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ABSTRACT
The intestinal tract is inhabited by a large and diverse community of bacteria, collectively referred to
as the gut microbiota. Composed of 500–1000 distinct species, the intestinal microbiota plays an
important role in immunity and metabolism. However, alterations in its composition are associated
with a variety of inflammatory diseases including obesity, diabetes, and inflammatory bowel disease
(IBD). Among many other factors, our diet impacts microbiota composition and function, in either
beneficial or detrimental ways. In this addendum, we will discuss our recent findings on how dietary
emulsifying agents can directly and detrimentally impact the microbiota, leading to inflammatory
diseases and cancer.
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From correlation to observation: Dietary
emulsifiers induce deleterious health effect

The intestinal microbiota is a vast and complex com-
munity of microorganisms that includes 1014 bacteria
per intestine and about 1000 different species. Among
its various functions, the gut microbiota is essential to
promote maturation of the intestinal immune system,
help digestion and favor calorie extraction. Besides its
essential beneficial roles, the gut microbiota can also
turn out to be detrimental and, if not well managed,
lead to the development of inflammatory diseases,
such as Inflammatory Bowel Disease (IBD)1 and meta-
bolic syndrome.2 Inflammatory bowel diseases are
severe, debilitating, and lead to a significantly
increased risk to develop colon cancer that affects mil-
lions of people worldwide. Metabolic syndrome is a
cluster of obesity-related disorders (high blood pres-
sure, hyperglycemia, abnormal triglyceride and cho-
lesterol levels) that together, substantially increase the
risk of developing type-2 diabetes, cardiovascular,
and/or liver diseases.

Amidst constant genetics a dramatic increase in the
incidence of IBD and metabolic syndromes occurred

during the last 50 years. This rapid evolution sug-
gested that factors related to life style3,4 and/or the use
of antibiotics5 could be involved. We and others previ-
ously hypothesized that emulsifiers, which are added
to most processed foods to aid texture and extend
shelf-life, could play a role in the rapid increase in the
incidence of these diseases.6–8 We recently demon-
strated that emulsifiers induced a chronic intestinal
inflammation that promotes development of chronic
colitis in susceptible mice and metabolic syndrome in
wild-type mice.9 By treating mice with two commonly
used emulsifiers, namely polysorbate 80 (P80) and
carboxymethylcellulose (CMC), at doses seeking to
model the broad consumption of the numerous emul-
sifiers that are incorporated into a large variety of
processed foods, we observed changes in species com-
position of the gut microbiota and in its pro-inflam-
matory potential. Specifically, this altered microbiota
had enhanced capacity to infiltrate the dense mucus
layer that lines the intestine, and which is normally
devoid of bacteria. Moreover, the alterations of the
microbiota were characterized by an increased expres-
sion of bacterial inflammatory molecules, such as
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flagellin and lipopolysaccharide, which can in turn
activate the expression of pro-inflammatory genes by
the immune system. Such functional changes of the
microbiota triggered chronic colitis in mice genetically
prone to this disorder, due to abnormal immune sys-
tems. In contrast, in wild-type mice with normal
immune systems, emulsifiers induced low-grade (i.e.
mild) intestinal inflammation and metabolic syn-
drome, characterized by increased adiposity and
hyperglycemia. Furthermore, we identified that emul-
sifiers affected the gut microbiota, creating a favorable
niche that lead to an exacerbation of tumor develop-
ment in mouse models of colorectal cancer.10 Overall,
these findings support the concept that disturbance
of the host-microbiota relationship can cause inflam-
mation that will manifest as chronic inflammatory dis-
orders in genetically susceptible individuals, or insulin
resistance and associated metabolic syndrome in
unimpaired host.11

From observation to mechanism: Effects of
dietary emulsifier on intestinal microbiota

When we aimed to understand how mechanistically,
emulsifiers could detrimentally impact health and pro-
mote inflammation, we identified that the effects of
their consumption were eliminated in mice lacking a
microbiota (germ-free). Importantly, transplantation
of microbiota from emulsifier-treated mice to wild
type germ-free recipient mice was sufficient to transfer
some parameters of low-grade inflammation and met-
abolic syndrome, indicating a central role played
by the microbiota in mediating the effects. We then
demonstrated that a complex microbiota community
is required for emulsifier-mediated detrimental effects.
Indeed, we recently observed that emulsifier consump-
tion by gnotobiotic mice colonized with a highly-
restricted microbiota comprised of only 8 bacteria,
namely “Altered Schaedler Flora” (ASF),12 was not
sufficient to induce microbiota encroachment, intesti-
nal inflammation, or altered metabolism.13 These
findings suggest that a complex microbiota, contain-
ing specific species, is required for the detrimental
effects of emulsifiers. Moreover, they suggest that die-
tary emulsifiers directly target the microbiota, and
seem to have little to no effect on the host itself. In
order to demonstrate this hypothesis, we recently col-
laborated with Pr. Tom Van de Wiele, from Ghent
University (Ghent, Belgium), who has developed a

