https://www.scientificarchives.com/journal/archives-of-gastroenterology-research

Archives of Gastroenterology Research

Commentary

Intestinal Barrier Function – a Novel Target to modulate
Diet-induced Metabolic Diseases
Siddhartha S Ghosh and Shobha Ghosh*
Department of Internal Medicine, VCU Medical Center, Richmond, VA 23298, USA
*Correspondence should be addressed to Shobha Ghosh; shobha@vcu.edu
Received date: July 10, 2020, Accepted date: July 20, 2020
Copyright: © 2020 Ghosh SS, et al. This is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author
and source are credited.

High fat high cholesterol containing Western-type diet
(WD)-induced obesity remains one of the major causes for
the development of metabolic syndrome and associated
metabolic diseases such as Type 2 Diabetes (T2DM) and
atherosclerosis (that leads to cardiovascular diseases
including heart disease and stroke). In addition to changes
in lipid metabolism and excessive lipid accumulation,
recent studies have also described direct effects of WD
on gut microbiome and attributed dysbiosis of gut flora
to the observed metabolic effects. However, strong
association between circulating gut bacteria-derived
lipopolysaccharide (LPS) and metabolic diseases (such
as T2DM and atherosclerosis) has shifted the focus from
WD-induced changes in gut microbiota per se to release of
gut bacteria-derived products (e.g., LPS) into circulation
as the possible mechanism for the chronic inflammatory
state underlying the development of these diseases.
Under physiological conditions, an intact intestinal
barrier prevents the translocation of LPS underscoring the
importance of detailed understanding of the direct effects
of WD on intestinal barrier function. WD enhances local
intestinal inflammation [1] and increases translocation
of gut bacteria-derived LPS to systemic circulation by
multiple mechanisms. Excess chylomicron formation and
secretion during WD-feeding facilitates the translocation
of LPS associated with chylomicrons [2]. WD, low in fiber,
deprives intestinal bacteria of essential nutrients whereby
luminal bacteria turn to alternate source of energy, namely,
the carbohydrate-rich mucosal layer [3] enhancing direct
contact between gut bacteria and intestinal epithelial layer
promoting local inflammation and barrier dysfunction [4].
WD is also shown to reduce the expression of tight junction
protein occludin thereby increasing paracellular transport
across the intestinal epithelial cell layer [5]. Increased
dietary fat from WD also increase luminal hydrophobic
bile acids that compromise epithelial integrity and
inflammation [6]. Collectively, these data establish several
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novel mechanisms by which WD directly affects intestinal
barrier function.
Intestinal barrier consists of multiple layers including:
1) luminal intestinal alkaline phosphatase (IAP) that
dephosphorylates LPS to detoxify it; 2) the mucus layer
that provides a physical barrier preventing interactions
between gut bacteria and intestinal epithelial cells; 3)
the tight junctions between the epithelial cells that limit
the paracellular transport of bacteria and/or bacterial
products to systemic circulation; and 4) the anti- bacterial
proteins secreted by the intestinal epithelial cells.
However, the identity of the component(s) of intestinal
barrier affected by WD remains currently undefined and
furthermore whether targeted improvement of only one
layer of the intestinal barrier would be sufficient to prevent
the translocation of bacterial-derived products to systemic
circulation is not established.
We earlier demonstrated disruption of intestinal
barrier function by WD resulting in significant increase
in paracellular transport and release of bacterial LPS
into the circulation of WD-fed mice (Figure 1A and 1B,
respectively). This WD-induced increase in intestinal
barrier permeability was also associated with a significant
reduction in intestinal IAP activity (Figure 1C) indicating
disruption of this first layer of the intestinal barrier by
WD. Consistently, oral supplementation with curcumin
that significantly increased IAP activity also improved
the intestinal barrier function in WD fed LDLR-/- mice
resulting in decreased translocation of gut-derived LPS
into systemic circulation (Figure 1D) [7]. This led to
improved glucose tolerance and attenuated atherosclerosis
without affecting plasma lipid profiles [7] providing direct
evidence that IAP may represent the “first line of defense”
against the metabolic consequences of WD and targeted
modulation of IAP may represents a novel strategy to
attenuate WD-induced metabolic diseases.
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as systemic inflammation was also significantly reduced
in IAPTg mice leading to improved glucose tolerance [14].
These studies not only provide direct evidence for targeted
modulation of IAP as a novel strategy to improve intestinal
barrier function and reduce WD-induced intestinal/
systemic inflammation but also underscore the importance
of gut barrier homeostasis in WD-induced development of
metabolic diseases such as diabetes or glucose intolerance.

bacteria turn to the alternate energy source, the mucin-2
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Figure 2 summarizes the multiple ways by which WD disrupts the individual layers of the
intestinal barrier.

Figure 2: WD-induced changes in the intestinal barrier. Consumption of WD increases endocytosis of IAP
5
decreasing the luminal IAP available for dephosphorylation/detoxification
of LPS. Low fiber content of WD enhances
bacterial erosion of the mucin layer facilitating increased contact between luminal bacteria and the epithelial cell
monolayer resulting in intestinal inflammation. Increased lipid absorption during WD consumption also increases
translocation of LPS bound to chylomicrons. Collectively, these WD-induced changes in intestinal barrier increase
metabolic endotoxemia leading to intestinal and systemic inflammation and resulting in the development of metabolic
diseases such as diabetes and atherosclerosis.
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In conclusion, although dysbiosis attributed to
consumption of WD is extensively examined as the
likely mechanism underlying WD-induced increase in
metabolic disease development, the mechanisms by
which this dysbiosis “communicates” with the host to
modify host physiology are poorly defined. WD-induced
intestinal barrier dysfunction leading to translocation
of bacteria/bacterial products from intestinal lumen to
systemic circulation is increasing being recognized to
play a causative role in the development of metabolic
endotoxemia and eventual development of WD-induced
metabolic diseases. Figure 2 summarizes the multiple
ways by which WD disrupts the individual layers of the
intestinal barrier.
Increased lipid absorption during WD feeding enhances
IAP endocytosis decreasing the availability of IAP for
luminal dephosphorylation/detoxification of LPS and
also increases translocation of chylomicron-bound
LPS. Due to the low fiber content, WD also enhances
erosion of mucin layer increasing intestinal permeability.
Simple modulations of WD such as curcumin or fiber
supplementation, by virtue of either increasing IAP
activity or maintaining the integrity of the mucin layer,
significantly restore the intestinal barrier function and
attenuate the development of glucose intolerance and
atherosclerosis. These developments provide an innovative
approach for attenuating metabolic diseases based on
targeted improvement of individual layers of the intestinal
barrier. Future studies are likely to identify additional
nutritional supplements or develop novel therapeutic
agents to restore intestinal barrier function and reduce the
burden of metabolic diseases.
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