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Gut hormones seem to regulate bone 
metabolism, but the mechanisms are 
unclear. New research suggests that 
glucose-dependent insulinotropic 
polypeptide (GIP) and xenin (hormones 
secreted by enteroendocrine K cells) 
are key factors in regulating several 
aspects of bone metabolism.

Studies have shown that genetic 
deletion of the GIP receptor (GIPR) 
slightly increases trabecular bone mass. 
By contrast, mice given GIP analogues 
have increased trabecular bone mass. 
“It appears clear to us that a better 
understanding of the physiology  
of the GIP–GIPR pathway would lead to 
the development of second-generation 
medicines for the prevention and treat-
ment of bone fragility,” explains author 
Guillaume mabilleau.

The researchers found that ablation  
of the cells that produce GIP in mice  
(GIP–DT mice) did not alter bone strength 
or bone physiology. However, in mice 

that only lacked GIP (but retained 
expression of the other hormones 
produced by K cells; GIP–GFP–KI mice) 
trabecular bone mass was reduced, 
which was linked to increased bone 
fragility. These apparently conflicting 
results led the researchers to hypothesize 
that antagonistic actions of other gut 
hormones produced by K cells were 
involved in a feedback loop. Additional 
experiments revealed that xenin was 
involved in bone metabolism as part of 
a feedback loop that counteracts the 
action of GIP. “We also showed that 
other K cell-produced peptides, namely 
cholecystokinin, somatostatin and 
secretin, had very little or no effect on 
bone metabolism,” says mabilleau.

The researchers suggest that their 
results support the development of GIP 
analogues for the treatment of bone  
disorders featuring low bone mass  
and increased bone fragility. “We are 
actively working on the development  

 B O n E

Gut hormones involved in bone 
remodelling

In the USA, ~50% of pregnant 
women have overweight or obesity. 
Now, new data in mice show that 
maternal obesity can disrupt the 
development of the hypothalamic 
circuits that are involved in metabolic 
regulation and feeding. Furthermore, 
a high-fat, high-sucrose (HFHS) diet 
during pregnancy and lactation was 
associated with lifelong metabolic 
alterations in the offspring, including 
increased body weight, fat mass and 
insulin resistance.

“Previous studies demonstrated 
that endoplasmic reticulum (ER)  
stress has an important role in 
obesity-induced insulin resistance 
and type 2 diabetes mellitus 
(T2DM) during adult life,” explains 
corresponding author Sebastien 
Bouret. “However, the role of 
ER stress during early life and 
whether it could contribute to 
maternal obesity-induced metabolic 
dysfunction in the offspring have 

not yet been established.” Therefore, 
lead author Soyoung Park and 
colleagues investigated the link 
between maternal diet-induced 
obesity and ER stress in offspring 
and whether ER stress contributes 
to hypothalamic development.

The authors examined the 
consequences of maternal obesity 
on the offspring’s metabolism and 
hypothalamic development and 
whether it also induced ER stress in 
female mice that were fed a HFHS 
diet during pregnancy and lactation. 
The team conducted all of their 
analyses in metabolically relevant 
tissues, including the arcuate nucleus, 
paraventricular nucleus, pancreas, 
adipose tissue and liver.

“We found that maternal obesity 
causes abnormal development of 
hypothalamic circuits involved in 
feeding and metabolic regulation,” 
explains Bouret. “Moreover, we 
report that maternal HFHS feeding 
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obesity increases the risk of developing type 2 diabetes 
mellitus (T2Dm). However, it is incompletely understood why 
some individuals with obesity develop the disease and others 
do not.

To answer this question, mototsugu Nagao, lena eliasson 
and colleagues studied pancreatic islets from people with 
obesity who had developed T2Dm and compared them with 
islets from people with obesity who had not developed T2Dm.

“When mototsugu Nagao came to my laboratory, he had 
published a paper describing that pancreatic islets from mice 
prone to diet-induced diabetes mellitus had high expression  
of the fatty acid transporter CD36 (Cd36) and, at the same 
time, lower expression of some exocytotic genes,” says eliasson, 
co-corresponding author of the study. “We decided to 
investigate together if this was also the case in human islets, 
and if it might have a pathogenic role in T2Dm in relation  
to obesity.”

The researchers observed that islets from donors with obesity- 
associated T2Dm had reduced insulin secretion and β-cell  
exocytosis compared with islets from donors with obesity 
but not T2DM. Furthermore, dysfunctional insulin secretion 
and impaired exocytosis were associated with increased 
expression of CD36.

using a rat-derived β-cell line the team investigated the 
mechanisms underlying the human findings. Their findings 
suggest that increased levels of CD36 modulate β-cell  
insulin signalling and suppress insulin granule exocytosis.

To test the therapeutic potential of their work, the rese arch-
ers treated a human β-cell line with CD36-neutralizing  
antibodies. They observed that the treatment increased the 
expression of exocytosis-associated proteins and enhanced 
insulin secretion. “Taken together, our findings further  
highlight the pathogenic role of β-cell CD36 in the  
development of T2Dm, especially in relation to obesity,” 
explains eliasson.

“We believe that the blockage of CD36 function could be 
an attractive approach to improve insulin secretion, especially 
in obesity-related T2Dm,” summarizes eliasson. “A further 
study to test the CD36-neutralizing antibody on human  
islets of donors with obesity and T2Dm is warranted as the 
next step.”
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