state-of-the-art in vitro microbiota model, namely the
mucosal-simulated human intestinal microbiota eco-
system (M-SHIME), a dynamic model that simulates
the lumen- and mucus-associated human intestinal
microbial ecosystem.14–16 Using this in vitro micro-
biota model, we demonstrated that both P80 and
CMC acted directly on a single human microbiota to
alter microbiota composition and/or gene expression
(measured by meta-transcriptomic approach). This
result suggests that microbiota is a direct target
of these commonly used food additives.13 Specifically,
this study revealed that both P80 and CMC increased
the pro-inflammatory potential of the human micro-
biota as revealed by increased levels of bioactive flagel-
lin. The CMC-induced increase in flagellin was rapid
(1 day) and driven by altered microbiota transcrip-
tome. In contrast, the P80-induced flagellin increase
occurred more gradually and was closely associated
with altered microbiota composition. Importantly,
when transferred to germfree recipient animals, both
emulsifier-treated M-SHIME microbiotas induced
most of the host and microbial alterations observed in
mice directly treated by emulsifiers (Figure 1). Hence,
these results demonstrate a novel paradigm of decon-
structing host-microbiota interactions and indicate
that the microbiota can be directly impacted by these
commonly used food additives, in a manner that sub-
sequently drives intestinal inflammation.

Conclusions and future directions

To summarize, we demonstrated that dietary emulsi-
fiers directly target the intestinal microbiota, increas-
ing its ability to penetrate the normally sterile mucus
layer, leading to intestinal inflammation and meta-
bolic syndrome in wild-type host. While our research
does not disagree with the commonly held assumption
that over-eating is a central cause of obesity and meta-
bolic syndrome, those findings reinforce the concept
suggested by earlier work that low-grade inflammation
resulting from an altered microbiota can be an under-
lying cause of excess eating.17,18

In the coming years, the molecular mechanisms by
which emulsifiers affect bacteria should be investigated,
as it will be crucial to understand how such com-
pounds can be sensed by the intestinal microbiota and
lead to altered composition and gene expression. While
we previously used only one donor in the M-SHIME
model, comparing emulsifier effect (variable D
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emulsifier, constant D donor), further experimenta-
tions should analyze inter-individual variations in
response to emulsifier treatment by using multiple
donors (variable D donor, constant D emulsifier).
Such approach should allow the identification of “sus-
ceptible” and “resistant” microbiota, with the identifica-
tion of key bacterial species driving subsequent
inflammation. With those specific bacteria identified, it
will then be important to understand the mechanism
by which they can induce inflammation. Are those bac-
teria able to adhere to and/or to invade intestinal epi-
thelial cells in the presence of emulsifiers? Which
bacterial organelles / secreted factors are impacting
host inflammatory response? Which host pathways are
activated?

While we previously reported that switching mice
off from emulsifier exposure was sufficient to reverse
most of the detrimental effects, it will be important to
decipher how a normal host-microbiota relationship
can be restored. It remains, for example, unclear if
emulsifier removal is sufficient for the microbiota to
recover a healthy state that associates with a decreased
risk of colon cancer development. Additionally, and

given that soluble fiber such as inulin or the prebiotic
Akkermansia muciniphila are both known to favor
mucus secretion,19,20 the use of prebiotic or probiotic
on emulsifier-treated animals should be explored as
therapeutic approaches.

Furthermore, the exact mechanism by which the
altered microbiota is driving inflammation remains
unclear and requires further investigations. Moreover,
the direct effects these compounds have toward the
microbiota do not exclude the possibility that they
also have direct effects on mucus layer integrity and/
or on the intestinal mucosa. Concomitantly, it remains
important to identify key bacterial species that drive
intestinal inflammation and its associated disorders.
To this endeavor, bacteria infiltrating the mucus layer
(“mucus invaders”), the mechanism by which they
can do so, and the mechanism by which they will sub-
sequently lead to intestinal inflammation and altered
metabolism, should be identified. Finally, translating
our findings from mice to human is required, for
example by performing dietary intervention and
investigating the impact of such compound on human
microbiota, intestinal inflammation, and metabolism.

Figure 1. Dietary emulsifiers directly impact the intestinal microbiota, increasing their pro-inflammatory potential. Carboxymethylcellu-
lose (CMC) is directly impacting bacterial gene expression, leading to an increase expression of molecules with pro-inflammatory poten-
tial. Polysorbate 80 (P80) is altering microbiota composition, favoring the expansion of bacteria with pro-inflammatory potential. In
both cases, such altered microbiotas are able to penetrate the normally sterile mucus layer, leading to intestinal inflammation that man-
ifest as chronic inflammatory disorders in genetically susceptible individuals or insulin resistance and associated metabolic syndrome in
unimpaired host. Moreover, altered microbiota following emulsifier exposure predispose to colon cancer development.
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Abbreviations
ASF Altered Schaedler Flora
CMC carboxymethylcellulose
IBD inflammatory bowel disease
M-SHIME mucosal-simulated human intestinal

microbiota ecosystem
P80 polysorbate 80.
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