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Triclosan (TCS) is a high-volume chemical used as an antimicrobial ingredient in over 2000 consumer products
such as toothpastes, cosmetics, and toys. Due to its widespread use, it causes ubiquitous contamination in the
environment and is frequently detected in the human body, raising concerns about its impact on environmental
pollution and human health. Our recent study showed that short-time exposure to low-dose TCS causes colonic
inflammation, increases severity of colitis, and exacerbates colitis-associated colon tumorigenesis in mice,
through gut microbiota- and Toll-like receptor 4 (TLR4)-dependent mechanisms. In addition, we demonstrate
that beyond TCS, other antimicrobial chemicals used in consumer products also exaggerate colitis and colon
cancer in mice. Together, these results highlight the importance to further evaluate these consumer antimi-
crobials on gut health, to develop potential further regulatory policies.
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Introduction

In the last half century, there has been a dramatic
increase in the incidence and prevalence of inflammatory

bowel disease (IBD) in the United States and other countries
(Molodecky et al., 2012). In 2015, *1.3% of U.S. adults
(3 million) were estimated to be diagnosed with IBD
(Dahlhamer et al., 2016), and this was a large increase from
1999 (0.9% or 2 million adults) (Nguyen et al., 2014). The
rapidity of these developments supports that environmental
factors, rather than genetic drift, could be primarily re-
sponsible for the increased incidences of IBD. Indeed, re-
cent studies show that some common dietary components,
such as milk-derived saturated fat and dietary emulsifiers,
exaggerate development of IBD by gut microbiome-
dependent mechanisms (Devkota et al., 2012; Chassaing
et al., 2015). Considering the growing incidences of IBD
and potential lethal consequence of IBD-induced colon
cancer, it is of critical importance to identify novel risk
factors of IBD, to reduce the risks posed by these diseases.

Triclosan (TCS) is a high-volume chemical used as an
antimicrobial ingredient in over 2000 consumer products.
Due to its widespread use, TCS causes ubiquitous contam-
ination in the environment and is frequently detected in the
human body (Halden, 2014). Indeed, it is listed among the
top ten pollutants found in U.S. rivers (Halden, 2014), and
was detected in *75% of the urine samples of individuals
tested in the United States (Calafat et al., 2008). In 2016, the
U.S. Food and Drug Administration (FDA) removed 19
antimicrobial compounds, including TCS, from over-the-
counter handwashing products; however, this ruling only

affects soaps and other handwashing products, TCS remains
approved by the FDA and U.S. Environmental Protection
Agency (EPA) to use in many other consumer products such
as toothpastes, cosmetics, and toys (Food and Drug Ad-
ministration, 2016). Therefore, human exposure to TCS
could remain to be a serious and long-lasting problem.

Our recent study shows that exposure to TCS enhances
basal colonic inflammation, exacerbates development of
IBD, and exacerbates IBD-induced colon tumorigenesis in
mice (Fig. 1) (Yang et al., 2018). Notably, we find that in
both chemically induced and spontaneous IBD mouse
models, exposure to TCS increases infiltration of immune
cells, enhances expression of proinflammatory cytokine in-
terleukin 6 (IL-6), and exaggerates crypt damage in the
colon tissues, illustrating its potential pro-IBD effects (Yang
et al., 2018). In an IBD-induced colon cancer model, ex-
posure to TCS increases tumor number, tumor size, and total
tumor burden in mice, demonstrating its potential proneo-
plastic actions (Yang et al., 2018). About 90% of sporadic
colon cancers have activating mutations within the Wnt
pathway (Najdi et al., 2011), and we find that TCS exposure
increases expressions of Wnt signaling markers, including
b-catenin, c-Myc, and Axin2, in colon tumors, suggesting
that TCS exposure could deregulate Wnt signaling (Yang
et al., 2018). Our finding is largely in agreement with recent
studies, which showed that chronic treatment of TCS in-
creases the incidence and size of liver tumor in a
diethylnitrosamine-induced hepatocellular carcinoma model
in mice (Yueh et al., 2014). Together, these results support
that TCS could be a novel risk factor of IBD and IBD-
associated colon tumorigenesis. It would be important to
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further evaluate the impact of TCS exposure on gut health
in humans.

