factors, hormones, and cytokines, among 
them GLP-1 and IL-6 are important mediators for 
their active participation in the associated path-
ways of obesity and inflammation. 

Our results revealed a decrease in the 
GLP-1R in the HFD group in both stomach 
and intestine, which is in accordance with the 
majority of studies [8, 23]. For instance, a study 

in bovine serum albumin. Sections were further 
incubated overnight, at 4°C in a humidified cham-
ber, with a primary antibody. For GLP-1 receptor 
(GLP-1R), primary rabbit anti-GLP-1R polyclonal 
antibody was used (sc-66911 Santa Cruz Biotech-
nology, Inc., USA; 1:200 dilution) followed by 
the biotinylated antibody goat anti-rabbit IgG-B 
(sc-2040 Santa Cruz Biotechnology, Inc., USA; 
1:200 dilution). For inflammation evaluation, was 
used rabbit polyclonal antibody anti-human IL-6 
(ab6672, Abcam plc, UK; 1:600 dilution) followed 
by the biotinylated goat anti-rabbit antibody 
IgG-B (sc-2040, Santa Cruz Biotechnology, Inc., 
USA; 1:200 dilution). Immunoreactivity was visu-
alized with Avidin-Biotin reaction and revelation 
was performed using DAB (3,3-diaminobenzi-
dine) HRP substrate (Abcam, ab94665, UK).

Image analysis

Histological sections were analyzed under 
an optical microscope (Nikon Eclipse 50i, Nikon 
Instruments Inc.) and images captured with 
an attached digital microscope camera (Nikon 
DS-Fi1, Nikon Instruments, Inc.). Ten pictures 
of each tissue were taken, at 200× optical ampli-
fication. Images were quantified using the color 
deconvolution plugin in Image J 1.49u (Wayne 
Rasband, National Institute of Health, USA).

Statistical analysis

It was calculated the mean ± standard 
error (SEM) for non-parametric tests with the 
Mann–Whitney test. The statistical analysis was 
done with GraphPad Prism software (GraphPad 
Software, Inc) and results were considered statis-
tically significant when p-values <0.05. 

Results

Incretin system evaluation

Immunohistochemistry of GLP-1R was 
performed to evaluate the incretin system in 
the stomach and intestine of HFD and ND mice 
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Figure 1: Representative images of GLP-1R immunohistochemistry. Sections of stomach in ND mice (A) and HFD 
mice (B) and intestine of ND mice (C) and HFD mice (D) (200×); Quantification of GLP-1R (F) **p<0.01. The values 
are represented as the mean ± SEM.

performed in gastric glands of patients with 
impaired glucose metabolism found a decrease 
in GLP-1R expression when compared to healthy 
individuals [23]. Our findings regarding IL-6 were 
also in accordance with the literature and from 
the studies performed in situ in stomach [24] and 
intestine [25]. We observed a significant increase 

of IL-6 in both stomach and intestine. Further-
more, our results show that the expression of 
GLP-1R and IL-6 are to some extent co-localized, 
so we hypothesized they might be related and 
inversely correlated.

Indeed, previous studies already estab-
lished a possible relation between GLP-1R and 
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Figure 2: Representative images of IL-6 immunohistochemistry. Sections of stomach in ND mice (A) and HFD 
mice (B) and intestine of ND mice (C) and HFD mice (D) (200×); Quantification of IL-6 (F) **p<0.01; ****p<0.0001. 
The values are represented as the mean±SEM.

IL-6 via the GLP-1 potential in engaging inflam-
mation [6]. Through the observation of GLP-1 
based therapies, data suggests that GLP-1 not 
only shows anti-inflammatory effects in pancre-
atic cells (with the glycemic decrease in diabetic 
subjects) but also in the liver, kidney, lung, testis, 

skin, and vessels, lowering the levels of inflam-
matory cytokines and promoting the infiltra-
tion of immune cells [6]. As concerns for animal 
studies, RedIL6 strain mice were used to evaluate 
the interactions of IL-6 and GLP-1 in the central 
amygdala, since previous results showed that 
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IL-6 in a downstream moderator of GLP-1R in the 
brain [26]. Results disclosed that, in the central 
amygdala, 40% of cells expressing GLP-1R, also 
expressed IL-6 in a co-localized manner [27]. 

Our work proposes that the relation 
between IL-6 and GLP-1 is also occurring in the 
stomach and in the intestine. Further studies are 
needed to better understand the pathway cascade 
on which IL-6 and GLP-1R are connected and to 
what extent could they become potential thera-
peutical targets in MetS.
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