Although the precise causes of IBD remain unknown,
IBD is widely regarded as abnormal mucosal immune re-
sponse toward the gut microbiota. Substantial studies have
shown that the gut microbiota is deregulated in IBD patients
and contributes to the pathogenesis of IBD (Kostic et al.,
2014). In this study, we find that the gut microbiota plays an
important role in the proinflammatory effects of TCS. Ex-
posure to TCS disrupts gut microbiota, with reduced di-
versity and changed composition of the gut microbiota. In
addition, TCS exposure increases basal colonic inflamma-
tion in mice with the gut microbiota (conventionally raised
mice), but has no such effect on mice lacking the gut mi-
crobiota (germ-free mice), supporting that gut microbiota is
required for the proinflammatory effects of TCS (Yang
et al., 2018). In agreement with our finding, previous studies
have shown that TCS exposure alters the gut microbiota in
various animal models, including fathead minnows (Nar-
rowe et al., 2015), zebrafish (Gaulke et al., 2016), mice
(Gao et al., 2017), and rats (Hu et al., 2016). More impor-
tantly, recent human studies have shown that the usage of
TCS-containing toothpaste alters the fecal microbiota (Ri-
bado et al., 2017), and consumption of TCS-containing
breast milk could change the fecal microbiota in infants
(Bever et al., 2018). Together, these results support the

critical importance of gut microbiota in the toxicology of
TCS, and emphasize the need to better assess the potential
impact of TCS exposure on the gut microbiota and gut
health.

Furthermore, we find that the innate immunity receptor,
Toll-like receptor 4 (TLR4), contributes to the pro-IBD ef-
fects of TCS. TLR4 recognizes lipopolysaccharide, which is
a common component of many Gram-negative bacteria and
certain Gram-positive bacteria and plays an important role
in gut bacteria-host interactions (Abreu, 2010). Upon ligand
binding, TLR4 activates NF-kB signaling pathway and in-
duces the production of an array of proinflammatory cyto-
kines, leading to enhanced inflammatory responses (Abreu,
2010). The activation of TLR4 signaling in the gut tissues is
tightly regulated: TLR4 is generally expressed at the baso-
lateral surface of intestinal epithelial cells, and therefore is
physically separated from the gut bacteria, and this ensures
that an immune response would only be activated when the
gut bacteria penetrate the intestinal epithelium layer (Abreu,
2010; Kubinak and Round, 2012). We find that, in a chem-
ically induced IBD model, exposure to TCS reduces colonic
expression of tight junction proteins, impairs intestinal bar-
rier function, and enhances bacterial translocation through
the intestinal epithelium layer, and this leads to enhanced
activation of TLR4 signaling in the systemic circulation.
Finally, we demonstrate that TCS enhances IBD in wild-type
mice, but not in TLR4-knockout mice, supporting that TLR4
signaling is important for the pro-IBD effects of TCS (Yang
et al., 2018). Considering the critical roles of TLR4 in rec-
ognizing gut bacteria, these data further support that the gut
microbiota contributes to the adverse effects of TCS.

Beyond TCS, many other antimicrobials are also used as
high-volume chemicals and are incorporated into many
consumer products as antimicrobial ingredients. Compared
with TCS, we know less about the biological actions of
these compounds. We recently also studied the actions of
benzalkonium chloride and benzethonium chloride, which
are antimicrobial compounds used in many personal care
products and are potential candidates to replace TCS, and
found that these two compounds also exaggerated IBD and
IBD-induced colon tumorigenesis in mice (Sanidad et al.,
2018). These results support that it is important to evaluate
other antimicrobials, as well as other compounds that could
disrupt the gut microbiota, on gut health.

The ultimate fates of these compounds, including TCS,
need to be determined from human studies. A better un-
derstanding of the mechanisms by which TCS exposure
increases colonic inflammation and colon tumorigenesis
could help design human studies to validate its potential
adverse effects. Our study has shown that the gut microbiota
is essentially required for the proinflammatory effects of
TCS in the colon (Yang et al., 2018); however, the func-
tional roles of the gut microbiota and the specific gut bac-
teria involved are unknown. An intriguing question is the
roles of gut microbiota in the colonic metabolism of TCS.
Previous studies have demonstrated that once TCS enters
the body, TCS is known to be rapidly metabolized by Phase
II detoxification enzymes to generate water-soluble conju-
gates (e.g., TCS glucuronide and TCS sulfate), which are
biologically inactive and are rapidly removed from the body
through the kidney or gastrointestinal tract (Yueh and Tu-
key, 2016). However, we argue that in the colon tissues, the

FIG. 1. Proposal model of TCS on gut microbiota, gut
permeability, colonic inflammation, and colon cancer. TCS,
triclosan. Color images available online at www.liebertpub
.com/dna
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b-glucuronidase- and sulfatase-expressing gut bacteria could
catalyze hydrolysis of TCS glucuronide and TCS sulfate,
and regenerate the parent, biologically active, TCS in the
colon tissues (Pellock and Redinbo, 2017). Therefore, there
could be a completely different pattern of TCS metabolism
in the colon tissues, which could contribute to its gut toxi-
cology. Elucidation of the specific bacteria involved in the
biological actions and colonic metabolism of TCS could
help us design better human trials, or understand interindi-
vidual variations to TCS exposure. This will greatly help to
clarify the potential health effects of TCS and facilitate the
development of the further regulatory policies of TCS.
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